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Diabetic Emergencies: New 
Strategies For An Old Disease
 Abstract 

Diabetic emergencies are common presentations to the emergen-
cy department. It is estimated that diabetes affects 25.8 million 
people in the United States, at an annual total cost of over $174 
billion. There are 2 general categories of diabetic emergencies: 
hyperglycemic and hypoglycemic. The hyperglycemic emergen-
cies include diabetic ketoacidosis and hyperosmolar hypergly-
cemic state. Management of these conditions requires a careful 
hydration strategy to restore volume and improve perfusion, 
intravenous insulin therapy, and electrolyte monitoring. Manage-
ment of hypoglycemia includes identification of the underlying 
etiology, oral food and/or glucose, intravenous dextrose, and 
consideration of glucagon. This review evaluates the current 
strategies for management of diabetic emergencies and offers 
new information regarding effective diagnostic strategies, selec-
tion of fluids for rehydration, correction of potassium, the use of 
subcutaneous insulin for mild hyperglycemia, and management 
of metformin-induced lactic acidosis.
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patients with diabetes have twice the medical ex-
penses compared to patients of a similar age without 
diabetes. In terms of mortality, the CDC recognizes 
diabetes as the seventh leading cause of death, and 
patients with diabetes have death rates 2 to 4 times 
higher than those without diabetes.1 The morbidity 
associated with diabetes is also substantial. The risk 
for stroke is 2 to 4 times higher than for those without 
diabetes. Diabetes is the primary etiology of vision 
loss and blindness among adults in the United States.1 
Similarly, diabetes is the primary etiology of kidney 
failure. In 2008, 44% of all new cases of renal failure 
were attributable to diabetes.1 Recent data estimate 
that 60% to 70% of people with diabetes also have 
nervous system injury from their disease.1 Examples 
of nervous system injury include neuropathy of the 
hands and/or feet, erectile dysfunction, and gastropa-
resis. Neuropathy, combined with poor wound heal-
ing, contribute to lower-extremity amputation. About 
60% of nontraumatic lower-extremity amputations 
are sequelae of diabetes.1
 With these financial and health impacts, diabetes 
carries substantial costs to both society and the indi-
vidual. In the emergency department (ED), successful 
management of these patients reduces mortality and 
morbidity. This issue of Emergency Medicine Practice 
examines the best evidence available on the evalua-
tion and management diabetic emergencies and pro-
vides best-practice management recommendations. 

 Critical Appraisal Of The Literature 

A literature review was conducted utilizing MED-
LINE® and PubMed. The following keywords were 
used for the MEDLINE® search; the number of ar-
ticles that were identified are presented in parenthe-
ses: diabetic emergencies (73), diabetic ketoacidosis and 
treatment and hyperosmolar hyperglycemia (3), sulfonyl-
urea and hypoglycemia (932), potassium and diabetic ke-
toacidosis (75), fluids and diabetic ketoacidosis (51), fluids 
and hyperosmolar hyperglycemia (0), diabetic ketoacidosis 
treatment (11), hyperosmolar hyperglycemia treatment 
(0), hypoglycemia treatment (30), sodium bicarbonate 
and diabetic ketoacidosis (95), and factitious hypoglyce-
mia (67). The following keywords were used for the 
PubMed search: diabetic emergencies (421), diabetic 
ketoacidosis and treatment and hyperosmolar hyperglyce-
mia (112), sulfonylurea and hypoglycemia (2099), potas-
sium and diabetic ketoacidosis (78), fluids and diabetic 
ketoacidosis (65), fluids and hyperosmolar hyperglycemia 
(34), diabetic ketoacidosis treatment (3876), hyperosmolar 
hyperglycemia treatment (302), hypoglycemia treat-
ment (18), sodium bicarbonate and diabetic ketoacidosis 
(131), and factitious hypoglycemia (129). Each of these 
articles was evaluated further only if written in 
English and based upon human studies. Once these 
criteria were applied, the articles were examined for 
relevance. The pertinent studies were then used as 

 Case Presentations 

You walk into a busy Monday evening shift, and one of 
the nurses asks you to see a patient who has been waiting 
for several hours. The nurse states that the 26-year-old 
woman is sleepy, with a heart rate of 126 beats/min. He 
advises you that the patient has diabetes, for which she 
has been medically compliant by taking her insulin. The 
patient stated that she had not been feeling well for a few 
days, after which she developed fever, nausea, and vomit-
ing. As you enter the room, you observe the patient retch-
ing. You note her respiratory rate is 32 breaths/min, her 
heart rate is 124 beats/min, and that her blood pressure 
is 88/50 mm Hg. You start considering your differential 
and wonder if this presentation is due to her diabetes or if 
there is something else you might be missing.  
 After giving your orders on the first patient, a nurse 
requests that you see a 56-year-old man who is unrespon-
sive. You enter the room and note that the patient's blood 
pressure is 110/60 mm Hg, respiratory rate is 16 breaths/
min, and heart rate is 110 beats/min. He also appears 
mildly diaphoretic. As you glance though the patient’s 
chart, you note that he has a history of diabetes. There 
are no family or friends in the patient’s room, and EMS 
has already departed to another call. Since the airway is 
always your first priority in unresponsive patients, you 
begin to prepare for intubation when a medical student 
asks what the patient’s finger-stick glucose was. 
 Your next patient is an 87-year-old man with dia-
betes who has been compliant with his medicines and is 
being treated for pneumonia that developed about a week 
ago. His primary care physician started him on an oral 
antibiotic and sent him home with strict instructions to 
return if his symptoms worsened. He has been taking his 
antibiotics as prescribed; however, he continues to have 
fevers, and today he felt progressive, generalized weak-
ness with malaise. His family notes that he has also been 
getting more confused over the last few days. You request 
a STAT finger-stick glucose and realize that this Monday 
shift is going to be a long one!

 Introduction 

Diabetes is estimated to affect 6% of the world’s 
population, with more than 97% having type 2 
diabetes.1 The prevalence of diabetes has increased 
almost 700% in the United States since 1958. In 2010, 
diabetes affected the lives of 25.8 million people in 
the United States, which is about 8.3% of the United 
States population. Of those affected, about 18.8 mil-
lion carry the diagnosis of diabetes, with 7 million 
people later being diagnosed as diabetic.1
 According to the Centers for Disease Control and 
Prevention (CDC), diabetes carried an annual cost of 
about $174 billion in 2007, with approximately $116 
billion for direct medical costs and $58 billion for 
indirect costs (such as loss of wages, disability, and 
mortality). The cost to society is substantial, since 
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acids, and is lipolytic, glycogenolytic, ketogenic, 
and gluconeogenic. It is released from the alpha 
cells, which comprise only about 20% of the cells of 
the islets of Langerhans. In response to hypoglyce-
mia, alpha cells increase the secre tion of glucagon. 
Glucagon secretion is also elicited by beta-adrener-
gic stimulators and inhibited by alpha-adrenergic 
stimulators. Glucagon secretion is inhibited by insu-
lin; as serum insu lin increases in response to a rise in 
serum glucose, glucagon secretion is inhibited.

Diabetes Mellitus Type 1
In diabetes mellitus type 1 (which accounts for about 
5% of all cases of diabetes), there is a reduction in 
the amount of insulin secreted secondary to a loss 
of islet cell mass. In other words, there is an abso-
lute insulin deficiency. This is believed to be caused 
by an autoimmune injury of the beta cells, which 
is believed to be affected by both genetic and envi-
ronmental factors.9 Since the largest number of cells 
in the islets of Langerhans are beta cells, there is a 
commensurate decrease in the production of insulin. 
As more of the islet cells are affected, the amount of 
insulin released is insufficient to bring serum glucose 
levels back to baseline and cells become increasingly 
unable to move glucose intracellularly to use as a 
source of energy. The body responds by catabolizing 
protein and fat stores to produce a different intracel-
lular energy source. In the muscle tissue, the body 
uses amino acids for gluconeogenesis. In the adipose 
tissue, it increases beta oxidation of fatty acids, lead-
ing to increased serum ketones. In a fasting state or 
when there is insufficient insulin, the body produces 
catabolic hormones (primarily glucagon, but also cat-
echolamines, growth hormone, and cortisol), which 
results in an increase in serum ketones and glucose. 
Glucagon is released from the alpha cells of the 
pancreas during a fasting state or when there is insuf-
ficient insulin. This hormone increases breakdown of 
liver glycogen stores (glycogenolysis), increases liver 
production of glucose (gluconeogenesis), and increas-
es liver ketone production. It is the free fatty acids 
that are converted by the liver to ketone bodies. The 
hyperglycemia seen in diabetic ketoacidosis (DKA) is 
due to the increased gluconeogenesis, especially with 
the more readily available precursors (such as amino 
acids and glycerol). The 2 primary ketone bodies that 
cause the metabolic acidosis in DKA are acetoacetic 
acid and beta-hydroxybutyrate. Epinephrine also 
elevates serum glucose through increased liver glyco-
genolysis and gluconeogenesis. To survive, patients 
will need exogenous insulin to compensate for their 
inability to produce insulin. If left untreated, sponta-
neous ketoacidosis develops.

Diabetes Mellitus Type 2
In diabetes mellitus type 2, there is a relative defi-
ciency in the release of insulin from the beta cells 

part of the review for this article.
 In addition to these databases, the American 
College of Emergency Physicians clinical policies 
were reviewed, but no articles were found. Addi-
tionally, the Cochrane Library was searched for the 
following terms: DKA (36), diabetic ketoacidosis (3), 
hyperglycemia (15), and hyperosmolar hyperglycemia 
(0). Finally, the National Guideline Clearinghouse 
(www.guideline.gov) was searched for the following 
terms: DKA (18), diabetic ketoacidosis (19), hyperglyce-
mia (88), and hyperosmolar hyperglycemia (12). Only 
articles written in English and based upon human 
studies were reviewed. Once these criteria were ap-
plied, the articles were examined for relevance. 
 There are many articles related to diabetic emer-
gencies; however, most of these articles are reviews, 
and there are few well-designed studies to provide 
a high level of evidence on which to base clinical 
practice. Overall, the literature is based more upon 
consensus than on objective studies, with many of 
the evaluation and management strategies based 
more upon previous practice than on science. Re-
cently, there have been several new research articles 
discussing evaluation and management strategies.2-7

 Etiology And Pathophysiology 

The sequelae for diabetes include hypoglycemia 
and hyperglycemia, either of which can cause life-
threatening acute or chronic problems. Hypoglycemia 
presents a unique challenge for the human brain. 
Under normal circumstances, about 90% of the brain’s 
needed energy is in the form of glucose immediately 
available in the serum.8 When serum glucose levels 
drop, brain dysfunction starts to occur.
 Glucose homeostasis is a complex endocrine 
function. It is controlled primarily by 2 hormones, 
glucagon and insulin, which are released by the is-
lets of Langerhans in the pancreas. Insulin increases 
the storage of glucose, amino acids, and fatty acids. 
It is released in the pancreas from the beta cells in 
the islets of Langerhans.8
 After a meal, serum glucose rises and glucose 
enters the pancreatic beta cells. The beta cells then 
release insulin. There is an initial rapid release of 
insulin followed by a slower release.8 Insulin affects 
almost every tissue in the body; however, its most 
profound effect is on muscle, adipose tissue, and the 
liver. Insulin increases glycogen synthesis in these 
tissues (mostly muscle and liver) while, at the same 
time, inhibiting glycogenolysis and gluconeogenesis. 
Additionally, insulin increases the movement of glu-
cose into muscle and adipose cells. It also augments 
fatty acid synthesis in the adipose tissues and liver. 
Finally, it increases muscle amino acid uptake and 
decreases muscle protein catabolism. 
 Glucagon is responsible for decreasing the 
body’s stores of glucose, fatty acids, and amino 
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urea associated with hypoglycemia is glimepiride 
(Amaryl®).21 In their retrospective review of 320 ED 
patients, nutrition, medication change, alcohol use, 
and exercise were associated with hypoglycemia.21 
This study also found that hypoglycemia occurred 
more often in patients aged > 60 years.21 In a ret-
rospective study of 1020 patients, an episode of 
severe hypoglycemia was associated with a 3.4 times 
increased risk of death.22

 Differential Diagnosis 

The presentation of diabetic emergencies varies 
with the patient’s baseline health status and reserve. 
Presentations include abdominal pain, nausea/
vomiting, chest pain, shortness of breath, breathing 
difficulty, seizure, and altered mental status. The 
possible diagnoses for each of these presentations 
is large, emphasizing the need to keep disorders of 
glucose regulation in the differential diagnosis of 
patients with nonspecific complaints. For common 
etiologies of hypoglycemia and hyperglycemia, see 
Tables 1 and 2. These etiologies are not intended 
to be complete, but they present the most common 
considerations. To best identify whether a patient is 
experiencing a diabetic emergency or some other ail-
ment, a thorough history and physical examination 
are fundamental. 

 Prehospital Care 

In the prehospital environment, diabetic emergencies 
have variable presentations, and the underlying etiol-

relating to the development of insulin resistance in 
the liver, muscle, and adipose tissues.9 Unlike in 
diabetes type 1, there is rarely a serum ketosis, since 
there is sufficient insulin production to suppress 
ketosis, but there is insufficient insulin to prevent 
hyperglycemia. Over time, as the insulin resistance 
and relative reduction in insulin production pro-
gresses, the patient develops hyperglycemia.
 
Diabetic Ketoacidosis
DKA can present as the first manifestation of diabe-
tes. It can also present in patients who are medically 
noncompliant, affected by a medication, or experi-
encing a physiologic stressor (eg, an infection). DKA 
is more commonly seen in type 1 diabetes, and DKA 
is rarely seen in type 2 diabetes.10,11 In a retrospec-
tive chart review of pediatric patients hospitalized 
for new-onset diabetes, the authors reported that 
about 29% of the patients had type 1 diabetes and 
about 10% had type 2 diabetes, which was expected 
since type 1 diabetes is more common in the pedi-
atric population.12 Typically, the onset of DKA is 
short, usually within a few hours of a precipitating 
event.16 DKA carries a lower mortality rate (< 2%) 
compared to hyperosmolar hyperglycemic (HHS) 
state (5% to 20%).13

Hyperosmolar Hyperglycemic State
HHS typically affects patients with type 2 diabetes 
that is undiagnosed or not well controlled, and when 
patients experience a physiologic stressor or have 
limited ability to gain access to water.14 The etiology 
of HHS is usually an inflammatory state with: (1) 
subsequent elevation of inflammatory cytokines (eg, 
tumor necrosis factor [TNF], C-reactive protein [CRP], 
or interleukins); (2) elevation of counterregulatory 
hormones (eg, glucagon, cortisol, growth hormone, 
and catecholamines) with subsequent increase in 
gluconeogenesis and glycogenolysis; and (3) osmotic 
diuresis due to hyperglycemia. Typically, the onset of 
HHS is gradual, occurring over days to weeks, and 
it is more commonly seen in elderly type 2 diabetes 
patients.16 HHS has a mortality rate of 5% to 20%, 
compared to DKA, which has a mortality rate of 
< 2%.13 Stupor is more common in HHS than in DKA, 
and the etiology is thought to be due to increased 
hyperosmolality and dehydration.15-20 In case reports, 
Arieff suggested that cerebral edema may be caused 
by hyperosmolality, leading to mentation changes.16   

Hypoglycemia
Recent guidelines recommend that diabetes patients 
keep their hemoglobin A1C levels < 7%;20 however, 
there is the potential for hypoglycemic events with 
diabetes patients who are trying to be compliant 
with this goal.21 Hypoglycemia occurs most fre-
quently with insulin or sulfonylurea medications. 
According to Ha et al, the most common sulfonyl-

Table 1. Etiologies Of Hyperglycemia

• Hyperglycemia in a patient with diabetes due to medication non-
compliance

• Diabetic ketoacidosis
• Hyperosmolar hyperglycemia syndrome
• Alcoholic ketoacidosis
• Sepsis
• Myocardial infarction
• Pulmonary embolism
• Salicylate toxicity or other drug-induced state
• Acute pancreatitis
• Acute surgical abdomen (eg, appendicitis)

Table 2. Etiologies Of Hypoglycemia

• Medication-induced hypoglycemia (eg, insulin, oral hypoglycemics)
• Stroke 
• Cardiogenic shock
• Seizure
• Addison disease
• Adrenal crisis
• Sepsis
• Insulinoma
• Drug toxicity (eg, beta blockers, trimethoprim/sulfamethoxazole)
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acute myocardial infarction, a substantially higher 
inhospital mortality rate was noted in patients who 
were hypoglycemic compared to patients who were 
euglycemic.27 The prehospital provider should con-
sider hypoglycemia as a potential etiology of cardiac 
arrest and administer intravenous or intraosseous 
dextrose in appropriate circumstances.

Hyperglycemia
Although the prehospital provider may suspect that 
the presenting complaint of a patient with diabetes 
may be secondary to hyperglycemia, it will be diffi-
cult to determine whether the hyperglycemia is due 
to DKA, HHS, or simply hyperglycemia. If available, 
a point-of-care blood glucose test will usually show 
an elevated blood glucose with all of these condi-
tions. If the blood glucose is extremely elevated, the 
measuring device may simply show that the blood 
glucose is too high to measure. After determining 
that the patient has elevated serum glucose, the 
prehospital provider may consider administration of 
intravenous normal saline, if permitted by protocol. 
Since one of the underlying issues in a hyperglyce-
mic state is dehydration, rehydration is an important 
intervention to address the underlying pathophysi-
ology. The prehospital provider can mitigate this 
through the administration of fluids. Normal saline 
helps to increase intravascular volume.20 Additional-
ly, it increases interstitial and intracellular volume.20 
Normal saline helps to return normal renal perfu-
sion and starts decreasing the serum glucose, and it 
increases the body’s response to low-dose insulin.20 
In general, 1 to 1.5 liters should be administered 
during the first hour in adult patients, although in 
most areas, the prehospital transport will be com-
pleted before this time. 
 With DKA, disequilibrium of the electrolytes 
may occur. The electrolyte that is of the greatest 
concern is potassium. Hyperkalemia can induce car-
diac arrest, and there are many case reports of this 
phenomenon.28,29 In the prehospital environment, 
hyperkalemia may be suspected in patients with 
diabetes when the potassium is unknown; however, 
if DKA is high on the differential and a bradycardia, 
tachycardia, or cardiac dysrhythmia is noted on 
the monitor, evaluation for hyperkalemia should 
be considered. Performing an ECG will help better 
risk stratify the patient for hyperkalemia. Peaked 
T waves, QT shortening, QRS-complex widening, 
small P waves, and prolongation of the PR interval 
are all potential indicators for hyperkalemia.30 As 
the serum potassium exceeds about 8 mEq/L, the P 
waves become difficult to discern; the QRS-T com-
plex may start to resemble a sine wave (see Figure 1, 
page 6); a left or right bundle branch may develop; 
and asystole, ventricular tachycardia, or ventricular 
fibrillation may occur.30 The treatment for hyper-
kalemia should follow the institution's protocols, 

ogy will often be unclear. The most common presen-
tations in the prehospital environment are altered 
mental status, shortness of breath, nausea/vomiting, 
or tachypnea.

Hypoglycemia
When a patient presents with altered mental status, 
the prehospital provider’s preliminary investigation 
and intervention are based on the available history 
and physical examination. An electrocardiogram 
(ECG) and, if available, a finger-stick glucose test 
may also help the provider narrow the differential 
diagnosis. When a hypoglycemic state is suspected, 
the preferred method for increasing the blood sugar 
is to provide glucose tablets or some form of liquid 
or carbohydrate-containing solid (if the patient can 
tolerate oral food and fluids).23 A dose suggested in 
an Endocrine Society clinical practice guideline for 
adults is about 20 grams of glucose.23 After oral in-
take, the blood glucose should rise gradually in 15 to 
20 minutes, with subsequent clinical improvement.23 
After clinical improvement, a meal or sizeable snack 
should be consumed to help reduce the risk of recur-
rence of hypoglycemia.23 
 If a patient is unable to tolerate oral foods, sub-
lingual delivery of sucrose is an alternative route. In 
a randomized nonblinded pediatric study, the mean 
increase in blood glucose within 10 minutes after the 
administration of sublingual sucrose solution was 44 
mg/dL.2 Another randomized nonblinded pediatric 
study found that sublingual sugar had similar effica-
cy to intravenous administration of dextrose.3 While 
both of these studies were small and the technique 
for sugar administration is not widespread, it does 
provide an additional option. This technique may 
have utility with patients who are maintaining their 
airway, as the sucrose solution is placed under the 
tongue and not swallowed. No studies were found 
that examined the risk of aspiration during sublin-
gual administration of sucrose. Further research 
is needed on this alternative administration route 
before it can be accepted as a mainstream option for 
increasing serum glucose.
 If the patient is unable to tolerate oral foods/
medications or is too drowsy to take oral foods/med-
ications, then management with intravenous dextrose 
is recommended. The usual dose is 25 grams (ie, 50 
mL of a 50% dextrose solution [D50]). If the patient 
responds well to this treatment, a meal or sizeable 
snack should follow to help reduce the risk of recur-
rence of hypoglycemia.23 If intravenous or intraosse-
ous access is not possible, intramuscular injection of 
glucagon is an alternative; the usual dose is 1 mg.23 
Glucagon does have the potential side effects of nau-
sea and/or transient hyperglycemia.26

 Cases of hypoglycemia-induced cardiac ar-
rest have been discussed in the literature.24-26 In a 
retrospective cohort study examining patients with 
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which may include intravenous calcium gluconate 
(see Figure 2), nebulized albuterol, and intravenous 
sodium bicarbonate.31 This is particularly relevant in 
patients who are in cardiac arrest. 

 Emergency Department Evaluation 

History
In the ED, the initial evaluation of a patient suspect-
ed of hypoglycemia or hyperglycemia focuses on 
predisposing conditions and includes a history and 
physical examination. As part of the history, inquire 
about infection or recent illness, fever, nausea/vom-
iting, abdominal pain, urinary frequency, weight 
loss, skin breakdown, weakness, thirst, cough, and 
confusion or change in mental status. If the patient 
is known to be diabetic, inquire about dietary and 
medication compliance. A past medical history of 
diabetes, pancreatitis, heart disease, and kidney dis-
ease should be explored. Family history of diabetes 
or hypoglycemia may be helpful. 
 The onset of symptoms should also be deter-
mined. HHS tends to occur over several days to 
weeks, while the metabolic derangements common 
in DKA usually evolve in a short time, typically in 
< 24 hours.20 Medication compliance and drug-drug 
interactions should be determined. Inquire about 
whether the patient is taking the appropriate dose at 
the appropriate time through the appropriate route. 

Figure 1. Electrocardiogram In A Patient 
With Hyperkalemia, Showing A Sine Wave 
Pattern

Figure 2. Electrocardiogram In The Same 
Patient After Administration Of Calcium 
Gluconate

If the patient has been vomiting repeatedly, medica-
tion delivery may be a contributor to the presen-
tation, as the patient may be vomiting medicines 
taken. Table 3 presents common drugs and their 
effect on serum glucose. 
 A good social history may provide insight into 
the etiology of a diabetic emergency. Although it 
is not common, certain illicit drugs are known to 
cause hyperglycemia, and in some cases, DKA. Very 
rarely, cocaine may precipitate DKA, and it is a 
potential risk factor for DKA in diabetes patients.39,40 
Patients at greatest risk for DKA are those who have 
poorly controlled diabetes.
 It is important to determine not just that a pa-
tient has hyperglycemia or hypoglycemia but also 
the trigger for the condition (such as infection). 

Physical Examination
The physical examination focuses on vital signs, 
airway, breathing, circulation, skin, abdomen, and neu-
rological evaluation. Low blood pressure, tachycardia, 
tachypnea, and/or hypoxia are indicators of a poten-
tially critically ill patient, demonstrating compensatory 
responses or hemodynamic decompensation. 
 Evaluation of the airway, including the patient’s 
ability to handle secretions, and examination of the 
oral mucosa for insight into the patient’s hydration 
status is critical. Respiratory rate should be observed, 
as tachypnea may result from compensating for 
metabolic acidosis and DKA. Kussmaul breathing 
(tachypnea as well as increased depth of breath-
ing) may be present in DKA as well.31 A fruity odor 
may be detected on the patient’s breath, suggesting 
ketonemia.41 Tachycardia may indicate dehydration 
or an underlying physiologic stressor, such as infec-
tion or sepsis. Poor skin turgor may indicate dehydra-
tion, while diaphoresis may indicate an adrenergic 
response to hypoglycemia. Poor skin color may also 
indicate hypovolemia. 

Table 3. Common Drugs And Their Effects 
On Serum Glucose21,32-38

Drug Potential Effect 
on Serum Glu-
cose

Comment

Beta blockers May decrease In toxicity, may cause 
hypoglycemia and mask 
the signs of hypoglycemic 
emergency

Calcium-
channel 
blockers

May increase In toxicity, may cause hyper-
glycemia

Sulfonylureas Decreases Most often seen with gly-
buride37 or glimepiride24

Steroids May increase Can cause diabetic keto-
acidosis or hyperosmolar 
hyperglycemic state
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Hypoglycemia
Once hypoglycemia is identified, initiate manage-
ment and seek out the underlying etiology. Deter-
mine whether the hypoglycemia is due to not eating, 
accidental overdose on home diabetes medications, 
or an infection. In nondiabetic patients suspected of 
ingesting a sulfonylurea, consider measuring serum 
sulfonylurea, although this is not typically available 
at most laboratories.46 Evaluation of serum insulin 
levels can be performed, but this, too, is not typically 
available at most laboratories.47-50 Similarly, mea-
surement of C-peptide may help to clarify whether 
an exogenous source of insulin has decreased 
serum glucose, but this test is also not always avail-
able.51,52 With factitious hypoglycemia via insulin, 
the C-peptide level will be low compared to insulin 
levels.51 Insulin antibodies may provide informa-
tion on differentiating whether the hypoglycemia is 
secondary to autoimmune effects or insulinoma.23,53 
If the patient had fasting or postprandial hypogly-
cemia with elevated insulin levels without insulin 
antibodies, then evaluation for an insulinoma may 
be appropriate.23

Hyperglycemia
In contrast to hypoglycemia, diagnostic laboratory 
tests are helpful in distinguishing a patient who has 
a primary or secondary hyperglycemic emergency. 
Testing can help differentiate DKA from HHS, and it 
provides baseline measures from which the admit-
ting team can observe trends as they continue the 
management of the patient. 

Sodium And Serum Osmolality
A patient's vital signs (such as blood pressure and 
pulse) and urinary output provide the most rapid as-
sessment of the patient's hydration status. Measured 
serum osmolality is the most accurate assessment of 
hydration, and it can help guard against the risk of 
iatrogenic fluid overload during fluid replacement.54

 Hyperglycemia affects serum sodium concen-
tration, and it reflects the balance between osmotic 
dilution of sodium due to cellular water move-
ment from the intracellular fluid to the extracellular 
fluid as well as renal-induced diuresis secondary to 
hyperglycemia. Most often, a serum hyponatremia 
is noted, as more intracellular water shifts extracel-
lularly than is renally diuresed. To better reflect the 
total body sodium, a sodium correction factor ac-
counting for the serum glucose is used:
 

Corrected sodium = measured sodium + 0.016 
                         (serum glucose – 100)      
 
For example, a patient in HHS with a measured 
glucose of 1010 mg/dL and a measured serum 
sodium of 122 mEq/L would have a corrected total 
body sodium of 137 mEq/L. Some authors argue 

 Abdominal tenderness to palpation may indi-
cate that hyperglycemia may be secondary to DKA. 
In a prospective cohort study of 200 hyperglycemic 
patients, Umpierrez and Freire reported that the 
amount of abdominal pain the patient experienced 
correlated with the degree of metabolic acidosis.42 
The amount of abdominal pain was not found to be 
related to the level of hyperglycemia or dehydration. 
This study found that abdominal pain was present 
in 86% of those with a serum bicarbonate (HCO3) 
of < 5 mmol/L and in 66% of patients with a serum 
HCO3 < 10 mmol/L. Interestingly, none of the pa-
tients with HHS had abdominal pain. 
 The neurological examination focuses on identi-
fying etiologies for the patient’s symptoms. Examina-
tion of sensation, strength, reflexes, pupillary re-
sponse and size, visual acuity, and cranial nerves may 
help to narrow down the differential. A systematic 
review by Yong et al identified patients with stroke-
like symptoms who, in fact, had hypoglycemia, which 
was the source of their focal neurological deficit.43 
Similarly, several case reports discuss patients with 
seizure-like activity due to hyperglycemia.43-45 

 Diagnostic Studies 

The diagnostic evaluation of a diabetic emergency 
is directed by the information obtained from the 
history and physical examination. A summary of di-
agnostic studies that may be considered for patients 
with a diabetic emergency is in Table 4.

Table 4. Diagnostic Testing Considerations 
In Hypoglycemia And Hyperglycemia
Test Comments

Complete blood count Evaluates for infectious etiology or 
bleeding 

Urinalysis, urine culture, 
blood culture

Evaluate for infectious etiology

Complete metabolic pro-
file (including calcium)

Tests for electrolyte imbalance

Electrocardiogram Should be performed if there is suspect-
ed dysrhythmia, electrolyte imbalance, 
or acute coronary syndromes

Plasma insulin, C-peptide Tests for insulinoma or factitious etiol-
ogy in hypoglycemia

Chest x-ray Should be ordered if infectious pul-
monary or cardiac etiology is being 
considered as possible etiology

Beta-hydroxybutyrate Should be ordered if diabetic ketoacido-
sis is suspected

Proinsulin, insulin anti-
bodies

Should be ordered if insulinoma is be-
ing considered in hypoglycemia
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or HHS, since DKA usually presents with an anion 
gap metabolic acidosis.56,63 Consequently, DKA 
would present with a decreased pH while HHS 
would typically present with a normal pH. In gen-
eral, the venous blood gas is preferred to the arterial 
blood gas because it provides similar information 
about pH and HCO3 with less risk for iatrogenic 
injury.64,65 The anion gap is calculated based on so-
dium, chloride, and bicarbonate: 

Anion gap = Na – (Cl + HCO3) 

A normal anion gap is < 12. Patients in DKA have 
an increase in ketoacids which causes a metabolic 
acidosis and subsequent decrease in bicarbonate.

Serum Glucose
If hyperglycemia, HHS, or DKA is suspected, then 
a point-of-care test for blood glucose should be 
obtained as soon as possible after patient presenta-
tion. In DKA, the blood glucose is often < 800 mg/
dL, but it may be higher, especially if the patient 
is stuporous or comatose.20,56 In HHS, the serum 
glucose can exceed 1000 mg/dL with minimal or no 
ketone bodies.20,56  

Serum Ketones
Measurement of serum ketones can help to risk 
stratify the severity of DKA.63 In DKA, the body 
produces 3 types of ketone bodies: acetoacetic acid, 
which is the ketoacid;56,63 beta-hydroxybutyrate, 
which is a breakdown product of acetoacetic acid;56 
and acetone (which is what gives patients the fruity 
breath).56,63 In DKA, the ratio of the beta-hydroxy-
butyrate to acetoacetate changes in response to the 
increased ketones,63 from a ratio of 1:1 to as much 
as 5:1. Many laboratories have the ability to test for 
acetoacetate, but a more helpful measure is the beta-
hydroxybutyrate, since it better reflects the amount 
of ketones present from the DKA.63 Some emergency 
clinicians measure serum ketones; however, beta-hy-
droxybutyrate is the preferred diagnostic laboratory 
test for evaluating for DKA, as it is a more cost-effec-
tive and sensitive test compared to the serum ketone 
test (acetone). Even more interesting is a presenta-
tion of euglycemic DKA. Typically, the patient has 
vomiting but continues to use his or her insulin. In 
this instance, the patient may have near-normal or 
only mildly elevated serum glucose but still devel-
ops DKA.63 The serum beta-hydroxybutyrate levels 
will be crucial to the successful diagnosis of DKA in 
the setting of normal or near-normal blood glucose.

Urine Ketones
The original measurement method of urine ketones 
had inherent inaccuracy because the older urine test 
measured acetoacetate while the greatest increase 
in ketones is in beta-hydroxybutyrate.66 The current 
urine dipstick method is more accurate. The sensitiv-

that the correction factor of 0.016 is too small, espe-
cially when serum glucose is > 400 mg/dL. A recent 
study by Hillier demonstrates a more accurate 
measure using a correction factor of 0.024, which is 
what this author uses to more accurately reflect the 
total body sodium.55 

Corrected sodium = measured sodium + 0.024 
(serum glucose – 100)

Using this formula, the previous example would 
show a corrected sodium of 144 mEq/L. A corrected 
serum sodium will guide the type of fluid that 
should be used for hydration.55

 Measurement of serum osmolality may help to 
differentiate HHS from the other hyperglycemic ail-
ments.20,56 Serum osmolality can be calculated as:
 

2 × (Na + K) + (BUN/2.8) + (glucose/18) 
+ (ethanol/4.6) 

Serum osmolality is usually elevated in HHS and 
may be > 380 mOsm/kg.20,56 This author does not 
typically order the serum osmolality test unless the 
patient has altered mental status. Euglycemia with 
a substantial elevation in effective serum osmolal-
ity (> 320 mOsm/kg) necessitates consideration of 
other causes of the altered mental status, such as 
alcohol toxicity.

Serum Potassium
Total body potassium may be low in hyperglycemia, 
even though, due to acidosis, the measured serum 
potassium may be normal or elevated. Because of 
the risk of dysrhythmias associated with hypokale-
mia and hyperkalemia, potassium should be mea-
sured to guide management.57-60

Serum Phosphate
Though traditionally considered part of the evalua-
tion, in most cases of DKA, measurement of serum 
phosphate has no utility. In a randomized controlled 
study of 20 patients, Fisher found that phosphate 
repletion had no influence on tissue oxygenation 
or clinical response to insulin during DKA.61 In a 
randomized controlled study of 44 patients, Wilson 
found that phosphate repletion did not affect the du-
ration of DKA, abnormal muscle enzyme levels, the 
dose of insulin to correct acidosis, or morbidity and 
mortality.62 Based on these studies, regular monitor-
ing of phosphate in the ED is not recommended. 
Similarly, several textbooks recommend monitoring 
of magnesium, but no human studies supporting this 
recommendation were found in our literature review. 

Serum pH And Anion Gap
Blood gas testing provides further insight into 
whether the patient’s hyperglycemia is due to DKA 
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edema in children.68 

 In summary, for patients in DKA, hydration is 
important for restoring homeostasis, but a hydra-
tion strategy that is too aggressive may increase the 
risk for cerebral edema. For these patients, once the 
serum glucose reaches about 200 mg/dL, the fluids 
should be changed to include dextrose.20 Serum glu-
cose can be maintained between 150 and 200 mg/dL 
while the serum ketones are cleared by adjusting the 
concentration of the dextrose solution or the rate of 
insulin infusion.20

Insulin
Intravenous insulin is also a key component in the 
management of DKA. It reduces serum glucose and 
helps to clear the serum ketones.67 Some resources 
recommend an initial bolus of insulin (0.1 units/
kg) followed by a continuous infusion of insulin (0.1 
units/kg/h).13,20,31 However, a recent prospective 
observational cohort study found that a continuous 
infusion of insulin provides similar outcomes as com-
pared to an initial insulin bolus.5 A small prospective 
randomized study also found similar results while us-
ing a slightly higher infusion rate of 0.14 units/kg/h.6 
 Based on this evidence, this author initiates 
insulin treatment at the rate of 0.14 units/kg/h and 
forgoes the insulin bolus to reduce the potential 
risk of iatrogenic complication (eg, hypoglyce-
mia). This may not be possible at all institutions, 
in which case the insulin should be titrated per 
the institution's DKA protocol. Although there is a 
paucity of high-quality evidence, this author rec-
ommends withholding insulin if the serum potas-
sium is < 3.3 mEq/L (or 3.3 mmol/L) and initiating 
the insulin infusion once the potassium has been 
increased to ≥ 3.5 mEq/L to avoid potential iatro-
genic complications.31,72,73 When the serum glucose 
is 200 mg/dL, insulin infusion should be decreased 
to 0.02 to 0.05 units/kg/h, while dextrose is includ-
ed in the infusing fluids.13,20 

Subcutaneous Insulin
In mild cases of DKA, subcutaneous rapid-acting 
insulin (such as insulin lispro [HumaLOG®] or insulin 
aspart [NovoLog®]) can be administered instead 
of intravenous regular insulin. While intravenous 
infusion with regular insulin has the advantage of 
easy titration and a short half-life, it does require an 
intravenous line. In a randomized controlled study by 
Umpierrez et al, it was found that in mild or uncom-
plicated cases of DKA in a non-intensive care unit set-
ting, patients given subcutaneous insulin did as well 
as those given regular insulin through an intravenous 
infusion.7 There were no deaths in either group, no 
differences in length of hospital stay, and no differenc-
es in the rate of hypoglycemia. The authors described 
a dosing scheme with insulin lispro of 0.3 units/kg 
as an initial dose and then 0.1 units/kg/h for subse-
quent doses.7

ity of today’s urine dipstick for DKA is 98.1% (95% 
confidence interval [CI], 90.1-100) with a specific-
ity of 35.1% (95% CI, 30.8%-39.6%).4 The positive 
predictive value of the urine dipstick is 15% (95% CI, 
11.5%-19.2%) while the negative predictive value is 
99.4% (95% CI, 96.6%-100%). While the urine ketone 
test is very sensitive, it is not specific, and it has the 
potential to lead to unnecessary testing. Dehydration 
and lack of eating for reasons other than DKA can 
also elevate urine ketones.

 Treatment 

Diabetic Ketoacidosis
Rehydration
In DKA, the initial management strategy includes 
rehydration, correction of hyperglycemia and elec-
trolyte imbalances, and serum ketone clearance.20 
Intravenous isotonic saline (0.9% saline) is the initial 
fluid used to increase intravascular, intracellular, 
and interstitial volumes.20 Appropriate hydration 
increases the body’s response to low-dose insulin.20 
Initial fluid volume should be 1 to 1.5 liters in the 
first hour.20 It is estimated that the average fluid loss 
in a patient with DKA is between 3 and 6 liters.67 
After the second liter has been given, subsequent 
fluid choice is dependent on the patient’s electrolyte 
balance and hydration status. Both blood pressure 
and urinary output should be used as the initial 
determinants of hydration status. Corrected se-
rum sodium should be used to guide the preferred 
intravenous fluid. If the patient’s corrected serum 
sodium is high or normal, with only mild dehydra-
tion, administration of half-normal saline at 250 to 
500 mL/h should be initiated.13,20 If the patient’s 
corrected sodium is low, with only mild dehydration 
after the initial 1 to 2 liters of normal saline, then 
administration of normal saline at 250 to 500 mL/h 
has been suggested in some protocols.13,20 If the 
patient is still severely dehydrated after the first liter 
of normal saline, then normal saline at 1 L/h should 
be continued.13,20 Although no high-quality evidence 
exists for the exact amount of fluid to administer in 
severe dehydration, this author follows this strategy 
because the intravenous fluids will aid in decreasing 
the serum glucose (through glycosuria) while also 
rehydrating the patient. 
 Rapid reduction in plasma osmolality should 
be avoided, given the rare complication of cere-
bral edema.67-71 A retrospective cohort study of 69 
patients noted an association between a drop in the 
plasma osmolality and development of cerebral 
edema.68 This phenomenon occurs primarily in 
children, but there have been case reports of this oc-
curring in adults.69-71 The exact pathophysiology of 
cerebral edema has not been fully elucidated, but a 
drop in effective serum osmolality of ≥ 9 mOsm/kg  
has been noted to have an association with cerebral 
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Clinical Pathway For Management Of Diabetic Ketoacidosis 
In The Emergency Department

Patient presents with DKA

Administer normal saline, 
1 L/h

Determine severity of DKA

Potassium 
< 3.3 mEq?

Administer potas-
sium 20-30 mEq/h 
(or per institutional 
protocol) for potas-

sium repletion 
(Class III)

Mild DKA
• pH: > 7.25
• Bicarbonate: > 15
• Beta-hydroxybutyrate: mildly positive
• Anion gap < 12

• Subcutaneous lispro
• Initial dose, 0.3 units/kg; then 0.1 units/kg/h
(Class III)

Moderate to severe DKA  
• pH: ≤ 7.24   
• Bicarbonate: < 15    
• Beta-hydroxybutyrate: positive 
• Anion gap: > 12

Regular insulin at 0.14 units/kg/h 
or per institutional protocol (Class III)

Serum glucose ≤ 200 mg/dL?

Regular insulin at 0.02-0.05 units/kg/h and change 
to 5% dextrose normal saline (Class III)

Potassium 
≥ 3.3 mEq?

Abbreviation: DKA, diabetic ketoacidosis.

NO

NO

NO

YES

YES

This clinical pathway is intended to supplement, rather than substitute for, professional judgment and may be changed depending upon a patient’s individual 
needs. Failure to comply with this pathway does not represent a breach of the standard of care. 
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Class I
• Always acceptable, safe
• Definitely useful
• Proven in both efficacy and effectiveness

Level of Evidence:
• One or more large prospective studies 

are present (with rare exceptions)
• High-quality meta-analyses
• Study results consistently positive and 

compelling

Class II
• Safe, acceptable
• Probably useful

Level of Evidence:
• Generally higher levels of evidence
• Nonrandomized or retrospective studies: 

historic, cohort, or case control studies
• Less robust randomized controlled trials
• Results consistently positive

Class III
• May be acceptable
• Possibly useful
• Considered optional or alternative treat-

ments

Level of Evidence:
• Generally lower or intermediate levels 

of evidence
• Case series, animal studies,  

consensus panels
• Occasionally positive results 

Indeterminate
• Continuing area of research
• No recommendations until further 

research

Level of Evidence:
• Evidence not available
• Higher studies in progress
• Results inconsistent, contradictory
• Results not compelling

 Class Of Evidence Definitions

Each action in the clinical pathways section of Emergency Medicine Practice receives a score based on the following definitions. 

YES



11 Reprints: www.ebmedicine.net/empissuesJune 2014 • www.ebmedicine.net

the serum glucose is around 300 mg/dL.13,20 Appro-
priate hydration also increases the body’s response 
to low-dose insulin.20 An overview of this strategy is 
demonstrated in Figure 5. Maintaining a goal serum 
glucose between 250 and 300 mg/dL while fluid and 
electrolyte homeostasis is reestablished by the body 
reduces the potential risk for iatrogenic complications 
(such as hypoglycemia and cerebral edema).20

 Insulin is also a key element of management of 
HHS. A bolus followed by a continuous infusion of 
insulin or only an insulin infusion at a slightly high-
er rate provides similar results. This author recom-
mends the insulin infusion at a higher rate (ie, 0.14 
units/kg/h) to minimize the risk of iatrogenic ef-
fects (such as hypoglycemia and cerebral edema).13,20 
The timing of the deceleration of the insulin infusion 
distinguishes the management of HHS and DKA. In 
hyperosmolar hyperglycemia, the insulin infusion 
should be decreased when the serum glucose is 250 
to 300 mg/dL.13,20 At that point, the insulin infusion 
is slowed to 0.02-0.05 units/kg/h, and the fluids 
should incorporate dextrose.13,20 

Hypoglycemia
When hypoglycemia is identified (usually < 70 mg/
dL), the initial management strategy is to increase 
serum glucose. In a patient without diabetes mellitus 
who has hypoglycemia and is awake and alert, pro-
viding food may reverse the hypoglycemia. Fifteen to 
20 grams of simple sugar (from a hard candy or oral 
glucose tablet or gel) is usually sufficient to increase 
the blood glucose.23,79 This should be followed by a 
snack or meal.23,79 If the patient does not respond to 
this treatment or is too sleepy or agitated to tolerate 
food, then intravenous administration of dextrose (25 
gm of 50% dextrose) is indicated.23 If unable to obtain 
intravenous access, administration of 1 mg of gluca-
gon intramuscularly can be considered. Glucagon can 
induce nausea and vomiting, so its use is generally 
limited to circumstances when intravenous access 
cannot be obtained. If hypoglycemia recurs, an infu-
sion of dextrose should be started. Admission may 
be appropriate if there is concern that the patient’s 
serum glucose may decrease again.8 
 Although hypoglycemia occurs more frequently 
in patients with diabetes type 1, it does occur in 
diabetes type 2 as well.23 When a diabetic patient 
presents with hypoglycemia (usually < 70 mg/dL), 
the initial management strategy is similar to that of a 
nondiabetic patient. 

Sulfonylurea-Induced Hypoglycemia
In some cases, hypoglycemia may be secondary to 
sulfonylurea use. In the management of patients 
with early type 2 diabetes, metformin is recommend-
ed as a first-line oral agent, with sulfonylurea added 
if the diabetes remains uncontrolled. The authors of 
a systematic review found that severe hypoglyce-
mia did not occur more frequently with a particular 

Correction Of Potassium
Correction of potassium is another key task in manag-
ing DKA. In DKA, the patient’s total-body potas-
sium is often decreased even when hyperkalemia is 
observed.20 Insulin, fluid infusion, and subsequent 
correction of acidosis will correct the elevated serum 
potassium in all but extreme cases.13,20 In extreme 
cases, more aggressive management of hyperkalemia 
may need to be considered, such as treatment with 
calcium, albuterol, sodium bicarbonate, and insulin 
(or with insulin and dextrose, if there is risk of hypo-
glycemia with insulin treatment). To prevent hypo-
kalemia, potassium repletion is usually initiated once 
the potassium level is at the high end of the normal 
range, or < 5.3 mEq/L.13,20 This is done by providing 
20 to 30 mEq of potassium in each liter of fluid, with 
the goal of maintaining the potassium level in the 
normal range.13,20 If a patient is already hypokalemic 
(potassium < 3.3 mEq/L), then administration of 
insulin should be deferred until the potassium level is 
≥ 3.3 to 3.5 mEq/L, in order to avoid potentially life-
threatening dysrhythmias and/or respiratory muscle 
paresis.13,20,21 This can be achieved by repletion of po-
tassium at 20 to 30 mEq/h (or as institutional protocol 
permits). Usually, 40 to 60 mEq of potassium is mixed 
in half-normal saline, with these fluids being run at 
the aforementioned rate.67 

Sodium Bicarbonate
Sodium bicarbonate has little or no role in the man-
agement of DKA. Authors of a systematic review that 
included 44 articles found no improvement in clinical 
outcomes or biochemical parameters in patients with 
DKA who were treated with sodium bicarbonate.74 
In fact, the authors of this review found evidence 
for increased risk for cerebral edema and lengthier 
hospital stays as well as weak evidence of worsening 
ketosis and increased need for potassium repletion 
with the use of sodium bicarbonate.74 Despite the 
lack of evidence, some authors still advocate for the 
use of sodium bicarbonate when the pH is < 6.9.13,31 
Sodium bicarbonate may have the theoretical benefit 
of improving cardiac contractility, thereby improving 
perfusion. Although no large prospective studies exist 
on the use of sodium bicarbonate in DKA, this author 
recommends considering the use of sodium bicarbon-
ate in the appropriate clinical setting when the pH is 
< 6.9, since it may have an effect on the contractility of 
the myocardium, which has been observed in several 
animal studies.74-78 

Hyperosmolar Hyperglycemic State
In HHS, fluid repletion is extremely important. These 
patients are usually dehydrated, with an estimated 
average fluid loss of 8 to 10 liters.67 Similar to DKA, 
one of the key elements in managing this disease state 
is rehydration. The management strategy is virtu-
ally the same as in DKA, except that transition to 5% 
dextrose in half-normal saline occurs earlier, when 
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 Special Circumstances 

Cardiac Arrest
In cardiac arrest, the American Heart Association 
Advanced Cardiovascular Life Support (ACLS) 
guidelines recommend consideration of reversible 
causes of the cardiac arrest. These reversible causes 
include: hypovolemia, hypoxia, hydrogen ion (aci-
dosis), hypokalemia, hyperkalemia, tension pneu-
mothorax, tamponade (cardiac), toxins, and throm-
bosis (pulmonary and coronary).89 In a patient with 
diabetes, several of these reversible causes should 
be evaluated and managed empirically. Hypovole-
mia in both DKA and HHS could be considered in 
cardiac arrest, with the initial management strategy 
being intravenous normal saline. Metabolic acidosis 
due to DKA may also be a reversible cause of cardiac 
arrest. In this case, initial management may include 
not only insulin but also initiation of sodium bicar-
bonate if hyperkalemia is suspected. If laboratory 
results have not returned and the patient may be in 
DKA, then interventions for hyperkalemia may be 
considered. If an arrest ensues after starting manage-
ment of DKA, hypokalemia may be a possible cause.

Metformin-Induced Lactic Acidosis
Metformin has been associated with lactic acidosis.  
Retrospective studies have revealed that most pa-
tients who developed lactic acidosis had an underly-
ing risk factor or medical comorbidity predisposing 
them to this complication. Metformin has a much 
lower likelihood ratio (LR) of inducing hypoglycemia 
(LR, 1.42; 95% CI, 1.22-1.64) compared to sulfonyl-
urea (LR, 3.73; 95% CI, 3.16-4.42). Descriptions of 
successful management of lactic acidosis induced by 
metformin have been limited to case reports. Alivanis 
presented a case report of continuous renal replace-
ment therapy to successfully manage a patient. Con-
tinuous venovenous hemodiafiltration in this case 
lasted about 16 hours, but it corrected acidosis and 
removed lactate as well as metformin without the risk 
of hypernatremia or fluid overload that can be seen in 
conventional intermittent hemodialysis.90 Similarly, 
Bruijstens discussed management of suspected lactic 
acidosis secondary to metformin use. In this study, 
the author described 3 cases successfully managed 
with continuous venovenous hemodiafiltration (1 
patient later died of other complications).91 Although 
there is no strong objective evidence, this author 
recommends utilization of continuous venovenous 
hemodiafiltration in cases of metformin-induced lac-
tic acidosis with associated hypoglycemia until better 
evidence is available. In the extremely rare case where 
there is no lactic acidosis and the patient is hemody-
namically stable and well-appearing, this author rec-
ommends oral glucose replacement with a small meal 
and observation for 6 to 8 hours after the ingestion of 
metformin prior to discharging the patient.

therapy or therapies in type 2 diabetes mellitus, but 
they did find that sulfonylureas increased the risk 
due to recurrence of hypoglycemia.80 In 2007, poison 
control centers across the United States received 
some 4384 calls about sulfonylureas, and they ac-
counted for about one-third of the overdoses from 
antihyperglycemic drugs and oral hypoglycemics.81 
 The initial management of hypoglycemia due 
to sulfonylurea usage is administration of an oral 
simple sugar (such as a hard candy or oral glucose 
tablet or gel).81 A further increase in serum glucose 
can be achieved through intravenous administra-
tion of dextrose, since glucagon has the potential to 
increase hyperinsulinemia.81 The typical dosing of 
bolus infusions of dextrose is 0.5 to 1 gm/kg intrave-
nously.81 A dose of 50 mL of 50% dextrose (D50W) 
provides 25 grams of carbohydrate.81 
 In cases of pediatric hypoglycemia due to a 
sulfonylurea, children are typically given 2 mL/kg of 
a 25% dextrose solution, while infants are typically 
provided 5 mL/kg of a 10% dextrose solution.81 If 
unable to obtain intravenous access, intramuscu-
lar glucagon (1 mg) can be administered. This is 
a temporizing measure, as it raises serum glucose 
through glycogenolysis and gluconeogenesis.81 After 
the bolus with intravenous dextrose, an infusion of 
a dextrose solution will prevent recurrence of the 
hypoglycemia.81 

Refractory Hypoglycemia
In cases of refractory hypoglycemia, octreotide can 
be used to increase serum glucose. There are mul-
tiple case reports using octreotide to treat refractory 
serum hypoglycemia.82-84 In a prospective double-
blind placebo-controlled trial of 40 patients with 18 
in the placebo arm (standard therapy) and 22 in the 
octreotide arm (standard therapy plus octreotide), 
the mean serum glucose levels were consistently 
higher in the octreotide arm.85 The mean glucose dif-
ference between the 2 arms approached clinical sig-
nificance in 1 to 3 hours in the octreotide arm when 
compared to the standard therapy arm (56 mg/
dL; 95% CI, -3 to 115 mg/dL; P = 0.08) and main-
tained statistical significance for up to 4 to 8 hours 
(127 mg/dL; 95% CI, 68-187 mg/dL; P < 0.001).85 
A 2012 review of case reports suggested that oc-
treotide should be considered as a primary therapy 
in hypoglycemic pediatric and adult sulfonylurea 
poisonings.84 The usual dosing for an octreotide 
infusion is up to 100 to 125 mcg/h intravenously, 
but the preferred route is subcutaneously, from 50 to 
100 mcg every 6 to 12 hours, as needed.81 There are 
several case reports that caution providers about the 
use of octreotide, since hyperkalemia occurred with 
its administration in these cases.86-88
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 Controversies And Cutting Edge 

Cerebral Edema
Cerebral edema is seen primarily in children, with 
case control studies finding an incidence between 
0.51% 97 and 0.9%.98 There are also case reports in 
of cerebral edema in adults. It may manifest with 
altered mental status, decorticate or decerebrate pos-
turing, cranial nerve palsies, and unusual breathing 
or respiratory patterns. This devastating disorder 
can be prevented by limiting the rate at which serum 
osmolality is decreased and avoiding an overly ag-
gressive rehydration strategy. 
 Several sources recommend the use of mannitol 
once neurological symptoms occur.31,99 The recom-
mended dose is 1 to 2 gm/kg over 20 minutes, with 
repeated dosing every 1 to 2 hours as needed. Fluid 
infusion rates should be decreased, and the head of 
the bed should be elevated. An alternative to manni-
tol is hypertonic saline, which can be given at a dose 
of 5 to 10 mL/kg of 3% saline over 30 minutes.100,101

New Oral Hypoglycemic Agent
On March 29, 2013, the United States Food and Drug 
Administration (FDA) approved canagliflozin (In-
vokana®) for the treatment of type 2 diabetes. This 
drug is indicated as an adjunct to diet and exercise 
to improve glycemic control in adults with type 2 
diabetes. The dosing is 100 mg or 300 mg once a day 
before the first meal of the day. The phase 3 trials 
demonstrated that the most common adverse effects 
were hypoglycemia, superficial fungal genital infec-
tion, urinary tract infections, and osmotic diuresis/
volume-related effects.102 This medication is a so-
dium glucose cotransporter inhibitor, and it inhibits 
the proteins in the heart, small intestine, trachea, and 
the proximal tubules of the kidney from absorbing 
glucose. This effect in the kidneys prevents reab-
sorption of glucose and increases the renal excretion 
of glucose.102,103 Although this medication will not 
be commonly prescribed in the ED, its adverse ef-
fects should be understood by emergency clinicians 
to better help patients using this drug.

 Disposition 

Diabetic Ketoacidosis
There is very limited research discussing the best 
disposition for DKA patients. Most of the literature 
is limited to consensus documents. Patients with 
severe DKA who are on an insulin drip should be 
managed in an intensive care unit or step-down unit. 
If a patient has an anion gap of ≤ 18 mEq/L with a 
blood glucose of ≤ 300 mg/dL and stable vital signs, 
then it may be reasonable to admit the patient to a 
regular medical unit. Determining which patients 
can go to the regular medical unit, step-down unit, 
or the intensive care unit is institution-specific. 

Management Of New-Onset Diabetes
There is a dearth of literature on the management 
of new-onset diabetes. In the past, patients with 
new-onset diabetes would be admitted to allow for 
further evaluation and education of the patient. The 
education on weight reduction, exercise, and life-
style modification would help maximize the likeli-
hood of patient comprehension of the disease and 
compliance with the treatment. In the new medical 
landscape, the option of admission may be met with 
increased resistance from both the hospital adminis-
tration (which may not be reimbursed for this type 
of admission) as well as the patients (who may have 
to pay the entire bill).
 New-onset diabetes is diagnosed by a hemo-
globin A1C of ≥ 6.5%, a fasting plasma glucose ≥ 126 
mg/dL, a 2-hour plasma glucose ≥ 200 mg/dL dur-
ing an oral glucose tolerance test, or a random glu-
cose level of ≥ 200 mg/dL in a patient with classic 
symptoms of hyperglycemia.92 The hemoglobin A1C 
has limited utility in the ED, as not every institution 
can obtain these results in a timely fashion.
 Education on weight reduction is an important 
facet of overall diabetes management, and diet is a 
key component to weight loss. In a prospective trial 
of 93 patients with type 2 diabetes, Wing et al found 
the amount of caloric restriction and the amount of 
weight loss have independent effects on improving  
glycemic control and insulin sensitivity.93 
 Education of the patient on the importance of 
exercise is another key element to successful weight 
loss. Exercise also has the benefit of increasing insu-
lin sensitivity.94,95 A study by Pi-Sunyer et al demon-
strated that intensive lifestyle intervention (includ-
ing weight loss through decreased calories and 
increased physical activity) had a significant effect 
on the hemoglobin A1C by reducing it from a mean 
of 7.3% to 6.6% compared to 7.3 to 7.2% in patients 
with only support and education.96 The intensive 
lifestyle intervention included caloric restriction, 
moderate physical activity, and regularly occur-
ring group or individual sessions with dieticians, 
psychologists, and exercise trainers. Each of these 
elements requires good follow-up and reliability for 
success of outpatient management.
 In cases of well-appearing patients who have 
stable vital signs, are reliable, do not have DKA 
or HHS, have good outpatient follow-up, are not 
showing signs of dehydration, are not experiencing 
severe thirst, and are reliable, then discharge may be 
a good alternative to admission. There is no strong 
evidence on how to manage these types of patients; 
however, coordinating with a primary care provider 
is key, and consideration may be given to starting 
the patient on metformin.
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of recurrence of the hypoglycemia is high, admission 
should be considered. In cases where a patient using 
oral medications for diabetes develops hypoglycemia 
and the risk of recurrence is high, the hypoglycemia 
was severe, or the hypoglycemia was prolonged, 
then admission is generally advisable. In cases of oral 
medications for diabetes where the risk of recurrence 
is low, the hypoglycemia was mild, or the hypoglyce-
mia was brief and transient, then discharge with close 
outpatient follow-up would be reasonable. In nondia-
betics who develop hypoglycemia, the decision for 
admission should factor in the potential etiology as 
well as factors related to the episode.

 Case Conclusions 

You ordered the appropriate tests for the first patient, the 
26-year-old woman who was vomiting and sleepy, and 
discovered that her serum beta-hydroxybutyrate was 4 
times normal. You asked the nurse to start the normal sa-
line IV, and the patient received several liters prior to the 
lab tests returning. The tests showed that she had a serum 
potassium of 5.8 mEq/L, so you initiated the insulin drip 
at 0.14 units/kg/h and decided to forgo the insulin bolus, 
based on your recent reading about insulin in DKA. Since 
the patient’s bicarb was 9 mEq/L, you decided to admit 
her to the ICU. Unfortunately, there were no ICU beds, 
so for the next 8 hours you managed the patient in the 
ED. When her serum glucose approached 200 mg/dL, you 
changed to D5 half-normal saline for the fluid infusion, 
and decreased the insulin infusion to 0.04 units/kg/h. By 
the time she went up to the ICU, her gap had decreased 
from 29 to 19 mEq/L and her bicarbonate had increased to 
18 mEq/L. She had an unremarkable course in the ICU, 
was eventually transferred to the floor, and by her fourth 
day in the hospital, was able to be safely discharged.
 Because of your 56-year-old unresponsive patient's 
altered mental status, you considered hypoglycemia, hypoxia, 
and opioid overdose in your differential. His oxygen satura-
tion was 98%. His pupils did not appear pinpoint, so you 
requested that the nurse obtain a capillary serum glucose 
and empirically administered 25 gm dextrose through his 
IV. Within several minutes, the patient became more awake 
and started answering questions. At that time, the nurse 
advised you that the patient’s serum glucose was 58 mg/dL. 
The patient said that he normally takes a glyburide at home 
and that he had been having trouble with his blood sugar 
being too low. Given that the frequency and severity of his 
hypoglycemic events had been increasing, you started him on 
a D5 normal saline infusion, consulted his private physician, 
and discussed admission to the ICU with the intensivist. 
You ordered octreotide be at the bedside for subcutaneous 
administration in case the dextrose infusion was unsuccess-
ful. The patient was admitted to the ICU, and he had several 
additional episodes of hypoglycemia. In the last episode, he 
did not respond to the dextrose infusion or boluses, so sub-
cutaneous octreotide was administered. His serum glucose 
improved on this regimen, and after a 1-day stay in the ICU 

Hyperosmolar Hyperglycemic State
In patients with HHS, admission to the intensive care 
unit is typical, because they require close monitoring 
and are on an insulin drip. Often, this population has 
significant underlying medical conditions that also 
require close monitoring. If a patient has limited or no 
underlying medical conditions and responds well to 
management in the ED (as observed through labora-
tory tests and vital signs), then it may be reasonable 
to admit the patient to a step-down unit.14

Hypoglycemia
In patients with type 1 diabetes who have a tran-
sient episode of hypoglycemia but can tolerate food, 
whose hypoglycemia is readily corrected by oral 
foods and/or IV dextrose, and in whom the etiology 
of the hypoglycemia can be ascertained and miti-
gated, then discharge is reasonable. In patients who 
are hypoglycemic and unable to tolerate oral food or 
fluids, admission is advisable.
 In diabetics who are using oral medicines 
(specifically, sulfonylureas), admission is generally 
advisable due to the high risk of recurrence of hy-
poglycemia. This is especially true with the longer-
acting sulfonylureas.
 In nondiabetics who develop hypoglycemia, the 
admission decision should incorporate the potential 
cause as well as the factors related to the episode, 
such as the severity of the hypoglycemia, the risk 
of recurrence of the episode, and the persistence of 
the hypoglycemia. If the patient is at a low risk for 
recurrence, the hypoglycemia is brief, and the drop 
in serum glucose was minor, then discharge with 
outpatient follow-up would be a reasonable option. 
Otherwise, if the hypoglycemia was severe, the risk 
of recurrence is high, or the hypoglycemia was pro-
longed, then admission would be advisable. 

 Summary 

Diabetic emergencies can be classified into 2 catego-
ries: hyperglycemic and hypoglycemic. 
 Hyperglycemic emergencies can be further 
stratified into DKA and HHS. The management for 
hyperglycemia is similar in both DKA and HHS. 
Normal saline is the initial resuscitation fluid, and 
adjustment of the crystalloid solution is dependent 
on the patient’s hydration status. Intravenous insu-
lin is also given in both DKA and HHS. Monitoring 
of the electrolytes, especially potassium, is critical to 
reducing morbidity and mortality.
 In hypoglycemia, the underlying etiology of the 
hypoglycemia should be investigated and underlying 
comorbidities should be considered. In most cases, a 
patient with type 1 diabetes with a known cause of 
the hypoglycemia who is tolerating food and fluids, 
discharge is a reasonable candidate for discharge. If 
the cause of the hypoglycemia is unknown or the risk 
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1. “I ordered a serum ketone, and it was mildly ele-
vated. I was told later that the patient was in severe 
DKA.”
The preferred laboratory value to examine for DKA is 
beta-hydroxybutyrate. In DKA, the ratio of the beta-
hydroxybutyrate to acetoacetate or acetone changes 
in response to the increased ketones. Instead of 1:1, it 
increases to as much as 5:1 of beta-hydroxybutyrate 
to acetoacetate. Beta-hydroxybutyrate will more 
accurately reflect whether the patient is in DKA.

2. “The elderly patient had HHS, but I thought the 
floor could handle him.”
In patients with HHS, admission to the intensive care 
unit is prudent, given that they will be on insulin drips 
and because of their underlying medical conditions. If 
a patient has few or no underlying medical conditions 
and responds well to management in the ED as 
observed through laboratory tests and vital signs, then 
it may be reasonable to admit the patient to a step-
down unit.

3. “The patient had family members with nausea, vom-
iting, and diarrhea. I didn’t think that his diabetes 
was the cause of his nausea and vomiting.”
Have a low threshold for checking blood sugar and 
a basic metabolic profile. The etiology of the diabetic 
emergency can be from a viral illness or some other 
physiologic stressor.

4. “The patient had HHS, but also a history of con-
gestive heart failure, so I started him on an insulin 
infusion but held back the fluids. I thought treating 
the hyperglycemia alone would help resolve the 
patient’s tachycardia.”
Patients with HHS have an average deficit of 8 
to 10 liters of fluid. Rehydration is a key initial 
management strategy in treating this ailment. Both 
hydration and insulin would have helped manage 
this patient’s pathology.

5. “The patient who had DKA received 9 liters of fluid 
and then started to develop mental status changes.”
Although rare, cerebral edema does develop in 
adults. Using the correct rehydration may reduce 
the risk of this devastating illness.68 Mannitol 
may be considered once neurological symptoms 
occur.31,99 Additionally, fluid infusion rates should 
be decreased and the head of the bed should be 
elevated. An alternative to mannitol is hypertonic 
saline, which can be given at a dose of 5 to 10 mL/kg 
of 3% saline over 30 minutes.100,101

Risk Management Pitfalls For Diabetic Emergencies

6. “The patient’s potassium was elevated and he was 
in DKA, so I gave him kayexalate.”
In DKA, the serum potassium may be elevated, but 
unless there are ECG changes, the management 
for the elevated potassium is to manage the DKA. 
The insulin infusion will allow the potassium to 
transition intracellularly, thereby decreasing the serum 
potassium. If the potassium is decreased prior to the 
insulin infusion, the patient may become hypokalemic 
and develop life-threatening dysrhythmias.

7. “The patient was diabetic, and I checked his serum 
glucose and it was not elevated; therefore, he could 
not be in DKA.”
A patient may have DKA with a normal blood 
sugar. This pathology is referred to as euglycemic 
DKA. Typically, the patient has vomiting, but 
continues to use his/her insulin. In this situation, 
the beta-hydroxybutyrate levels will be crucial to the 
successful diagnosis of DKA.

8. “I knew the patient was in DKA, so I started the 
insulin infusion. I did not know that his potassium 
of 2.8 mEq/L was going to be problematic.”
Patients in DKA tend to have a normal to low body 
potassium level. If the serum potassium is < 3.3 
mEq/dL, then the initial management strategy is 
to administer fluids with potassium intravenously; 
once the serum potassium is ≥ 3.3 mEq/dL, then the 
insulin infusion can be initiated. If this is not done, the 
patient may develop life-threatening dysrhythmias 
from the hypokalemia. Repletion of potassium can be 
achieved by infusing potassium at 20 to 30 mEq/h, 
usually mixing 40 to 60 mEq of potassium in a liter of 
half-normal saline.67,68

9. “The patient’s blood sugar improved and she was 
tolerating food, so I discharged her. She was on a 
sulfonylurea, but her vitals looked fine.”
In diabetics who are using sulfonylureas, admission 
is generally advisable due to the high risk of 
recurrence of hypoglycemia. This is especially true 
with the longer-acting sulfonylureas.

10. “There were no intensive care unit beds and the 
ED was very busy. I kept the patient with DKA on 
the normal saline infusion and insulin, but I didn't 
expect him to become so hypoglycemic.”
When the serum glucose is 200 mg/dL, consider 
decreasing the insulin infusion rate from 0.1 or 0.14 
units/kg/h to 0.02 to 0.05 units/kg/h and adding 
dextrose to the infusing fluids. If this is not done, 
the patient’s glucose can drop too rapidly and 
hypoglycemia may ensue.
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1. Insulin provides which of the following func-
tions?
a. Increases the storage of glucose, amino   
 acids, and fatty acids
b. Decreases the body’s stores of glucose,   
       fatty acids, and amino acids
c. Mediates adrenergic response to stress   
 stimuli
d. Increases red blood cell production

2. Diabetes arises from:
a. Solely genetic factors
b. Solely environmental factors
c. From early allergen exposure
d. From genetic and environmental factors

3. The mortality rate for DKA is:
a. < 2%  b.    5% to 20%
c. 40% to 50% d.    > 70%

4. The mortality rate for HHS is:
a. < 2%  
b.    5% to 20%
c. 40% to 50% 
d.    > 70%

5. HHS is more commonly seen in:
a. Men  
b.    Elderly people
c. Women  
d.    Young people

6. The onset for HHS is:
a. Minutes 
b.    Hours to days
c. Days to weeks 
d.    Weeks to months
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7. The average fluid deficit in DKA is:
a. 1 to 3 liters  
b. 3 to 6 liters 
c. 6 to 8 liters  
d.    8 to 10 liters 

8. Intravenous fluids and insulin infusion rate 
in DKA should be changed when the serum 
glucose is approximately:
a. 200 mg/dL 
b.    300 mg/dL
c. 400 mg/dL 
d.    600 mg/dL

9. Potassium should be administered in DKA 
prior to administration of insulin when the 
potassium level is:
a. > 6.5 mEq/L    
b. 5.5 to 6.5 mEq/L
c. 4.5 to 5.5 mEq/L       
d. < 3.3 mEq/L

10. In cases of sulfonylurea-induced hypoglycemia 
refractory to intravenous dextrose, the follow-
ing agent may be useful:
a. Glucagon 
b.    Epinephrine
c. Octreotide  
d.    Insulin
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