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Summary

Diabetic ketoacidosis (DKA) is characterized by a biochemical triad of hyperglycemia, ketonemia, and
acidemia, with rapid symptom onset.

Common symptoms and signs include polyuria, polydipsia, polyphagia, weakness, weight loss, tachycardia,
dry mucous membranes, poor skin turgor, hypotension, and, in severe cases, shock.

Successful treatment includes correction of volume depletion, ketogenesis, hyperglycemia, electrolyte
imbalances, and comorbid precipitating events, with frequent monitoring.

Complications of treatment include hypoglycemia, hypokalemia, hypoxemia, and rarely pulmonary edema.

Cerebral edema is a rare but potentially rapidly fatal complication. It may be prevented by avoiding overly
rapid fluid and electrolyte replacement.

Definition

DKA is an acute metabolic complication of diabetes that is potentially fatal and requires prompt medical
attention for successful treatment. It is characterized by absolute (total absence of) or relative (levels
insufficient to suppress gluconeogenesis and ketone production) insulin deficiency and elevation of
counterregulatory hormones (glucagon, epinephrine, norepinephrine, cortisol, and growth hormone).[1] It is
the most common acute hyperglycemic complication of type 1 diabetes mellitus.[1] While most cases occur
in patients with type 1 diabetes, DKA can also affect patients with type 2 diabetes.

This topic covers DKA in adults.
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Epidemiology

Among adults, two-thirds of episodes of diabetic ketoacidosis (DKA) occur in people diagnosed with type

1 diabetes, while one third occur in those with type 2 diabetes.[9] Between 6% and 21% of adults present
with DKA at the time of initial diagnosis of type 1 diabetes.[1] In people with preexisting type 2 diabetes,
DKA may be triggered by conditions of physiologic stress (such as infections, trauma, or cardiovascular
events) or by the use of certain drugs (e.g., sodium-glucose cotransporter-2 [SGLT2] inhibitors, and the dual
SGLT1/SGLT2 inhibitor sotagliflozin). DKA has also been increasingly documented as a presenting feature
of newly diagnosed type 2 diabetes; this is referred to as ketosis-prone diabetes mellitus.[9] [10] Since the
early 2000s, the prevalence of ketosis-prone type 2 diabetes worldwide has increased, with epidemiologic
data suggesting that people of African or Hispanic origin are at greater risk.[9] Most often, individuals with
ketosis-prone type 2 diabetes have obesity and a strong family history of type 2 diabetes, as well as evidence
of insulin resistance.[9]

AHO3HL1

As the majority of people with DKA are hospitalized, most epidemiologic data come from hospital discharge
coding.[9] From 2000 to 2009, the rate of hospitalizations for DKA in the US decreased overall, from 21.9 to
19.5in 1000 persons with diabetes, but then increased to 30.2 in 1000 persons with diabetes in 2014.[11]
In 2014, rates of hospitalization for DKA were highest among people age <45 years (44.3 in 1000 persons
with diabetes) and decreased with age (5.2 in 1000 persons with diabetes ages 45-64 years; 1.6 in 1000
65-74 years; and 1.4 in 1000 =75 years).[11] In 2020, 10.2 in 1000 adults with diabetes in the US visited
emergency departments with DKA.[12]

From 2000 to 2014, in-hospital mortality rates among people with DKA consistently decreased in the US,
from 1.1% to 0.4%.[11] Mortality rates reported in low- and middle-income countries are much higher,
potentially because of delayed diagnosis and treatment.[1] Data from India have shown a 30% mortality rate
in those presenting with DKA, and studies from sub-Saharan Africa have reported similarly high mortality
(26% to 41%).[9] Mortality increases substantially in those with comorbidities and with aging, reaching 8% to
10% in those ages 65-75 years.[9]

Etiology

In diabetic ketoacidosis (DKA), there is a reduction in the net effective concentration of circulating insulin
along with an elevation of counter-regulatory hormones (glucagon, catecholamines, cortisol, and growth
hormone). These alterations lead to extreme manifestations of metabolic derangements that can occur in
diabetes. The two most common precipitating events are inadequate insulin therapy or infection, particularly
urinary tract infections and pneumonia.[1] [13] Underlying medical conditions that provoke the release of
counter-regulatory hormones, such as myocardial infarction or stroke, may also result in DKA in patients
with diabetes.[13] Additionally, drugs that affect carbohydrate metabolism, such as corticosteroids, thiazides,
pentamidine, sympathomimetic agents (e.g., dobutamine and terbutaline), second-generation antipsychotic
agents, and immune checkpoint inhibitors may contribute to the development of DKA.[1][14] [15] [16] The
use of sodium-glucose cotransporter-2 (SGLT2) inhibitors, as well as the dual SGLT1/SGLT2 inhibitor
sotagliflozin, has also been implicated in the development of DKA, including the atypical presentation of
euglycemic ketoacidosis, in patients with both type 1 and type 2 diabetes.[1] [17] [18] [19][20] [21] [22] [23]
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Pathophysiology

Reduced insulin concentration or action, along with increased insulin counter-regulatory hormones, leads
to the hyperglycemia, volume depletion, and electrolyte imbalance that underlie the pathophysiology of
DKA.[13] Hormonal alterations lead to increased gluconeogenesis (hepatic and renal glucose production),
glycogenolysis, and impaired glucose utilization in peripheral tissues, which result in hyperglycemia and
hyperosmolarity. Insulin deficiency leads to release of free fatty acids from adipose tissue (lipolysis), hepatic
fatty acid oxidation, and formation of ketone bodies (beta-hydroxybutyrate and acetoacetate), which result
in ketonemia and acidosis.[13] Studies have demonstrated the elevation of proinflammatory cytokines and
inflammatory biomarkers (e.g., C-reactive protein [CRP]), markers of oxidative stress, lipid peroxidation,
and cardiovascular risk factors with hyperglycemic crises.[24] All of these parameters return to normal
within 24 hours of initiation of insulin and hydration therapy.[24] Elevation of proinflammatory cytokines, and
markers of lipid peroxidation and oxidative stress, have also been demonstrated in non-diabetic patients
with insulin-induced hypoglycemia.[25] The observed proinflammatory and procoagulant states in both
hyperglycemic crises and hypoglycemia may be the result of adaptive responses to acute stress and not
aberrations in blood glucose per se.[24] [25] It has been postulated that ketosis-prone diabetes comprises
different syndromes based on autoantibody status, human leukocyte antigen (HLA) genotype, and beta-cell
functional reserve.[26]
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Case history

Case history #1

A 20-year-old man is brought to the emergency department with abdominal pain, nausea, and vomiting
with increasing polyuria, polydipsia, and drowsiness since the day before. He was diagnosed with

type 1 diabetes 2 years previously. He mentions that he ran out of insulin 2 days ago. Vital signs at
admission are: BP 106/67 mmHg, heart rate 123 beats per minute, respiratory rate 32 breaths per
minute, temperature 98.8°F (37.1°C). On mental status examination, he is drowsy. Physical examination
reveals Kussmaul breathing (deep and rapid respiration due to ketoacidosis) with acetone odor and mild
generalized abdominal tenderness without guarding and rebound tenderness. Initial laboratory data
are: blood glucose 450 mg/dL (25 mmol/L), arterial pH 7.24, pCO, 25 mmHg, bicarbonate 12 mEqg/L
(12 mmol/L), WBC count 18,500/microliter, sodium 128 mEg/L (128 mmol/L), potassium 5.2 mEq/L (5.2
mmol/L), chloride 97 mEq/L (97 mmol/L), BUN 32 mg/dL (11.4 mmol/L), creatinine 1.7 mg/dL (150.3
micromol/L), serum beta-hydroxybutyrate 4.8 mmol/L.

AHO3HL1

Other presentations

It is now well recognized that new-onset type 2 diabetes can manifest with diabetic ketoacidosis (DKA).
These patients are typically obese and have undiagnosed hyperglycemia, impaired insulin secretion, and
insulin resistance. However, after treatment of the acute hyperglycemic episode with insulin, beta-cell
function and insulin effects improve so patients are able to discontinue insulin therapy and may be treated
orally or by diet alone, with 40% remaining insulin-independent 10 years following the initial episodes

of DKA.[2] These patients do not have the typical autoimmune laboratory findings of type 1 diabetes.[1]
[3] This type of diabetes has been labeled as "type 1 and 2" or "type 1 and a half" diabetes, "Flatbush"
diabetes, “atypical” diabetes, or "ketosis-prone” diabetes.

Otherwise, it is rare for DKA to develop spontaneously in patients with type 2 diabetes (who are

not ketosis-prone), with it generally being precipitated by missed or inadequate insulin doses, or in
association with infection, severe illness, trauma, surgery, or use of certain drugs (e.g., sodium-glucose
cotransporter-2 [SGLT2] inhibitors and the dual SGLT1/2 inhibitor sotagliflozin).[4] [5]

An extreme hyperosmolar state similar to hyperosmolar hyperglycemic state (HHS) has been reported in
combination with DKA in patients with type 1 diabetes.[2] [6][7] [8]
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Approach

The symptoms of diabetic ketoacidosis (DKA) usually develop rapidly over 1 day or less. DKA may

be the initial presentation in up to 25% of people with newly diagnosed diabetes. Hyperglycemia is a

key diagnostic criterion for DKA; however, a wide range of plasma glucose levels can be present on
admission, and approximately 10% of patients present with glucose <200 mg/dL (<11.1 mmol/L; “euglycemic
DKA”").[1] Hyperosmolar hyperglycemic state (HHS) is often discussed as a separate condition. However,
DKA and HHS represent two points on the spectrum of metabolic derangements in diabetes and often
present concurrently.[4] In contrast to DKA, HHS may evolve insidiously over days to weeks. Symptoms of
hyperglycemia in both DKA and HHS include polyuria, polydipsia, weakness, and weight loss.[1]

Important factors to consider in the patient's past or current medical history include infection, myocardial
infarction (MI), pancreatitis, stroke, acromegaly, hyperthyroidism, and Cushing syndrome, as these may be
precipitants or risk factors for DKA. In euglycemic DKA, pregnancy, starvation, concomitant alcohol use, liver
failure, and sodium-glucose cotransporter-2 (SGLT2) inhibitor and dual SGLT1/2 inhibitor use have all been
implicated as etiologic factors.[4][17] [19][58]

It is essential to take a full drug history, in particular looking for corticosteroids, thiazide diuretics,
pentamidine, sympathomimetics, atypical antipsychotics, and immune checkpoint inhibitors, as these affect
carbohydrate metabolism and may participate in the development of hyperglycemic crises.[1] [16] SGLT2
inhibitors (e.g., canagliflozin, dapagliflozin, empagliflozin, ertugliflozin), used for glycemic control of type

2 diabetes (or more recently, cardiovascular event risk reduction), have been the subject of a Food and

Drug Administration (FDA) warning about a risk for DKA.[40] The risk is heightened with their use in certain
situations, such as during severe iliness or a period of prolonged fasting, or perioperatively, and they should
be avoided in such cases.[4] The dual SGLT1/2 inhibitor sotagliflozin has been associated with an increased
risk of DKA in patients with type 1, but not type 2, diabetes.[59] [60]

It is also important to ask about illicit drug use. Cocaine use may be an independent risk factor associated
with recurrent DKA.[39] Cannabis use (and associated hyperemesis syndrome) has been associated with an
increased risk of DKA in adults with type 1 diabetes.[4]

Physical exam

Physical signs of volume depletion include dry mucous membranes, poor skin turgor, tachycardia,
hypotension, and, in severe cases, shock. Patients may exhibit nausea, vomiting, Kussmaul respiration
(characterized by deep, rapid, and labored breathing), acetone breath, and, occasionally, abdominal pain.
Abdominal pain may correlate with the degree of acidosis and may be confused with an acute abdominal
crisis.Most patients are normothermic or even hypothermic at presentation, even in the presence of
infection.[9]

Mental status may be altered, varying from alert in mild DKA to stupor and/or coma in severe DKA.
In HHS, mental obtundation and coma are more frequent.[1] Focal neurologic signs (hemianopia and
hemiparesis) and seizures may also be present in HHS.[61] [62] See Hyperosmolar hyperglycemic state .

Initial laboratory evaluation

Plasma glucose
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» Plasma glucose is typically 2200 mg/dL (=11.1 mmol/L) with presence of acidosis and ketonemia.
However, a wide range of plasma glucose levels can be present on admission, and approximately
10% of patients present with glucose <200 mg/dL (<11.1 mmol/L; termed euglycemic DKA).[1]
Arterial and venous blood gases

+ Arterial blood gas (ABG) shows a metabolic acidosis, which is essential for the diagnosis of DKA.
Arterial pH measurement is necessary for diagnosis of DKA, but venous pH is recommended for
monitoring treatment, due to the pain and risk of infection in obtaining frequent arterial samples.

A venous pH sample is usually 0.03 units lower than arterial pH, and this difference should be
considered.

» The pH varies from <7.00 to 7.30, and the arterial bicarbonate ranges from <10 mEg/L (<10 mmol/
L) in severe DKA to >15 mEg/L (>15 mmol/L) in mild DKA.

Capillary or serum ketones (beta-hydroxybutyrate)

» There are three main ketones that are produced in DKA that can be measured: acetone,
acetoacetate, and beta-hydroxybutyrate (BOHB).

+ In early DKA, the acetoacetate concentration is low, but it is a major substrate for ketone
measurement by many laboratories (nitroprusside reaction method). Therefore, serum ketone
measurement by usual laboratory techniques has a high specificity but low sensitivity for DKA
diagnosis (i.e., a negative test for serum ketones does not exclude DKA). Acetone is rarely
measured due to its volatile nature.[63] Conversely, BOHB is an early and abundant ketoacid that
can be the first signal of the development of DKA. Point-of-care BOHB testing is widely available
and is highly sensitive and specific for the diagnosis of DKA.[64] Blood concentrations of BOHB >3
mmol/L correlate well with acid-base changes, with >90% sensitivity and specificity for DKA.[1]

+ During the treatment of DKA, BOHB is converted to acetoacetate. Therefore, the increase in
acetoacetate during the treatment of DKA may mistakenly indicate a worsening of ketonemia.

 Another potential source of error in detecting ketone bodies is the patient's drugs. Some drugs,
such as the ACE inhibitor captopril, contain sulfhydryl groups that can react with the reagent
in the nitroprusside test and give a false-positive result. Therefore, clinical judgment and other
biochemical tests are required in patients who are receiving such drugs.[1]

Urinalysis

+ Typically positive for glucose and ketones. Other potential findings include leukocytes and nitrites in
the presence of infection, and myoglobinuria and/or hemoglobinuria in rhabdomyolysis.

* Reliance on urine ketone testing can underestimate the severity of ketonemia early in the course
of DKA because of a lag in the formation of acetoacetate, and conversely overestimate its severity
later in the course of DKA when BOHB is being cleared and converted into acetoacetate.[1]
In addition, several sulfhydryl drugs (e.g., captopril) and drugs such as valproic acid can give
false-positive nitroprusside urine tests. Thus, direct measurement of serum or capillary BOHB is
preferred for diagnosis and monitoring of the response to therapy.[1]

Serum blood urea nitrogen and creatinine

+ Typically increased due to volume depletion.
Serum electrolytes

» Sodium: patients commonly present with hyponatremia due to osmotic reflux of water from the
intracellular to extracellular space in the presence of hyperglycemia.[65] Total sodium deficit is
usually 7-10 mEg/kg (7-10 mmol/kg).[66] Hypernatremia in the presence of hyperglycemia indicates
profound volume depletion.[65] Several estimating equations correct the measured serum sodium
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concentration to account for increased extracellular free water volume from hyperglycemia. The
most common correction method is to increase the measured serum sodium concentration by 1.6
mEq/L (1.6 mmol/L) of serum sodium level for every 100 mg/dL (5.6 mmol/L) of serum glucose
above 100 mg/dL (5.6 mmol/L).[67]

» Potassium: total potassium deficit is 3-5 mEqg/kg (3-5 mmol/kg).[66] However, serum potassium is
usually normal or elevated due to extracellular shift of potassium caused by insulin insufficiency,
hypertonicity, and acidemia. Therefore, low potassium level on admission indicates severe total-
body potassium deficit.[65]

+ Chloride: usually low. The total chloride deficit is 3-5 mEqg/kg (3-5 mmol/kg).[66]

» Magnesium: usually low.[65][67]

» Phosphate: there is a shift of phosphate from intracellular to extracellular fluid, with an excess
urinary phosphate loss leading to hypophosphatemia. Whole-body losses can be up to 1 mmol/
kg.[1] Despite this, serum phosphate is often normal or increased at presentation, but decreases
with insulin therapy.[68]

Anion gap

» The calculated serum anion gap in (serum sodium - [serum chloride + bicarbonate]) gives an
estimate of the unmeasured anions in plasma, which in DKA are ketoacids. An anion gap >12
mEg/L (>12 mmol/L) indicates the presence of a high anion gap metabolic acidosis consistent with
DKA.[1]

» Mixed acid-base disorders are present in about one third of patients because of hyperglycemia-
induced osmotic diuresis and natriuresis, nausea and vomiting leading to volume contraction and
metabolic alkalosis, and a compensatory respiratory alkalosis caused by hyperventilation due to
rapid and/or deep breathing (Kussmaul respiration).[1] In addition, hyperchloremic normal anion
gap acidosis is commonly seen following successful treatment of DKA and may delay transition
back to subcutaneous insulin if mistaken for persistent DKA.[1] Therefore, while normalization of
the anion gap reflects correction of the ketoacidosis in the majority of patients, the anion gap is
not recommended as a first-line diagnostic or resolution criterion.[1] It may still have some utility in
resource-limited settings where ketone measurement is unavailable.[1]

Serum lactate

» Measured to exclude lactic acidosis.[65] [66] Lactate levels are normal in DKA but elevated in lactic
acidosis.
Liver function tests (LFTs)

» Usually normal and are used to screen for an underlying hepatic precipitant. Abnormal LFTs
indicate underlying liver disease such as fatty liver, or other conditions such as congestive heart
failure. Chronic liver disease is a risk factor for euglycemic DKA.[69]

Serum amylase and lipase

* Nonspecific elevations of amylase can be seen.[70] In one study, amylase was elevated in 21%
of patients with DKA.[35] Amylase is also elevated in acute pancreatitis, which can be a trigger for
DKA development.

» Measurement of serum lipase may be beneficial in differentiating pancreatitis from DKA in patients
with elevated amylase levels. However, elevated lipase, traditionally thought to be more specific for
pancreatitis, may also accompany DKA and does not necessarily denote concomitant pancreatic
inflammation.[35] [70][71]

Plasma osmolality
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 This is variable in DKA but is >320 mOsm/kg (>320 mmol/kg) in HHS.[1]
CBC with differential

ECG

Leukocytosis is present in hyperglycemic crises and correlates with blood ketone levels.
However, leukocytosis >25,000/microliter (25 x 10%L) may indicate infection and requires further

evaluation.[65]

Used to exclude MI as a precipitant or to look for cardiac effects of electrolyte disturbances
(usually of potassium).[1] Evidence of Ml includes Q waves or ST segment changes. A high index
of suspicion for MI should be maintained as patients with diabetes often present with atypical
symptoms.

Evidence of hypokalemia (U waves) or hyperkalemia (tall T waves) may also be present in patients
with DKA.[1]

Additional tests

Serum creatine kinase (CK)

» Rhabdomyolysis is common in cocaine users with concurrent DKA.[39] CK levels should be

assessed in patients with DKA if clinically indicated: for example, if acute kidney injury is present
and/or a known or suspected history of cocaine use.

Establishing a diagnosis of rhabdomyolysis is based primarily on a marked elevation in serum CK
level or the appearance of myoglobin in the urine (myoglobinuria).[72] After muscle injury, plasma
myoglobin increases rapidly and is cleared quickly through renal excretion, and a normal level

is reestablished within 24 hours. In contrast, serum CK levels elevate 2-12 hours after onset of
muscle injury, peak at 3-5 days after injury, and decline over the subsequent 6-10 days.[72] Given
that not all patients present within 24 hours of muscle damage, measurement of CK levels may
provide the most reliable biochemical marker of rhabdomyolysis and its severity.[72]

CK elevation five times the upper limit of normal is considered as the defining biochemical
abnormality for rhabdomyolysis.[72]

Chest x-ray

+ Indicated to exclude pneumonia. Typical changes of pneumonia include infiltration, consolidation,

effusions, and cavitation.

Blood, urine, or sputum cultures

 Should be obtained if there are signs of infection such as chills, constitutional upset (e.g.,

fatigue, confusion, anxiety), or symptoms and signs of specific infections.[13] The most common
precipitating infections are pneumonia and urinary tract infections.[13] Patients are usually
normothermic or hypothermic due to peripheral vasodilation, so fever may not be seen.

High-sensitivity cardiac troponin

» Usually normal, but elevated if Ml is the precipitant. A high index of suspicion should be maintained

as patients with diabetes often present with atypical symptoms. See Non-ST-elevation myocardial
infarction .
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History and exam

Other diagnostic factors
polyuria (common)

» Symptom of hyperglycemia.[1]
polyphagia (common)

» Symptom of hyperglycemia.[1]
polydipsia (common)

+ Symptom of hyperglycemia.[1]
weight loss (common)

» Symptom of hyperglycemia.[1]
weakness (common)

» Symptom of hyperglycemia.
nausea or vomiting (common)

+ Abdominal pain, nausea, and vomiting occur in more than 50% of patients with DKA.[1] Symptoms
correlate with the degree of acidosis and may be confused with acute abdominal crisis.[1]

abdominal pain (common)

* Abdominal pain, nausea, and vomiting occur in more than 50% of patients with DKA.[1] Symptoms
correlate with the degree of acidosis and may be confused with acute abdominal crisis.[1]

dry mucous membranes (common)
+ Sign of volume depletion.

poor skin turgor (common)
+ Sign of volume depletion.

sunken eyes (common)
+ Sign of volume depletion.

tachycardia (common)

+ Sign of volume depletion.[1]

hypotension (common)

+ Sign of volume depletion.[1]

Kussmaul respiration (common)

» Rapid and deep respiration due to acidosis. Common in DKA.[1]
acetone breath (common)

+ Sign of ketosis. Common in DKA.[1]
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altered mental status (common)

* Mental status may be altered, and varies from alert in mild DKA to stupor/coma in severe DKA.[1]
Studies have shown that acidosis is independently associated with altered sensorium in patients
with DKA, but hyperosmolarity and serum ketone levels are not. Combination of hyperosmolarity and
acidosis predicts altered sensorium with good sensitivity (61%) and specificity (87%).[74]

hypothermia (uncommon)

+ Although concomitant infection is common, patients usually are normothermic or hypothermic due to
peripheral vasodilation.[9] Severe hypothermia is a poor prognostic sign.[75]

Risk factors

Strong
type 1 diabetes

+ Diabetic ketoacidosis can occur in people with both type 1 and type 2 diabetes, but is much more
common in those with type 1 diabetes. One US nationwide cohort study found that adjusted rates
of hyperglycemic crises were 53 events per 1000 person-years among adults with type 1 diabetes,
compared with 4 events per 1000 person-years among people with type 2 diabetes.[27]

inadequate or inappropriate insulin therapy

» Reduction in the net effective concentration of insulin leads to impaired carbohydrate, lipid, and ketone
metabolism in diabetic ketoacidosis (DKA). Decreased insulin results in increased gluconeogenesis,
accelerated glycogenolysis, and impaired glucose utilization by peripheral tissues.[1]

+ In one US study conducted in a large urban hospital, poor adherence to insulin treatment accounted
for >50% of DKA admissions, particularly affecting African-Caribbean populations and underinsured
people.[28] Psychological and social factors may impact on glycemic control, and low socioeconomic
status is correlated with a higher risk for DKA.[29] [30] Additionally, insulin pump failure (e.g., due to
dislodgement, occlusion) can result in rapid DKA development.[4]

infection

» The most common precipitating factor for diabetic ketoacidosis (DKA) worldwide is infection,
particularly urinary tract infection or pneumonia.[1] [13] Increased counter-regulatory hormones,
particularly epinephrine, as a systemic response to infection lead to insulin resistance, increased
lipolysis, ketogenesis, and volume depletion, which may contribute to the development of
hyperglycemic crises in patients with diabetes.[1] Coronavirus disease 2019 (COVID-19) infection has
been associated with greater risk of DKA in both type 1 and type 2 diabetes.[1] Several studies have
reported DKA as the presentation of newly diagnosed type 1 diabetes during or after a COVID-19
infection.[4] The precise mechanisms for new onset diabetes in people with COVID-19 are not
known.[4]

myocardial infarction

+ Underlying cardiovascular events, particularly myocardial infarction, provoke the release of counter-
regulatory hormones that may result in diabetic ketoacidosis in patients with diabetes.[1] [31]
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previous episode of hyperglycemic or hypoglycemic crisis

+ A substantial proportion of individuals hospitalized with diabetic ketoacidosis (DKA) experience
recurrent episodes.[4] In US nationwide studies, up to 22% of people admitted with DKA had at
least one readmission within 30 days or the same calendar year.[32] Among those readmitted within
30 days, 40.8% represented recurrent DKA episodes, with approximately 50% being readmitted
within 2 weeks.[32] [33] Among those readmitted within the same calendar year, 86% had 1-3 DKA
readmissions and 14% had >4.[33] Assessment of precipitating and contributing causes of DKA
admission and close follow-up within 2-4 weeks after discharge may reduce recurrent DKA.[1]

« Prior history of hypoglycemic crises, suggestive of greater glycemic variability, is also a risk factor for
DKA.[1] One study found severe hypoglycemia to be associated with a three- to fourfold increase in
the risk of experiencing a hyperglycemic crisis.[27]

high hemoglobin A1c (HbA1c)

» Poorly controlled diabetes is associated with an increased risk of hyperglycemic crises.[4] One study
found that for patients with type 1 diabetes, risk of experiencing a hyperglycemic crisis increased when
the HbA1c level exceeded 7% (53 mmol/mol).[27] The incidence risk ratio was 7.81 (95% Cl 5.78 to
10.54) for HbA1c levels of 210% (=86 mmol/mol) compared with HbA1c levels of 6.5% to 6.9% (48-52
mmol/mol).[27] For patients with type 2 diabetes, the risk increased continuously for all HbA1c levels
above 5.6% (38 mmol/mol), and the incidence risk ratio was 7.06 (95% CI 6.26 to 7.96) for HbA1c
levels of 210% (=86 mmol/mol).[27]

adverse social determinants of health

+ Adverse social determinants of health are among the strongest factors associated with recurrent
diabetic ketoacidosis (DKA).[1] Multiple studies have suggested that low income, area-level
deprivation, housing insecurity, and lack of insurance or presence of underinsurance (in health
systems where this is applicable) lead to increased risk of DKA and hyperosmolar hyperglycemic
state, with approximately 40% of hyperglycemic crises occurring in lower-income and underserved
populations.[1]

age <45 years

» One nationwide US cohort study found that rates of hyperglycemic crises were significantly higher
among younger adults in patients with type 1 and type 2 diabetes.[27] In 2014, rates of hospitalization
for diabetic ketoacidosis in the US were highest among people ages <45 years (44.3 in 1000 persons
with diabetes) and decreased with age (5.2 in 1000 persons with diabetes ages 45-64 years; 1.6 in
1000 65-74 years; and 1.4 in 1000 =75 years).[11]

Weak

presence of other diabetes-related complications

» The presence of diabetic neuropathy, nephropathy, and retinopathy has been associated with a
higher risk of diabetic ketoacidosis (DKA).[27] One large prospective cohort study found that reduced
estimated glomerular filtration rate (eGFR <60 mL/min/1.73 m?2), even when excluding patients with
end-stage renal disease, was associated with a higher risk of hospitalization for DKA (HR 1.71, 95%
Cl 1.26 to 2.67) compared to an eGFR >60 mL/min/1.73 m2. This association was independent of
markers of glycemic control.[34]
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presence of other chronic health conditions

+ The presence of comorbidities including cerebrovascular disease, heart failure, dementia, chronic
obstructive pulmonary disease, cirrhosis, or cancer has been associated with an increased risk of
diabetic ketoacidosis in patients with type 2 diabetes.[27]

pancreatitis

» Acute medical conditions such as pancreatitis, characterized by increased levels of counter-regulatory
hormones and compromised access to water and insulin, may contribute to the development of
hyperglycemic crises.[1][35]

stroke

» Acute medical events such as stroke, with increased levels of counter-regulatory hormones and
compromised access to water and insulin, may contribute to the development of hyperglycemic
crises.[1]

acromegaly

+ Hormonal derangements in some endocrine glands lead to increased counter-regulatory hormones
and development of diabetic ketoacidosis in patients with concomitant diabetes.[36]

hyperthyroidism

» Hormonal derangements in some endocrine glands lead to increased counter-regulatory hormones
and development of diabetic ketoacidosis in patients with concomitant diabetes.[37] [38]

use of certain drugs

» Drugs that affect carbohydrate metabolism may precipitate hyperglycemic crises.[1] This may include
corticosteroids, thiazide diuretics, pentamidine, sympathomimetics, and atypical antipsychotics.[15]

» Cocaine use may be an independent risk factor associated with recurrent diabetic ketoacidosis
(DKA).[39] Cannabis use (and associated hyperemesis syndrome) has also been associated with an
increased risk of DKA in adults with type 1 diabetes.[4]

+ Sodium-glucose cotransporter-2 (SGLT2) inhibitors (e.g., canagliflozin, dapagliflozin, empagliflozin,
ertugliflozin), used for glycemic control of type 2 diabetes (or more recently, cardiovascular event
risk reduction), have been the subject of a Food and Drug Administration (FDA) warning about a
risk for DKA.[40] The risk is heightened with use of an SGLT2 inhibitor in certain situations, such
as during severe iliness or a period of prolonged fasting, or perioperatively, and their use should be
avoided in such cases.[4] The American Diabetes Association warns that the risk of DKA in people
with type 1 diabetes using SGLT2 inhibitors can be 5-17 times higher than in nonusers.[4] In contrast,
observational studies and randomized controlled trials have shown that DKA is uncommon in people
with type 2 diabetes treated with SGLT2 inhibitors (0.6 to 4.9 events per 1000 patient-years).[41]

» The dual SGLT1/SGLT2 inhibitor sotagliflozin, which has been approved to reduce the risk of
hospitalization for heart failure in patients with type 2 diabetes with chronic kidney disease or high risk
of/established cardiovascular disease, as well as in people with heart failure (both with and without
diabetes), has also been been associated with increased rates of DKA. In clinical trials of sotagliflozin
in people with type 1 diabetes, results showed improvements in hemoglobin A1c and body weight, but
use was associated with an eightfold increase in DKA compared with placebo.[4] [42]

» Immune checkpoint inhibitor therapy for cancer (PD-1 and PD-L1 blocking antibodies such as
nivolumab, pembrolizumab, and avelumab) appears to be associated with a risk for DKA and type
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1 diabetes mellitus.[16] [43] [44][45] It has been estimated that up to 75% of people who develop
immune checkpoint inhibitor-induced hyperglycemia/diabetes present with DKA.[46]

Cushing syndrome

» Hypercortisolism leads to insulin resistance and may occasionally precipitate diabetic ketoacidosis
in patients with concomitant diabetes; it more commonly precipitates hyperosmolar hyperglycemic
state.[47]

Hispanic, Asian or black ancestry

» One US nationwide cohort study found that black patients with type 1 or type 2 diabetes had higher
risks of hyperglycemic crises than individuals in other racial/ethnic groups.[27] This disparity persisted
after adjustment for key socioeconomic, clinical, and treatment-related factors, suggesting that
additional intrinsic and extrinsic factors are associated with hyperglycemic crises among black
patients.[27]

+ Diabetic ketoacidosis (DKA) has also been increasingly documented as a presenting feature of newly
diagnosed type 2 diabetes, referred to as ketosis-prone diabetes.[9] [10] Epidemiologic data suggest
that people of African or Hispanic origin are at greater risk.[9] Individuals with ketosis-prone type 2
diabetes often have obesity and a strong family history of type 2 diabetes, as well as evidence of
insulin resistance.[9] Approximately 80% of obese black patients with DKA have type 2 diabetes,
characterized by higher insulin secretion, the absence of autoimmune markers, and a lack of human
leukocyte antigen (HLA) genetic association compared with lean patients with type 1 diabetes.[6]

bariatric surgery

+ Diabetic ketoacidosis has been reported in patients with type 1 diabetes who have had bariatric
surgery.[48] [49]

prolonged fasting or carbohydrate restriction

+ Fasting increases the risk of dehydration, hyperglycemia, and ketoacidosis in people with diabetes to
a varying degree (depending on type of diabetes and therapy used, among other things).[4] Following
a very low carbohydrate or ketogenic diet in conjunction with sodium-glucose cotransporter-2 (SGLT2)
inhibitor and dual SGLT1/2 inhibitor use can increase diabetic ketoacidosis risk.[4][19]

pregnancy

» Pregnancy is a ketogenic state and there is a risk of diabetic ketoacidosis (DKA) in pregnant
individuals with pre-existing diabetes (more so for those with type 1, rather than type 2, diabetes)
at lower glucose levels (e.g., may present as euglycemic DKA).[4] Up to 2% of pregnancies with
pregestational diabetes are complicated by DKA.[4] However, the incidence of DKA in gestational
diabetes is low (<0.1%).[4]

dementia

» People with type 2 diabetes and dementia are at increased risk for diabetic ketoacidosis than those
without dementia.[4]

mental health disorders

» The presence of mental health conditions, such as depression, bipolar disorder, and eating disorders,
has been associated with increased risk for hyperglycemic crises.[4]
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alcohol and/or substance use

+ Alcohol and/or substance use are risk factors for diabetic ketoacidosis (DKA).[4] Excessive alcohol
intake and use of illicit drugs also increase the risk of DKA associated with the use of sodium-glucose
cotransporter-2 (SGLT2) inhibitors and dual SGLT1/2 inhibitors.[4] [19]

» Cocaine use may be an independent risk factor associated with recurrent DKA.[39] Cannabis use (and
associated hyperemesis syndrome) has also been associated with an increased risk of DKA in adults
with type 1 diabetes.[4]
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Tests

1st test to order

Test Result

plasma glucose

+ A plasma glucose test should be performed as an initial laboratory
evaluation. In diabetic ketoacidosis (DKA), it is usually 2200 mg/dL
(=11.1 mmol/L) with acidosis and ketonemia.

» However, 10% of patients present with blood glucose <200 mg/dL
(<11.1 mmol/L), which is termed euglycemic DKA.[1]

ABG

» Acidosis is essential for the diagnosis of diabetic ketoacidosis (DKA).
Arterial pH measurement is necessary for diagnosis of DKA, but
venous pH is recommended for monitoring treatment, due to the
pain and risk of infection in obtaining frequent arterial samples. A
venous pH sample is usually 0.03 units lower than arterial pH, and
this difference should be considered.

capillary or serum ketones

» There are three main ketones that are produced in diabetic
ketoacidosis (DKA) that can be measured: acetone, acetoacetate,
and beta-hydroxybutyrate (BOHB).

+ In early DKA, acetoacetate concentration is low, but it is a
major substrate for ketone measurement by many laboratories
(nitroprusside reaction method). Therefore, serum ketone
measurement by usual laboratory techniques has a high specificity,

but low sensitivity for DKA diagnosis; hence a negative test for serum

ketones does not exclude DKA. Acetone is rarely measured due to
its volatile nature.[63] Conversely, BOHB is an early and abundant
ketoacid that can be the first signal of the development of DKA.
Point-of-care BOHB testing is widely available and is highly sensitive
and specific for the diagnosis of DKA.[64] Blood concentrations of
BOHB =3 mmol/L correlate well with acid-base changes, with >90%
sensitivity and specificity for DKA.[1]

* During the treatment of DKA, BOHB is converted to acetoacetate.
Therefore, the increase in acetoacetate during the treatment of DKA
may mistakenly indicate a worsening of ketonemia.

» Another potential source of error in detecting ketone bodies is the
patient's drugs. Some drugs, such as the ACE inhibitor captopril,
contain sulfhydryl groups that can react with the reagent in the
nitroprusside test and give a false-positive result. Therefore, clinical
judgment and other biochemical tests are required in patients who
are receiving such drugs.[1]

urinalysis

» Glucose and ketones are typical findings in diabetic ketoacidosis
(DKA).[1]

» Reliance on urine ketone testing can underestimate the severity
of ketonemia early in the course of DKA because of a lag in the
formation of acetoacetate, and conversely overestimate its severity
later in the course of DKA when beta-hydroxybutyrate (BOHB) is
being cleared and converted into acetoacetate.[1] In addition, several
sulfhydryl drugs (e.g., captopril) and other drugs such as valproic
acid can give false-positive nitroprusside urine tests. Thus, direct

elevated

pH varies from <7.00 to
7.30; arterial bicarbonate
ranges from <10 mEq/L
(<10 mmol/L) in severe
DKA to >15 mEg/L (>15
mmol/L) in mild DKA

beta-hydroxybutyrate =3
mmol/L

typically positive for
glucose and ketones;
positive for leukocytes
and nitrites in the
presence of infection; in
rhabdomyolysis, urine
dipstick test will typically
be positive for blood, even
if red blood cells are not
present on microscopic
exam, indicating the
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Test Result

measurement of serum or capillary BOHB is preferred for diagnosis = presence of myoglobin

and monitoring of the response to therapy.[1] (however, a negative
dipstick does not rule out
rhabdomyolysis as the
test can be unreliable for
detecting low levels of

myoglobin)
serum BUN elevated
» Typically increased due to volume depletion.[65]
serum creatinine elevated
* Increased due to volume depletion.[65]
serum sodium usually low

+ Patients commonly present with hyponatremia due to osmotic reflux
of water from the intracellular to extracellular space in the presence of
hyperglycemia.[65] Total sodium deficit is usually 7-10 mEqg/kg (7-10
mmol/kg).[66] [76] Hypernatremia in the presence of hyperglycemia in
DKA indicates profound volume depletion.[65]

» Several estimating equations correct the measured serum sodium
concentration to account for increased extracellular free water volume
from hyperglycemia. The most common correction method is to
increase the measured serum sodium concentration by 1.6 mEq/L
(1.6 mmol/L) of serum sodium level for every 100 mg/dL (5.6 mmol/L)
of serum glucose above 100 mg/dL (5.6 mmol/L).[67]

serum potassium usually normal or

+ Total body potassium deficit is 3-5 mEqg/kg (3-5 mmol/kg).[66] elevated
However, serum potassium is usually normal or elevated due to
extracellular shift of potassium caused by insulin insufficiency,
hypertonicity, and acidemia.[1] Therefore, low potassium level on
admission indicates severe total-body potassium deficit.[1]

serum chloride usually low
+ Total chloride deficit is 3-5 mEqg/kg (3-5 mmol/kg).[66]

serum magnesium usually low
» Usually low.[65] [67]
serum phosphate normal or elevated

+ In diabetic ketoacidosis, there is a shift of phosphate from intracellular
to extracellular fluid, with an excess urinary phosphate loss leading
to hypophosphatemia. Whole-body losses can be up to 1 mmol/
kg.[1] Despite this, serum phosphate is often normal or increased at
presentation, but decreases with insulin therapy.[68]

anion gap calculation typically elevated (>12

+ Anion gap is calculated by subtracting the sum of serum chloride mEq/L [>12 mmol/L])

and bicarbonate from measured sodium concentration. It gives an
estimate of the unmeasured anions in plasma, which in diabetic
ketoacidosis (DKA) are ketoacids. An anion gap >12 mEg/L (>12
mmol/L) indicates the presence of a high anion gap metabolic
acidosis consistent with DKA.[1]

» While most people with DKA present with a high anion gap metabolic
acidosis, mixed acid-base disorders are present in about one third
because of hyperglycemia-induced osmotic diuresis and natriuresis,
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Test Result

nausea and vomiting leading to volume contraction and metabolic
alkalosis, and a compensatory respiratory alkalosis caused by
hyperventilation due to rapid and/or deep breathing (Kussmaul
respiration).[1] In addition, hyperchloremic normal anion gap acidosis
is commonly seen following successful treatment of DKA and

may delay transition back to subcutaneous insulin if mistaken for
persistent DKA.[1] The anion gap is therefore not recommended

as a first-line diagnostic or resolution criterion, but may still have
some utility in resource settings where ketone measurement is
unavailable.[1]

serum lactate elevated in lactic acidosis

» Measured to exclude lactic acidosis.[65] [66] Lactate levels are
normal in DKA but elevated in lactic acidosis.

LFT usually normal

+ Usually normal, and are used to screen for an underlying hepatic
precipitant. Abnormal LFTs indicate underlying diseases such as fatty
liver or congestive heart failure. Chronic liver disease is a risk factor
for euglycemic DKA.[69]

serum amylase elevated in some patients

» Nonspecific elevations of amylase can be seen.[70] In one study,
amylase was elevated in 21% of patients with diabetic ketoacidosis
(DKA).[35] Amylase is also elevated in acute pancreatitis, which can
be a trigger for DKA development.

serum lipase usually normal; may be

+ Serum lipase may be beneficial in differentiating pancreatitis in elevated in some patients

patients with elevated amylase levels. However, elevated lipase,
traditionally thought to be more specific for pancreatitis, may also
accompany DKA and does not necessarily denote concomitant
pancreatic inflammation.[35] [70][71]

serum osmolality variable

» The serum osmolality is variable in DKA but is >320 mOsm/kg (>320
mmol/kg) in hyperosmolar hyperglycemic state.[1]

CBC elevated white cell count

» Leukocytosis is present in hyperglycemic crises and correlates with
blood ketone levels. However, leukocytosis >25,000/microliter (25 x
10%L) may indicate infection and requires further evaluation.[65]

ECG may show evidence of MI

+ Should be performed to assess for evidence of biochemically induced or hyper- or hypokalemia

repolarization abnormalities, such as peaked T waves or U waves
from hyperkalemia.[1]

* May also aid in identification of precipitating cardiovascular events
such as myocardial infarction (MI).[1] Evidence of Ml includes Q
waves or ST segment changes.
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Other tests to consider

Test Result

serum creatine kinase (CK) elevated in

» Rhabdomyolysis is common in cocaine users with concurrent rhabdomyolysis

diabetic ketoacidosis (DKA).[39] CK level should be assessed in
patients with DKA if clinically indicated; for example, if acute kidney
injury is present and/or a known or suspected history of cocaine
use. Establishing a diagnosis of rhabdomyolysis is based primarily
on a marked elevation in serum CK level or the appearance of
myoglobin in the urine (myoglobinuria).[72] After muscle injury,
plasma myoglobin increases rapidly and is cleared quickly through
renal excretion, and a normal level is reestablished within 24 hours.
In contrast, serum CK levels rise 2-12 hours after onset of muscle
injury, peak at 3-5 days after injury, and decline over the subsequent
6-10 days.[72] Given that not all patients present within 24 hours of
muscle damage, measurement of CK levels may provide the most
reliable biochemical marker of rhabdomyolysis and its severity.[72]
CK elevation five times the upper limit of normal is considered as the
defining biochemical abnormality for this condition.[72]

CXR may show typical
changes of pneumonia
(e.g., infiltration,
consolidation, effusions,
or cavitation)

» The most common precipitating factor for diabetic ketoacidosis
worldwide is infection.[1] The most common infections are pneumonia
and urinary tract infections.[13]

high sensitivity cardiac troponin may be elevated in the

+ Underlying cardiovascular events, particularly myocardial infarction presence of M

(MI), provoke the release of counter-regulatory hormones that may
result in DKA in patients with diabetes.|[1]

blood, urine, or sputum cultures positive in the presence of

» Should be obtained if there are signs of infection such as chills, infection

constitutional upset (e.g., fatigue, confusion, anxiety), or symptoms
and signs of specific infections.[13] The most common precipitating
infections are pneumonia and urinary tract infections.[13] Patients are
usually normothermic or hypothermic due to peripheral vasodilation,
so fever may not be seen.[9]
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Differentials

Condition Differentiating signs /

symptoms

Differentiating tests

Hyperosmolar  Patients are typically older Serum glucose is >600 mg/

hyperglycemic state (HHS)

Lactic acidosis

Starvation ketosis

than those with diabetic
ketoacidosis (DKA) and

usually have type 2 diabetes.

Older nursing home
residents with poor fluid
intake are at high risk.
Symptoms evolve insidiously
over days to weeks.[1]
Mental obtundation

and coma are more
frequent.[1] Focal neurologic
signs (hemianopia and
hemiparesis) and seizures
are also seen.[61] Seizures
may be the dominant clinical
feature.[62]

The presentation is
identical to that of diabetic
ketoacidosis. In pure lactic
acidosis, the serum glucose
and ketones should be
normal and the serum
lactate concentration should
be elevated.

Starvation ketosis

results from inadequate
carbohydrate availability
resulting in physiologically
appropriate lipolysis and
ketone production to provide
fuel substrates for muscle.
Condition develops over
many days and is suggested
by a prolonged history of
dietary intake <2090 kJ/day
(500 kcal/day).[1]

dL (>33.3 mmol/L). Total
serum osmolality is usually
>320 mOsm/kg (>320
mmol/kg). Effective serum
osmolality is >300 mOsm/kg
(>300 mmol/kg).[1]

Urine ketones are normal
or only mildly positive

(less than 2+ on dipstick).
Serum ketones are negative
(beta-hydroxybutyrate
concentration <3 mmol/L).
Anion gap is variable but
typically <12 mEq/L (<12
mmol/L).

Total chloride deficit is 5-15
mEg/kg (5-15 mmol/kg).
ABG: arterial pH is typically
>7.30, whereas in DKA it
ranges from <7.00 to 7.30.
Arterial bicarbonate is 215
mEg/L (=15 mmol/L).[1]

Serum lactate elevated.
Hyperlactatemia is usually
defined as a level of 2-5
mmol/L, whereas severe
hyperlactatemia is defined
as a level >5 mmol/L.[77]
Blood glucose normal.
Negative plasma ketones
(beta-hydroxybutyrate
concentration <3 mmol/
L).[13]

Blood glucose is usually
normal.[13] Although

the urine can have large
amounts of ketones,

the blood rarely does.
Arterial pH is normal

and the anion gap is at
most mildly elevated.[13]
Serum bicarbonate
concentration usually >18
mEg/L (>18 mmol/L) due
to renal compensation.[9]
If electrolyte intake is also
limited, then electrolyte
disturbances will eventually
occur.[9]
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Condition

Differentiating signs/ Differentiating tests

symptoms

Alcoholic ketoacidosis

Salicylate poisoning

Ethylene glycol/methanol
intoxication

Uremic acidosis

Criteria

+ Classically, these are people
with longstanding alcohol
use disorder for whom
ethanol has been the main
caloric source for days to
weeks. The ketoacidosis
occurs when for some
reason alcohol and caloric
intake decreases (such as
a recent binge culminating
in vomiting and acute
starvation).[1]

» Can be differentiated by
history and laboratory
investigation. Salicylate
intoxication produces an
anion gap metabolic acidosis
usually with a respiratory
alkalosis.

» Methanol and ethylene glycol
also produce an anion gap
metabolic acidosis without
hyperglycemia or ketones.

+ Uremia can develop with
chronic kidney disease,
especially the later stages,
or with acute kidney injury
if loss of kidney function is
rapid. Uremic symptoms
include fatigue, anorexia,
nausea, vomiting, pruritus,
metallic taste, restless
legs, and altered mental
status. Physical exam
findings such as asterixis
and pericardial rub (due to
uremic pericarditis), among
others, may be noted.[78]

Ketoacidosis without
hyperglycemia in a patient
with long-standing alcohol
use is virtually diagnostic
of alcoholic ketoacidosis.[9]
Total ketone bodies are
much greater than in diabetic
ketoacidosis, with a higher
beta-hydroxybutyrate to
acetoacetate ratio of 7:1,
versus 3:1 in DKA.[13]

Plasma glucose is normal or
low, ketones are negative,
osmolality is normal, and
salicylates are positive.[13]

Methanol/ethylene glycol
serum levels are elevated.
They can produce an
increase in the measured
serum osmolality.[13]
Blood glucose normal.
Negative plasma ketones
(beta-hydroxybutyrate
concentration <3 mmol/
L).[13]

Normal blood glucose and
negative plasma ketones
(beta-hydroxybutyrate
concentration <8 mmol/
L).[13] Markedly elevated
BUN (usually >200 mg/
dL [>71.4 mmol/L]) and
elevated creatinine.[13] pH
and anion gap are usually
mildly abnormal.[13]

Hyperglycemic crises in adults with diabetes: a consensus report[1]

ALL three of the following must be present to make the diagnosis of diabetic ketoacidosis (DKA):
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1. Diabetes or hyperglycemia: glucose =200 mg/dL (=11.1 mmol/L) OR prior history of diabetes
2. Ketosis: beta-hydroxybutyrate concentration >3 mmol/L OR urine ketone strip 2+ or greater
3. Metabolic acidosis: pH <7.3 and/or bicarbonate concentration <18 mEg/L (<18 mmol/L)

Clinical DKA classification[1]

Not all variables need to be fulfilled for DKA to be defined as mild, moderate or severe.
Mild DKA

* Plasma glucose: 2200 mg/dL (=11.1 mmol/L)
* Arterial pH: >7.25 to <7.30
* Serum bicarbonate: 15-18 mEqg/L (15-18 mmol/L)
* Urine ketone: positive
* Serum ketone: beta-hydroxybutyrate 3-6 mmol/L
* Mental status: alert

Moderate DKA

* Plasma glucose: 2200 mg/dL (=11.1 mmol/L)
* Arterial pH: 7.00 to 7.25
* Serum bicarbonate: 10 to <15 mEg/L (10 to <15 mmol/L)
* Urine ketone: positive
* Serum ketone: beta-hydroxybutyrate 3-6 mmol/L
* Mental status: alert and/or drowsy
Severe DKA

* Plasma glucose: 2200 mg/dL (=11.1 mmol/L)

* Arterial pH: <7.00

* Serum bicarbonate: <10 mEg/L (<10 mmol/L)

* Urine ketone: positive

* Serum ketone: beta-hydroxybutyrate >6 mmol/L
* Mental status: stupor and/or coma

Screening

If a patient is brought to the emergency department with signs and symptoms of hyperglycemia (such

as polyuria, polydipsia, and abdominal pain), volume depletion, acetone breath, and changes in mental
status (even without a history of diabetes), initial samples should be taken for blood glucose, serum
electrolytes, venous blood gases, complete blood count, and blood or urine ketone levels.[1] In the presence
of high plasma glucose and/or positive urine ketones, full diagnostic laboratory evaluations for DKA and
hyperosmolar hyperglycemic state should be performed.
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Approach

This topic covers the management of diabetic ketoacidosis (DKA) in adults.
The main goals of treatment are:[1] [4]

» Restoration of circulatory volume deficits
» Resolution of hyperglycemia and ketosis/acidosis
+ Correction of electrolyte abnormalities (potassium level should be >3.5 mEg/L [>3.5 mmol/L] before
initiation of insulin therapy; use of insulin in a patient with hypokalemia may lead to respiratory
paralysis, cardiac arrhythmias, and death)
» Treatment of the precipitating events (e.g., sepsis, myocardial infarction, stroke) and prevention of
complications.
Successful treatment requires frequent monitoring of clinical and laboratory parameters to achieve resolution
criteria. Individualized therapy is required based on these results as the presentation of DKA can be very
variable.[1] A treatment protocol and a flow sheet for recording the treatment stages and laboratory data
should be maintained.[79] [80] [81]

Initial and supportive treatment

The majority of patients present to the emergency department, where treatment should be initiated. There
are several important steps that should be followed in early management:

+ Fluid therapy should be started immediately after initial laboratory evaluations. In adults without
renal or cardiac compromise, start an infusion of isotonic saline (0.9% sodium chloride) or balanced
crystalloid solution at a rate of 500-1000 mL/hour for the first 2-4 hours of fluid therapy.[1]

The fluid choice for initial resuscitation should be determined by local availability, cost and resources.[1]
Most clinical guidelines recommend isotonic saline as the initial resuscitation fluid because of its
widespread availability, low cost, and efficacy in restoring circulating volume in clinical studies.[1] While
effective, however, its use in large volumes may be associated with hyperchloremic normal anion gap
metabolic acidosis and prolonged length of intensive care unit (ICU) and hospital stay.[1] Emerging
evidence suggests that the administration of balanced crystalloid solutions (e.g., Ringer lactate or
Plasma-Lyte®) is at least comparable in terms of outcomes, and may result in faster DKA resolution,
shorter hospital length of stay and less frequent development of hyperchloremic metabolic acidosis.[82]
[83][84] [85] [86] [Evidence C]

+ Indications for admission to the ICU are hemodynamic instability or cardiogenic shock, altered
mental status, respiratory insufficiency, severe acidosis, and hyperosmolar state with coma.
The diagnosis of hemodynamic instability should be made by observing for hypotension and clinical signs
of poor tissue perfusion, including oliguria, cyanosis, cool extremities, and altered mental state.

+ Initial management in hemodynamically unstable patients includes fluid resuscitation to correct
hypovolemia and hypotension, close monitoring, and vasopressor therapy under specialist
supervision.[87] [Evidence C]

After admission to ICU, central venous and arterial lines are required, as well as Swan-Ganz
catheterization and continuous percutaneous oximetry. Oxygenation and airway protection are critical.
Intubation and mechanical ventilation are commonly required, with constant monitoring of respiratory
parameters. Nasogastric suctioning is always performed because of frequent ileus and danger of
aspiration.

I EEDL A
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Fluid therapy

Fluid deficit averages 6 liters.[89] After the initial management, hydration status should be evaluated
clinically and continuous fluid therapy started at an an appropriate rate to correct the deficit. Correction
should be undertaken gradually over 24-48 hours, as overly rapid correction can result in the patient
developing cerebral edema.[1]

Severe hypovolemia

» The presence of orthostatic hypotension or supine hypotension with dry mucous membranes and
poor skin turgor indicates severe volume depletion.
The Joint British Diabetes Societies for Inpatient Care (JBDS-IP) advise that a systolic blood pressure
(SBP) cut-off of 90 mmHg may be used in assessing the severity of dehydration (with patients who have
SBP <90 mmHg on admission considered to have severe hypovolemia), caveating that age, gender and
concomitant drugs should also be taken into account.[66]

+ Severe hypovolemia should be treated by infusion of isotonic saline (or other crystalloid) at the rate
of 1 L/hour until signs of severe volume depletion have resolved.[1] [14]
Once SBP is 290 mmHg or other methods of clinical assessment indicate resolution of severe
hypovolemia, patients should continue to receive fluid therapy as for mild hypovolemia.

Mild hypovolemia

Mild to moderate volume depletion is indicated by the absence of orthostatic hypotension or supine
hypotension, dry mucous membranes, and poor skin turgor.

+ Isotonic saline or other crystalloid should be given at a clinically appropriate rate, with the aim of
replacing 50% of the estimated fluid deficit in the first 8-12 hours.[1]
* When glucose reaches <250 mg/dL (<13.9 mmol/L), 5% or 10% dextrose should be added to the
isotonic saline or crystalloid to avoid hypoglycemia.[1]
Caution should be exercised in the following groups:

* Young people ages 18-25 years

» Elderly people

» Pregnant people

» People with heart or kidney failure

» People with other serious comorbidities
In these situations admission to an intermediate care unit should be considered. Fluids should be
replaced cautiously with close hemodynamic monitoring.[1] [66]

Insulin therapy

Insulin therapy is the cornerstone of DKA management and should be started as soon as possible after
diagnosis.[1] The goal is the steady but gradual reduction of serum glucose and plasma osmolality by
low-dose insulin therapy in order to reduce the risk of treatment complications including hypoglycemia and
hypokalemia.

Patients should receive a continuous intravenous infusion of short-acting regular insulin after exclusion of
hypokalemia (potassium level should be >3.5 mEg/L [>3.5 mmol/L] before initiation of insulin therapy).[1]

Insulin treatment protocol[1]
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+ A fixed-rate intravenous infusion of short-acting regular insulin at 0.1 units/kg/hour should be
started. If there is a delay in setting up the infusion (e.g., if a delay in obtaining venous access is
anticipated), an intravenous bolus of short-acting regular insulin 0.1 units/kg (or intramuscularly if
intravenous administration is not possible) should be given, followed by the intravenous infusion.

» Once blood glucose falls below 250 mg/dL (<13.9 mmol/L), 5% or 10% dextrose should be added
to the isotonic saline/crystalloid infusion and the insulin infusion rate should be reduced to 0.05
units/kg/hour.

» Thereafter, the insulin infusion should be adjusted to maintain glucose levels between 150 and 200
mg/dL (8.3 and 11 mmol/L) and continued until the ketoacidosis is resolved.

Subcutaneous insulin as an alternative to intravenous insulin

Patients with mild to moderate DKA that is not complicated by acute myocardial infarction, congestive
heart failure, end-stage renal or hepatic failure, corticosteroid use, or pregnancy, may be given rapid-
acting insulin analogs subcutaneously as an alternative to intravenous short-acting regular insulin, with
studies showing no significant difference in outcomes when using either approach alongside aggressive
fluid management for mild or moderate DKA.[1][4] [90][91] [92] [93] [Evidence C] Patients treated with
subcutaneous insulin should receive adequate fluid replacement, frequent bedside blood glucose testing,
and appropriate treatment of underlying causes to avoid recurrent DKA.[4]

Continuous intravenous infusion of short-acting regular insulin should, however, remain the preferred
route in all patients with DKA because of intravenous insulin's short half-life and easy titration (compared
with the delayed onset of action and prolonged half-life of subcutaneously administered insulin).[4]
However, if there are prolonged waiting times for ICU admission or limited medical resources, the use
of rapid-acting insulin analogs for the treatment of mild or moderate uncomplicated DKA episodes can
be considered for outpatients, in general floors, or in emergency departments.[4] The use of rapid-acting
subcutaneous insulin analogs is not recommended for the treatment of severe and complicated DKA.[1]

Potassium therapy

Insulin therapy and correction of acidemia and hyperosmolality will drive potassium into cells, which may
cause serious hypokalemia. Within 48 hours of hospital admission, potassium levels typically decline by
1-2 mEg/L (1-2 mmol/L).[1] Severe hypokalemia <2.5 mEg/L (<2.5 mmol/L) during treatment of DKA has
been reported to be associated with a threefold increase in mortality.[1] The goal, therefore, is to correct
the actual potassium deficits and thereby prevent fatal complications of hypokalemia, including respiratory
paralysis and cardiac dysrhythmia. To avoid hypokalemia, serum potassium should be checked 2 hours
after starting insulin administration and every 4 hours thereafter until the resolution of DKA.[1]

» Potassium replacement should be started after serum levels fall below 5 mEql/L (5 mmol/L) to
maintain a potassium level of 4-5 mEg/L (4-5 mmol/L). Give 10-20 mmol of potassium in each liter
of intravenous fluid as needed.[1]

Low-normal or low potassium levels (<3.5 mEg/L [<3.5 mmol/L]) are present on admission in 5% to 10%
of patients with DKA.[1] In such cases, potassium replacement should begin at a rate of 10 mEg/hour (10
mmol/hour) and insulin therapy should be delayed until the potassium level increases to >3.5 mEq/L (>3.5
mmol/L).[1] Likewise, if plasma potassium falls below 3.5 mEg/L (3.5 mmol/L) at any point during therapy,
insulin should be stopped and potassium replaced intravenously.

Bicarbonate therapy

Bicarbonate use in DKA remains controversial. The American Diabetes Association (ADA) guidelines note
that a number of studies have failed to show any difference in acidosis resolution or time to discharge
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in people with DKA when bicarbonate was used.[4] At arterial blood pH >7.0, administration of insulin
blocks lipolysis and resolves ketoacidosis without the need to add bicarbonate. Administering bicarbonate
therapy in these patients may result in increased risk of hypokalemia, decreased tissue oxygen uptake,
and cerebral edema.[1]

* Routine bicarbonate administration is not recommended.[1] [4]
» However, because severe metabolic acidosis may lead to adverse vascular effects, bicarbonate
therapy should be considered in patients with arterial blood pH <7.0.[1]
If indicated, an isotonic solution of 100 mEq (100 mmol) sodium bicarbonate in 400 mL sterile water (8.4%
solution) can be given every 2 hours until the pH is >7.0.[1]

Bicarbonate therapy as well as insulin therapy lowers serum potassium; therefore, based on expert
opinion, potassium chloride should be added to the isotonic bicarbonate infusion.

Phosphate therapy

Despite the fact that total body phosphate deficits in DKA can be up to 1 mmol/kg of body weight, serum
phosphate is often normal or increased at presentation, but decreases with insulin therapy. Previous
studies have failed to show any beneficial effects of phosphate replacement in patients with DKA.
Furthermore, excessively rapid phosphate replacement may precipitate hypocalcemia.

* Routine replacement of phosphate is not recommended.[1]
+ Phosphate should not be given unless there is muscle weakness, such as respiratory or cardiac
compromise, and a phosphate level <3.1 mg/dL (<1 mmol/L).
If replacement is indicated, 20-30 mEg/L (20-30 mmol/L) of potassium phosphate should be added to
replacement fluids.[1]

Monitoring of therapy

Monitoring of respiratory parameters and hemodynamic status are essential in hemodynamically unstable
patients.

+ In all patients, capillary blood glucose testing should be performed during treatment every 1-2
hours using a hospital-calibrated glucose meter.[1]
+ Electrolytes, creatinine, beta-hydroxybutyrate (BOHB), and venous pH should be checked every
2-4 hours until stable.[1]
Serial BOHB measurements may aid monitoring of the response to treatment in DKA. However,
measurement of ketone bodies, in the absence of a meter with capacity to measure BOHB, is not
recommended. BOHB is converted to acetoacetate, which is detected by the nitroprusside method, during
the treatment of DKA. Therefore, the increase in acetoacetate during DKA treatment may mistakenly
indicate a worsening of ketonemia.

Present evidence suggests monitoring bicarbonate and pH to reflect the response to therapy. A flow

sheet classifying these findings as well as mental status, vital signs, insulin dose, fluid and electrolytes
therapies, and urine output allows easy analysis of response to therapy and resolution of crises. Metabolic
panel measurement during DKA therapy provides dynamic information on the changes in renal function
and sodium level.

Resolution

Management and monitoring should continue until resolution of DKA. The criteria for resolution are:[1]
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» plasma/capillary ketones <0.6 mmol/L AND

+ venous pH >7.3 or bicarbonate 218 mEg/L (=18 mmol/L)
Ideally, plasma glucose should also be <200 mg/dL (<11.1 mmol/L). At this point, insulin dose can be
decreased by 50%.

The anion gap should not be used as a criterion, as it may be misleading due to the presence of
hyperchloremic metabolic acidosis caused by large volumes of isotonic saline solution.[1] Urinary ketone
measurement should also be avoided as a criterion of DKA resolution.[1]

Once DKA has resolved and the patient can tolerate oral intake, transition to subcutaneous insulin needs
to be initiated. To prevent the recurrence of hyperglycemia or ketoacidosis during the transition period

to subcutaneous insulin, it is important to allow an overlap of 1-2 hours between the administration of
subcutaneous insulin and the discontinuation of intravenous insulin.[1] Emerging evidence suggests that
administration of a low-dose basal insulin analog (0.15 to 0.3 units/kg) in addition to intravenous insulin
infusion may reduce infusion duration and length of hospital stay, while preventing rebound hyperglycemia
(without an increased risk of hypoglycemia).[1] [4]

If a patient used insulin to manage diabetes prior to DKA, the same regimen can be restarted and
adjusted as needed.[1] If there is concern for inadequate baseline insulin therapy (i.e., high hemoglobin
A1c [HbA1c]) or any potentially precipitating drug as a contributing factor to the DKA, then the treatment
regimen should be changed prior to hospital discharge.[1]

In those newly diagnosed with diabetes, a multidose insulin regimen with basal insulin and prandial rapid-
acting insulin analogs should be started after the resolution of DKA.[1] This has been proposed as a more
physiologic regimen compared with human insulins (i.e., short-acting regular insulin and neutral protamine
Hagedorn [NPH] insulin), and has been reported to reduce the rate of hypoglycemia after transition from
intravenous to subcutaneous insulin.[1] Human insulin regimens may also be used, but proper dosing
should ensure 24 hour insulin coverage.[1] Although long-acting basal insulin analogs and NPH insulin
are frequently administered once daily, greater flexibility and better coverage of basal insulin needs may
be obtained if they are administered twice daily.[1] Rapid-acting insulin is added as needed, depending on
nutritional intake and glucose levels.[1]

To transition from intravenous to subcutaneous insulin therapy, an estimation of the total daily dose (TDD)
of insulin is needed. This may be calculated using several methods, each of which has limitations that
must be considered when assessing overall insulin needs.[1]

+ A weight-based formula may be considered using 0.5 to 0.6 units/kg/day in insulin-naive patients,
bearing in mind that body composition and/or insulin resistance may have an impact on this
estimate. For people with risk factors for hypoglycemia, including kidney failure or frailty, a
calculation using approximately 0.3 units/kg/day may be more appropriate.[1]

+ For patients who were already on insulin, consideration of the preadmission outpatient insulin
regimen and HbA1c levels may help guide transition dosing needs. However, it is necessary to
understand how drug-taking behaviors and dietary factors may have influenced outpatient insulin
dosing recommendations.[1]

+ TDD may be also calculated by considering the hourly intravenous insulin infusion rate
requirements, but with caution given the potential variation in insulin needs based on factors such
as glucotoxicity, duration of treatment with intravenous insulin, concurrent dextrose infusion, drugs
associated with hyperglycemia, and nutritional intake.[1] The ADA advises that the total daily
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subcutaneous insulin dose can also be calculated from the rate of the intravenous insulin infusion in
the previous 6-8 hours when stable glucose levels were attained.[4]
Consensus guidelines recommend starting with 40% to 60% of the TDD given as basal insulin, with the
remaining proportion divided into three mealtime doses of rapid-acting insulin. If patients are nil per os
(NPO; not by oral administration), they recommend giving basal insulin with corrective dosing of rapid-
acting insulin every 4-5 hours.[1]

Management considerations for DKA occurring in special
populations

Frail or older adults

+ Patients have a high rate of preexisting comorbidities, as well as a high risk for hospital mortality,
prolonged hospitalization, and DKA recurrences.[1] Isolated hyperglycemic hyperosmolar state
(HHS) and mixed DKA/HHS occur more frequently than DKA.[1] It is important to evaluate for
specific precipitating factors and concurrent diagnoses (such as cardiovascular events, infection,
and drugs).[1] Fluid resuscitation and rate of fluid replacement need to account for comorbidities
and acute precipitating events, and polypharmacy should be addressed where present.[1]

Patients on sodium-glucose cotransporter-2 (SGLT2) inhibitors and dual SGLT1/2 inhibitors

+ Patients may present with near-normal glucose concentrations or euglycemic DKA (glucose
<200 mg/dL [<11.1 mmol/L]).[1] SGLT2 inhibitors and dual SGLT1/2 inhibitors should be stopped
on admission. In euglycemic DKA, 5% to 10% dextrose should be added to intravenous fluids
or started at the same time as the isotonic saline.[1] Initiation or continuation of SGLT2 or dual
SGLT1/2 inhibitors after DKA resolution is not routinely recommended.[1]

End-stage kidney disease

+ Patients usually present with greater hyperglycemia, more frequent hyponatremia, higher
osmolality, hyperkalemia, and lower ketone (BOHB) concentrations compared with patients without
end-stage kidney disease.[1] Patients have a greater risk of cardiac complications.[1] Careful fluid
administration and potassium replacement are needed.[1]

Pregnancy

» Up to 2% of pregnant women with pregestational diabetes develop DKA. Most cases occur with
preexisting type 1 diabetes.[1] DKA is rare in women with gestational diabetes.[1] Euglycemic DKA
may occur and mixed acid-base disturbances may occur with hyperemesis, making the diagnosis
challenging.[1] The significant feto-maternal risk requires immediate expert senior medical and
obstetric intervention. Ideally patients should be cared for in delivery suites or high-dependency
units.[1] Management guidelines in the emergency department or obstetric unit should include
sections on the management of DKA in pregnancy as well as sick day rules.[1] Consult local
guidelines.

Coronavirus disease 2019 (COVID-19)

* A higher frequency of DKA was seen during the COVID-19 pandemic; those with preexisting type
2 diabetes who contracted COVID-19 were found to be particularly at risk of developing DKA.[1]
Patients with COVID-19 who present with DKA have a higher risk for complications, need for ICU
care, longer hospital stays and mortality.[1] Treatment of severe COVID-19 with corticosteroids may
require higher doses of insulin to treat refractory ketonemia.[1]
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Treatment algorithm overview

Please note that formulations/routes and doses may differ between drug names and brands, drug
formularies, or locations. Treatment recommendations are specific to patient groups: see disclaimer

Acute (summary)

severe volume depletion

------ E  serum potassium <3.5 1st intravenous fluids
mEg/L (<3.5 mmol/L)
plus supportive care + ICU admission
plus potassium therapy
plus intravenous insulin once serum

potassium reaches 3.5 mEq/L (3.5 mmol/L)
adjunct bicarbonate therapy

adjunct phosphate therapy

------ = serum potassium 3.5 to 1st intravenous fluids
5.0 mEq/L (3.5 to 5.0 mmol/
L)
plus supportive care + ICU admission
plus intravenous insulin
plus potassium therapy

adjunct bicarbonate therapy
adjunct phosphate therapy

------ E  serum potassium >5 mEq/ 1st intravenous fluids

L (>5 mmol/L)
plus supportive care + ICU admission
plus intravenous insulin

adjunct bicarbonate therapy

adjunct phosphate therapy

mild to moderate volume depletion

------ ® serum potassium <3.5 1st intravenous fluids
mEq/L (<3.5 mmol/L)
plus supportive care * ICU admission
plus potassium therapy
plus insulin once serum potassium reaches 3.5

mEq/L (3.5 mmol/L)

adjunct bicarbonate therapy
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Acute (summary)

adjunct phosphate therapy

------ E serum potassium 3.5 to 1st intravenous fluids
5.0 mEq/L (3.5 to 5.0 mmol/
L)
plus supportive care £ ICU admission
plus insulin
plus potassium therapy

adjunct bicarbonate therapy
adjunct phosphate therapy

------ ® serum potassium >5 mEq/ 1st intravenous fluids

L (>5 mmol)
plus supportive care £ ICU admission
plus insulin

adjunct bicarbonate therapy

adjunct phosphate therapy

Ongoing (summary)

DKA resolved and patient able to
tolerate oral intake

1st establish regular subcutaneous insulin
regime
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Treatment algorithm

Please note that formulations/routes and doses may differ between drug names and brands, drug
formularies, or locations. Treatment recommendations are specific to patient groups: see disclaimer

severe volume depletion

feeeee ® serum potassium <3.5 1st intravenous fluids
mEg/L (<3.5 mmol/L)

» Fluid deficit averages 6 L.[89] In all patients,
fluid therapy should be started immediately
after initial laboratory evaluations. In adults
without renal or cardiac compromise, an infusion
of isotonic saline (0.9% sodium chloride) or
balanced crystalloid solution should be started at
a rate of 500-1000 mL/hour for the first 2-4 hours
of fluid therapy.

» After the initial management, hydration status
should be evaluated clinically and continuous
fluid therapy started at an appropriate rate

to correct the deficit. Correction should be
undertaken gradually over 24-48 hours, as
overly rapid correction can result in the patient
developing cerebral edema.[1]

» Severe volume depletion is indicated by

the presence of orthostatic hypotension or
supine hypotension, dry mucous membranes,
and poor skin turgor. Extreme cases may be
hemodynamically unstable. The Joint British
Diabetes Societies for Inpatient Care advise that
a systolic blood pressure (SBP) cut-off of 90
mmHg may be used in assessing the severity
of hydration (with patients who have SBP <90
mmHg on admission considered to have severe
hypovolemia), caveating that age, gender and
concomitant drugs should also be taken into
account.[66]

» Severe hypovolemia should be treated by
infusion of isotonic saline (or other crystalloid) at
the rate of 1 L/hour until signs of severe volume
depletion have resolved.[1] [14] [66]

» Once SBP is 290 mmHg or other methods of
clinical assessment indicate resolution of severe
hypovolemia, patients should continue to receive
fluid therapy as for mild hypovolemia.[1]

» Electrolytes, renal function, venous pH,
osmolality, and glucose should be checked every
2-4 hours until stable.[1]

» When glucose reaches <250 mg/dL (<13.9
mmol/L), 5% or 10% dextrose should be added
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to the isotonic saline or crystalloid to avoid
hypoglycemia.[1]

plus supportive care + ICU admission

Treatment recommended for ALL patients in
selected patient group

» Indications for intensive care unit (ICU)
admission include hemodynamic instability

or cardiogenic shock, altered mental status,
respiratory insufficiency, and severe acidosis.
The diagnosis of hemodynamic instability should
be made by observing for hypotension and
clinical signs of poor tissue perfusion, including
oliguria, cyanosis, cool extremities, and altered
mental state.

» Initial management in hemodynamically
unstable patients includes fluid resuscitation
to correct hypovolemia and hypotension, close
monitoring, and vasopressor therapy under
specialist supervision.[87] [Evidence C] After
admission to ICU, central venous and arterial
lines are required, as well as Swan-Ganz
catheterization and continuous percutaneous
oximetry. Consult a specialist for guidance on
suitable vasopressor regimens.

» Oxygenation and airway protection are critical.
Intubation and mechanical ventilation are
commonly required, with constant monitoring of
respiratory parameters.

» Nasogastric suctioning is always performed
because of frequent ileus and danger of
aspiration.

plus potassium therapy

Treatment recommended for ALL patients in
selected patient group

» Insulin therapy and correction of acidemia and
hyperosmolality will drive potassium into cells,
which may cause serious hypokalemia. Within
48 hours of hospital admission, potassium levels
typically decline by 1-2 mEq/L (1-2 mmol/L).[1]
Severe hypokalemia <2.5 mEqg/L (2.5 mmol/
L) during treatment of diabetic ketoacidosis
(DKA) has been reported to be associated with
a threefold increase in mortality.[1] The goal,
therefore, is to correct the actual potassium
deficits and thereby prevent fatal complications
of hypokalemia, including respiratory paralysis
and cardiac dysrhythmia. To avoid hypokalemia,
serum potassium should be checked 2 hours
after starting insulin administration and every 4
hours thereafter until the resolution of DKA.[1]
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plus

» Low-normal or low potassium levels (<3.5
mEg/L [<3.5 mmol/L]) are present on admission
in 5% to 10% of patients with DKA.[1] In such
cases, potassium replacement should begin at a
rate of 10 mEqg/hour (10 mmol/hour) and insulin
therapy should be delayed until the potassium
level increases to >3.5 mEg/L (>3.5 mmol/L).[1]

» Once the potassium level is in the range 3.5

to 5.0 mEq/L (3.5 to 5.0 mmol/L), insulin therapy
should be started alongside ongoing potassium
replacement to maintain a potassium level of 4-5
mEg/L (4-5 mmol/L). The American Diabetes
Association/European Association for the Study
of Diabetes guidelines recommend achieving this
by adding 10-20 mEq (10-20 mmol) of potassium
to each liter of intravenous infusion fluid as
needed.[1]

» Electrolytes, renal function, venous pH,
osmolality, and glucose should be checked every
2-4 hours until stable.[1]

intravenous insulin once serum potassium
reaches 3.5 mEq/L (3.5 mmol/L)

Treatment recommended for ALL patients in
selected patient group

Primary options

» insulin regular: consult local protocols for
dosing guidelines

» Insulin therapy is the cornerstone of DKA
management and should be started as soon
as possible after diagnosis.[1] The goal is the
steady but gradual reduction of serum glucose
and plasma osmolality by low-dose insulin
therapy, in order to reduce the risk of treatment
complications including hypoglycemia and
hypokalemia.

» A continuous fixed-rate intravenous infusion of
short-acting regular insulin at 0.1 units/kg/hour
should be started after exclusion of hypokalemia
(potassium level should be >3.5 mEq/L [3.5
mmol/L] before initiation of insulin therapy).

If there is a delay in setting up the infusion

(e.g., if a delay in obtaining venous access is
anticipated), an intravenous bolus of short-acting
regular insulin 0.1 units/kg (or intramuscularly

if intravenous administration is not possible)
should be given, followed by the intravenous
infusion. Once blood glucose falls below 250 mg/
dL (13.9 mmol/L), 5% or 10% dextrose should
be added to the isotonic saline (0.9% sodium
chloride)/crystalloid infusion and the insulin
infusion rate should be reduced to 0.05 units/
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adjunct

adjunct

kg/hour. Thereafter, the insulin infusion should
be adjusted to maintain glucose levels between
150 and 200 mg/dL (8.3 and 11.0 mmol/L) and
continued until the ketoacidosis is resolved.[1]

» Electrolytes, renal function, venous pH,
osmolality, and glucose should be checked every
2-4 hours until stable.[1]

» This regimen should be followed until criteria
for DKA resolution are met, i.e., plasma/capillary
ketones <0.6 mmol/L AND serum bicarbonate
>18 mEg/L (=18 mmol/L) or venous pH >7.3.[1]

bicarbonate therapy

Treatment recommended for SOME patients in
selected patient group

» Bicarbonate use in diabetic ketoacidosis (DKA)
remains controversial. The American Diabetes
Association guidelines note that a number

of studies have failed to show any difference

in acidosis resolution or time to discharge

in people with DKA when bicarbonate was
used.[4] At arterial blood pH >7.0, intravenous
fluid resuscitation and administration are
sufficient to resolve the metabolic acidosis

of DKA without the need to add bicarbonate.
Thus, routine bicarbonate administration is not
recommended.[1] [4] Moreover, administering
bicarbonate therapy in these patients may
result in increased risk of hypokalemia,
decreased tissue oxygen uptake, and cerebral
edema.[1] However, because severe metabolic
acidosis may lead to adverse vascular effects,
bicarbonate therapy should be considered in
patients with arterial blood pH <7.0 (i.e., severe
acidosis).[1]

» If indicated, an isotonic solution of 100 mEq
(100 mmol) sodium bicarbonate in 400 mL sterile
water (an 8.4% solution) can be given every 2
hours until the pH is >7.0.[1]

» Bicarbonate therapy, as well as insulin therapy,
lowers serum potassium; therefore, based on
expert opinion, potassium chloride should be
added to the isotonic bicarbonate infusion to
prevent hypokalemia.

phosphate therapy

Treatment recommended for SOME patients in
selected patient group

» Despite the fact that total body phosphate
deficits in diabetic ketoacidosis (DKA) can
be up to 1 mmol/kg of body weight, serum
phosphate is often normal or increased at
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presentation, but decreases with insulin therapy.
Studies have failed to show any beneficial
effects of phosphate replacement on the clinical
outcome of DKA.[1] Furthermore, excessively
rapid phosphate replacement may precipitate
hypocalcemia.[1] Therefore, routine replacement
of phosphate is not recommended.[1]

» Phosphate should not be given unless there is
muscle weakness, such as respiratory or cardiac
compromise, and a phosphate level <3.1 mg/dL

(<1 mmol/L).[1]

» If replacement is indicated, 20-30 mEg/L
(20-30 mmol/L) potassium phosphate should be
added to each liter of intravenous fluid.[1]

fresees ® serum potassium 3.5 to 5.0 1st intravenous fluids

: mEq/L (3.5 to 5.0 mmol/L)
» Fluid deficit averages 6 L.[89] In all patients,
fluid therapy should be started immediately
after initial laboratory evaluations. In adults
without renal or cardiac compromise, an infusion
of isotonic saline (0.9% sodium chloride) or
balanced crystalloid solution should be started at
a rate of 500-1000 mL/hour for the first 2-4 hours
of fluid therapy.

» After the initial management, hydration status
should be evaluated clinically and continuous
fluid therapy started at an appropriate rate

to correct the deficit. Correction should be
undertaken gradually over 24-48 hours, as
overly rapid correction can result in the patient
developing cerebral edema.[1]

» Severe volume depletion is indicated by

the presence of orthostatic hypotension or
supine hypotension, dry mucous membranes,
and poor skin turgor. Extreme cases may be
hemodynamically unstable. The Joint British
Diabetes Societies for Inpatient Care (JBDS-
IP) advise that a systolic blood pressure (SBP)
cut-off of 90 mmHg may be used in assessing
the severity of hydration (with patients who have
SBP <90 mmHg on admission considered to
have severe hypovolemia), caveating that age,
gender and concomitant drugs should also be
taken into account.[66]

» Severe hypovolemia should be treated by
infusion of isotonic saline (or other crystalloid)

at the rate of 1 L/hour until signs of severe
volume depletion have resolved.[1] [14] [66]
Once SBP is 290 mmHg or other methods of
clinical assessment indicate resolution of severe
hypovolemia, patients should continue to receive
fluid therapy as for mild hypovolemia,[1]
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» Electrolytes, renal function, venous pH,
osmolality, and glucose should be checked every
2-4 hours until stable.[1]

» When glucose reaches <250 mg/dL (<13.9
mmol/L), 5% or 10% dextrose should be added
to the isotonic saline or crystalloid solution to
avoid hypoglycemia.[1]

plus supportive care + ICU admission

Treatment recommended for ALL patients in
selected patient group

» Indications for intensive care unit (ICU)
admission include hemodynamic instability

or cardiogenic shock, altered mental status,
respiratory insufficiency, and severe acidosis.
The diagnosis of hemodynamic instability should
be made by observing for hypotension and
clinical signs of poor tissue perfusion, including
oliguria, cyanosis, cool extremities, and altered
mental state.

» Initial management in hemodynamically
unstable patients includes fluid resuscitation
to correct hypovolemia and hypotension, close
monitoring, and vasopressor therapy under
specialist supervision.[87] [Evidence C] After
admission to ICU, central venous and arterial
lines are required as well as Swan-Ganz
catheterization and continuous percutaneous
oximetry. Consult a specialist for guidance on
suitable vasopressor regimens.

» Oxygenation and airway protection are critical.
Intubation and mechanical ventilation are
commonly required, with constant monitoring of
respiratory parameters.

» Nasogastric suctioning is always performed
because of frequent ileus and danger of
aspiration.

plus intravenous insulin

Treatment recommended for ALL patients in
selected patient group

Primary options

» insulin regular: consult local protocols for
dosing guidelines

» Insulin therapy is the cornerstone of diabetic
ketoacidosis (DKA) management and should be
started as soon as possible after diagnosis.[1]
The goal is the steady but gradual reduction

of serum glucose and plasma osmolality by
low-dose insulin therapy, in order to reduce
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plus

the risk of treatment complications including
hypoglycemia and hypokalemia.

» A continuous fixed-rate intravenous infusion of
short-acting regular insulin at 0.1 units/kg/hour
should be started after exclusion of hypokalemia
(potassium level should be >3.5 mEq/L [>3.5
mmol/L] before initiation of insulin therapy).

If there is a delay in setting up the infusion

(e.g., if a delay in obtaining venous access is
anticipated), an intravenous bolus of short-acting
regular insulin 0.1 units/kg (or intramuscularly

if intravenous administration is not possible)
should be given, followed by the intravenous
infusion. Once blood glucose falls below 250 mg/
dL (13.9 mmol/L), 5% or 10% dextrose should
be added to the isotonic saline (0.9% sodium
chloride)/crystalloid infusion and the insulin
infusion rate should be reduced to 0.05 units/
kg/hour. Thereafter, the insulin infusion should
be adjusted to maintain glucose levels between
150 and 200 mg/dL (8.3 and 11.0 mmol/L) and
continued until the ketoacidosis is resolved.[1]

» Electrolytes, renal function, venous pH,
osmolality, and glucose should be checked every
2-4 hours until stable.[1]

» This regimen should be followed until criteria
for DKA resolution are met, i.e., plasma/capillary
ketones <0.6 mmol/L AND serum bicarbonate
>18 mEg/L (=18 mmol/L) or venous pH >7.3.[1]

» If plasma potassium falls below 3.5 mEq/

L (3.5 mmol/L) at any point, insulin should

be discontinued and potassium replaced
intravenously. Insulin therapy can be restarted
when the potassium level returns to 3.5 mEg/L
(3.5 mmol/L).

potassium therapy

Treatment recommended for ALL patients in
selected patient group

» Insulin therapy and correction of
hyperosmolarity and acidemia decrease the
plasma concentration of potassium. Concurrent
potassium replacement is recommended if

the serum potassium is in the range 3.5 10 5.0
mEg/L (3.5 to 5.0 mmol/L) to prevent cardiac
arrhythmias due to hypokalemia. The dose is
10-20 mEq (10-20 mmol) added to each liter of
infusion fluid. If potassium drops to <3.5 mEqg/

L (<8.5 mmol/L) at any point of therapy, insulin
should be discontinued and potassium replaced
intravenously at a rate of 10 mEg/hour (10 mmol/
hour) until the potassium level increases back to
>3.5 mEq/L (>3.5 mmol/L).[1]
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» Electrolytes, renal function, venous pH,
osmolality, and glucose should be checked every
2-4 hours until stable.[1]

adjunct bicarbonate therapy

Treatment recommended for SOME patients in
selected patient group

» Bicarbonate use in diabetes ketoacidosis
(DKA) remains controversial. The American
Diabetes Association guidelines note that a
number of studies have failed to show any
difference in acidosis resolution or time to
discharge in people with DKA when bicarbonate
was used.[4] Thus, routine bicarbonate
administration is not recommended.[1] [4] At
arterial blood pH >7.0, administration of insulin
blocks lipolysis and resolves ketoacidosis
without the need to add bicarbonate.
Administering bicarbonate therapy in these
patients may result in increased risk of
hypokalemia, decreased tissue oxygen uptake,
and cerebral edema.[1] However, because
severe metabolic acidosis may lead to adverse
vascular effects, bicarbonate therapy should be
considered in patients with arterial blood pH <7.0
(i.e., severe acidosis).[1]

» If indicated, an isotonic solution of 100 mEq
(100 mmol) sodium bicarbonate in 400 mL sterile
water (8.4% solution) can be given every 2 hours
until the pH is >7.0.[1]

» Bicarbonate therapy, as well as insulin therapy,
lowers serum potassium; therefore, based on
expert opinion, potassium chloride should be
added to the isotonic bicarbonate infusion to
prevent hypokalemia.

adjunct phosphate therapy

Treatment recommended for SOME patients in
selected patient group

» Despite the fact that total body phosphate
deficits in diabetic ketoacidosis (DKA) can be up
to 1 mmol/kg of body weight, serum phosphate
is often normal or increased at presentation,

but decreases with insulin therapy. Previous
studies have failed to show any beneficial effects
of phosphate replacement in DKA patients.
Furthermore, excessively rapid phosphate
replacement may precipitate hypocalcemia.
Therefore, routine replacement of phosphate is
not recommended.[1]

» Phosphate should not be given unless there is
muscle weakness, respiratory compromise, and
a phosphate level <3.1 mg/dL (<1 mmol/L).[1]
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® serum potassium >5 mEq/
L (>5 mmol/L)

1st
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» If replacement is indicated, 20-30 mEq/L
(20-30 mmol) potassium phosphate should be
added to replacement fluids.[1]

intravenous fluids

» Fluid deficit averages 6 L.[89] In all patients,
fluid therapy should be started immediately

after initial laboratory evaluations. In adults
without renal or cardiac compromise, an infusion
of isotonic saline (0.9% sodium chloride) or
balanced crystalloid solution should be started at
a rate of 500-1000 mL/hour for the first 2-4 hours
of fluid therapy.

» After the initial management, hydration status
should be evaluated clinically and continuous
fluid therapy started at an appropriate rate

to correct the deficit. Correction should be
undertaken gradually over 24-48 hours, as
overly rapid correction can result in the patient
developing cerebral edema.[1]

» Severe volume depletion is indicated by

the presence of orthostatic hypotension or
supine hypotension, dry mucous membranes,
and poor skin turgor. Extreme cases may be
hemodynamically unstable. The Joint British
Diabetes Societies for Inpatient Care (JBDS-
IP) advise that a systolic blood pressure (SBP)
cut-off of 90 mmHg may be used in assessing
the severity of hydration (with patients who have
SBP <90 mmHg on admission considered to
have severe hypovolemia), caveating that age,
gender and concomitant drugs should also be
taken into account.[66]

» Severe hypovolemia should be treated by
infusion of isotonic saline (or other crystalloid)

at the rate of 1 L/hour until signs of severe
volume depletion have resolved.[1] [14] [66]
Once SBP is 290 mmHg or other methods of
clinical assessment indicate resolution of severe
hypovolemia, patients should continue to receive
fluid therapy as for mild hypovolemia.[1]

» Electrolytes, renal function, venous pH,
osmolality, and glucose should be checked every
2-4 hours until stable.[1]

» When glucose reaches <250 mg/dL (<13.9
mmol/L), 5% or 10% dextrose should be added
to the isotonic saline or crystalloid solution to
avoid hypoglycemia.[1]

supportive care + ICU admission

Treatment recommended for ALL patients in
selected patient group
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» Indications for intensive care unit (ICU)
admission include hemodynamic instability

or cardiogenic shock, altered mental status,
respiratory insufficiency, and severe acidosis.
The diagnosis of hemodynamic instability should
be made by observing for hypotension and
clinical signs of poor tissue perfusion, including
oliguria, cyanosis, cool extremities, and altered
mental state.

» Initial management in hemodynamically
unstable patients includes fluid resuscitation
to correct hypovolemia and hypotension, close
monitoring, and vasopressor therapy under
specialist supervision.[87] [Evidence C] After
admission to ICU, central venous and arterial
lines are required as well as Swan-Ganz
catheterization and continuous percutaneous
oximetry. Consult a specialist for guidance on
suitable vasopressor regimens.

» Oxygenation and airway protection are critical.
Intubation and mechanical ventilation are
commonly required, with constant monitoring of
respiratory parameters.

» Nasogastric suctioning is always performed
because of frequent ileus and danger of
aspiration.

intravenous insulin

Treatment recommended for ALL patients in
selected patient group

Primary options

» insulin regular: consult local protocols for
dosing guidelines

» Insulin therapy is the cornerstone of diabetic
ketoacidosis management and should be started
as soon as possible after diagnosis.[1] The goal
is the steady but gradual reduction of serum
glucose and plasma osmolality by low-dose
insulin therapy, in order to reduce the risk of
treatment complications including hypoglycemia
and hypokalemia.

» A continuous fixed-rate intravenous infusion of
short-acting regular insulin at 0.1 units/kg/hour
should be started after exclusion of hypokalemia
(potassium level should be >3.5 mEg/L [3.5
mmol/L] before initiation of insulin therapy).

If there is a delay in setting up the infusion

(e.g., if a delay in obtaining venous access is
anticipated), an intravenous bolus of short-acting
regular insulin 0.1 units/kg (or intramuscularly

if intravenous administration is not possible)
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should be given, followed by the intravenous
infusion. Once blood glucose falls below 250 mg/
dL (13.9 mmol/L), 5% or 10% dextrose should

be added to the isotonic saline (0.9% sodium
chloride)/crystalloid infusion and the insulin
infusion rate should be reduced to 0.05 units/
kg/hour. Thereafter, the insulin infusion should
be adjusted to maintain glucose levels between
150 and 200 mg/dL (8.3 and 11.0 mmol/L) and
continued until the ketoacidosis is resolved.[1]

» Electrolytes, renal function, venous pH,
osmolality, and glucose should be checked every
2-4 hours until stable.[1]

» This regimen should be followed until criteria
for resolution are met, i.e., plasma/capillary
ketones <0.6 mmol/L AND serum bicarbonate
>18 mEg/L (=18 mmol/L) or venous pH >7.3.[1]

» Potassium replacement is not required, but
serum potassium should be checked every 2
hours. If levels drop to less than 5 mEqg/L (5
mmol/L), intravenous potassium replacement
should be commenced.[1]

bicarbonate therapy

Treatment recommended for SOME patients in
selected patient group

» Bicarbonate use in diabetic ketoacidosis (DKA)
remains controversial. The American Diabetes
Association guidelines note that a number

of studies have failed to show any difference

in acidosis resolution or time to discharge in
people with DKA when bicarbonate was used.[4]
Thus, routine bicarbonate administration is not
recommended.[1] [4] At arterial blood pH >7.0,
administration of insulin blocks lipolysis and
resolves ketoacidosis without the need to add
bicarbonate. Administering bicarbonate therapy
in these patients may result in increased risk of
hypokalemia, decreased tissue oxygen uptake,
and cerebral edema.[1] However, because
severe metabolic acidosis may lead to adverse
vascular effects, bicarbonate therapy should be
considered in patients with arterial blood pH <7.0
(i.e., severe acidosis).[1]

» If indicated, an isotonic solution of 100 mEq
(100 mmol) sodium bicarbonate in 400 mL sterile
water (8.4% solution) can be given every 2 hours
until the pH is >7.0.[1]

» Bicarbonate therapy, as well as insulin therapy,
lowers serum potassium; therefore, based on
expert opinion, potassium chloride should be
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added to the isotonic bicarbonate infusion to
prevent hypokalemia.

adjunct phosphate therapy

Treatment recommended for SOME patients in
selected patient group

» Despite the fact that total body phosphate
deficits in diabetic ketoacidosis (DKA) can be up
to 1 mmol/kg of body weight, serum phosphate
is often normal or increased at presentation,

but decreases with insulin therapy. Previous
studies have failed to show any beneficial effects
of phosphate replacement in DKA patients.
Furthermore, excessively rapid phosphate
replacement may precipitate hypocalcemia.
Therefore, routine replacement of phosphate is
not recommended.[1]

» Phosphate should not be given unless there is
muscle weakness, respiratory compromise, and
a phosphate level <3.1 mg/dL (<1 mmol/L).[1]

» If replacement is indicated, 20-30 mEg/L
(20-30 mmol/L) potassium phosphate should be
added to replacement fluids.[1]

mild to moderate volume depletion

feeeee ® serum potassium <3.5 1st intravenous fluids

: mEgq/L (<3.5 mmol/L)
» Fluid deficit averages 6 L.[89] In all patients,
fluid therapy should be started immediately
after initial laboratory evaluations. In adults
without renal or cardiac compromise, an infusion
of isotonic saline (0.9% sodium chloride) or
balanced crystalloid solution should be started at
a rate of 500-1000 mL/hour for the first 2-4 hours
of fluid therapy.

» After the initial management, hydration status
should be evaluated clinically and continuous
fluid therapy started at an appropriate rate

to correct the deficit. Correction should be
undertaken gradually over 24-48 hours, as
overly rapid correction can result in the patient
developing cerebral edema.[1]

» Mild to moderate volume depletion is indicated
by the absence of orthostatic hypotension or
supine hypotension, dry mucous membranes,
and poor skin turgor. An intravenous solution

of isotonic saline or other crystalloid should be
given at a clinically appropriate rate, with the aim
of replacing 50% of the estimated fluid deficit in
the first 8-12 hours.[1]
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» Electrolytes, renal function, venous pH,
osmolality, and glucose should be checked every
2-4 hours until stable.[1]

» When glucose reaches <250 mg/dL (<13.9
mmol/L), 5% or 10% dextrose should be added
to the isotonic saline or crystalloid solution to
avoid hypoglycemia.[1]

» Gaution should be exercised in the following
groups: young people ages 18-25 years; elderly
people; pregnant people; people with heart or
kidney failure; and people with other serious
comorbidities. In these situations admission to
an intermediate care unit should be considered.
Fluids should be replaced cautiously with close
hemodynamic monitoring.[1] [66]

supportive care £ ICU admission

Treatment recommended for ALL patients in
selected patient group

» Indications for intensive care unit (ICU)
admission include altered mental status,
respiratory insufficiency, and severe acidosis.

» After admission to ICU, central venous and
arterial lines are required as well as Swan-Ganz
catheterization and continuous percutaneous
oximetry. Intubation and mechanical ventilation
are commonly required, with constant monitoring
of respiratory parameters. Nasogastric
suctioning is always performed because of
frequent ileus and danger of aspiration.

» Mild cases of DKA may be managed without
ICU admission.

potassium therapy

Treatment recommended for ALL patients in
selected patient group

» Insulin therapy and correction of acidemia and
hyperosmolality will drive potassium into cells,
which may cause serious hypokalemia. Within
48 hours of hospital admission, potassium levels
typically decline by 1-2 mEg/L (1-2 mmol/L).[1]
Severe hypokalemia <2.5 mEqg/L (2.5 mmol/
L) during treatment of diabetic ketoacidosis
(DKA) has been reported to be associated with
a threefold increase in mortality.[1] The goal,
therefore, is to correct the actual potassium
deficits and thereby prevent fatal complications
of hypokalemia, including respiratory paralysis
and cardiac dysrhythmia. To avoid hypokalemia,
serum potassium should be checked 2 hours
after starting insulin administration and every 4
hours thereafter until the resolution of DKA.[1]
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» Low-normal or low potassium levels (<3.5
mEg/L [<3.5 mmol/L]) are present on admission
in 5% to 10% of patients with DKA.[1] In such
cases, potassium replacement should begin at a
rate of 10 mEqg/hour (10 mmol/hour) and insulin
therapy should be delayed until the potassium
level increases to >3.5 mEg/L (>3.5 mmol/L).[1]

» Once the potassium level is in the range 3.5

to 5.0 mEq/L (3.5 to 5.0 mmol/L), insulin therapy
should be started alongside ongoing potassium
replacement to maintain a potassium level of 4-5
mEg/L (4-5 mmol/L). The American Diabetes
Association/European Association for the Study
of Diabetes guidelines recommend achieving this
by adding 10-20 mEq (10-20 mmol) of potassium
to each liter of intravenous infusion fluid as
needed.[1]

» Electrolytes, renal function, venous pH,
osmolality, and glucose should be checked every
2-4 hours until stable.[1]

» If potassium is <3.5 mEq/L (<3.5 mmol/
L) at any point of therapy, insulin should
be discontinued and potassium replaced
intravenously.

insulin once serum potassium reaches 3.5
mEqg/L (3.5 mmol/L)

Treatment recommended for ALL patients in
selected patient group

Primary options

» insulin regular: consult local protocols for
dosing guidelines

Secondary options

» insulin aspart: consult local protocols for
dosing guidelines

OR

» insulin lispro: consult local protocols for
dosing guidelines

» Insulin therapy should not be commenced until
serum potassium reaches 3.5 mEg/L (3.5 mmol/
L).

» Insulin therapy is the cornerstone of diabetes
ketoacidosis (DKA) management and should be
started as soon as possible after diagnosis.[1]
The goal is the steady but gradual reduction

of serum glucose and plasma osmolality by
low-dose insulin therapy, in order to reduce
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the risk of treatment complications including
hypoglycemia and hypokalemia.

» A continuous fixed-rate intravenous infusion of
short-acting regular insulin at 0.1 units/kg/hour
should be started after exclusion of hypokalemia
(potassium level should be >3.5 mEq/L [3.5
mmol/L] before initiation of insulin therapy).

If there is a delay in setting up the infusion

(e.g., if a delay in obtaining venous access is
anticipated), an intravenous bolus of short-acting
regular insulin 0.1 units/kg (or intramuscularly

if intravenous administration is not possible)
should be given, followed by the intravenous
infusion. Once blood glucose falls below 250 mg/
dL (13.9 mmol/L), 5% or 10% dextrose should
be added to the isotonic saline (0.9% sodium
chloride)/crystalloid infusion and the insulin
infusion rate should be reduced to 0.05 units/
kg/hour. Thereafter, the insulin infusion should
be adjusted to maintain glucose levels between
150 and 200 mg/dL (8.3 and 11.0 mmol/L) and
continued until the ketoacidosis is resolved.[1]

» Electrolytes, renal function, venous pH,
osmolality, and glucose should be checked every
2-4 hours until stable.[1]

» Patients with mild to moderate DKA (plasma
glucose 2200 mg/dL [>11.1 mmol/L], arterial pH
7.00 to 7.29, serum bicarbonate 10-18 mEq/L
[10-18 mmol/L], serum beta-hydroxybutyrate 3-6
mmol/L, alert/drowsy) that is not complicated

by acute MI, congestive heart failure, end-

stage renal or hepatic failure, corticosteroid

use, or pregnancy, may be given rapid-acting
insulin subcutaneously as an alternative to
intravenous regular insulin, with studies showing
no significant difference in outcomes when
using either approach alongside aggressive

fluid management for mild or moderate DKA.[1]
[4][90][91] [92] [93] [Evidence C] Patients
treated with subcutaneous insulin should receive
adequate fluid replacement, frequent bedside
blood glucose testing, and appropriate treatment
of underlying causes to avoid recurrent DKA.[4]

» The American Diabetes Association advises,
however, that continuous intravenous infusion
of short-acting regular insulin should remain
the preferred route in all patients with DKA
because of intravenous insulin's short half-

life and easy titration (compared with the
delayed onset of action and prolonged half-
life of subcutaneously administered insulin).[4]
However, if there are prolonged waiting times
for intensive care unit (ICU) admission or limited
medical resources, the use of rapid-acting
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insulin analogs for the treatment of mild or
moderate uncomplicated DKA episodes can be
considered for outpatients, in general floors,

or in emergency departments.[4] The use of
rapid-acting subcutaneous insulin analogs is not
recommended for the treatment of severe and
complicated DKA.[1]

» This regimen should be followed until criteria
for DKA resolution are met, i.e., plasma/capillary
ketones <0.6 mmol/L AND serum bicarbonate
>18 mEg/L (=18 mmol/L) or venous pH >7.3.[1]

bicarbonate therapy

Treatment recommended for SOME patients in
selected patient group

» Bicarbonate use in diabetes ketoacidosis
(DKA) remains controversial. The American
Diabetes Association guidelines note that a
number of studies have failed to show any
difference in acidosis resolution or time to
discharge in people with DKA when bicarbonate
was used.[4] At arterial blood pH >7.0,
intravenous fluid resuscitation and administration
are sufficient to resolve the metabolic acidosis
of DKA without the need to add bicarbonate.
Thus, routine bicarbonate administration is not
recommended.[1] [4] Moreover, administering
bicarbonate therapy in these patients may
result in increased risk of hypokalemia,
decreased tissue oxygen uptake, and cerebral
edema.[1] However, because severe metabolic
acidosis may lead to adverse vascular effects,
bicarbonate therapy should be considered in
patients with arterial blood pH <7.0 (i.e., severe
acidosis).[1]

» If indicated, an isotonic solution of 100 mEq
(100 mmol) sodium bicarbonate in 400 mL sterile
water (an 8.4% solution) can be given every 2
hours until the pH is >7.0.[1]

» Bicarbonate therapy, as well as insulin therapy,
lowers serum potassium; therefore, based on
expert opinion, potassium chloride should be
added to the isotonic bicarbonate infusion to
prevent hypokalemia.

phosphate therapy

Treatment recommended for SOME patients in
selected patient group

» Despite the fact that total body phosphate
deficits in diabetes ketoacidosis (DKA) can

be up to 1 mmol/kg of body weight, serum
phosphate is often normal or increased at
presentation, but decreases with insulin therapy.
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® serum potassium 3.5 to 5.0
mEg/L (3.5 to 5.0 mmol/L)

1st

Studies have failed to show any beneficial
effects of phosphate replacement on the clinical
outcome of DKA.[1] Furthermore, excessively
rapid phosphate replacement may precipitate
hypocalcemia.[1] Therefore, routine replacement
of phosphate is not recommended.[1]

» Phosphate should not be given unless there is
muscle weakness, such as respiratory or cardiac
compromise, and a phosphate level <3.1 mg/dL

(<1 mmol/L).[1]

» If replacement is indicated, 20-30 mEg/L
(20-30 mmol/L) potassium phosphate should be
added to each liter of intravenous fluid.[1]

intravenous fluids

» Fluid deficit averages 6 L.[89] In all patients,
fluid therapy should be started immediately

after initial laboratory evaluations. In adults
without renal or cardiac compromise, an infusion
of isotonic saline (0.9% sodium chloride) or
balanced crystalloid solution should be started at
a rate of 500-1000 mL/hour for the first 2-4 hours
of fluid therapy.

» After the initial management, hydration status
should be evaluated clinically and continuous
fluid therapy started at an appropriate rate

to correct the deficit. Correction should be
undertaken gradually over 24-48 hours, as
overly rapid correction can result in the patient
developing cerebral edema.[1]

» Mild to moderate volume depletion is indicated
by the absence of orthostatic hypotension or
supine hypotension, dry mucous membranes,
and poor skin turgor. An intravenous solution

of isotonic saline or other crystalloid should be
given at a clinically appropriate rate, with the aim
of replacing 50% of the estimated fluid deficit in
the first 8-12 hours.[1]

» Electrolytes, renal function, venous pH,
osmolality, and glucose should be checked every
2-4 hours until stable.[1]

» When glucose reaches <250 mg/dL (<13.9
mmol/L), 5% or 10% dextrose should be added
to the isotonic saline or crystalloid solution to
avoid hypoglycemia.[1]

» Gaution should be exercised in the following
groups:[66] young people ages 18-25 years;
elderly people; pregnant people; people with
heart or kidney failure; and people with other
serious comorbidities. In these situations
admission to an intermediate care unit should be
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considered. Fluids should be replaced cautiously
with close hemodynamic monitoring.[1] [66]

supportive care £ ICU admission

Treatment recommended for ALL patients in
selected patient group

» Indications for intensive care unit (ICU)
admission include altered mental status,
respiratory insufficiency, and severe acidosis.

» After admission to ICU, central venous and
arterial lines are required as well as Swan-Ganz
catheterization and continuous percutaneous
oximetry. Intubation and mechanical ventilation
are commonly required, with constant monitoring
of respiratory parameters. Nasogastric
suctioning is always performed because of
frequent ileus and danger of aspiration.

» Mild cases of DKA may be managed without
ICU admission.

insulin

Treatment recommended for ALL patients in
selected patient group

Primary options

» insulin regular: consult local protocols for
dosing guidelines

Secondary options

» insulin aspart: consult local protocols for
dosing guidelines

OR

» insulin lispro: consult local protocols for
dosing guidelines

» Insulin therapy is the cornerstone of diabetic
ketoacidosis (DKA) management and should be
started as soon as possible after diagnosis.[1]
The goal is the steady but gradual reduction

of serum glucose and plasma osmolality by
low-dose insulin therapy, in order to reduce

the risk of treatment complications including
hypoglycemia and hypokalemia.

» A continuous fixed-rate intravenous infusion of
short-acting regular insulin at 0.1 units/kg/hour
should be started after exclusion of hypokalemia
(potassium level should be >3.5 mEq/L [3.5
mmol/L] before initiation of insulin therapy).

If there is a delay in setting up the infusion

(e.g., if a delay in obtaining venous access is
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anticipated), an intravenous bolus of short-acting
regular insulin 0.1 units/kg (or intramuscularly

if intravenous administration is not possible)
should be given, followed by the intravenous
infusion. Once blood glucose falls below 250 mg/
dL (13.9 mmol/L), 5% or 10% dextrose should
be added to the isotonic saline (0.9% sodium
chloride)/crystalloid infusion and the insulin
infusion rate should be reduced to 0.05 units/
kg/hour. Thereafter, the insulin infusion should
be adjusted to maintain glucose levels between
150 and 200 mg/dL (8.3 and 11.0 mmol/L) and
continued until the ketoacidosis is resolved.[1]

» Electrolytes, renal function, venous pH,
osmolality, and glucose should be checked every
2-4 hours until stable.[1]

» Patients with mild to moderate DKA (plasma
glucose 2200 mg/dL [=11.1 mmol/L], arterial pH
7.00 to 7.29, serum bicarbonate 10-18 mEq/L
[10-18 mmol/L], serum beta-hydroxybutyrate 3-6
mmol/L, alert/drowsy) that is not complicated

by acute MI, congestive heart failure, end-

stage renal or hepatic failure, corticosteroid

use, or pregnancy, may be given rapid-acting
insulin subcutaneously as an alternative to
intravenous regular insulin, with studies showing
no significant difference in outcomes when
using either approach alongside aggressive

fluid management for mild or moderate DKA.[1]
[4] [90][91] [92] [93] [Evidence C] Patients
treated with subcutaneous insulin should receive
adequate fluid replacement, frequent bedside
blood glucose testing, and appropriate treatment
of underlying causes to avoid recurrent DKA.[4]

» The American Diabetes Association advises,
however, that continuous intravenous infusion
of short-acting regular insulin should remain
the preferred route in all patients with DKA
because of intravenous insulin's short half-

life and easy titration (compared with the
delayed onset of action and prolonged half-

life of subcutaneously administered insulin).[4]
However, if there are prolonged waiting times
for intensive care unit (ICU) admission or limited
medical resources, the use of rapid-acting
insulin analogs for the treatment of mild or
moderate uncomplicated DKA episodes can be
considered for outpatients, in general floors,

or in emergency departments.[4] The use of
rapid-acting subcutaneous insulin analog is not
recommended for the treatment of severe and
complicated DKA.[1]

» The intravenous or subcutaneous regimens
should be followed until all criteria for DKA
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resolution are met, i.e., plasma/capillary ketones
<0.6 mmol/L AND serum bicarbonate =18 mEq/L
(=18 mmol/L) or venous pH >7.3.[1]

plus potassium therapy

Treatment recommended for ALL patients in
selected patient group

» Insulin therapy and correction of
hyperosmolarity and acidemia decrease the
plasma concentration of potassium. Concurrent
potassium replacement is recommended if

the serum potassium is in the range 3.5 10 5.0
mEg/L (3.5 to 5.0 mmol/L), to prevent cardiac
arrhythmias due to hypokalemia. The dose is
10-20 mEq (10-20 mmol) added to each liter of
infusion fluid. If potassium drops to <3.5 mEq/

L (<8.5 mmol/L) at any point of therapy, insulin
should be discontinued and potassium replaced
intravenously at a rate of 10 mEg/hour (10 mmol/
hour) until the potassium level increases back to
>3.5 mEq/L (>3.5 mmol/L).[1]

» Electrolytes, renal function, venous pH,
osmolality, and glucose should be checked every
2-4 hours until stable.[1]

adjunct bicarbonate therapy

Treatment recommended for SOME patients in
selected patient group

» Bicarbonate use in diabetic ketoacidosis (DKA)
remains controversial. The American Diabetes
Association guidelines note that a number

of studies have failed to show any difference

in acidosis resolution or time to discharge in
people with DKA when bicarbonate was used.[4]
Thus, routine bicarbonate administration is not
recommended.[1] [4] At arterial blood pH >7.0,
administration of insulin blocks lipolysis and
resolves ketoacidosis without the need to add
bicarbonate. Administering bicarbonate therapy
in these patients may result in increased risk of
hypokalemia, decreased tissue oxygen uptake,
and cerebral edema.[1] However, because
severe metabolic acidosis may lead to adverse
vascular effects, bicarbonate therapy should be
considered in patients with arterial blood pH <7.0
(i.e., severe acidosis).[1]

» If indicated, an isotonic solution of 100 mEq
(100 mmol) sodium bicarbonate in 400 mL sterile
water (8.4% solution) can be given every 2 hours
until the pH is >7.0.[1]

» Bicarbonate therapy, as well as insulin therapy,
lowers serum potassium; therefore, based on
expert opinion, potassium chloride should be
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serum potassium >5 mEq/
L (>5 mmol)

adjunct

1st

added to the isotonic bicarbonate infusion to
prevent hypokalemia.

phosphate therapy

Treatment recommended for SOME patients in
selected patient group

» Despite the fact that total body phosphate
deficits in diabetic ketoacidosis (DKA) can be up
to 1 mmol/kg of body weight, serum phosphate
is often normal or increased at presentation,

but decreases with insulin therapy. Previous
studies have failed to show any beneficial effects
of phosphate replacement in DKA patients.
Furthermore, excessively rapid phosphate
replacement may precipitate hypocalcemia.
Therefore, routine replacement of phosphate is
not recommended.[1]

» Phosphate should not be given unless there is
muscle weakness, such as respiratory or cardiac
compromise, and a phosphate level <3.1 mg/dL

(<1 mmol/L).[1]

» If replacement is indicated, 20-30 mEg/L
(20-30 mmol/L) potassium phosphate should be
added to replacement fluids.[1]

intravenous fluids

» Fluid deficit averages 6 L.[89] In all patients,
fluid therapy should be started immediately

after initial laboratory evaluations. In adults
without renal or cardiac compromise, an infusion
of isotonic saline (0.9% sodium chloride) or
balanced crystalloid solution should be started at
a rate of 500-1000 mL/hour for the first 2-4 hours
of fluid therapy.

» After the initial management, hydration status
should be evaluated clinically and continuous
fluid therapy started at an appropriate rate

to correct the deficit. Correction should be
undertaken gradually over 24-48 hours, as
overly rapid correction can result in the patient
developing cerebral edema.

» Mild to moderate volume depletion is indicated
by the absence of orthostatic hypotension or
supine hypotension, dry mucous membranes,
and poor skin turgor. An intravenous solution

of isotonic saline or other crystalloid should be
given at a clinically appropriate rate, with the aim
of replacing 50% of the estimated fluid deficit in
the first 8-12 hours.[1]

» Electrolytes, renal function, venous pH,
osmolality, and glucose should be checked every
2-4 hours until stable.[1]
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» When glucose reaches <250 mg/dL (<13.9
mmol/L), 5% or 10% dextrose should be added
to the isotonic saline or crystalloid solution to
avoid hypoglycemia.[1]

» Caution should be exercised in the following
groups:[66] young people ages 18-25 years;
elderly people; pregnant people; people with
heart or kidney failure; and people with other
serious comorbidities. In these situations
admission to an intermediate care unit should be
considered. Fluids should be replaced cautiously
with close hemodynamic monitoring.[1] [66]

supportive care £ ICU admission

Treatment recommended for ALL patients in
selected patient group

» Indications for intensive care unit (ICU)
admission include altered mental status,
respiratory insufficiency, and severe acidosis.

» After admission to ICU, central venous and
arterial lines are required as well as Swan-Ganz
catheterization and continuous percutaneous
oximetry. Intubation and mechanical ventilation
are commonly required, with constant monitoring
of respiratory parameters. Nasogastric
suctioning is always performed because of
frequent ileus and danger of aspiration.

» Mild cases of diabetic ketoacidosis may be
managed without ICU admission.

insulin

Treatment recommended for ALL patients in
selected patient group

Primary options

» insulin regular: consult local protocols for
dosing guidelines

Secondary options

» insulin aspart: consult local protocols for
dosing guidelines

OR

» insulin lispro: consult local protocols for
dosing guidelines

» Insulin therapy is the cornerstone of diabetic
ketoacidosis (DKA) management and should be
started as soon as possible after diagnosis.[1]
The goal is the steady but gradual reduction

of serum glucose and plasma osmolality by
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low-dose insulin therapy, in order to reduce
the risk of treatment complications including
hypoglycemia and hypokalemia.

» A continuous fixed-rate intravenous infusion of
short-acting regular insulin at 0.1 units/kg/hour
should be started after exclusion of hypokalemia
(potassium level should be >3.5 mEq/L [3.5
mmol/L] before initiation of insulin therapy).

If there is a delay in setting up the infusion

(e.g., if a delay in obtaining venous access is
anticipated), an intravenous bolus of short-acting
regular insulin 0.1 units/kg (or intramuscularly

if intravenous administration is not possible)
should be given, followed by the intravenous
infusion. Once blood glucose falls below 250 mg/
dL (13.9 mmol/L), 5% or 10% dextrose should
be added to the isotonic saline (0.9% sodium
chloride)/crystalloid infusion and the insulin
infusion rate should be reduced to 0.05 units/kg/
hour.[1]

» Patients with mild to moderate DKA (plasma
glucose 2200 mg/dL [>11.1 mmol/L], arterial pH
7.00 to 7.29, serum bicarbonate 10-18 mEq/L
[10-18 mmol/L], serum beta-hydroxybutyrate 3-6
mmol/L, alert/drowsy) that is not complicated

by acute MI, congestive heart failure, end-

stage renal or hepatic failure, corticosteroid

use, or pregnancy, may be given rapid-acting
insulin subcutaneously as an alternative to
intravenous regular insulin, with studies showing
no significant difference in outcomes when
using either approach alongside aggressive

fluid management for mild or moderate DKA).[1]
[4] [90][91] [92] [93] [Evidence C] Patients
treated with subcutaneous insulin should receive
adequate fluid replacement, frequent bedside
blood glucose testing, and appropriate treatment
of underlying causes to avoid recurrent DKA.[4]

» The American Diabetes Association advises,
however, that continuous intravenous infusion
of short-acting regular insulin should remain the
preferred route in all patients with DKA because
of intravenous insulin's short half-life and easy
titration (compared with the delayed onset of
action and prolonged half-life of subcutaneously
administered insulin).[4] However, if there are
prolonged waiting times for ICU admission or
limited medical resources, the use of rapid-
acting insulin analogs for the treatment of mild
or moderate uncomplicated DKA episodes can
be considered for outpatients, in general floors,
or in emergency departments.[4] The use of
rapid-acting subcutaneous insulin analogs is not
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recommended for the treatment of severe and
complicated DKA.[1]

» The intravenous or subcutaneous regimens
should be followed until all criteria for resolution
are met, i.e., plasma/capillary ketones <0.6
mmol/L AND serum bicarbonate =18 mEg/L (=18
mmol/L) or venous pH =7.3.[1]

adjunct bicarbonate therapy

Treatment recommended for SOME patients in
selected patient group

» Bicarbonate use in diabetic ketoacidosis (DKA)
remains controversial. The American Diabetes
Association guidelines note that a number

of studies have failed to show any difference

in acidosis resolution or time to discharge in
people with DKA when bicarbonate was used.[4]
Thus, routine bicarbonate administration is not
recommended.[1] [4] At arterial blood pH >7.0,
administration of insulin blocks lipolysis and
resolves ketoacidosis without the need to add
bicarbonate. Administering bicarbonate therapy
in these patients may result in increased risk of
hypokalemia, decreased tissue oxygen uptake,
and cerebral edema.[1] However, because
severe metabolic acidosis may lead to adverse
vascular effects, bicarbonate therapy should be
considered in patients with arterial blood pH <7.0
(i.e., severe acidosis).[1]

» If indicated, an isotonic solution of 100 mEq
(100 mmol) sodium bicarbonate in 400 mL sterile
water (8.4% solution) can be given every 2 hours
until the pH is >7.0.[1]

» Bicarbonate therapy, as well as insulin therapy,
lowers serum potassium; therefore, based on
expert opinion, potassium chloride should be
added to the isotonic bicarbonate infusion to
prevent hypokalemia.

adjunct phosphate therapy

Treatment recommended for SOME patients in
selected patient group

» Despite the fact that total body phosphate
deficits in diabetic ketoacidosis (DKA) can be up
to 1 mmol/kg of body weight, serum phosphate
is often normal or increased at presentation,

but decreases with insulin therapy. Previous
studies have failed to show any beneficial effects
of phosphate replacement in DKA patients.
Furthermore, excessively rapid phosphate
replacement may precipitate hypocalcemia.
Therefore, routine replacement of phosphate is
not recommended.[1]
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» Phosphate should not be given unless there is
muscle weakness, such as respiratory or cardiac
compromise, and a phosphate level <3.1 mg/dL

(<1 mmol/L).[1]

» If replacement is indicated, 20-30 mEg/L
(20-30 mmol/L) potassium phosphate should be
added to replacement fluids.[1]
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DKA resolved and patient able to
tolerate oral intake

1st establish regular subcutaneous insulin
regime

» Once diabetic ketoacidosis (DKA) has resolved
and the patient is able to tolerate oral intake,
transition to subcutaneous insulin needs to

be initiated. To prevent the recurrence of
hyperglycemia or ketoacidosis during the
transition period to subcutaneous insulin, it

is important to allow an overlap of 1-2 hours
between the administration of subcutaneous
insulin and the discontinuation of intravenous
insulin.[1] Emerging evidence suggests that
administration of a low-dose basal insulin analog
(0.15 to 0.3 units/kg) in addition to intravenous
insulin infusion may reduce infusion duration
and length of hospital stay, whilst preventing
rebound hyperglycemia (without an increased
risk of hypoglycemia).[1] [4]

» Intermediate- or long-acting insulin is
recommended for basal use and short-acting
insulin for prandial glycemic control.

» |f a patient used insulin as their diabetes
treatment prior to DKA, the same regimen
can be restarted and adjusted as needed.[1]
If there is concern for inadequate baseline
insulin therapy (i.e., high hemoglobin Aic
[HbA1c]) or any potentially precipitating drug
as a contributing factor to the DKA, then the
treatment regimen should be changed prior to
hospital discharge.[1]

» In those newly diagnosed, a multidose insulin
regimen with basal insulin and prandial rapid-
acting insulin analogs should be started after the
resolution of DKA.[1] This has been proposed
as a more physiologic regimen compared with
human insulins (i.e., short-acting regular insulin
and neutral protamine Hagedorn [NPH] insulin),
and has been reported to reduce the rate of
hypoglycemia after transition from intravenous
to subcutaneous insulin.[1] Human insulin
regimens may also be used, but proper dosing
should ensure 24 hour insulin coverage.[1]
Although long-acting basal insulin analogs and
NPH insulin are frequently administered once
daily, greater flexibility and better coverage of
basal insulin needs may be obtained if they are
administered twice daily.[1] Rapid-acting insulin
is added as needed, depending on nutritional
intake and glucose levels.[1]
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» To transition from intravenous to subcutaneous
insulin therapy, an estimation of the total daily
dose (TDD) of insulin is needed. This may be
calculated using several methods, each of which
has limitations that must be considered when
assessing overall insulin needs.[1] A weight-
based formula may be considered, using 0.5 to
0.6 units/kg/day in insulin-naive patients, bearing
in mind that body composition and/ or insulin
resistance may have an impact on this estimate.
For people with risk factors for hypoglycemia,
including kidney failure or frailty, a calculation
using approximately 0.3 units/kg/day may be
more appropriate.[1] Alternatively, for patients
who were already on insulin, consideration of
the preadmission outpatient insulin regimen and
HbA1c levels may help guide transition dosing
needs. However, it is necessary to understand
how drug-taking behaviors and dietary factors
may have influenced outpatient insulin dosing
recommendations.[1] TDD may be also
calculated by considering the hourly intravenous
insulin infusion rate requirements, but with
caution given the potential variation in insulin
needs based on factors such as glucotoxicity,
duration of treatment with intravenous insulin,
concurrent dextrose infusion, drugs associated
with hyperglycemia, and nutritional intake.[1] The
American Diabetes Association advises that the
total daily subcutaneous insulin dose can also
be calculated from the rate of the intravenous
insulin infusion in the previous 6-8 hours when
stable glucose levels were attained.[4]

» Consensus guidelines recommend starting
with 40% to 60% of the TDD given as basal
insulin, with the remaining proportion divided
into three mealtime doses of rapid-acting insulin.
If patients are nil per os (NPO; not by oral
administration), they recommend giving basal
insulin with corrective dosing of rapid-acting
insulin every 4-5 hours.[1]

Primary prevention

Patient education about management of their diabetes during periods of mild illness (sick-day management)
is vital for preventing diabetic ketoacidosis (DKA). This should include information on when to contact a
healthcare professional, blood glucose monitoring, use of insulin, and initiation of appropriate nutrition
during illness. This information should be reinforced with patients periodically. Patients should be advised

to continue insulin and to seek professional advice early in the course of the iliness. Close follow-up is very
important; it has been shown that 3-month visits to the endocrine clinic will reduce the number of emergency
department admissions for DKA.[50] [51] During illness (or when experiencing other stressful events such as
trauma or surgery) it may be advisable for ketosis-prone individuals to monitor their ketones, in addition to
increasing frequency of blood glucose monitoring.[4]
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The American Diabetes Association (ADA) advises that people with type 1 diabetes and other forms of
diabetes at risk for DKA should not use recreational cannabis in any form due to the risk of cannabis
hyperemesis syndrome, which is a risk factor for DKA.[4]

Pregnant individuals with type 1 diabetes should be counseled about the increased risk of DKA during
pregnancy, how to avoid and recognize this, and be provided with ketone-monitoring tools, as DKA in
pregnancy is associated with a high risk of stillbirth.[4]

Autoantibody testing may be used to screen family members of those with type 1 diabetes, to detect other
individuals at risk of developing the disease. Providing these individuals with diabetes and DKA education
and follow-up has been demonstrated to result in earlier diagnosis of diabetes and prevention of DKA.

[4] Screening programs are available in some countries, including the US, Australia, and some parts

of Europe.[4] The ADA has produced a staging system for type 1 diabetes based on clinical features,
glycemic levels, and the presence of islet cell autoantibodies and autoantibodies to insulin, glutamic acid
decarboxylase (GAD), islet antigen 2 (1A-2), or zinc transporter 8 (ZnT8):[4]

* Stage 1: is the presence of autoimmunity in the absence of dysglycemia (presymptomatic)

* Stage 2: is autoimmunity and dysglycemia in the prediabetic range (presymptomatic)

* Stage 3: is clinical type 1 diabetes with autoimmunity and overt hyperglycemia (symptomatic)
The ADA and European Association for the Study of Diabetes have published guidelines recommending
periodic medical monitoring, including regular assessment of glucose levels and regular education about
symptoms of diabetes and DKA, for people who test positive for islet autoantibodies.[52] When multiple
autoantibodies are identified, referral to a specialized center for further evaluation and/or consideration of a

clinical trial or approved therapy to potentially delay development of clinical diabetes should be considered.[4]
See Type 1 Diabetes .

Sodium-glucose cotransporter-2 (SGLT2) inhibitor- and dual SGLT1/2 inhibitor-associated DKA is rare in
patients with type 2 diabetes, may present with euglycemia, and is typically precipitated by insulin omission
or significant dose reduction, severe acute illness, dehydration, extensive exercise, surgery, low-carbohydrate
diets (e.g., ketogenic diet) or prolonged fasting, or excessive alcohol intake.[4] The ADA recommends that
these drugs should be avoided in cases of severe iliness, in people with ketonemia or ketonuria, and during
prolonged fasting and surgical procedures.[4] Patients treated with SGLT2 inhibitors or the dual SGLT1/2
inhibitor sotagliflozin (especially patients with type 1 diabetes or ketosis-prone type 2 diabetes, and/or on

a ketogenic diet) should be educated about the risk of DKA and how to prevent and recognize it, and be
provided with tools to measure their ketones.[4] DKA prevention strategies should include withholding SGLT2
and dual SGLT1/2 inhibitors when precipitants are present (e.g., discontinue 3-4 days before scheduled
surgery), and avoiding insulin omission or large insulin dose reduction.[4][53] [54] An example of a risk
mitigation strategy is the “STOP DKA” protocol, which was designed for patients with type 1 diabetes on
SGLT2 or dual SGLT1/2 inhibitors: patients are advised to be alert for symptoms of DKA, such as lethargy,
loss of appetite, nausea, and abdominal pain, and if present, to stop their SGLT2 or dual SGLT1/2 inhibitor,
test for ketones, maintain fluid and carbohydrate intake, and use maintenance and supplemental insulin.[55]

Many cases can be prevented by better access to medical care, proper education, and effective
communication with a healthcare provider during an intercurrent iliness. Omission or insufficient use of
insulin therapy is a major cause of DKA admissions.[1] Hospitals should ensure that basal insulin doses are
not omitted or delayed for admitted patients, particularly during care transitions, through use of electronic
alerts and ongoing staff education.[4]

Diabetes technology can also be used to reduce DKA risk, such as insulin pump therapy in people with type
1 diabetes and the use of intermittently-scanned and real-time continuous glucose monitoring (CGM).[4][56]
Use of CGM in patients with type 1 diabetes (regardless of insulin delivery method) has been shown to result
in significant reductions in hospitalizations for DKA, as well as reductions in hemoglobin A1c, fewer severe
hypoglycemic events, and increased time in range.[57]

The table that follows summarizes recommendations for primary prevention of diabetic ketoacidosis (DKA)
taken from the American Diabetes Association (ADA) standards of care in diabetes.[4]
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Note that an individual patient may fall into more than one group and so interventions might be additive;
please review all population and subpopulation groups to assess all that apply.

Adult with type 1 diabetes
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All

Intervention

Insulin-containing regimen; diabetes self-
management education and support;
consider continuous glucose monitoring
(CGM)

Insulin-containing regimen:

Give insulin in a defined treatment plan tailored to
the individual. For most adults with type 1 diabetes,
continuous subcutaneous insulin infusion or multiple
daily doses of prandial (injected or inhaled) and
basal insulin is the preferred regimen.

Advise people treated with intensive insulin therapy
not to stop or hold their basal insulin even if not
eating. Provide detailed instructions on insulin dose
adjustments in the setting of illness or fasting.

It is recommended that automated insulin delivery
systems are considered for all adults with type 1
diabetes who are capable of using the device safely.

See: Type 1 diabetes mellitus
Diabetes self-management education and support:

Advise all people with diabetes to participate in
diabetes self-management education and support.

Programs may be offered in group or individual
settings. Consider offering programs via telehealth
and/or digital interventions as needed.

Provide structured education on the recognition,
prevention and management of hyperglycemic
crises to all people with type 1 diabetes. In
particular:

* Offer those at risk of DKA education on the
early signs and symptoms of DKA.

* Provide people at risk for DKA with
appropriate tools for accurate ketone
measurement (urine and/or blood ketone
tests).

* Provide education on timely self-management
of hyperglycemia and ketonemia (‘sick day
advice’) to prevent clinical deterioration and
need for acute care.

* Advise people who are concerned about, or
who are experiencing, DKA to contact their
diabetes team immediately.

Goal

Optimal diabetes self-management, including
prevention of hyperglycemia and DKA

Insulin-containing regimen:

The goal is to prevent DKA and minimize clinically
relevant hypoglycemia while achieving the
individual’'s glycemic goals.

It is recommended that the treatment plan and
insulin-taking behavior is reevaluated at regular
intervals (e.g., every 3—6 months) and adjusted to
incorporate specific factors that impact choice of
treatment and ensure achievement of individualized
glycemic goals.

Diabetes self-management and support is
recommended at least on an annual basis, and is
also recommended:

* at diagnosis,

* when the person with diabetes is not meeting
treatment goals,

* when complicating factors develop (medical,
physical, and psychosocial), and

* when transitions in life and care occur.

CGM:

The goal is better glycemic control (including time in
range) and reduced rates of diabetic complications
including DKA.

Consideration of CGM needs is recommended at
all clinical encounters (initial visit, all follow-up visits
and the annual visit).
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Intervention Goal

* Advise people at risk for DKA to measure
urine or blood ketones in the presence
of symptoms and potential precipitating
factors (e.g., illness, missed insulin doses),
particularly if glucose levels exceed 200 mg/
dL (11.1 mmol/L).

* Advise people to seek immediate medical
attention if unable to tolerate oral hydration,
if blood glucose levels do not improve with
insulin administration, if altered mental status
is present, or if any signs of worsening illness
occur.

CGM:

Recommend the use of CGM devices from the time
of diagnosis for all people with diabetes on any type
of insulin therapy. It is recommended that the choice
of CGM device is made based on the individual’s
circumstances, preferences and needs.

The individual must be capable of using the device
safely (either by themselves or with a caregiver).

With intercurrentillness

Intervention Goal

Reevaluation of diabetes treatment plan Prevention of life-threatening conditions

relating to hyperglycemia
Assess any individual with diabetes experiencing

acute illness for the need for more frequent
monitoring of glucose; ketosis-prone people also
require urine or blood ketone monitoring.

Reevaluate diabetes treatment during intercurrent
illness and make adjustments as appropriate.
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With hospital admission

Intervention Goal
Individualized approach to glycemic Maintenance of euglycemia; prevention of
management DKA

An individualized approach to glycemic
management is recommended during hospital
admission, taking into account factors such as:

* prior home use and dose of insulin or non-
insulin therapy,

* prior HbAf1c,

* current glucose levels,

* oral intake, and

* duration of diabetes.

An insulin schedule with basal and correction
components is indicated for all hospitalized
individuals with type 1 diabetes, even when taking
nothing by mouth, with the addition of prandial
insulin when eating.

It is important that hospitals ensure that basal
insulin is not omitted or delayed for people with type
1 diabetes, especially during care transitions, and
that ongoing prescriber and nursing education is
provided.

Corticosteroid therapy is common in hospitalized
individuals and carries a particularly high risk

of hyperglycemia. It is recommended that
clinicians working within a hospital setting consider
corticosteroid type and duration of action when
determining appropriate insulin treatments.

Careful blood glucose monitoring is crucial. Daily
adjustment of insulin may be required based on
levels of glycemia and anticipated changes in type,
dose, and duration of corticosteroids.

In particular, the perioperative period is associated
with an increased risk of hyperglycemia;
management of glycemic treatment and glucose
monitoring during this period is complex and
typically guided by local protocols.

SGLT2 inhibitors should be avoided during surgical
procedures and should be stopped 3-4 days prior to
elective surgery.
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With alcohol use

Intervention
Patient education on safe alcohol use

Educate people with diabetes about the risk of
hyperglycemia with excessive alcohol consumption
and encourage them to monitor glucose frequently
after drinking any alcohol.

With cannabis use

Intervention
Advise complete abstinence from cannabis

Advise people with type 1 diabetes not to use
recreational cannabis in any form.

Undergoing exercise

Intervention

Patient education and self glucose
monitoring

Advise people with type 1 diabetes to check blood
glucose levels or consult sensor glucose values
before and after periods of exercise. It is also
advisable to educate people about the potential
prolonged effects (depending on intensity and
duration).

Each individual with type 1 diabetes has a variable
glycemic response to exercise. Intense activities
may raise blood glucose levels in some people.

Consider this variability when recommending the
type and duration of exercise for a given individual.

Goal

Avoidance of alcohol-related harm, including
hyperglycemia

Advise people with diabetes to follow the same
guidelines as those without diabetes.

To reduce risk of alcohol-related harms, adults can
choose not to drink or to drink in moderation by
limiting intake to:

° <2 drinks a day for men
* <1 drink a day for women

(One drink is equal to a 12-0z beer, a 5-0z glass of
wine, or 1.5 oz of distilled spirits).

Goal

Avoidance of cannabis-hyperemesis
syndrome and associated risk of DKA

Symptoms of cannabis hyperemesis syndrome
include severe nausea, abdominal pain and
vomiting which increases the risk of DKA.

Goal

Prevention of exercise-induced
hyperglycemia

For people with type 1 diabetes, although exercise
in general is associated with improvement in
disease status, care needs to be taken in titrating
exercise with respect to glycemic management.
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With fasting for religious or cultural reasons

Intervention Goal

Patient education and support; Prevention of dehydration, hyperglycemia,
individualized treatment plan for times of and ketosis

fasting

Inquire about any religious or cultural reasons
for fasting for people with diabetes and provide
education and support to accommodate their
choice.

Use an established tool such as the International
Diabetes Federation and Diabetes and Ramadan
International Alliance (IDF-DAR) comprehensive
prefasting risk assessment to generate a risk score
for the safety of religious fasting.

Assess and optimize the treatment plan, dose and
timing of medication and fasting for people with
diabetes well in advance of religious fasting to
mitigate against its associated risks.

Provide fasting-focused education to minimize
risks; emphasize that people should increase the
frequency of glucose monitoring during fasting.

Offer individualized fluid adjustment and meal
advice with emphasis on higher intake of fiber
and replacing added sugars with complex
carbohydrates. Emphasize the importance of
sustaining adequate daily fluid intake.

Consider the use of technology as a useful adjunct
to risk calculation and/or nutrition planning and
education.

Pregnant

Intervention Goal

Patient education; advice to monitor ketones Prevention or early detection of DKA; reduced

risk of stillbirth
Advise pregnant women with type 1 diabetes

to obtain ketone test strips, and offer general
education on DKA prevention and detection.

Counsel pregnant women at risk for DKA on the
signs and symptoms suggestive of DKA, and advise
them to seek immediate medical attention if they are
concerned about the possibility of DKA.

Pregnancy is a ketogenic state, and people with
type 1 diabetes are at risk for DKA at lower blood
glucose levels than when they are not pregnant.
DKA in pregnancy is associated with a high risk of
stillbirth.
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Older adult living in a long-term care facility

Intervention

Consider development of a glycemia alert
strategy

Care facility staff are advised to call a healthcare
professional immediately when:

* two or more blood glucose values >250 mg/
dL are observed within a 24-hour period and
are accompanied by a significant change in
status.

Care facility staff are advised to call a healthcare
profession as soon as possible when:

* glucose values are consistently >250 mg/dL
(>13.9 mmol/L) within a 24-hour period,

* glucose values are consistently >300 mg/dL
(>16.7 mmol/L) over 2 consecutive days,

* any reading is too high for the glucose
monitoring device, or

* the person is sick, with vomiting, symptomatic

hyperglycemia, or poor oral intake.

Goal

Timely adjustment of glycemic treatment;
prevention of hyperglycemia and DKA

In practice, an alert strategy would include
notifications for both hypoglycemia and
hyperglycemia (although the former is beyond scope
for this table). Hypoglycemia and symptomatic
hyperglycemia must be managed immediately.

Healthcare professionals may adjust treatment
plans by telephone, fax, or in person directly at
the long-term care facility, depending on service
arrangements and clinical urgency.

With psychosocial distress or behavioral health diagnosis

Intervention

Individualized psychosocial care; specialist
referral

Reinforce diabetes self-management education

and support when factors, including psychosocial
challenges, arise that may complicate diabetes self-
management.

When indicated, refer to behavioral health
professionals or other trained healthcare
professionals, ideally those with experience in
diabetes, to increase engagement in diabetes
self-management and support, and for further
assessment and treatment for symptoms of:

* Diabetes distress

* Depression

* Suicidality

* Anxiety

* Treatment-related fear of hypoglycemia
* Disordered eating

Goal

Improved glycemic outcomes; reduced risk of
DKA

The goals are to:

* improve an individual’s or family’s ability to
carry out diabetes care tasks,

* achieve better glycemic stability, and

° in the long-term, reduce mortality risk.
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Taking a sodium-glucose cotransporter-2 (SGLT2) inhibitor

Intervention

Patient education; individualized prevention
strategy for DKA

The use of SGLT2 inhibitors is associated with an
infrequent but serious risk of DKA, particularly when
other risk factors or situations occur, e.g.:

* insulin pump malfunctions,

* significant reduction in insulin doses, or

* nutritional intake plans with prolonged periods
of fasting or carbohydrate restriction.

Offer individualized education regarding the risks,
symptoms, and prevention strategies for DKA, and
prescribe tools for home monitoring of ketones (e.g.
serum B-hydroxybutyrate).

In particular, advise all people treated with an
SGLT2 inhibitor to:

* avoid a ketogenic eating pattern,

* be aware of the signs of ketoacidosis
(following appropriate patient education),

* avoid fasting, and

* maintain appropriate insulin therapy.

It is recommended that SGLT2 inhibitors are
avoided in cases of severe illness, in people with
ketonemia or ketonuria, and during prolonged
fasting.

Goal
Prevention of DKA

Reassessment of susceptibility to DKA,

education, and provision of monitoring supplies is
recommended on an ongoing basis throughout the
duration of treatment with an SGLT2 inhibitor.

Adult with type 2 diabetes
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All

Intervention

Diabetes self-management education and
support

Advise all people with diabetes to participate in
diabetes self-management education and support.

Programs may be offered in group or individual
settings. Consider offering programs via telehealth
and/or digital interventions as needed.

For those at high risk of DKA, provide structured
education on the recognition, prevention and
management of hyperglycemic crises. In particular:

* Offer education on the early signs and
symptoms of DKA.

* Provide appropriate tools for accurate ketone
measurement (urine and/or blood ketone
tests).

* Advise people who are concerned about, or
who are experiencing, DKA to contact their
diabetes team immediately.

* Advise people at risk for DKA to measure
urine or blood ketones in the presence
of symptoms and potential precipitating
factors (e.g., illness, missed insulin doses),
particularly if glucose levels exceed 200 mg/
dL (11.1 mmol/L).

* Advise people to seek immediate medical
attention if unable to tolerate oral hydration,
if blood glucose levels do not improve with
insulin administration, if altered mental status
is present, or if any signs of worsening illness
occur.

Goal

Optimal diabetes self-management, including
prevention of hyperglycemia and DKA

This is recommended at least on an annual basis,
and is also recommended:

* at diagnosis,

* when the person with diabetes is not meeting
treatment goals,

* when complicating factors develop (medical,
physical, and psychosocial), and

* when transitions in life and care occur.

Using insulin and capable of safely using a CGM device

Intervention
Recommend CGM

Recommend CGM for diabetes management to all
people with diabetes on any type of insulin therapy.
It is recommended that the choice of CGM device
is made based on the individual’s circumstances,
preferences and needs.

The individual must be capable of using the device
safely (either by themselves or with a caregiver).

Goal

Better glycemic control; reduced rates of
diabetic complications including DKA

Consideration of CGM needs is recommended at
all clinical encounters (initial visit, all follow-up visits
and the annual visit).
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Using glucose-lowering medications other than insulin and capable of safely using a CGM
device

Intervention Goal

Consider CGM Achieve and maintain individualized
glycemic control; reduced rates of diabetic

Consider using CGM in all adults with type 2 complications including DKA

diabetes treated with glucose-lowering medications

other than insulin. It is recommended that the choice = Consideration of CGM needs is recommended at
of CGM device is made based on the individual's all clinical encounters (initial visit, all follow-up visits
circumstances, preferences and needs. and the annual visit).

The individual must be capable of using the device
safely (either by themselves or with a caregiver).

Taking a sodium-glucose cotransporter-2 (SGLT2) inhibitor

Intervention Goal

Patient education; individualized prevention Prevention of DKA
strategy for DKA

Reassessment of susceptibility, education, and

Assess the individual’s underlying susceptibility
to DKA; in particular if they are ketosis prone and/
or consuming a ketogenic diet. SGLT2 inhibitors

provision of monitoring supplies is recommended
on an ongoing basis throughout the duration of
treatment with an SGLT2 inhibitor.

increase the risk of DKA in these individuals,
particularly if in combination with other risk
factors such as prolonged fasting or carbohydrate
restriction.

Offer people who are taking an SGLT2 inhibitor
and considered at risk of DKA an individualized
education regarding the risks, symptoms, and
prevention strategies, and prescribe tools for
home monitoring of ketones (e.g. serum -
hydroxybutyrate).

It is recommended that SGLT2 inhibitors are
avoided in cases of severe iliness, in people with
ketonemia or ketonuria, and during prolonged
fasting.

With intercurrentillness

Intervention Goal

Reevaluation of diabetes treatment plan Prevention of life-threatening conditions

relating to hyperglycemia
Assess any individual with diabetes experiencing

acute iliness for the need for more frequent
monitoring of glucose; ketosis-prone people also
require urine or blood ketone monitoring.

Reevaluate diabetes treatment during intercurrent
illness and make adjustments as appropriate.
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With hospital admission

Intervention Goal
Individualized approach for glycemic Maintenance of euglycemia; prevention of
management DKA

An individualized approach to glycemic
management is recommended during hospital
admission, taking into account factors such as:

* prior home use and dose of insulin or non-
insulin therapy,

* prior HbAf1c,

* current glucose levels,

* oral intake, and

* duration of diabetes.

Corticosteroid therapy is common in hospitalized
individuals and carries a particularly high risk of
hyperglycemia.

Careful blood glucose monitoring is crucial. If
insulin is given, daily adjustment of insulin may
be required based on levels of glycemia and
anticipated changes in type, dose, and duration of
corticosteroids.

In particular, the perioperative period is associated
with an increased risk of hyperglycemia;
management of glycemic treatment and glucose
monitoring during this period is complex and may be
guided by local protocols.

SGLT2 inhibitors should be avoided during surgical
procedures and should be stopped 3-4 days prior to
elective surgery.

With alcohol use

Intervention Goal

Patient education on safe alcohol use Avoidance of alcohol-related harm, including
hyperglycemia

Educate people with diabetes about the risk of

hyperglycemia with excessive alcohol consumption, | Advise people with diabetes to follow the same

and encourage them to monitor glucose frequently  guidelines as those without diabetes.

after drinking alcohol.
To reduce risk of alcohol-related harms, adults can
choose not to drink or to drink in moderation by
limiting intake to:

* <2 drinks a day for men
* <1 drink a day for women

(One drink is equal to a 12-0z beer, a 5-0z glass of
wine, or 1.5 oz of distilled spirits).
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With cannabis use and at risk for diabetic ketoacidosis

Intervention
Advise complete abstinence from cannabis

Advise people with type 2 diabetes who are at risk
for ketoacidosis not to use recreational cannabis in
any form.

With fasting for religious or cultural reasons

Intervention

Patient education and support;
individualized treatment plan for times of
fasting

Inquire about any religious fasting for people with
diabetes and provide education and support to
accommodate their choice.

Use an established tool such as the IDF-DAR
comprehensive prefasting risk assessment to
generate a risk score for the safety of religious
fasting.

Assess and optimize the treatment plan, dose and
timing of medication and fasting for people with
diabetes well in advance of religious fasting to
mitigate against its associated risks.

Provide fasting-focused education to minimize
risks; emphasize that people should increase the
frequency of glucose monitoring during fasting.

Offer individualized fluid adjustment and meal
advice with emphasis on higher intake of fiber
and replacing added sugars with complex
carbohydrates. Emphasize the importance of
sustaining adequate daily fluid intake.

Consider the use of technology as a useful adjunct
to risk calculation and/or nutrition planning and
education.

Goal

Avoidance of cannabis-hyperemesis
syndrome and associated risk of DKA

Symptoms of cannabis hyperemesis syndrome
include severe nausea, abdominal pain and
vomiting, which increases the risk of DKA.

Goal

Prevention of dehydration, hyperglycemia,
and ketosis
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Older adult living in a long-term care facility

Intervention Goal

Consider development of a glycemia alert Timely adjustment of glycemic treatment;
strategy prevention of hyperglycemia and DKA
Care facility staff are advised to call a healthcare In practice, an alert strategy would include
professional immediately when: notifications for both hypoglycemia and

hyperglycemia (although the former is beyond scope
* two or more blood glucose values >250 mg/  for this table). Hypoglycemia and symptomatic

dL are observed within a 24-hour period and  hyperglycemia must be managed immediately.

are accompanied by a significant change in ' o jhcare professionals may adjust treatment

status. plans by telephone, fax, or in person directly at
the long-term care facility, depending on service
Care facility staff are advised to call a healthcare arrangements and clinical urgency.

profession as soon as possible when:

* glucose values are consistently >250 mg/dL
(>13.9 mmol/L) within a 24-hour period,

* glucose values are consistently >300 mg/dL
(>16.7 mmol/L) over 2 consecutive days,

* any reading is too high for the glucose
monitoring device, or

* the person is sick, with vomiting, symptomatic
hyperglycemia, or poor oral intake.

With psychosocial distress or behavioral health diagnosis

Intervention Goal

Ind ividualized psychosocial care; specialist Improved glycemic outcomes; reduced risk of
referral DKA

Reinforce diabetes self-management education The goals are to:

and support when factors, including psychosocial

challenges, arise that may complicate diabetes self- * improve an individual’s or family’s ability to
management. carry out diabetes care tasks,

When indicated, refer to behavioral health ’ lachieve better glycemic stability'/, ar.1d
professionals or other trained healthcare * in the long-term, reduce mortality risk.

professionals, ideally those with experience in
diabetes, to increase engagement in diabetes
self-management and support, and for further
assessment and treatment for symptoms of:

* diabetes distress,

* depression,

* suicidality,

* anxiety,

* treatment-related fear of hypoglycemia, or
* disordered eating.

Child or adolescent with type 1 diabetes
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All

Intervention

Insulin-containing regimen; developmentally
appropriate diabetes self-management
education and support

Insulin-containing regimen:

Give some form of insulin in a defined treatment
plan tailored to the individual.

See: Type 1 diabetes mellitus
Diabetes self-management education and support:

It is recommended that this is provided by an
interprofessional team trained in pediatric diabetes
management and sensitive to the challenges of
children and adolescents with type 1 diabetes and
their families.

Self-management in pediatric diabetes involves
both the youth and their parents/adult caregivers.
Family involvement is a vital component of optimal
diabetes management throughout childhood and
adolescence.

Provide structured education on the recognition,
prevention and management of hyperglycemic
crises to all people with type 1 diabetes. In
particular:

* Offer those at risk of DKA education on the
early signs and symptoms of DKA.

* Provide people at risk for DKA with
appropriate tools for accurate ketone
measurement (urine and/or blood ketone
tests).

* Provide education on timely self-management

of hyperglycemia and ketonemia (‘sick day
advice’) to prevent clinical deterioration and
need for acute care.

* Advise people who are concerned about, or
who are experiencing, DKA to contact their
diabetes team immediately.

* Advise people at risk for DKA to measure
urine or blood ketones in the presence
of symptoms and potential precipitating
factors (e.g., illness, missed insulin doses),
particularly if glucose levels exceed 200 mg/
dL (11.1 mmol/L).

Goal

Optimal diabetes self-management including
prevention of hyperglycemia and DKA

Insulin-containing regimen:

The goal is to prevent DKA and minimize clinically
relevant hypoglycemia while achieving the
individual’'s glycemic goals.

It is recommended that HbA1c goals are
individualized and reassessed over time.

Diabetes self-management education and support:

This is recommended at diagnosis and regularly
thereafter in a developmentally appropriate format
building on prior knowledge.
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Intervention

* Advise people to seek immediate medical
attention if unable to tolerate oral hydration,
if blood glucose levels do not improve with
insulin administration, if altered mental status
is present, or if any signs of worsening illness
occur.

Goal

Capable of using CGM device and/or advanced insulin delivery technology

Intervention

Recommend CGM and/or advanced insulin
delivery technology

Recommend CGM for diabetes management to
youth with diabetes on any type of insulin therapy.

The individual must be capable of using the device
safely (either by themselves or with a caregiver).

Offer automated insulin delivery (AID) systems for
diabetes management to youth with type 1 diabetes
who are capable of using the device safely (either
by themselves or with caregivers).

Offer insulin pump therapy alone for diabetes
management to youth on multiple daily injections
with type 1 diabetes who are capable of using
the device safely (either by themselves or with
caregivers) if unable to use AID systems.

The choice of device is dependent on the
individual’'s and family’s circumstances, desires, and
needs.

Attending school or childcare setting

Intervention

Provide training in accordance with the
individual’s diabetes treatment plan

It is recommended that the diabetes team assesses
the educational needs and skills of, and provide
training to, daycare workers, school nurses, and
school personnel who are responsible for the care
and supervision of the child with diabetes.

It is important that students are supported at
school in the use of diabetes technology, including
continuous glucose monitors, insulin pumps,
connected insulin pens, and AID systems as
prescribed by their diabetes care team.

Goal

Improved glycemic management, including
prevention of DKA

Goal

Safe access to the school or daycare
environment, including prevention of DKA
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Undergoing exercise

Intervention

Patient and caregiver education and self
glucose monitoring

Advise the importance of frequent glucose
monitoring before, during, and after exercise, via
blood glucose meter or CGM, to prevent, detect, and
treat hyperglycemia (and hypoglycemia) associated
with exercise.

Educate youth and their parents/caregivers on goals
and management of glycemia before, during, and
after physical activity, individualized according to the
type and intensity of the planned physical activity.

With intercurrent illness

Intervention
Reevaluation of diabetes treatment plan

Assess any individual with diabetes experiencing
acute iliness for the need for more frequent
monitoring of glucose; ketosis-prone people also
require urine or blood ketone monitoring.

Reevaluate diabetes treatment during intercurrent
illness and make adjustments as appropriate.

Goal

Prevention of exercise-induced
hyperglycemia

A blood glucose goal of 126—180 mg/dL (7.0-10.0
mmol/L) prior to physical activity and exercise is
recommended; individualization is necessary based
on the type, intensity, and duration of activity.

Advise patients to postpone intense activity in the
presence of any of the following factors:

* marked hyperglycemia (glucose =350 mg/dL
[>19.4 mmol/L]),

* moderate to large urine ketones, or

* B-hydroxybutyrate >1.5 mmol/L.

Advise patients that caution may be needed when f3-
hydroxybutyrate levels are >0.6 mmol/L.

Goal

Prevention of life-threatening conditions
relating to hyperglycemia
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With hospital admission

Intervention Goal
Individualized approach for glycemic Maintenance of euglycemia
management

An individualized approach to glycemic
management is recommended during hospital
admission, taking into account factors such as:

* prior home use and dose of insulin or non
insulin therapy,

* prior HbAf1c,

* current glucose levels,

* oral intake, and

* duration of diabetes.

Corticosteroid therapy is common in hospitalized
individuals and carries a particularly high risk

of hyperglycemia. It is recommended that
clinicians working within a hospital setting consider
corticosteroid type and duration of action when
determining appropriate insulin treatments.

Careful blood glucose monitoring is crucial. Daily
adjustment of insulin may be required based on
levels of glycemia and anticipated changes in type,
dose, and duration of corticosteroids.

In particular, the perioperative period is associated
with an increased risk of hyperglycemia;
management of glycemic treatment and glucose
monitoring during this period is complex and may be
guided by local protocols.

With alcohol use

Intervention Goal

Patient education Avoidance of alcohol-related harm, including

hyperglycemia and DKA
Alcohol use has implications for glycemic

management and safety in adolescents with
diabetes.

Educate patients and their families about the risks of
alcohol use and strategies to minimize risks.
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With cannabis use

Intervention
Advise complete abstinence from cannabis

Advise all youth with diabetes not to use recreational
cannabis in any form.

With fasting for religious or cultural reasons

Intervention

Patient education and support;
individualized treatment plan for times of
fasting

Inquire about any religious fasting for people with
diabetes and provide education and support to
accommodate their choice.

Use an established tool such as the IDF-DAR
comprehensive prefasting risk assessment to
generate a risk score for the safety of religious
fasting.

Assess and optimize the treatment plan, dose and
timing of medication and fasting for people with
diabetes well in advance of religious fasting to
mitigate against its associated risks.

Provide fasting-focused education to minimize
risks; emphasize that people should increase the
frequency of glucose monitoring during fasting.

Offer individualized fluid adjustment and meal
advice with emphasis on higher intake of fiber
and replacing added sugars with complex
carbohydrates. Emphasize the importance of
sustaining adequate daily fluid intake.

Consider the use of technology as a useful adjunct
to risk calculation and/or nutrition planning and
education.

Goal

Avoidance of cannabis-hyperemesis
syndrome and associated risk of DKA

Symptoms of cannabis hyperemesis syndrome
include severe nausea, abdominal pain and
vomiting which increases the risk of DKA.

Goal

Prevention of dehydration, hyperglycemia,
and ketosis
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With psychosocial distress (e.g., diabetes distress, depressive symptoms, disordered eating) or

behavioral health diagnosis

Intervention

Individualized and developmentally
appropriate psychosocial care; specialist
referral

Reinforce diabetes self-management education

and support when factors, including psychosocial
challenges, arise that may complicate diabetes self-
management.

Refer to a qualified behavioral health professional,
preferably experienced in childhood diabetes, as
indicated.

Such professionals can provide individualized,
evidence-based behavioral healthcare services,

e.g.:

* Cognitive-behavioral therapy (CBT)
* Mindfulness-based therapy

Behavioral health professionals are considered
integral members of the pediatric diabetes
interprofessional team.

Goal

Early detection and treatment of behavioral
health conditions; minimization of adverse
effects on diabetes management

The goals are to:

* improve an individual’s or family’s ability to
carry out diabetes care tasks,

* achieve better glycemic stability, and

° improve health status/outcomes.

Ongoing assessment of psychosocial status, social
determinants of health, and diabetes distress

in youth and parents/caregivers during routine
diabetes visits is recommended.

Child or adolescent with type 2 diabetes
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All

Intervention Goal

Developmentally appropriate diabetes self- Optimal diabetes self-management
management education and support

It is recommended that all youth with type 2
diabetes and their families receive comprehensive
diabetes self-management education and support
that is specific to youth with type 2 diabetes and is
culturally appropriate.

An interprofessional diabetes team, including a
physician, diabetes care and education specialist,
registered dietitian nutritionist, and psychologist or
social worker, is essential.

For those at high risk of DKA, provide structured
education on the recognition, prevention and
management of hyperglycemic crises. In particular:

* Offer education on the early signs and
symptoms of DKA.

* Provide appropriate tools for accurate ketone
measurement (urine and/or blood ketone
tests).

* Provide education on timely self-management
of hyperglycemia and ketonemia (‘sick day
advice’) to prevent clinical deterioration and
need for acute care.

* Advise people who are concerned about, or
who are experiencing, DKA to contact their
diabetes team immediately.

* Advise people at risk for DKA to measure
urine or blood ketones in the presence
of symptoms and potential precipitating
factors (e.g., illness, missed insulin doses),
particularly if glucose levels exceed 200 mg/
dL (11.1 mmol/L).

* Advise people to seek immediate medical
attention if unable to tolerate oral hydration,
if blood glucose levels do not improve with
insulin administration, if altered mental status
is present, or if any signs of worsening illness
occur.
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On insulin therapy; capable of using CGM device

Intervention
Recommend CGM

Recommend CGM for diabetes management to
youth with diabetes on any type of insulin therapy.
It is recommended that the choice of CGM device
is made based on the individual’s circumstances,
preferences and needs.

The individual must be capable of using the device
safely (either by themselves or with a caregiver).

Attending school or childcare setting

Intervention

Provider training in accordance with the
individual’s diabetes treatment plan

As with type 1 diabetes, youth with type 2 diabetes
spend much of the day in school. Therefore, close
communication with and the cooperation of school
personnel are essential.

With intercurrent illness

Intervention
Reevaluation of diabetes treatment plan

Assess any individual with diabetes experiencing
acute iliness for the need for more frequent
monitoring of glucose; ketosis-prone people also
require urine or blood ketone monitoring.

Reevaluate diabetes treatment during intercurrent
illness and make adjustments as appropriate.

Goal

Improved glycemic management, including
prevention of DKA

Goal

Optimal diabetes management and safety

Goal

Prevention of life-threatening conditions
relating to hyperglycemia
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With hospital admission

Intervention Goal
Individualized approach for glycemic Maintenance of euglycemia
management

An individualized approach to glycemic
management is recommended during hospital
admission, taking into account factors such as:

* prior home use and dose of insulin or non-
insulin therapy,

* prior HbAf1c,

* current glucose levels,

* oral intake, and

* duration of diabetes.

Corticosteroid therapy is common in hospitalized
individuals, and carries a particularly high risk of
hyperglycemia. Careful blood glucose monitoring is
crucial. If insulin is given, daily adjustment of insulin
may be required based on levels of glycemia and
anticipated changes in type, dose, and duration of
corticosteroids.

In particular, the perioperative period is associated
with an increased risk of hyperglycemia;
management of glycemic treatment and glucose
monitoring during this period is complex and may be
guided by local protocols.

With alcohol use

Intervention Goal

Patient education Avoidance of alcohol-related harm, including

hyperglycemia and DKA
Alcohol use has implications for glycemic

management and safety in adolescents with
diabetes.

Educate patients and their families about the risks of
alcohol use and strategies to minimize risks.

With cannabis use

Intervention Goal

Advise complete abstinence from cannabis Avoidance of cannabis-hyperemesis

syndrome and associated risk of DKA
Advise all youth with diabetes not to use recreational

cannabis in any form. Symptoms of cannabis hyperemesis syndrome
include severe nausea, abdominal pain and
vomiting, which increases the risk of DKA.
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With fasting for religious or cultural reasons

Intervention Goal
Patient education and support Prevention of dehydration, hyperglycemia,
and ketosis

Inquire about any religious fasting for people with
diabetes and provide education and support to
accommodate their choice.

Use an established tool such as the IDF-DAR
comprehensive prefasting risk assessment to
generate a risk score for the safety of religious
fasting.

Assess and optimize the treatment plan, dose and
timing of medication and fasting for people with
diabetes well in advance of religious fasting to
mitigate against its associated risks.

Provide fasting-focused education to minimize
risks; emphasize that people should increase the
frequency of glucose monitoring during fasting.

Offer individualized fluid adjustment and meal
advice with emphasis on higher intake of fiber
and replacing added sugars with complex
carbohydrates. Emphasize the importance of
sustaining adequate daily fluid intake.

Consider the use of technology as a useful adjunct
to risk calculation and/or nutrition planning and
education.
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With psychosocial distress (e.g., diabetes distress, depressive symptoms, disordered eating) or
behavioral health diagnosis

Intervention Goal
Individualized and developmentally Early detection and treatment of
appropriate psychosocial care psychological and behavioral concerns;

improved psychosocial wellbeing; support for
Most youth with type 2 diabetes come from racial/ diabetes outcomes

ethnic minority groups, have low socioeconomic
status, and often experience multiple psychosocial
stressors. Consideration of the sociocultural context
and efforts to personalize diabetes management
are important to minimize barriers to care, enhance
participation, and maximize response to treatment.

Many of the medications prescribed for diabetes
and psychiatric disorders are associated with weight
gain and can increase concerns about eating, body
shape, and weight.

When psychological symptoms are identified,
referral to a behavioral health professional, ideally
with experience in pediatric diabetes, may be
warranted.

It is important to reinforce diabetes self-
management education and support when factors,
including psychosocial challenges, arise that may
complicate diabetes self-management.

Secondary prevention

In US nationwide studies, up to 22% of people admitted with DKA had at least one readmission within 30
days or the same calendar year.[32] Among those readmitted within 30 days, 40.8% represented recurrent
DKA episodes, with approximately 50% being readmitted within 2 weeks.[32] [33] Among those readmitted
within the same calendar year, 86% and 14% had 1-3 and >4 readmissions for DKA, respectively.[33]
Assessment of precipitating and contributing causes of DKA admission and close follow-up within 2-4 weeks
after discharge may reduce recurrent DKA.[1] Initiation or continuation of SGLT2 or dual SGLT1/2 inhibitors
after DKA resolution is not routinely recommended.|[1]

Before discharge, all individuals admitted with DKA should be offered appropriate education focused on both
the current event and overall diabetes management.[1] Patient education, especially structured education
that includes problem-solving, has been shown to be effective at reducing DKA admissions.[110] Omission
or insufficient use of insulin therapy is a major cause of DKA admissions and readmissions. Thus, education
on insulin administration and "sick day" advice should be provided or reinforced.[1] Upon discharge, patients
should receive an adequate supply of insulin and necessary medical equipment (e.g., glucose monitoring
and insulin administration devices), as well as contact information for healthcare professionals who can
assist in managing future episodes of high blood glucose and ketone concentrations.[1] Education should
include reviewing injection techniques (including sites), glucose monitoring, and urine or blood ketone testing.
Each patient and their family need to review the appropriate glucose and ketone monitoring and when to call
for assistance.[1] Home measurement of capillary blood and serum ketones helps to identify impending DKA,
but the rate of appropriate ketone monitoring among people with diabetes, especially adults, is low.[1] [111]

A consensus report on type 1 diabetes by the ADA and European Association for the Study of Diabetes
(EASD) recommends continuous glucose monitoring (CGM) as the monitoring method of choice for most
people with type 1 diabetes.[112] CGM is superior to capillary blood glucose monitoring for improving


https://bestpractice.bmj.com

glycemic patterns among insulin-treated patients with type 1 diabetes and type 2 diabetes, especially those
with out-of-range glucose levels.[1] Results from a nationwide study in France reported that access to a
CGM system was associated with a subsequent decrease in the rate of DKA hospitalizations by 53% and by
47% in type 1 diabetes and type 2 diabetes, respectively.[113] These results were observed both in patients
treated with multidose insulin and in those treated with continuous insulin infusion (pump) therapy.[114]
Although CGM has not been approved for use in hospitalized patients with diabetes or with DKA, consensus
guidelines recommend that real-time or intermittently scanned CGM should be offered to people admitted
with DKA just prior to, or after, hospital discharge.[1]

Presence of mental health disorders and indicators of socioeconomic disadvantage (such as low income,
homelessness, lack of health insurance or underinsurance, food insecurity, and low educational attainment)
should be assessed on admission and before discharge.[1] [115] Extensive evidence indicates that mental
health conditions, particularly eating disorders, depression or schizophrenia, are independent risk factors
for poor glycemic control and DKA. Thus, regular screening of people with diabetes for psychologic and
behavioral disorders should be implemented in clinical practice.[1] Hospital admission with DKA, and
recurrent admissions in particular, may be considered a "red flag" for triggering psychiatric assessment so
that mental health problems can be addressed and further admissions with DKA prevented.[29]

Patient discussions

Following a diabetic ketoacidosis (DKA) admission, review the patient’s understanding of their
diagnosis and management plan (including monitoring, glycemic goals and how and when to take their
drug treatment) and how to avoid and detect further DKA (including sick day management) prior to
discharge.[4]

Review diabetes management and DKA risk periodically with all patients with diabetes. This should
include:

* When to contact the healthcare provider

* Blood glucose goals and the use of supplemental short- or rapid-acting insulin during illness
* Means to suppress fever and treat infection

* Initiation of an easily digestible fluid diet containing electrolytes and glucose during illness

* Advice to always continue insulin during iliness and to seek professional advice early
The patient (or family member or caregiver) must be able to accurately measure and record blood
glucose, insulin administration, temperature, respiratory rate, and pulse. Blood ketones (beta-
hydroxybutyrate; BOHB) should be checked when blood glucose is >300 mg/dL (>16.7 mmol/L); if levels
are elevated, the patient should present to the hospital for further evaluation. The frequency of blood
glucose monitoring depends on the patient's clinical condition: in uncontrolled diabetes (hemoglobin A1c
>7.0% [>53 mmol/mol]), it is recommended to check blood glucose before each meal, plus at bedtime.
[109]

DKA risk is increased with sodium-glucose cotransporter-2 (SGLT2) inhibitors (e.g., dapagliflozin,
canagliflozin, empagliflozin, ertugliflozin) and the dual SGLT1/SGLT2 inhibitor sotagliflozin in patients with
type 1 diabetes and, to a lesser degree, those with type 2 diabetes. SGLT2 inhibitor- and dual SGLT1/2
inhibitor-associated DKA is rare in patients with type 2 diabetes, may present with euglycemia, and is
typically precipitated by insulin omission or significant dose reduction, severe acute iliness, dehydration,
extensive exercise, surgery, low-carbohydrate diets (e.g., ketogenic diet) or prolonged fasting, or
excessive alcohol intake.[4] Patients treated with SGLT2 and dual SGLT1/2 inhibitors, especially those
with type 1 diabetes or ketosis-prone type 2 diabetes, and/or on a ketogenic diet, should be educated
about the risk of DKA and how to prevent and recognize this, and should be provided with the tools

to measure their ketones.[4] DKA prevention strategies should include withholding SGLT2 and dual
SGLT1/2 inhibitors when precipitants are present (e.g., discontinue 3-4 days before scheduled surgery)
and avoiding insulin omission or large insulin dose reduction.[4] [53] [54]
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Monitoring

Monitoring

It is possible to manage mild DKA without admission to the intensive care unit (ICU); however, many
patients will require ICU care.[1]

After admission to ICU, central venous and arterial lines are usually required. Swan-Ganz catheterization
and continuous percutaneous oximetry are needed in patients with hemodynamic instability. Monitoring of
respiratory parameters is also required to ensure adequate oxygenation and airway protection.
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In all patients, capillary blood glucose testing should be performed during treatment every 1-2 hours
using a hospital-calibrated glucose meter. Electrolytes, renal function, venous pH, osmolality, and glucose
should be checked every 2-4 hours until stable.[1]

Serial beta hydroxybutyrate (BOHB) measurements may aid monitoring of the response to treatment

in DKA. However, measurement of ketone bodies, in the absence of a meter with capacity to measure
BOHB, is not recommended. BOHB is converted to acetoacetate, which is detected by the nitroprusside
method, during the treatment of DKA. Therefore, the increase in acetoacetate during DKA treatment may
mistakenly indicate a worsening of ketonemia.

Monitoring bicarbonate, anion gap, and pH has also been shown to reflect the response to therapy. A flow
sheet classifying these findings as well as mental status, vital signs, insulin dose, fluid and electrolytes
therapies, and urine output allows easy analysis of response to therapy and resolution of crises.[107]
[108]

Management and monitoring should continue until resolution of DKA. The criteria for resolution are:[1]

* plasma/capillary ketones <0.6 mmol/L AND
* venous pH >7.3 or bicarbonate =18 mEg/L (=18 mmol/L)

Ideally, plasma glucose should also be <200 mg/dL (<11.1 mmol/L). At this point, insulin dose can be
decreased by 50%.[1]

The anion gap should not be used as a criterion, as it may be misleading because of the presence of
hyperchloremic metabolic acidosis caused by large volumes of isotonic saline solution.[1] Because BOHB
is converted into acetoacetate as the acidosis improves, urinary ketone measurement should also be
avoided as a criterion of DKA resolution.[1]

Discharge planning should start early in the admission, and should be structured, individualized and
updated as needed.[4] If oral glucose-lowering drugs are held whilst the patient is being treated for DKA
but are to be continued following discharge, these should be reinstated 1-2 days before discharge.[4] A
follow-up appointment within a month of discharge is advised, with earlier review preferable if changes
have been made to drugs or there is suboptimal glycemic management at discharge.[4]
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Complications

Complications Timeframe Likelihood

hypoglycemia short term high

This iatrogenic complication can occur with excessive high-dose insulin therapy. In studies of diabetic
ketoacidosis treatment, the risk of hypoglycemia (<70 mg/dL [<3.9 mmol/L]) varied between 16% and 28%,
with severe hypoglycemia (<40 mg/dL [<2.2 mmol/L]) occurring in 2% of cases.[100] [101] Hypoglycemia
during treatment was associated with a 4.8-fold increase in mortality.[101] It can be prevented by following
current treatment protocols with frequent monitoring of plasma glucose (every 1-2 hours) and use of
glucose-containing intravenous fluids.[1]

dN MOT1104

hypokalemia short term high

This iatrogenic complication can occur with excessive high-dose insulin therapy and bicarbonate therapy
due to intracellular shift of potassium. In one study, hypokalemia (serum potassium <3.5 mEq/L [<3.5
mmol/L]) occurred in 54% of patients admitted to hospital with diabetic ketoacidosis (DKA).[101] Severe
hypokalemia <2.5 mEq/L (<2.5 mmol/L) was independently associated with almost fivefold-higher odds
for death in a combined cohort of patients treated for DKA or hyperosmolar hyperglycemic state.[101]
Hypokalemia can be prevented by following current treatment protocols with frequent monitoring of
potassium levels (every 4 hours) and appropriate replacement.[1][102] [103]

acute kidney injury short term high

A common complication, affecting 50% of adults admitted with diabetic ketoacidosis.[1] [9] It usually
resolves with rehydration. Monitoring renal function daily is recommended.[1]

arterial or venous thromboembolic events short term medium

Diabetic ketoacidosis causes a hypercoagulable state with increased risk of thrombosis. Risk of
thrombosis is increased when central venous catheters are used to gain intravenous access (if peripheral
access was not possible owing to severe dehydration).[9] Prophylactic low molecular weight heparin
should be used to mitigate the risk of thrombosis.[1]

nonanion gap hyperchloremic acidosis short term low

This occurs due to urinary loss of ketoanions that are needed for bicarbonate regeneration, and also
increased reabsorption of chloride secondary to intensive administration of chloride-containing fluids.

It may be observed during the recovery phase of diabetic ketoacidosis. This acidosis usually resolves
and should not affect the treatment.[1] There is some evidence that hyperchloremic acidosis occurs less
frequently with balanced electrolyte solutions and when slower saline infusion is administered.[1]

cerebral edema/brain injury short term low

Rare in adults, more commonly occurs in children; severe cerebral injury occurs in 0.3% to 0.9% of
diabetic ketoacidosis episodes in children.[9] Risk factors for cerebral injury include severe acidemia

and severe deficits in circulatory volume.[9] The underlying cause is not fully understood but may reflect
osmotic changes, hypoperfusion and/or inflammatory responses.[1] Cerebral injury can exist at the

time of presentation, but is more common during the first 12 hours of treatment.[9] Symptoms include
headache, lethargy, changes in mental status, recurrence of vomiting during treatment, and seizures.[9]
Cerebral edema is a serious complication with a reported mortality of approximately 30% compared with
those without edema.[1] Cerebral edema may be found on imaging studies, but many patients have no
detectable imaging abnormalities at the time of neurologic deterioration.[104] Thus, treatment should not
be delayed while awaiting imaging studies.[9] Treatment involves administration of mannitol or hypertonic
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Complications Timeframe Likelihood

saline, both of which induce osmotic shifts of fluid from within the intracellular space into the vascular
compartment, and mechanical ventilation.[1] [9]

pulmonary edema/acute respiratory distress syndrome short term low
(ARDS)

Pulmonary edema and ARDS are rare but significant complications of treatment for diabetic ketoacidosis
and present with fluid overload and low oxygen saturations.[9] [105] They occur when excess fluid is
given, even in patients with normal cardiac function. They are more common in patients who are severely
dehydrated or with higher glucose levels on arrival. Treatment-related reduction in colloid osmotic pressure
may lead to accumulation of water in the lungs, decreased lung compliance and possibly hypoxemia.
Pulmonary edema typically occurs several hours after treatment is started and can occur even in patients
with normal cardiac function.[66] Simultaneous development of cerebral edema and ARDS has been
reported, suggesting a shared pathophysiologic process.[106]

Prognosis

From 2000 to 2014, in-hospital mortality rates among people with diabetic ketoacidosis (DKA) consistently
decreased in the US, from 1.1% to 0.4%.[11] Mortality rates reported in low- and middle-income countries
are much higher, potentially because of delayed diagnosis and treatment.[1] Data from India have shown a
30% mortality in those presenting with DKA, and studies from sub-Saharan Africa have reported similarly
high mortality (26% to 41.3%).[9] Mortality increases substantially in those with comorbidities and with aging,
reaching 8% to 10% in those ages 65-75 years.[9] Death is rarely caused by the metabolic complications of
hyperglycemia or ketoacidosis but rather relates to the underlying illness.

Mortality rates remain increased even after recovery. One New Zealand-based cohort study found that
people discharged after an episode of DKA had a 1 year age-corrected mortality rate that was 13 times
higher than the general population.[95] This was more pronounced among younger individuals (ages 15-39
years), in whom the mortality rate was 49 times higher than the general population.[95] In one US-based
cohort study, all-cause mortality within 30 days of a hyperglycemic crisis was 0.1% among patients with type
1 diabetes and 2% among patients with type 2 diabetes. The 1 year mortality rates were 0.9% and 9.5% in
patients with type 1 diabetes and type 2 diabetes, respectively.[96]

A substantial proportion of individuals hospitalized with DKA experience recurrent episodes.[1] In one US-
based study conducted between 2006 and 2012, 21.6% of people hospitalized for DKA had more than one
episode over 6 years, with 5.8% of individuals accounting for 26.3% of DKA hospitalizations.[97] In another
study conducted in the UK, patients with 2-5 admissions had a threefold higher risk of death compared with
those with a single DKA admission, while those with six or more admissions had a sixfold higher risk of
death.[98]

Recurrent DKA is a risk factor for the development of cognitive impairment in those with type 1 diabetes.[4]
In one study of older adults with type 1 diabetes, recurrent DKA was associated with lower global cognitive
function scores and lower executive function/psychomotor speed scores.[99]
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Evidence tables

What are the effects of balanced crystalloid solutions compared to normal

saline in people with diabetic ketoacidosis (DKA)?[83] [86]

This table is a summary of the analysis reported in a systematic review that focuses on the above
important clinical question.
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Evidence C * Confidence in the evidence is very low or low where GRADE has been performed
and the intervention may be more effective/beneficial than the comparison for key
outcomes. However this is uncertain and new evidence could change this in the
future.

Population: People with DKA (critical and non-critical care settings)
Intervention: Balanced crystalloid solutions
Comparison: Normal saline

Outcome Effectiveness (BMJ rating)Jr Confidence in evidence (GRADE)*

Adults and children with DKA (8 RCTs, search date March 2021)

Mortality No statistically significant Very Low
difference

DKA resolution No statistically significant Moderate
difference

Time to DKA resolution (hours) = Favors intervention Moderate

Duration of hospital stay (days) Favors intervention Moderate

Post-resuscitation bicarbonate = Favors intervention Moderate

levels (mmol/L)

Post-resuscitation chloride No statistically significant Low
levels (mmol/L) difference

Adults with DKA (7 RCTs and 3 observational studies, search date November 2021)

Mortality No statistically significant GRADE not assessed for this outcome
difference

Time to DKA resolution (hours)  Favors intervention Low

Duration of parenteral insulin  No statistically significant Low

administration (hours) a difference
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Outcome Effectiveness (BMJ rating)T Confidence in evidence (GF{ADE)jF

Amount of total fluid No statistically significant Low
administration (mL) b difference

Post-resuscitation potassium  No statistically significant Very Low
levels (mmol/L) difference

Post-resuscitation chloride Favors intervention Very Low

levels (mmol/L)

Post-resuscitation bicarbonate = Favors intervention Moderate
levels (mmol/L)

Post-resuscitation sodium Favors intervention Low
levels (mmol/L)

Note
The authors of both systematic reviews concluded that as supporting evidence remains weak, further studies
are still needed.

The authors of the systematic review in adults and children highlighted the following limitations: included
RCTs were generally small resulting in important issues with imprecision; heterogeneity in some outcomes
(e.g., time to DKA resolution) possibly due to variability in definition between included studies.

The authors of the systematic review in adults only highlighted the following limitations: studies using
different criteria to define DKA recovery (e.g., varying blood chemistry cutoffs) and evaluating patients with
different ages and severity levels; different types of balanced fluids were used across the included studies;
patient groups varied across included studies (some studies included critically ill patients while others did
not).

a Results based on observational evidence; the forest plot also includes RCT evidence which reports no
statistically significant difference between treatment groups; no GRADE reported.

b The systematic review reported RCT and observational data meta-analyses separately for this outcome;
both sets of results found no statistically significant difference between treatment groups and GRADE
assessed as Low.

For more information on systematic review in adults and children see full text at: https://journals.lww.com/
ccejournal/fulltext/10.1097/cce.0000000000000613~saline-compared-to-balanced-crystalloid-in-patients-with

For more information on systematic review in adults only see full text at: https://onlinelibrary.wiley.com/
doi/10.1002/dmrr.3831
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What are the effects of initiating vasopressors immediately compared to

delayed vasopressors in adults with sepsis-induced hypotension?[88]

This table is a summary of the analysis reported in a guideline (underpinned by a systematic review)
that focuses on the above important clinical question.

View the full source guideline (https:/link.springer.com/article/10.1007/s00134-026-08361-1)

Evidence C * Confidence in the evidence is very low or low where GRADE has been performed
and there may be no difference in effectiveness between the intervention and
comparison for key outcomes. However this is uncertain and new evidence could
change this in the future.
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Population: Adults with sepsis-induced hypotension
Intervention: Immediate vasopressor therapy
Comparison: Delayed vasopressor therapy

Outcome Effectiveness (BMJ rating)T Confidence in evidence (GRADE)¢

Mortality Favors intervention Low

Renal Replacement Therapy  No statistically significant Low

(RRT) difference

Mechanical Ventilation No statistically significant Low
difference

Ventilator free days No statistically significant Low
difference

RRT free days No statistically significant Low
difference

Organ support free days No statistically significant Very Low
difference

Adverse events - Pulmonary Occurs more commonly with Very Low

Edema delayed vasopressor compared

with immediate vasopressor
(favours intervention)

Adverse events - Arrhythmia ' Occurs more commonly with Low
delayed vasopressor compared
with immediate vasopressor
(favours intervention)
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Outcome Effectiveness (BMJ rating)T Confidence in evidence (GF{ADE)jF

Adverse events - (Upper No statistically significant Very Low
gastrointestinal bleeding difference

[UGIBJ; Limb or intestinal

ischemia; Skin Necrosis; Acute

Respiratory Distress Syndrome

[ARDS]))
Vasopressors free days Favors intervention Low
Fluids ml/kg Favors intervention Very Low

Recommendations as stated in the source guideline
For adults with sepsis-induced hypotension, we “suggest” initial intravenous crystalloid fluid bolus

resuscitation followed by vasopressor support if hypotension persists (conditional recommendation, very low
certainty evidence)

Note

The guideline developers noted that many studies excluded patients with severe comorbidity or who were in
a critical condition. They discussed the importance of considering the risk-benefit ratio for different patient
groups; with early therapy more likely to be overall beneficial for people with life-threatening end-organ
hypoperfusion, whereas patients responsive to fluid bolus resuscitation are more at risk from the potential
harms of unnecessary catecholamine exposure. They added a remark to their recommendation stating

that for patients with unstable shock it may be appropriate to give immediate concurrent vasopressor and
intravenous fluid therapy on a case-by-case basis.

They also noted that one RCT compared restrictive fluids with early vasopressors versus liberal fluids and
later vasopressors that found no significant difference for the following outcomes: Mortality hospital at 90
days; Organ support free days; Ventilator free days 28 days; RRT free days 28 days; Vasopressors free days;
Invasive ventilation; RRT.

The guideline developers agreed that further large RCTs are needed to confirm optimal timing of vasopressor
therapy.
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How do subcutaneous rapid-acting insulin analogs compare with regular

insulin in people with diabetic ketoacidosis (DKA)?

This table is a summary of the analysis reported in a Cochrane Clinical Answer that focuses on the
above important clinical question.

(% Cochrane View the full source Cochrane Clinical Answer (https://www.cochranelibrary.com/cca/
” Library doi/10.1002/cca.1713/full)
Evidence C * Confidence in the evidence is very low or low where GRADE has been performed

and there may be no difference in effectiveness between the intervention and
comparison for key outcomes. However this is uncertain and new evidence could
change this in the future.

Population: People with type 1 or 2 diabetes with DKA
Intervention: Rapid-acting insulin analog administered subcutaneously
Comparison: Regular short-acting insulin administered intravenously

Outcome Effectiveness (BMJ rating)Jr Confidence in evidence (GRADE)¢
Time to resolution of diabetic = No statistically significant Very Low
ketoacidosis difference
All-cause mortality See note 2 Moderate
Hypoglycemic episodes No statistically significant Low
difference
Duration of hospital stay No statistically significant Low
difference
Adverse events other than - None of the studies identified by the
hypoglycemia review reported this outcome
Note

Four trials evaluated insulin lispro and one evaluated insulin aspart. While the results in the table above
reflect the insulin lispro data, findings for insulin aspart were identical, with the exception of all-cause
mortality, which received a low GRADE rating.

The Cochrane review which underpins this Cochrane Clinical Answer (CCA) noted that the criteria for

DKA used in the included trials were consistent with the American Diabetes Association criteria for mild or
moderate DKA. Most trials did not report the underlying type of diabetes. Where reported, the most common
precipitating causes of DKA were poor compliance with diabetes therapy (54%), infection (31%) and new-
onset diabetes (15%). Three trials excluded people with acute myocardial ischaemia, end-stage kidney
disease, anasarca, and pregnancy. Other exclusion criteria used were dementia, heart failure, recent surgery,
corticosteroid or immunosuppressant use, and liver failure.
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a No deaths were reported in either group; the CCA noted that no trial was adequately powered for this
outcome.

* Evidence levels

The Evidence level is an internal rating applied by BMJ Best Practice. See the EBM Toolkit (https://
bestpractice.bmj.com/info/evidence-tables/) for details.

Confidence in evidence

A - High or moderate to high
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B - Moderate or low to moderate

C - Very low or low

1 Effectiveness (BMJ rating)

Based on statistical significance, which demonstrates that the results are unlikely to be due to chance, but
which does not necessarily translate to a clinical significance.

} Grade certainty ratings

High The authors are very confident that the true
effect is similar to the estimated effect.
Moderate The authors are moderately confident that

the true effect is likely to be close to the
estimated effect.

Low The authors have limited confidence in the
effect estimate and the true effect may be
substantially different.

Very Low The authors have very little confidence in
the effect estimate and the true effect is
likely to be substantially different.

BMJ Best Practice EBM Toolkit: What is GRADE? (https://bestpractice.bmj.com/info/toolkit/learn-ebm/what-
is-grade/)
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