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Sources and section criteria
We searched PubMed from May 1975 through January 
2019 to identify English language articles published in 
peer reviewed journals by using the following search 
terms: diabetic ketoacidosis, euglycemic diabetic ketoac-
idosis, hyperosmolar hyperglycemic syndrome, hyper-
glycemic crisis, sodium glucose cotransporter 2 (SGLT2) 
inhibitors, protocols, cerebral edema, and hyperchlo-
remic metabolic acidosis. We also identified references 
from relevant review articles, as well as from the similar 
items section of PubMed. We screened and reviewed more 
than 200 articles in the preparation of this manuscript. 
We reviewed only articles including humans. We consid-
ered inclusion of studies with smaller numbers of par-
ticipants to be important, as these make up the majority 
of prospective studies for both diabetic ketoacidosis and 
HHS. Retrospective database reviews are also included, 
as is one case report illustrating the rare development of 
cerebral edema in an adult patient.11 We excluded articles 
published in non-peer reviewed journals or those that 
were not available in PubMed. We prioritized publica-
tions within the past decade covering the epidemiology 
and treatment of diabetic ketoacidosis and HHS in adult 
patients. We also prioritized inclusion of manuscripts that 
provided elegant examinations of the pathophysiology of 
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Introduction
Diabetic ketoacidosis and hyperosmolar hyperglycemic 
syndrome (HHS) are life threatening emergencies that 
occur in patients with type 1 diabetes and type 2 diabe-
tes.1-4 Diabetic ketoacidosis is defined by a triad of hyper-
glycemia (or a diagnosis of diabetes), metabolic acidosis, 
and ketonemia (table 1).1 2 5-7 HHS is defined by severe 
hyperglycemia, high serum osmolality, and dehydra-
tion (table 2).4 8 The presentation of each of these dia-
betic emergencies often overlaps.3 8 Early diagnosis and 
management with attention to prevention strategies are 
essential to improve patients’ outcomes.1 2 This is particu-
larly important for patients presenting with “euglycemic” 
diabetic ketoacidosis, which is a term used to describe 
diabetic ketoacidosis accompanied by lower than antici-
pated blood glucose.1 5 7 9 10

The target audience for this review is endocrinolo-
gists, hospital based physicians, and other physicians or 
healthcare providers involved in the care of adult patients 
with or at risk for diabetic ketoacidosis and HHS. We pre-
sent the epidemiology, pathophysiology, precipitating 
causes, clinical presentation, acute management, com-
plications, and prevention of these disorders. In addition, 
we review some of the controversies and observed pitfalls 
in the management of these patients.

ABSTRACT

Diabetic ketoacidosis and hyperosmolar hyperglycemic syndrome (HHS) are life threatening 
complications that occur in patients with diabetes. In addition to timely identification of the 
precipitating cause, the first step in acute management of these disorders includes aggressive 
administration of intravenous fluids with appropriate replacement of electrolytes (primarily 
potassium). In patients with diabetic ketoacidosis, this is always followed by administration 
of insulin, usually via an intravenous insulin infusion that is continued until resolution of 
ketonemia, but potentially via the subcutaneous route in mild cases. Careful monitoring 
by experienced physicians is needed during treatment for diabetic ketoacidosis and HHS. 
Common pitfalls in management include premature termination of intravenous insulin 
therapy and insufficient timing or dosing of subcutaneous insulin before discontinuation of 
intravenous insulin. This review covers recommendations for acute management of diabetic 
ketoacidosis and HHS, the complications associated with these disorders, and methods for 
preventing recurrence. It also discusses why many patients who present with these disorders 
are at high risk for hospital readmissions, early morbidity, and mortality well beyond the acute 
presentation.
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iture of $2.4bn (£1.9bn; €2.1bn) per year in the US.10 In the 
UK, the average cost for an episode of diabetic ketoacidosis 
is estimated to be £2064 ($2682; €2384) per patient.18

Diabetic ketoacidosis was a fatal disease before the dis-
covery of insulin in 1921. Nearing 100 years of insulin 
availability, mortality related to diabetic ketoacidosis in 
the adult population has progressively declined to less 
than 1%.13 Certain groups of patients have mortality rates 
of up to 5%, including patients with significant comor-
bid conditions and those of advanced age.19 HHS, which 
occurs more commonly in older adults with underlying 
comorbidities, has a 10-20% mortality rate.8 20

Interest has been renewed in euglyemic diabetic 
ketoacidosis, which was first described as a case series 
of 37 patients presenting with blood glucose below 300 
mg/dL.9 Euglycemic diabetic ketoacidosis can result in 
delayed diagnosis and treatment, as well as potential 
for adverse metabolic consequences.17 Since the recent 
introduction of the SGLT2 inhibitors, several case reports 
and series describing euglycemic diabetic ketoacidosis 
in patients treated with these agents have been pub-
lished.21-23 The entity of euglycemic diabetic ketoacidosis 
is not limited to patients using SGLT2 inhibitors, however, 
as it has also been described in the setting of alcohol use 
disorders, pregnancy, and chronic liver disease.9 24

Pathophysiology
Both diabetic ketoacidosis and HHS result from relative or 
absolute insulin deficiency together with an increase in 
circulating concentrations of counterregulatory hormones 
(figure).1 25

Pathophysiology of diabetic ketoacidosis
In the usual clinical situation, a rise in counterregula-
tory hormones contributes to accelerated gluconeogen-
esis, glycogenolysis, and impaired glucose utilization by 
peripheral tissues and leads to diabetic ketoacidosis.25 
Glucagon is the primary counterregulatory hormone 
responsible for development of diabetic ketoacidosis, 
as increases in other counterregulatory hormones (cat-
echolamines, cortisol, and growth hormone) are not 
necessarily observed.1 However, even glucagon is not 
absolutely essential, as diabetic ketoacidosis has also 
been described in patients after pancreatectomy.25 26

In the liver, the gluconeogenic enzymes fructose 1,6 
bisphosphatase, phosphoenolpyruvate carboxykinase 
(PEPCK), glucose-6-phosphatase, and pyruvate carbox-
ylase are stimulated by an increase in the glucagon to 
insulin ratio and by an increase in circulating cortisol 
concentrations.27 28 Hepatic gluconeogenesis is the main 
mechanism for hyperglycemia in ketoacidosis, but renal 
gluconeogenesis also contributes.29-31

In adipose tissue, the combination of severe insulin 
deficiency with elevated counterregulatory hormone 
concentrations activates hormone sensitive lipase lead-
ing to an increase in circulating free fatty acids.31-34 
Excess free fatty acids are oxidized to acetoacetate and 
β-hydroxybutyrate in hepatic mitochondria, result-
ing in ketonemia and acidosis.35 Glucagon accelerates 
the generation of ketonemia and hyperglycemia in the 
insulin deficient state, but as previously mentioned it is 

both diabetic ketoacidosis and HHS that were published 
between 1980 and 1987, as it is unlikely that these stud-
ies will be repeated. We included randomized controlled 
trials (RCTs) and original articles published in the past 
40 years, as well as consensus statements, guidelines, 
and systematic reviews published in the past 10 years. A 
supplementary table summarizing the objectives and key 
findings from several studies of the epidemiology, treat-
ment strategies, and outcomes is available.

Epidemiology
The frequency of diabetic ketoacidosis has increased 
during the past decade, with more than 160 000 hospi-
tal admissions in 2017 in the US.12 13 A recent analysis 
found that hospital admissions for diabetic ketoacidosis 
had increased in the UK for patients with both type 1 and 
type 2 diabetes.14 HHS is less common and accounts for 
less than 1% of all diabetes related admissions.15

The observed increase in hospital admissions for dia-
betic emergencies has several potential explanations. 
These include the rising prevalence of diabetes, as well 
as psychosocial, cultural, and economic factors that often 
limit access to insulin and outpatient medical care.13 16 17 
Diabetic ketoacidosis causes an estimated medical expend-

Table 1 | Diagnostic criteria for diabetic ketoacidosis in adults
Criteria ADA1 UK2 AACE/ACE5

Year of publication 2009 2013 2016
Plasma glucose concentration, 
mmol/L

>13.9 (250 mg/dL)* >11 (>200 mg/dL)or 
known diabetes

NA

pH Mild: 7.25-7.30; moderate: 
7.00-7.24; severe: <7.00

<7.3 (severe: <7.0) <7.3

Bicarbonate concentration, 
mmol/L or mEq/L

Mild: 15-18; moderate: 
10-14.9; severe: <10

<15 (severe: <5) NA

Anion gap: Na+–(Cl–+HCO3
–) Mild: >10; moderate: >12; 

severe: >12
    NA (severe: >16)     >10

Urine acetoacetate 
(nitroprusside reaction)

Positive Positive Positive

Blood β-hydroxybutyrate, 
mmol/L

NA† ≥3 (31 mg/dL) (severe: >6) ≥3.8 (40 mg/dL)

Mental status Mild: alert; moderate: alert or 
drowsy; severe: stupor or coma

    NA Drowsy, stupor, or 
coma

AACE/ACE=American Association of Clinical Endocrinologists/American College of Endocrinology; ADA=American Diabetes 
Association; NA=not included in guideline document.
*2019 ADA guideline provides update to this 2009 guideline and now states “There is considerable variability… ranging from 
euglycemia or mild hyperglycemia and acidosis to severe hyperglycemia, dehydration, and coma.”6

†β-hydroxybutyrate updated to >3 mmol/L in 2016 updated review cited in 2019 ADA guideline.6 7

Table 2 | Diagnostic criteria for hyperglycemic hyperosmolar state in adults
Criteria ADA1 UK4

Year of publication 2009 2015
Plasma glucose concentration, mmol/L >33.3 ≥30
pH >7.30 >7.30
Bicarbonate concentration, mmol/L >18* >15
Anion gap: Na+–(Cl–+HCO3

–) NA NA
Urine acetoacetate (nitroprusside reaction) Negative or low positive NA
Blood β-hydroxybutyrate, mmol/L NA <3
Osmolality, mmol/kg >320† ≥320‡

Presentation Stupor or coma Severe dehydration and feeling unwell
ADA=American Diabetes Association; NA=not included in guideline document.
*Updated to >15 mmol/L in 2016 updated review cited in 2019 ADA guideline.6 7

†ADA guideline calculates effective plasma osmolality using equation 2×Na+glucose (mmol/L) or 2×Na+glucose (mg/
dL)/18.
‡UK guideline calculates osmolality using equation 2×Na+glucose (mmol/L)+(blood urea nitrogen (mmol/L) or 
2×Na+glucose (mg/dL)/18+blood urea nitrogen (mg/dL))/2.8.
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infection, followed by new onset of diabetes and other 
metabolic stressors.37-39 Certain drugs including gluco-
corticoids, excess diuretics, atypical antipsychotics, and 
others can predispose to severe hyperglycemia, diabetic 
ketoacidosis, and HHS.20 40

Precipitating causes of diabetic ketoacidosis
In a large survey of 283 patients admitted to one of 72 
hospitals in the UK, infection was identified as the most 
common precipitating factor for diabetic ketoacidosis 
(45%), followed by insulin omission (20%); other causes 
included newly diagnosed diabetes and alcohol or drug 
related problems.41 42 Insulin omission can be seen in 
patients of all ages and is more commonly observed in 
those with eating disorders, psychological distress, fear 
of hypoglycemia, and fear of weight gain.39 Other factors 
that are associated with insulin omission include inability 
to pay for insulin, the idea that insulin should be with-
held when illness interferes with eating, inadvertent 
omission of an insulin dose, and, rarely, pump malfunc-
tion.17 38 39

It is not only patients who stop their insulin therapy. 
In the UK survey described above, more than 7% of cases 
of diabetic ketoacidosis occurred in an inpatient popula-
tion.41 We (and patients who reviewed this manuscript) 
have observed situations in which insulin therapy is 
erroneously withheld in patients admitted to hospital 
with type 1 diabetes who are placed in a fasting state for 
surgical or other procedures. Some healthcare providers 
also make erroneous assumptions that patients over 50 
years of age have type 2 diabetes and can tolerate periods 

not essential for development of diabetic ketoacidosis. 
In addition to ketone body overproduction, clearance is 
also decreased in diabetic ketoacidosis.25 36

Both hyperglycemia and high circulating concentra-
tions of ketone bodies result in an osmotic diuresis, which 
leads to hypovolemia and subsequent decrease in glomer-
ular filtration rate. Osmotic diuresis promotes net loss of 
sodium, potassium, calcium, magnesium, chloride, and 
phosphate, further contributing to electrolyte abnormali-
ties associated with diabetic ketoacidosis.25 Progressive 
volume depletion leads to decreased glomerular filtra-
tion rate, with further decreases in clearance of glucose 
and ketone bodies further contributing to hyperglycemia, 
hyperosmolality, and metabolic acidosis.25

Pathophysiology of HHS
The pathogenesis of HHS differs from that of diabetic 
ketoacidosis in that a more severe degree of dehydration 
is present owing to osmotic diuresis and an absence of 
significant ketosis/ketonemia.1 3 4 7 A higher concentra-
tion of circulating hepatic insulin could partly account for 
the absence of significant ketosis in patients with HHS.3 
Patients presenting with HHS have lower concentrations 
of free fatty acids, cortisol, growth hormone, and gluca-
gon than do those presenting with diabetic ketoacidosis. 
Patients with HHS may have mild metabolic acidosis due 
to renal failure and dehydration.20

Precipitating causes
The most common precipitating factors in diabetic 
ketoacidosis and HHS are inadequate insulin therapy and 

Pathogenesis of diabetic ketoacidosis and hyperosmolar hyperglycemic syndrome. FFA=free fatty acids
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A direct relation exists between hyperosmolality and 
depressed sensorium in patients presenting with blood 
glucose above 33.3 mmol/L (600 mg/dL) and insignifi-
cant concentrations of ketones.20 52 Patients presenting 
with diabetic ketoacidosis, including euglycemic diabetic 
ketoacidosis, and HHS need immediate referral for emer-
gency evaluation and treatment.

Acute management
The management of both diabetic ketoacidosis and HHS 
includes fluids (usually administered intravenously), 
electrolytes, and insulin. Identifying the cause of acute 
decompensated diabetes is important, but this should not 
cause any delay in treatment. Patients (and their family 
members), especially those who present with more severe 
symptoms of diabetic ketoacidosis or HHS, often describe 
anxiety as part of their acute presentation. An explana-
tion of what is happening, and the anticipated course of 
management, can alleviate some of these concerns and 
open discussions as to how this can be prevented in the 
future (see prevention section below).

Use of standardized paper based and computerized 
guidelines and protocols for management of diabetic 
ketoacidosis has been shown to decrease the time to 
anion gap closure, reduce length of stay in hospital, and 
minimize complications during treatment for diabetic 
ketoacidosis.53-57 However, even when protocols are avail-
able and healthcare providers are aware of them, adher-
ence is often poor.41 42 58 Treatment protocols must be 
designed to be flexible and simple to use by physicians, 
nurses, and other healthcare providers, as the manage-
ment of diabetic ketoacidosis and HHS is complicated, 
requiring close monitoring and modification over the 
duration of treatment. It is especially important to rec-
ognize that guidelines and order sets that are written or 
embedded in an electronic health record do not substitute 
for sound clinical judgment.59

Management of diabetic ketoacidosis
The goals of management of diabetic ketoacidosis include 
restoration of intravascular volume, prevention and/or cor-
rection of electrolyte abnormalities, correction of acidosis, 
and correction of hyperglycemia (if present) (box 1).1 7 63 
Patients presenting with mild diabetic ketoacidosis who are 
alert and able to tolerate oral fluids may be able to receive 
treatment in the emergency department, potentially with 
oral fluids and subcutaneous insulin, and without need for 
hospital admission.64 Patients presenting with more severe 
degrees of metabolic derangement need to be admitted to 
a hospital unit with trained personnel and resources for 
intensive monitoring and administration of intravenous flu-
ids, potassium, and insulin. The ADA and the Joint British 
Diabetes Societies for Inpatient Care have both published 
guidelines for management of diabetic ketoacidosis, but 
these guidelines have several differences. These differences 
are primarily due to lack of published evidence to guide 
treatment in many areas.63 Despite this, the ADA guideline 
has been widely distributed, is used internationally, and has 
been cited more than 600 times.63 In addition, a survey of 
118 UK clinical diabetes teams found that the UK guideline 
has been adopted by more than 90% of those surveyed.10 65

of insulin omission when admitted to hospital for acute 
illness or surgical procedures (based on personal obser-
vations and experiences). Additionally, insulin therapy 
can be erroneously withheld or discontinued in patients 
admitted to the hospital with an insulin pump device 
owing to a lack of familiarity with these devices on the 
part of hospital personnel.43-45

SGLT2 inhibitors have been identified as causal agents 
in several reported cases of euglycemic diabetic ketoaci-
dosis.23 46 A discussion of how these agents contribute to 
diabetic ketoacidosis is beyond the scope of this manu-
script, and readers are referred to several publications in 
which this is discussed.47-49 Risk factors for euglycemic 
diabetic ketoacidosis with SGLT2 inhibitors include latent 
autoimmune diabetes of adulthood, surgery, low carbo-
hydrate diets, insulin withdrawal or dose reduction, and 
acute medical illness.

Other clinical scenarios associated with euglycemic 
diabetic ketoacidosis include pregnancy, decreased 
caloric intake, heavy alcohol use, and chronic liver dis-
ease.21 50 An awareness of these factors is important so as 
to avoid missing a diagnosis of diabetic ketoacidosis and 
delaying treatment.50

Precipitating causes of HHS
HHS occurs most commonly, but not exclusively, in older 
people with type 2 diabetes and accompanying comor-
bidities. Precipitating factors include pneumonia (40–
60%) and urinary tract infections (5–16%) or other acute 
conditions such as cerebrovascular disease, myocardial 
infarction, or trauma.3 20 51 The risk of HHS increases in 
settings of inadequate fluid intake due to altered thirst 
mechanisms with aging or inability to access fluids.51

Clinical presentation and diagnosis
Table 1 and table 2 outline diagnostic criteria for diabetic 
ketoacidosis and HHS as recommended by the Ameri-
can Diabetes Association (ADA), Joint British Diabetes 
Societies for Inpatient Care, and American Association 
of Clinical Endocrinologists. Diagnostic criteria for dia-
betic ketoacidosis can include an elevation of urine 
acetoacetate or blood β-hydroxybutyrate. Point of care 
blood ketone meters and test strips for measurement of 
β-hydroxybutyrate are costly and not readily available in 
many institutions, but they are likely to become standard 
of care over time as they also provide accurate information 
for guiding treatment (see management section below).36

Patients with diabetic ketoacidosis can present with 
some or all of the following symptoms: polyuria, poly-
dipsia, nausea, vomiting, abdominal pain, visual dis-
turbance, lethargy, altered sensorium, tachycardia, 
tachypnea, and Kussmaul respirations, with a fruity 
odor to the breath. Patients are usually severely volume 
depleted with orthostatic hypotension. Patients with 
euglycemic diabetic ketoacidosis secondary to treat-
ment with a SGLT2 inhibitor may have less polyuria and 
polydipsia owing to the milder degree of hyperglycemia 
and may instead present with malaise, anorexia, tachy-
cardia, or tachypnea with or without fever.24 Patients with 
HHS often present with an altered level of consciousness, 
which may mask the usual symptoms of hyperglycemia. 
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After the initial hour, the rate of intravenous fluids should 
be adjusted on the basis of the patient’s hemodynamic and 
electrolyte status and generally maintained between 250 
and 500 mL/h in adult patients without cardiac or renal 
compromise, advanced liver disease, or other states of fluid 
overload. No RCTs are available to guide the appropriate 
rate of intravenous fluids. The ADA guideline recommends 
that patients with a normal or high corrected sodium con-
centration can be switched to 0.45% sodium chloride 
after the first hour of fluid replacement.1 However, the UK 
guideline recommends the continuation of normal saline 
throughout the management of diabetic ketoacidosis.2 
No published studies support or refute a switch to 0.45% 
sodium chloride; however, continued use of normal saline 
after the initial resuscitation may result in hyperchloremic 
metabolic acidosis and the inability to use plasma bicar-
bonate as a marker for resolution of diabetic ketoacidosis.

As glucose normalizes with treatment, dextrose must 
be added to the intravenous fluid to allow continued insu-
lin infusion at a rate sufficient to resolve ketonemia while 
avoiding hypoglycemia. The UK guideline recommends 
adding dextrose 10% when the blood glucose falls below 
13.9 mmol/L (250 mg/dL).2 The ADA recommends adding 

Intravenous fluids
Administration of fluid is the first line of treatment. Appro-
priate fluid administration not only restores intravascular 
volume but also lowers blood glucose, raises blood pres-
sure, ensures perfusion of peripheral tissues, and facili-
tates resolution of metabolic acidosis. Current ADA and 
UK guidelines for management of diabetic ketoacidosis in 
adults both recommend 0.9% sodium chloride solution 
(normal saline) for initial fluid replacement.1 2 Specifically, 
the ADA recommends 1000-1500 mL and the UK guide-
line recommends 1000 mL of normal saline during the first 
hour. Although normal saline contains a supraphysiologic 
concentration of chloride potentially leading to hyperchlo-
remic metabolic acidosis, as discussed in the complica-
tions section of this review, insufficient evidence exists to 
support the hypothesis that balanced electrolyte solutions 
improve time to resolution of diabetic ketoacidosis or pre-
vent major adverse kidney events in this population.60 The 
UK guideline acknowledges this and includes a statement 
that balanced electrolyte solutions can be used, but as they 
are not commercially available with premixed potassium 
chloride, they must be used in conjunction with additional 
potassium replacement.2

Box 1 | Principles of diabetic ketoacidosis (DKA) management in adult patients
Intravenous fluids
1 Use 0.9% sodium chloride solution (normal 
saline) for initial fluid replacement.

• ADA: 1000-1500 mL of normal saline during 
the first hour

• UK: 1000 mL of normal saline during the first 
hour

2 After the first hour, the rate of intravenous fluids 
should be adjusted on the basis of the patient’s 
hemodynamic and electrolyte status and 
generally maintained between 250 and 500 mL/h
• ADA: Patients with a normal or high corrected 

sodium concentration can be switched to 
0.45% sodium chloride after the first hour of 
fluid replacement

• UK: Normal saline should be continued 
throughout the management of DKA

• Insufficient evidence exists to support the 
hypothesis that balanced electrolyte solutions 
improve time to DKA resolution or prevent 
major adverse kidney events in this population

Note: Continued use of normal saline after the 
initial resuscitation may result in hyperchloremic 
metabolic acidosis and the inability to use 
plasma bicarbonate as a marker for DKA 
resolution
3 Add dextrose to the intravenous fluid if/when 

blood glucose approaches normal to allow 
continued insulin infusion at a rate sufficient to 
resolve DKA while avoiding hypoglycemia
• ADA: Add dextrose 5% when the blood 

glucose falls below 11 mmol/L (200 mg/dL)
• UK: Add dextrose 10% when the blood 

glucose falls below 14 mmol/L (250 mg/dL)
• A small randomized trial found no difference 

between 5% and 10% dextrose in DKA 
outcomes, but 10% dextrose caused more 
hyperglycemia66

Electrolytes
1 Patients with DKA have total body potassium 

deficits that must be replaced after adequate 
renal function (urine output) is assessed
• ADA: 20-30 mmol (20-30 mEq) potassium 

in each liter of infusion fluid when serum 
potassium is <5.2 mmol/L (<5.2 mEq/L)

• UK: 40 mmol (40 mEq) in each liter of normal 
saline when serum potassium is <5.5 mmol/L 
(<5.5 mEq/L)

• Evidence is lacking to support either 
recommendation over the other

• Note: Because insulin therapy promotes 
an intracellular shift of potassium, it is 
recommended that insulin should not be 
started if the serum potassium is <3 mmol/L 
(<3 mEq/L) to avoid worsening of hypokalemia

2 Routine replacement of phosphate or 
bicarbonate is not recommended (see text for 
details)

Insulin*
1 Intravenous insulin should not be started 

until after initiation of fluid resuscitation and 
correction of any hypokalemia
• ADA: Give intravenous insulin at either a fixed 

weight based dose of 0.14 units/kg/h or at 
a fixed weight based dose of 0.1 units/kg/h 
following a 0.1 units/kg bolus

• UK: Give intravenous regular insulin at a fixed 
weight based dose of 0.1 units/kg/h

• ADA recommendation is supported by a small 
randomized controlled trial71

2 Adjustment of intravenous insulin rate is 
needed to ensure resolution of DKA
• ADA: If plasma glucose does not decrease 

by 3-4 mmol/L/h (50-75 mg/dL) from the 
initial value in the first hour, the insulin 
infusion should be increased every hour 

until a steady glucose decline is achieved. 
When blood glucose is <11 mmol/L (<200 mg/
dL), adjust dextrose or intravenous insulin 
rate to maintain blood glucose in the 8-11 
mmol/L (150-200 mg/dL) range until DKA has 
resolved

• UK: Increase intravenous insulin rate 
hourly using direct measurement of 
β-hydroxybutyrate and increasing the insulin 
rate by 1 unit/h increments to achieve blood 
ketone reduction of at least 0.5 mmol/L/h 
(5.2 mg/dL/h); if blood β-hydroxybutyrate 
cannot be measured, increase insulin 
infusion rates by 1 unit/h to achieve 
increases of bicarbonate concentrations 
at a rate of ≥3.0 mmol/L/h (>3 mEq/L/h) or 
decreases in blood glucose by ≥3 mmol/L/h 
(>50 mg/dL/h)

• Evidence is lacking to support either 
recommendation over the other. Note: 
bicarbonate concentrations may not be 
reliable after the first 6 hours owing to the 
hyperchloremia resulting from continued use 
of normal saline

3 UK guidelines recommend continuing 
patients’ usual basal insulin dose or starting 
weight based basal insulin during acute 
DKA management. In patients not previously 
treated with insulin, start basal insulin at a 
dose of 0.25-0.3 units/kg74 75

Identify/treat reason for DKA and prevent 
recurrence
See box 4
ADA=recommendations in the American 
Diabetes Association guideline1; 
UK=recommendation in the Joint British 
Diabetes Societies for Inpatient Care guideline2

*See box 2 for information about use of subcutaneous rapid acting 
insulin instead of intravenous insulin in selected patients with DKA
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designed for diabetic ketoacidosis management should 
not be used. Use of protocols that target pre-specified goal 
blood glucose ranges such as 6.1-7.8 mmol/L (110-140 
mg/dL) or 7.8-10 mmol/L (140-180 mg/dL) for patients 
in critical care settings can lead to inappropriately low 
doses or even premature discontinuation of intravenous 
insulin, which delays resolution of diabetic ketoacido-
sis.67 Even patients with euglycemic diabetic ketoacido-
sis need adequate insulin therapy to resolve ketonemia, 
albeit with early addition of fluids containing dextrose to 
prevent hypoglycemia.24

Insulin should not be started until after initiation of 
fluid resuscitation and correction of any hypokalemia to 
avoid worsening volume or potassium deficits with shift-
ing of potassium, glucose, and water from the extracellu-
lar to intracellular fluids compartment. The UK guideline 
recommends starting intravenous regular insulin at 
a fixed weight based dose of 0.1 units/kg/h.2 The ADA 
guideline recommends starting intravenous regular insu-
lin at either a fixed weight based dose of 0.14 units/kg/h 
or a fixed weight based dose of 0.1 units/kg/h after a 0.1 
units/kg bolus of intravenous insulin.1 The ADA recom-
mendation is based on a small RCT of 37 patients rand-
omized to receive a loading dose of 0.07 unit/kg of regular 
insulin followed by 0.07 unit/kg/h, regular insulin 0.07 
unit/kg/h without a loading dose, or regular insulin 0.14 
unit/kg/h without a loading dose.71 Most patients in the 
0.07 unit/kg/h group without the loading dose needed 
supplemental doses of insulin to obtain desired changes 
in glucose; with these supplemental doses, no difference 
was seen in the time to resolution of diabetic ketoacidosis 
between the three groups.71 Although a rate of 0.1 unit/
kg/h may not be sufficient to suppress hepatic glucose 
production and stimulate peripheral glucose uptake, it 
is likely sufficient to suppress lipolysis and ketogenesis.72

The ADA guideline states that reducing insulin infusion 
rates to 0.02-0.05 units/kg/h at the same time that dex-
trose 5% is added to the intravenous fluids may be pos-
sible when blood glucose declines to below 11 mmol/L 
(200 mg/dL).1 However, this rate has not been proven to 
be sufficient to suppress lipolysis and ketosis.72 Addi-
tional studies are needed to assess whether the potential 
benefits of reduction of the insulin rate (reduced hypo-
glycemia and hypokalemia) justify the potential delay in 
resolution of diabetic ketoacidosis. The UK guideline does 
not recommend any adjustment in the insulin rate when 
dextrose 10% is added after the blood glucose falls below 
14 mmol/L (252 mg/dL).2 65

After insulin has been started, the ADA recommends 
increasing insulin infusion rates hourly to reduce blood 
glucose at a rate of 3-4 mmol/L/h (50-75 mg/dL/h) 
until concentrations of 8-11 mmol/L (150-200 mg/dL) 
are achieved.1 On the other hand, the more recent UK 
guideline recommends using direct measurement of 
β-hydroxybutyrate (a hydroxy acid) and increasing the 
insulin rate by 1 unit/h increments to achieve blood 
ketone reduction of at least 0.5 mmol/L/h (5.2 mg/dL/h).2 
The rate of glucose lowering is not directly correlated with 
the degree of ketonemia suppression and reversal of aci-
dosis; however, point of care blood ketone meters are not 
available in all hospitals, and in those hospitals that do 

dextrose 5% when the blood glucose falls below 11 mmol/L 
(200 mg/dL).1 A small randomized trial of 17 patients 
found no difference in capillary blood pH or bicarbonate 
concentration when 5% and 10% dextrose were compared, 
although 10% dextrose caused more hyperglycemia, with 
a mean blood glucose of 15.7 mmol/L at six hours com-
pared with 11.5 mmol/L in the group receiving 5% dex-
trose despite concurrent use of more insulin (P<0.05).66 One 
example diabetic ketoacidosis protocol instructs nurses to 
add 5% dextrose at the same rate using the same concentra-
tions of sodium chloride and potassium when blood glu-
cose falls below 13.9 mmol/L (250 mg/dL).67 For example, 
0.45% sodium chloride with 20 mEq potassium chloride 
(KCl) in each liter would change to dextrose 5% with 0.45% 
sodium chloride and 20mEqKCl/L at the same infusion rate.

Another strategy that has recently emerged is use of a 
“two bag method” for fluid replacement.68 69 This method 
consists of two bags of 0.45% sodium chloride, one with 
and one without 10% dextrose, that are adjusted on the 
basis of hourly blood glucose monitoring to maintain an 
intravenous fluid rate of 250 mL/h. Two retrospective stud-
ies involving more than 500 patients found that the two bag 
method was associated with earlier correction of acidosis 
and shorter duration of intravenous insulin compared with 
conventional delivery of intravenous fluids.68 69 When used 
in the emergency department, this method may reduce the 
need for hospital admission, and it may be associated with 
less hypoglycemia compared with conventional treatment.

Of note, vulnerabilities in the intravenous fluid sup-
ply in the US have existed for several years, prompting 
some hospitals to develop protocols for oral rehydration 
in patients with dehydration.61 70 Although these protocols 
have not been specifically tested in patients with diabetic 
ketoacidosis, this strategy can be considered in selected 
patients with mild-moderate diabetic ketoacidosis when 
accompanied by appropriate monitoring for therapeutic 
efficacy.61

Potassium replacement
Patients with diabetic ketoacidosis have total body potas-
sium deficit despite measured serum potassium concen-
trations that may be normal or even high at presentation. 
The ADA recommends adding 20-30 mEq potassium 
in each liter of infusion fluid when serum potassium is 
below 5.2 mEq/L.1 By contrast, the UK guideline recom-
mends 40 mmol/L in each liter of normal saline when 
serum potassium is below 5.5 mmol/L and the patient 
is passing urine.2 As existing published trials evaluating 
potassium replacement rates were not designed to deter-
mine optimal potassium replacement rates in patients 
with diabetic ketoacidosis, evidence is lacking to support 
either recommendation over the other.60 Because insulin 
therapy promotes an intracellular shift of potassium, it 
is recommended that insulin should not be started if the 
serum potassium is below 3 mmol/L to avoid worsening 
of hypokalemia.

Intravenous insulin
The primary purpose of insulin in diabetic ketoacidosis 
management is to halt lipolysis and ketogenesis. Titration 
protocols for intravenous insulin infusion that are not 
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Use of subcutaneous rapid acting insulin
An alternative to intravenous insulin therapy for acute 
management of mild-moderate diabetic ketoacidosis is the 
use of subcutaneous rapid acting insulin (box 2).76 Poten-
tial candidate patients include those who are alert and do 
not otherwise need admission to a critical care area, have a 
pH above 7.0, and bicarbonate of at least 10 mmol/L (≥10 
mEq/L).77 Four prospective randomized studies in adult 
patients with diabetic ketoacidosis compared subcutaneous 
rapid acting insulin (initial bolus of 0.3 units/kg followed by 
0.1-0.2 units/kg every 1-2 hours) with conventional diabetic 
ketoacidosis treatment and found no difference in patient 
outcomes.77-80 With subcutaneous insulin regimens, admin-
istration of intravenous fluids and electrolytes, as well as 
monitoring, is identical to what is recommended with intra-
venous insulin therapy. Factors that may affect the efficacy of 
subcutaneous insulin regimens include potential absorption 
problems in patients who are severely dehydrated, possibil-
ity of missed insulin doses, and altered pharmacokinetics of 
subcutaneous compared with intravenous insulin.

Phosphate replacement
Patients with diabetic ketoacidosis also have total body 
phosphate deficits, but no prospective studies have 
shown that phosphate replacement improves outcome. 
Insulin therapy will decrease phosphate, but overcor-
rection with phosphate can cause hypocalcemia. The 
UK guideline recommends against routine phosphate 
replacement; checking and replacing phosphate should 
occur only if the patient has symptoms of respiratory and 
skeletal muscle weakness.2 The ADA recommends that 
20-30 mmol of phosphate may be indicated in patients 
with cardiac dysfunction, anemia, respiratory depres-
sion, or a phosphate concentration below 0.32 mmol/L 
(<1 mg/dL).1

Use of sodium bicarbonate
A systematic review found that the available evidence, 
which includes three RCTs, does not support replacing 
bicarbonate in adult diabetic ketoacidosis patients with a 
pH of 6.9 or higher.81 The review also found retrospective 
evidence of transient paradoxical worsening of ketosis 
and an increased need for potassium supplementation 
in patients who received bicarbonate.81 Owing to possi-
ble harm and lack of sustained benefits, the UK guide-
line does not recommend the use of bicarbonate in any 
patients with diabetic ketoacidosis.2 On the other hand, 
as the use of bicarbonate has not been prospectively stud-
ied in patients with a pH below 6.9, and these patients 
are at very high risk for poor outcome, the ADA guideline 
recommends that slow administration of 100 mmol (100 
mEq) NaHCO3 over two hours be considered when the pH 
is below 6.9.1

Management of HHS
The goals of HHS treatment include correction of volume defi-
cits while reducing and normalizing plasma hyperosmolality, 
which will correct hyperglycemia (box 3). Patients with HHS 
always need to be admitted to hospital, not only to achieve 
metabolic stability, which often requires more than 24 hours 
of treatment, but also to identify and treat the precipitating 

have them they are often not available 24 hours a day.41 
In addition, blood ketones above 3 mmol/L (>31 mg/dL) 
cannot be reliably measured using currently available 
devices, and measurements of decrements of 0.5 mmol/
L/h (5.2 mg/dL/h) may be beyond the coefficient of vari-
ation of existing meters.62 73 Given this, the UK guideline 
provides alternatives for situations in which bedside 
measurement of ketones is not possible. Specifically, the 
UK guideline recommends increasing insulin infusion 
rates by 1 unit/hour to achieve increases of bicarbonate 
concentrations at a rate of at least 3 mmol/L/h (>3 mEq/
L/h) or decreases in blood glucose by at least 3 mmol/L/h 
(>50 mg/dL/h).2 Of note, bicarbonate concentrations may 
not be reliable after the first six hours owing to the hyper-
chloremia resulting from continued use of normal saline.

Concurrent basal insulin
The UK guideline recommends continuing a patient’s 
usual basal insulin dose or starting weight based basal 
insulin during acute diabetic ketoacidosis management.2 
In patients not previously treated with insulin, the UK 
guideline recommends starting basal insulin at a dose 
of 0.25 units/kg.2 This approach is supported by a small 
RCT that compared 31 patients treated with intravenous 
insulin and 30 patients treated with intravenous insu-
lin plus 0.25 units/kg of insulin glargine given within 
12 hours of starting the intravenous insulin.74 Patients 
receiving basal insulin had less rebound hyperglycemia 
without increased hypoglycemia in the 12 hours after dis-
continuation of intravenous insulin. Another randomized 
controlled pilot study found trends toward a reduction in 
time to anion gap closure and length of stay in hospital 
with concurrent insulin glargine.75

Box 2 | Option for diabetic ketoacidosis (DKA) management 
using subcutaneous rapid acting insulin*
• Potential candidates for DKA management with 

subcutaneous insulin therapy are those who meet the 
following criteria:

 – Patient is alert
 – Patient is able to tolerate oral fluid intake (no nausea/
vomiting)
 – pH >7.0
 – Bicarbonate ≥10 mmol/L (≥10 mEq/L)

• Doses of rapid acting insulin (eg, lispro, aspart, glulisine):
 – Initial bolus: 0.3 units/kg bolus
 – Maintenance: 0.2 units/kg every 2 hours
 – When blood glucose is <13.9 mmol/L (250 mg/dL): 
administer 0.05-0.1 units/kg every 2 hours until 
resolution of DKA (see table 3 for criteria)

• Treatment with intravenous fluids and potassium 
replacement strategies are identical to those used with 
intravenous regular insulin

• Continue the patient’s home basal insulin regimen. Give 
a dose (either the patient’s home basal insulin dose 
or a weight based dose of 0.2 units/kg) at the time of 
presentation with DKA, if the patient has not received a 
dose within the previous 24 hours or a dose is due

• If the anion gap is not closed within 12 hours using this 
protocol, the patient should be switched to an intravenous 
insulin infusion (see box 1).

*Adapted from Ersoz et al, Umpierrez et al (×2), and Karoli et al77-80

 on 9 A
pril 2024 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.l1114 on 29 M
ay 2019. D

ow
nloaded from

 

http://www.bmj.com/


S TAT E  O F  T H E  A R T  R E V I E W

For personal use only  8 of 15

cause. The ADA has not published a separate guideline for 
the management of HHS and includes recommendations for 
both diabetic ketoacidosis and HHS in the same document.1 
The Joint British Diabetes Societies for Inpatient Care have a 
dedicated document for the management of HHS.4 Of note, 
virtually no published studies exist to guide the optimal treat-
ment of HHS, which has resulted in differences in the ADA 
and UK guidelines.63

Intravenous fluids
Intravenous fluids are the first line of treatment in HHS to 
normalize osmolality, restore intravascular volume, and 
lower blood glucose. ADA and UK guidelines for HHS 
management both recommend at least 1 L of normal 
saline during the first hour, followed by adjustment of the 
infusion rate on the basis of the patient’s hemodynamic 
and electrolyte status and the achievement of a positive 
fluid balance.

The ADA generally recommends 250-500 mL/h (after 
the first hour) in adult patients without cardiac or renal 
compromise, advanced liver disease, and other states of 
fluid overload. The ADA recommends a switch to 0.45% 
sodium chloride if sodium concentrations are high and 
the addition of dextrose 5% when blood glucose reaches 
16.7 mmol/L (300 mg/dL).1 The UK guideline recom-
mends adjusting the hourly rate of normal saline to 
achieve a decline in blood glucose of 4-6 mmol/L/h (70-
100 mg/dL/h) and plasma osmolality of 3-8 mOsmol/
kg/h.4 The UK guideline recommends switching from 
normal saline to 0.45% sodium chloride solution only 
when the fall in plasma osmolality and plasma glucose 
plateaus in the setting of adequate positive fluid balance. 
The UK guideline recommends adding dextrose 5-10% 
to intravenous fluids when the blood glucose falls below 
13.9 mmol/L (250 mg/dL).4

Potassium and phosphate replacement
No studies have investigated the optimal approach to 
treatment of hypokalemia or hypophosphatemia in HHS 
patients; however, patients with HHS typically have more 
severe total body depletion than diabetic ketoacidosis 
patients, and close monitoring is advised. The ADA rec-
ommends adding 20-30 mmol (20-30 mEq) potassium 
in each liter of infusion fluid when serum potassium is 
below 5.2 mmol/L (5.2 mEq/L).1 By contrast, the UK 
guideline recommends 40 mmol/L (40 mEq/L) in each 
liter of normal saline when serum potassium is below 5.5 
mmol/L (5.5 mEq/L) and the patient is passing urine.4 
Because insulin therapy promotes an intracellular shift 
in potassium, it is recommended that insulin should not 
be started if the serum potassium is below 3 mmol/L 
(3 mEq/L) to avoid worsening of hypokalemia. The UK 
guideline recommends replacing phosphate if hypophos-
phatemia persists beyond the acute phase of treatment 
of HHS.4

Insulin
The question of when to start insulin administration in 
the management of HHS has not been formally studied. 
The ADA guideline recommends starting intravenous reg-
ular insulin in the same way as during diabetic ketoaci-

Box 3 |Principles of hyperosmolar hyperglycemic syndrome (HHS) management in adult 
patients
Intravenous fluids
1 Use 1000 mL of 0.9% sodium chloride solution (normal saline) over 1 hour for initial fluid 

replacement
2 After the first hour, the rate of intravenous fluids should be adjusted on the basis of the 

patient’s hemodynamic and electrolyte status and generally maintained between 250 
and 500 mL/h
• ADA: Patients with a normal or high corrected sodium can be switched to 0.45% 

sodium chloride after the first hour of fluid replacement
• UK: Adjust hourly rate of normal saline to achieve a decline in blood glucose of 4-6 

mmol/L/h (70-100 mg/dL/h) and plasma osmolality of 3-8 mOsmol/kg/h. Switch 
from normal saline to 0.45% sodium chloride solution only when the fall in plasma 
osmolality and plasma glucose plateaus in the setting of adequate positive fluid 
balance

3 Add dextrose to the intravenous fluid if/when blood glucose approaches normal to allow 
continued insulin infusion at a rate sufficient to resolve diabetic ketoacidosis while 
avoiding hypoglycemia
• ADA: Add dextrose 5% when the blood glucose falls below 16.7 mmol/L (300 mg/dL)
• UK: Add dextrose 5% or dextrose 10% when the blood glucose falls below 14 mmol/L 

(250 mg/dL)

Electrolytes
1 Patients with HHS have total body potassium deficits that must be replaced after 

adequate renal function (urine output) is assessed
• ADA: 20-30 mmol (20-30 mEq) potassium in each liter of infusion fluid when serum 

potassium is <5.2 mmol/L (<5.2 mEq/L)
• UK: 40 mmol/L (40 mEq) in each liter of normal saline when serum potassium is <5.5 

mmol/L (<5.5 mEq/L) and the patient is passing urine
• Evidence is lacking to support either recommendation over the other
• Note: Because insulin therapy promotes an intracellular shift of potassium, it is 

recommended that insulin (if used) should not be started if the serum potassium is <3 
mmol/L (<3 mEq/L) to avoid worsening of hypokalemia

2 Routine replacement of phosphate is not recommended

Insulin
1 The optimal time to start intravenous insulin in the management of HHS has not been 

determined
• ADA: Start intravenous insulin after initiation of fluid resuscitation and correction of 

any hypokalemia
• UK: Start intravenous insulin if patient has 3-β-hydroxybutyrate concentrations >1.0 

mmol/L (>10.4 mg/dL) (or >1.5 mmol/L (>15.6 mg/dL)82). Otherwise, intravenous 
insulin can be started once blood glucose is falling below 5 mmol/L/h (<90 mg/dL/h) in 
the setting of adequate positive fluid balance.

2 The optimal starting dose of intravenous insulin in the management of HHS has not been 
determined
• ADA: Start intravenous insulin at either a fixed weight based dose of 0.14 units/kg/h or 

at a fixed weight based dose of 0.1 units/kg/h after a 0.1 units/kg bolus
• UK: Start low dose intravenous insulin (0.05 units/kg/h)

3 The rate of intravenous insulin should be adjusted to achieve an adequate drop in blood 
glucose
• ADA: If plasma glucose does not decrease by 3-4 mmol/L/h (50-75 mg/dL/h) from the 

initial value in the first hour, the insulin infusion should be increased every hour until a 
steady glucose decline is achieved. When blood glucose is below 16 mmol/L (<300 mg/
dL), adjust dextrose or intravenous insulin rate to maintain concentrations in the 14-16 
mmol/L (250-300 mg/dL) range until HHS has resolved

• UK: Adjust insulin infusion rate hourly by 1 unit/h to maintain blood glucose decline 
of <5 mmol/L/h (<90 mg/dL/h), noting that blood glucose should not fall below 10-15 
mmol/L (180-270 mg/dL) during the first 24 hours of management

Identify/treat reason for HHS and prevent recurrence
See box 4
ADA=recommendations in the American Diabetes Association guideline1; 
UK=recommendation in the Joint British Diabetes Societies for Inpatient Care guideline4
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between pre-breakfast, pre-lunch, and pre-supper doses of 
rapid acting insulin.1 2 7

Patients who meet metabolic criteria for resolution 
of the diabetic crisis (table 3), but who remain critically 
ill and unable to tolerate oral intake, will need ongoing 
management with intravenous fluids and insulin, the lat-
ter titrated using an insulin infusion protocol with pre-
specified glycemic targets for critical illness.83 84

Prevention of diabetic ketoacidosis and HHS
Recurrent episodes of diabetic ketoacidosis and HHS can 
be prevented in many cases.85 The cause of every episode 
of diabetic ketoacidosis and HHS should be determined so 
that tailored education and intervention can be provided 
to the patient to prevent recurrence (box 4).85 86 To prevent 
readmission to hospital and visits to the emergency depart-
ment, education based on the needs of the individual patient 
should be provided before discharge.86 This education, some-
times called “survival skills” education, can include a review 
of the causes, signs, and symptoms of impending diabetic 
ketoacidosis, as well as what to do and who and when to 
call when symptoms develop. Providing patients and their 
family members with information on how to manage their 
diabetes drugs during periods of acute illness can reduce the 
metabolic decompensation that can occur with inappropri-
ate reductions or omissions of insulin doses.87 In addition, 
ensuring that patients have access to their diabetes drugs, 
including the ability to pay for these drugs, is important in 
preventing readmissions.88 89

All patients with diabetes should receive initial and 
ongoing education about diabetes in the community set-
ting, as this can help to prevent diabetes related hospital 
admissions (and readmissions). This education is best 
provided or directed by a trained diabetes educator.86 89 

90 Patient specific instructions for sick day management, 
including reminders that intermediate or long acting 
insulin should never be stopped and when to call for 
assistance, can help to prevent future episodes of dia-
betic ketoacidosis.91 92 All patients with type 1 diabetes 
and many insulin treated patients with type 2 diabetes 
should have a means to measure ketones at home and be 
instructed to monitor both glucose and ketones at least 
every four hours during illness.

dosis management. That is, starting intravenous regular 
insulin at either a fixed weight based dose of 0.14 units/
kg/h or at a fixed weight based dose of 0.1 units/kg/h 
followed by a 0.1 units/kg bolus of intravenous insulin 
after initiation of fluid resuscitation and correction of any 
hypokalemia.1 The ADA recommends reducing insulin 
infusion rates to 0.02-0.05 units/kg/h at the same time 
that dextrose 5% is added to the intravenous fluids when 
blood glucose declines to below 16.7 mmol/L (300 mg/
dL) in patients with HHS.1

On the other hand, the UK guideline recommends 
delaying intravenous insulin therapy unless the patient 
has 3-β-hydroxybutyrate concentrations above 1.0 
mmol/L (10.4 mg/dL) or above 1.5 mmol/L (15.6 mg/
dL).4 82 The rationale for this recommendation is that 
early initiation of insulin in the setting of inadequate 
fluid replacement can aggravate hypoperfusion with an 
increase in risk for circulatory compromise and throm-
bosis, and intravenous fluid alone will reduce hypergly-
cemia.4 The ideal decline in blood glucose is less than 
5 mmol/L/h (<90 mg/dL/h), and concentrations should 
not fall below 10-15 mmol/L (180-270 mg/dL) during the 
first 24 hours of management. If the blood glucose fails to 
decline despite adequate fluids, then the recommended 
fixed rate of intravenous insulin is lower (0.05 units/kg) 
than is recommended for diabetic ketoacidosis.4

Transition from acute management
After resolution of diabetic ketoacidosis and HHS (table 
3), all patients need to be transitioned from intravenous to 
subcutaneous insulin.1 67 This includes patients with eug-
lycemic diabetic ketoacidosis secondary to treatment with 
an SGLT2 inhibitor and those with ketosis prone diabetes 
who present with diabetic ketoacidosis. To prevent rebound 
ketoacidosis or hyperglycemia, administration of a long act-
ing basal insulin (if this has not already been given in the 
previous 24 hours) with or without a short or rapid acting 
insulin is needed at least two hours before the intravenous 
insulin infusion is stopped.67 74 75 This overlap is needed 
mainly because of the short half life of intravenous insulin 
(approximately 10 minutes).7 When this transition is timed 
before a meal, administration of a prandial dose of short 
or rapid acting insulin together with the basal insulin may 
allow discontinuation of intravenous insulin in an hour.82 
The ADA and UK guidelines recommend that patients previ-
ously treated with subcutaneous insulin can be restarted on 
their pre-admission insulin doses if these are determined to 
be appropriate.1 2 Otherwise, a weight based subcutaneous 
insulin regimen can be started by calculating a total dose 
of 0.5-0.7 units/kg/d and giving 50% of the total dose as 
once daily basal insulin and dividing the other 50% equally 

Table 3 | Criteria for resolution of diabetic ketoacidosis (DKA) and hyperglycemic hyperosmolar 
state (HHS)
Criteria ADA1 UK2 4

Resolution of 
DKA

Blood glucose <11 mmol/L 
(200 mg/dL) PLUS any two of 
bicarbonate ≥15, pH >7.3, and 
anion gap ≤12

pH >7.3 AND blood ketone concentration <0.6 mmol/L (<6.2 mg/
dL). Bicarbonate not recommended because hyperchloremic 
acidosis is associated with large volumes of 0.9% sodium 
chloride solution

Resolution of 
HHS

Normal osmolality and regain of 
normal mental status

Intravenous insulin (if administered) can usually be discontinued 
once patient is eating and drinking, but intravenous fluids may be 
needed for longer if intake is inadequate

Box 4 | Identification and treatment of underlying causes 
and prevention of recurrence of diabetic ketoacidosis or 
hyperosmolar hyperglycemic syndrome
1 Assess and manage reasons for insulin non-adherence 

(if applicable)
• Consider alternative (human) insulin regimens and/

or social work consultation if the patient is unable to 
afford the prescribed insulin

• Facilitate treatment or social services for patients with 
untreated or poorly controlled psychiatric disorders

• Refer patients with substance or alcohol use disorders 
to treatment programs

2 Provide education on appropriate sick day management 
(if applicable) and refer the patient to a formal diabetes 
education program after hospital discharge

3 Treat treatable precipitating causes such as infection, 
cerebrovascular accident, myocardial infarction, or 
trauma
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Electrolyte abnormalities
More commonly observed complications in adults include 
hypokalemia and hyperkalemia, hypoglycemia, and 
non-anion gap hyperchloremic metabolic acidosis.41 56 67  
Hypokalemia is reported more frequently than hyper-
kalemia and usually results from delays in administration 
of or insufficient potassium containing supplementation. 
Hyperkalemia can result from overly aggressive potas-
sium replacement, particularly in patients with underly-
ing renal dysfunction.55 67 Hypoglycemia can result from 
overly aggressive insulin infusions, insufficient frequency 
of blood glucose monitoring, or failure to add dextrose to 
intravenous fluids when blood glucose concentrations 
approach 13.9 mmol/L (250 mg/dL).55 56

In a retrospective review comparing 8550 adult 
patients with diabetic ketoacidosis admitted to an inten-
sive care unit where blood glucose was corrected to 10 
mmol/L (180 mg/dL) or lower or to above 10 mmol/L (180 
mg/dL) within 24 hours, those in the latter group had less 
hypoglycemia, hypokalemia, and hypo-osmolality, with 
lower mortality.97 However, the fact that these compli-
cations still occurred in approximately 25% of patients 
treated with standardized protocols suggests the need to 
monitor electrolytes and blood glucose concentrations no 
less often than every two hours while intravenous insulin 
infusions are continued. In a national survey from the 
UK, suboptimal adherence to hospital based protocols 
and national guidelines was identified as a major con-
tributor to these frequently observed complications.41 42 
Although efforts are under way in some institutions to 
mitigate these complications through modification of 
existing protocols, attention to staff education and ongo-
ing monitoring or protocol adherence may also help to 
reduce these risks.67

The development of non-anion gap hyperchloremic 
metabolic acidosis often follows the acute phase of diabetic 
ketoacidosis management.1 34 98 This has been attributed to 
administration of large volumes of intravenous fluids con-
taining normal saline during acute diabetic ketoacidosis 
management, as well as to urinary losses of keto-anions 
that are needed for regeneration of bicarbonate. This is 
not considered to be a serious complication and usually 
resolves spontaneously in a few days.1 98 No evidence sup-
ports the use of colloid solutions, balanced electrolyte solu-
tions (such as Plasma-Lyte), or Ringer’s lactate in place of 
0.9% sodium chloride solution in the management of dia-
betic ketoacidosis.60 In one RCT conducted at two institu-
tions, 57 patients admitted with diabetic ketoacidosis were 
randomly assigned to receive fluid resuscitation with 0.9% 
sodium chloride or Ringer’s lactate. It found no difference in 
time to resolution of diabetic ketoacidosis, with a delay in 
achieving blood glucose concentrations below 14 mmol/L 
(252 mg/dL) in the group receiving Ringer’s lactate.99 In 
another RCT, 45 adult patients with type 1 diabetes admit-
ted with diabetic ketoacidosis were randomly assigned to 
standardized resuscitation with normal saline or a balanced 
electrolyte solution with measurement of serum chloride 
and bicarbonate every two hours for 12 hours. Those receiv-
ing the balanced electrolyte solution had lower chloride 
and higher bicarbonate concentrations, although the clini-
cal significance remains to be determined.100

To minimize the risk of euglycemic diabetic ketoaci-
dosis with SGLT2 inhibitors, patients can be educated to 
stop these drugs for at least 24 hours and up to five days 
before planned surgical procedures or during periods of 
acute illness.5 47 50 The half life of this class of agents is 
approximately 13 hours, but the clinical effect can last 
for several days after discontinuation.47-50 93 Patients 
need to be educated about situations that predispose 
them to developing euglycemic diabetic ketoacidosis, 
including dehydration or ingestion of excessive amounts 
of alcohol.5 47 50 Patients taking SGLT2 inhibitors should 
be instructed to check for ketones during times of ill-
ness and metabolic stress. When high ketone concen-
trations are detected, a proposed strategy to prevent 
progression to diabetic ketoacidosis is to stop the SGLT2 
inhibitor, inject bolus insulin, consume 30 g of carbo-
hydrate, hydrate with water, and continue to monitor 
ketones every three to four hours.50 Patients should be 
educated on potential symptoms heralding the onset of 
diabetic ketoacidosis and be instructed to seek care if 
they develop these symptoms, regardless of their blood 
glucose concentration.

Complications related to management of diabetic 
ketoacidosis and HHS
Several complications can be associated with diabetic 
crises and their management.

Cerebral edema
Of these complication, the development of cerebral 
edema is the most serious.11 94 This has been described 
most commonly in young children and adolescents pre-
senting with diabetic ketoacidosis as the initial manifes-
tation of new onset type 1 diabetes, but it has also been 
described in young adults up to age 28.94 95

Rare cases of cerebral edema occur in adults over age 
28, but current recommendations suggest maintaining 
blood glucose concentration no lower than 13.9-16.6 
mmol/L (250-300 mg/dL) for several hours during the 
course of treatment for patients with either diabetic 
ketoacidosis or HHS as a potential method for avoiding 
this devastating complication.1 2 7

Early recognition of potential neurologic deterioration 
such as new onset or intensifying headache, a decline in 
level of consciousness, recurrent vomiting, incontinence, 
irritability, abnormal respirations, a delayed rise in serum 
sodium with treatment, or evidence of cranial nerve 
dysfunction provide suggestive evidence of onset of cer-
ebral edema. Prompt administration of mannitol therapy 
administered at a dose of 0.5-1 g/kg over 20 minutes can 
help to abort further neurologic deterioration.96 Delay-
ing potential lifesaving treatment while awaiting results 
of computed tomography imaging is not recommended.

Modification of the rate of intravenous fluid admin-
istration has previously been suggested as a potential 
method for ameliorating this risk. A recent multicenter 
trial that included 1255 children with diabetic ketoaci-
dosis randomly assigned to one of four treatment groups 
receiving 0.45% or 0.9% sodium chloride containing 
intravenous fluids administered at a slow or rapid rate 
showed no difference in neurologic outcomes.95
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necessary as the subtle differences in rate of intravenous 
fluid administration, electrolyte replacement, or dosing 
of intravenous insulin are not likely to result in major dif-
ferences in outcomes. One difference in the guidelines for 
diabetic ketoacidosis that may need additional investiga-
tion is continuation of the home insulin regimen during 
the acute management of diabetic ketoacidosis. The UK 
guideline recommends continuation of basal insulin; 
however, administration of basal insulin remains an area 
of investigation in the US, as it may be associated with 
increased rates of hypoglycemia when used concurrently 
with the recommended rates of intravenous insulin. An 
additional area that needs further investigation is the use 
of blood ketones to adjust the rate of intravenous insulin 
in the management of diabetic ketoacidosis, as is recom-
mended in the UK guidelines but not widely adopted in 
the US owing to limitations and availability of point of 
care blood ketone meters. A third area needing further 
investigation is when intravenous insulin is indicated in 
the acute management of pure HHS without any evidence 
of elevated ketones. The UK guidelines do not recommend 
routine use of intravenous insulin in the initial manage-
ment of HHS.

The weakness of any guideline is in the implemen-
tation. Evidence suggests that guidelines for diabetic 
ketoacidosis and HHS are not consistently followed by 
many institutions in the US as well as the UK. Efforts 
to improve adherence to these guidelines may result in 
improved outcomes for patients and reductions in costs 
of care.41 67

Also included in this manuscript is a discussion of 
euglycemic diabetic ketoacidosis with use of the SGLT2 
inhibitor class of drugs. The only published statement for 
euglycemic diabetic ketoacidosis with this class of drugs 
was published as a position statement in 2016 by the 
American Association of Clinical Endocrinologists.5For 
this disorder, education of patients and healthcare pro-
viders about recognition that this may be occurring is 
important to avoid significant patient morbidity.

Emerging treatments
 Several studies are investigating optimal treatment 
strategies with insulin and intravenous fluids, as well 
as alternative treatment strategies and previously unex-
plored adverse outcomes in adult patients presenting 
with decompensated diabetes. Some of these trials are 
listed below.

Clinicaltrials.gov NCT02930044—The purpose of this 
study is to determine whether adult patients with dia-
betic ketoacidosis who present to the emergency depart-
ment and are treated with glargine insulin (0.3 units/
kg with a maximum dose of 30 units) within two hours 
after starting the intravenous insulin infusion need a 
shorter duration of intravenous insulin administration 
to resolve diabetic ketoacidosis compared with standard 
care (insulin glargine administered two to three hours 
before stopping intravenous insulin). This study will 
provide additional information on use of long acting 
insulin preparations early in the course of treatment for 
diabetic ketoacidosis.74 75 It is scheduled to be completed 
in November 2019. 

Cardiac, respiratory, and muscle complications
Other complications that occur less frequently but for 
which monitoring is important include myocardial infarc-
tion, potential for pulmonary edema in patients with 
underlying congestive heart failure, and rhabdomyoly-
sis in patients who present with more severe degrees of 
dehydration.101 Awareness is also increasing that com-
plications of diabetic ketoacidosis may continue beyond 
the acute hospital admission. In one recent study of 3572 
patients with type 2 diabetes and 7144 controls matched 
for age, sex, and baseline diabetes complications and 
comorbidities, patients with diabetic ketoacidosis were 
1.55 times more like to experience a stroke within six 
months than were those without diabetic ketoacido-
sis.102 In another study examining long term outcomes in 
patients admitted to an intensive care unit with diabetic 
ketoacidosis, one in 10 patients died within one year of 
hospital discharge.103 The average age of patients in this 
report was 38 years, suggesting that these patients rep-
resent a group for whom a heightened degree of surveil-
lance with associated interventions is needed to offset 
the mortality risk.

Recurrent diabetic ketoacidosis
Patients admitted to hospital with diabetic ketoacido-
sis represent a group at high risk for all cause mortality 
and hospital readmissions including recurrent diabetic 
ketoacidosis.13 103-105 Those with a history of psychiatric 
illness or alcohol or substance misuse are at even higher 
risk for readmission, which contributes to long term 
risk for death.106 107 Interventions designed to improve a 
patient’s compliance with diabetes treatment and help to 
reduce the risk for recurrent diabetic ketoacidosis, such 
as those described in the prevention section of this paper, 
are essential.

Summary of guidelines
The ADA published a consensus statement guiding 
treatment for adult patients with hyperglycemic cri-
ses in 2009.1 Although not specifically designated as a 
guideline, it has been used for this purpose with several 
more recent reviews and commentaries that outline both 
the strengths and weaknesses of this widely followed 
report, as well as areas that are in need of revision or 
future study.7 10 60 63 The most recent 2019 ADA clinical 
practice recommendations for management of diabetic 
ketoacidosis include several updates to the 2009 consen-
sus statement, as pointed out in table 1 and table 2.6 The 
UK guidelines for management of diabetic ketoacidosis 
and HHS, written by the Joint British Diabetes Societies 
Inpatient Care Group and most recently updated in 2013 
and 2016, respectively, have also been subject to similar 
scrutiny to those of the ADA.2 4

The sections on treatment of diabetic ketoacidosis and 
HHS included in this manuscript provide direct compari-
sons of recommendations of the ADA and UK guidelines 
for fluid resuscitation, electrolyte repletion, insulin ther-
apy, and transitioning patients back to a home regimen 
of glycemic management where this is appropriate. No 
studies have compared strategies recommended by the 
ADA and UK, and we believe that this type of study is not 
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tract or genital infections, and diabetic ketoacidosis in 
patients treated with empagliflozin (a SGLT2 inhibitor) or 
a dipeptidyl peptidase 4 inhibitor. It is scheduled to be 
completed in 2020. 

Clinicaltrials.gov NCT02443415—The purpose of this 
study, which has been completed (2017) but not yet pub-
lished, was to evaluate changes in brain and memory 
function using cognitive testing and magnetic resonance 
imaging in patients with diabetes who have no history of 
diabetic ketoacidosis or who have one episode or more 
than three episodes of diabetic ketoacidosis. Healthy 
patients without diabetes were also studied.

Conclusions
Diabetic ketoacidosis and HHS are serious metabolic emer-
gencies that have potential for adverse outcomes when not 
promptly recognized and treated. A worrisome increase in 
the incidence of admissions for diabetic ketoacidosis has 
occurred over the past two decades, with insulin omission 
and infection remaining the two predominant precipitat-
ing causes.12 13 15 The introduction of the SGLT2 inhibitors 
has increased awareness of euglycemic diabetic ketoaci-
dosis, which can occur with use of these agents as well as 
in other clinical situations.24 Educating patients to check 
urine or blood ketones in the presence of symptoms such 
as nausea, vomiting, and/or fatigue, even if blood glucose 
concentrations are below 11.1 mmol/L (200 mg/dL), is 
important as these symptoms may represent early warning 
signs for diabetic ketoacidosis.50

Despite well written published guidelines for management 
of diabetic ketoacidosis and HHS, these guidelines are not 
always followed.41 42 67 This can result in rebound hyperglyce-
mia, hypoglycemia, electrolyte abnormalities, and recurrence 
of diabetic ketoacidosis.67 Additionally, common pitfalls in 
management include premature termination of intravenous 
insulin therapy and insufficient timing or dosing of subcuta-
neous insulin before discontinuation of intravenous insulin.

There is increasing recognition that a large percentage 
of patients who are admitted with diabetic ketoacidosis 
are a group at high risk for other life threatening events, 
mortality, and hospital readmission.103 107 Strategies to pre-
vent hospital readmissions, as well as long term morbidity 
and mortality, include engagement with diabetes educa-
tors who can educate patients on strategies for managing 
blood glucose concentrations during periods of illness and 
instruct patients on when to call their physician or diabetes 
healthcare provider for additional information.86 A greater 
focus is needed to educate physicians and patients and 
their families about early recognition, causes, and strate-
gies for prevention of acute decompensated diabetes.
We thank Paul Strumph, Linda F Fried, and Heba Ismail for reviewing an 
earlier version of this manuscript and for providing commentary that 
was helpful in making this a patient based review of an important topic. 
We also thank Kellie Antinori-Lent for her expert suggestions for the 
section on patient education.
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wrote the sections on the epidemiology and pathophysiology of diabetic 
ketoacidosis and hyperosmolar hyperglycemic syndrome (HHS). ACD 
wrote the sections on acute management of diabetic ketoacidosis and 
HHS and carefully compared and contrasted published guidelines from 
the UK and US. MTK guided the writing of the full manuscript and assumed 
primary responsibility for the sections on clinical presentation, prevention, 
and complications. All authors reviewed all sections of the manuscript, 
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Clinicaltrials.gov NCT03717896—The purposes of this 
randomized, double blind, placebo controlled trial are to 
determine whether administration of intravenous thia-
mine (200 mg in normal saline twice daily for two days) 
will lead to quicker resolution of acidosis in patients with 
diabetic ketoacidosis and to investigate whether thiamine 
improves cellular oxygen consumption, shortens length 
of stay in hospital, or decreases resource use. This novel 
study is based on preliminary studies from the investiga-
tors showing that thiamine concentrations, which are defi-
cient in up to 37% of patients with diabetic ketoacidosis, 
are inversely associated with the severity of acidosis. It is 
scheduled to be completed in 2023.

Clinicaltrials.gov NCT02172092—The purpose of this 
study is to assess shifts in blood and urine concentra-
tions of sodium, chloride, and hemoglobin during fluid 
resuscitation in patients with diabetic ketoacidosis. It is 
scheduled to be completed in December 2019. 

Clinicaltrials.gov NCT02864914—This study aims to 
assess the risk of acute liver or kidney injury, urinary 

QUESTIONS FOR FUTURE RESEARCH
1 Can patients at risk for euglycemic diabetic ketoacidosis 

with use of sodium glucose cotransporter 2 inhibitors be 
identified before these drugs are administered?

2 What are the optimal methods for continuation of 
intravenous insulin therapy that minimize risk for 
hypoglycemia?

3 What type of fluid replacement strategies would 
allow for correction of dehydration without resultant 
hyperchloremic metabolic acidosis?

4 Does a therapeutic approach exist that would further 
minimize the risk of cerebral edema as a complication of 
diabetic ketoacidosis in young adults?

5 What interventions effectively reduce the risk of recurrent 
diabetic ketoacidosis in patients who have frequent 
hospital readmissions?

HOW PATIENTS WERE INVOLVED IN THE CREATION OF THIS 
MANUSCRIPT
We invited three people with type 1 diabetes and a personal 
previous history of diabetic ketoacidosis who were known 
to us to review advanced drafts of this manuscript. We 
asked them for their comments about what they felt were 
areas that were missed and what may have been correctly 
or incorrectly emphasized. The consensus among these 
reviewers was that an emphasis was needed on the patient 
and family experience of decompensated diabetes as well 
as on prevention of recurrent episodes. All reported either 
personal or observed episodes of insulin doses being 
erroneously withheld during a hospital admission. Another 
suggestion was to emphasize the need to recognize diabetic 
ketoacidosis in both older and younger adult patients. The 
patient reviewers suggested emphasizing education on sick 
day management strategies such as checking for urine or 
blood ketones and preventing deterioration from ketosis 
or severe hyperglycemia due to diabetic ketoacidosis or 
hyperosmolar hyperglycemic syndrome (HHS), respectively. 
In addition, they recommended an emphasis on providing 
information on what to expect over the course of treatment 
for diabetic ketoacidosis and HHS as a way of decreasing 
fear and anxiety in patients and their families. As a result of 
their input, we clarified several areas of the manuscript and 
gave additional emphasis to other areas.
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