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ABSTRACT

Hyperglycemic emergencies, including diabetic
ketoacidosis (DKA) and hyperosmolar hyperglycemic
state (HHS), are life-threatening complications
requiring urgent treatment. DKA is more common in
type 1 diabetes and results from absolute insulin
deficiency, leading to hyperglycemia, dehydration,
ketonemia and metabolic acidosis. Symptoms include
polyuria, polydipsia, nausea, vomiting, and altered
mental status. HHS is typically seen in type 2 diabetes
and is defined by extreme hyperglycemia, severe
dehydration, and hyperosmolarity without significant
ketoacidosis. It often presents with confusion and
neurological symptoms. Diagnosis of these conditions
relies on blood glucose and ketone levels, blood gas,
and electrolyte measurements. Fluid resuscitation,
insulin therapy, and electrolyte correction are the
mainstays of treatment. In HHS, intravenous insulin is
used more cautiously to prevent rapid osmolar shifts
and cerebral edema. Treatment protocols slightly
differ in pregnancy, euglycemic ketoacidosis, and
advanced kidney disease. Preventative strategies
include education on sick day rules, regular clinic
follow-ups in high-risk groups, and adherence to
insulin therapy.

INTRODUCTION

Diabetes mellitus (DM) affects approximately 828
million people and its prevalence is expected to further
grow in the coming years (1). It's estimated that 193
million people are asymptomatic and remain
undiagnosed. Diabetic ketoacidosis (DKA) and
hyperosmolar hyperglycemic state (HHS) are acute
life-threatening emergencies resulting from severe
metabolic decompensation. DKA more commonly
affects individuals with type 1 diabetes (T1DM) and is
characterized by insulin deficiency and the triad of
hyperglycemia, ketonemia and/or ketonuria, and
metabolic acidosis, whereas HHS primary affects
people with type 2 diabetes (T2DM) and presents with
severe hyperglycemia, hyperosmolality, and severe
dehydration.

Epidemiologic studies conducted in the U.S. and
Europe over the past decade have revealed a
concerning rise in the rate of hyperglycemic
emergencies in adults with both T1DM and T2DM
despite the previously noted reduction between 2000
and 2009 (2) (3) (4). The reported incidence of DKA in
adults with T1DM varies across Europe, the U.S., and
Israel, ranging from O to 56 events per 1,000 person-
years. However, a study conducted in China between
2010 and 2012 reported a significantly higher rate of
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263 per 1,000 person-years (5). In developing
countries, DKA episodes affect 3.8%-73.4% of the
diabetes population (6).

In the US, 240,000 patients had a primary diagnosis of
DKA in 2020, corresponding to 10.2 cases per 1000
admissions and 27,000 had a diagnosis of HHS (1.2
cases per 1000 admissions), a significant rise in DKA
cases compared to the total of 184,255 and 27,532
events for DKA and HHS respectively in 2014 (4). The
cost of inpatient care for DKA in USA rose to $5.1
billion in 2014 and $6.76 billion in 2017, with the
average cost per DKA admission increasing to
approximately $31,000 (7) (8).

HHS is less common and is estimated to account for
less than 1% of hospital admissions of patients with
diabetes (9). Despite its rarity, HHS is associated with
a higher mortality rate, ranging from 10% to 20%,
which is about ten times higher than DKA. About 2/3
of adults admitted with DKA have T1DM, while almost
90% of the HHS patients have a known diagnosis of
T2DM (3).

PATHOGENESIS

The primary distinction between DKA and HHS lies in
the degree of insulin insufficiency. DKA results from
severe insulin deficiency in the presence of increased
counterregulatory hormones, including glucagon,
cortisol, epinephrine, and growth hormone, which in
turn leads to increased gluconeogenesis, accelerated
glycogenolysis, and impaired peripheral glucose
uptake. The combination of insulin deficiency and
heightened counterregulatory hormone  activity
enhances lipolysis resulting in high release of free fatty
acids from the adipose tissue (10). Free fatty acids
are oxidized in the liver, leading to increased ketone
production, ketonemia, and metabolic acidosis (11).

In HHS, there is relative insulin deficiency and residual
insulin is enough to suppress lipolysis and prevent
ketogenesis, but inadequate to  regulate
hyperglycemia. This persistent hyperglycemia is
further enhanced by increased gluconeogenesis and

decreased peripheral glucose uptake. Severe
hyperglycemia leads to osmotic diuresis and
subsequently to volume depletion. Increased thirst is
often not sufficient to compensate for these losses and
as a result osmolality rises, renal filtration declines,
and as HHS progresses, severe dehydration ensues,
frequently followed by cognitive impairment (12) (13).

Hyperglycemia in hyperglycemic crises is linked to a
severe inflammatory state, marked by increased levels
of proinflammatory cytokines such as tumor necrosis
factor-a and interleukins-1, -6, and -8, C-reactive
protein, reactive oxygen species, and lipid
peroxidation biomarkers, even in the absence of
apparent infection or an acute cardiovascular event
(13).

PRECIPITATING FACTORS

Most admissions for DKA/HHS are precipitated by one
of the following risk factors (9) (14):

1. Infection: The stress of the infection can
exacerbate the effects of the insulin deficiency by a
rise in counterregulatory hormone levels and
cytokines. In T1DM cohorts, infection accounts for up
to 79.4% of the cases. Similarly, infection is a trigger
factor for HHS in about 40-60% of cases.

2. Inadequate insulin dose or poor adherence to
treatment: Lack of insulin due to omission or
suboptimal treatment regimens is one of the most
common precipitants of DKA and HHS.

3. New diagnosis of diabetes: DKA can be the
initial clinical presentation of T1DM. In recent years,
more people with undiagnosed T2DM diabetes
present with DKA or mixed DKA/HHS; part of these
cohorts are eventually diagnosed with ketosis prone
diabetes (discussed in the special cases section).

4. Medical or surgical emergencies, such as
myocardial infarction, stroke, or trauma, can be
complicated by diabetes related emergencies.

5. Medications: Certain medications can impair
glucose metabolism, increase gluconeogenesis and
insulin resistance. Glucocorticoids can lead to
significant hyperglycemia and subsequently DKA or
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HHS. A rare complication of SGLT-2 inhibitors is
euglycemic ketoacidosis that is further discussed
below.

DIAGNOSTIC CRITERIA AND CLINICAL
MANIFESTATIONS

Based on the recent global consensus, the following
three criteria are used to establish the diagnosis of
DKA (13):

1. Hyperglycemia 2200 mg/dL (11.1 mmol/L) or
a prior history of diabetes irrespective of the
presenting glucose reading.

2. Elevated ketone body concentration: venous
or capillary B-hydroxybutyrate 3.0 mmol/L or in the
early stages of DKA urine ketone 2+ or greater.

3. Metabolic acidosis: pH<7.3 and/or
bicarbonate concentration <18 mmol/L.

It's worth noting that urine ketone testing, which
measures acetoacetate, may underestimate the level
of ketonemia due to a lag in the formation of
acetoacetate and overestimate it in the advanced
stages of DKA due to the increased clearance of [3-
hydroxybutyrate and conversion to acetoacetate (10).
Moreover, ketone tests based on the nitroprusside
reaction can give false-positive results in the presence
of drugs containing sulfhydryl groups (15, 16). Hence,
measurement of venous or capillary B-
hydroxybutyrate is recommended for the diagnosis.
The use of bedside capillary ketone monitors is now
advocated as the best standard of care.

The most common symptoms are nausea and
vomiting and abdominal pain, which can mimic an
acute abdomen. General symptoms include fatigue
and malaise. Osmotic symptoms (polydipsia, polyuria)
and unintentional weight loss often precede the

diagnosis. Individuals can exhibit neurological
symptoms including confusion, headache, lethargy,
and coma. Kussmaul breathing (deep, labored
breathing) occurs in 28% of cases (17). Fruity breath
odor due to ketone production, another distinct sign of
DKA, might be present. Tachycardia and hypotension
due to dehydration are often present along with dry
mucous membranes and decreased skin turgor.

Contrary to DKA, HHS is characterized by absence of
severe ketonemia and metabolic acidosis. There are
four diagnostic criteria as per global consensus (13).

1. Plasma glucose >600 mg/dL (33.3 mmol/L).
2. Hyperosmolality defined as effective
osmolality >300 mOsm/kg or total serum osmolality >
320 mOsm/kg.

3. Absence of significant ketonemia: -
hydroxybutyrate <3.0 mmol/L or urine ketone < 2+.
4, Absence of acidosis: pH=7.3 and bicarbonate

concentration 2 15 mmol/L.

General symptoms include significant fatigue and
weakness. Osmotic symptoms and weight loss often
precede the acute presentation. Neurological
symptoms, including confusion, focal neurological
deficits, lethargy, seizures, and coma are more
frequent in HHS. Signs of severe dehydration and
volume depletion include tachycardia and severe
hypotension as well as general signs of dehydration.
When left untreated, it can lead to multiorgan failure
and death (9).

The differences between DKA and HHS are shown in
Table 1. Patients may manifest symptoms and
laboratory studies of both DKA and HHS as DKA and
HHS represent a spectrum of insulin deficiency
disorders.
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Table 1. DIFFERENCES BETWEEN DKA AND HHS

Clinical / Laboratory | DKA HHS
feature
Onset Rapid (hours to 1-2 days) Gradual (several days to

weeks)

Blood glucose

200-600 mg/dL (11.1-13.3 mmol/L)

>600 mg/dl (13.3 mmol/L)

Ketones Ketonemia >3 mmol/L or ketonuria | Absent or <3 mmol/L
2+ or higher

pH (acidosis) <7.3 7.3

Bicarbonate <18 mmol/L =15 mmol/L

Osmolality Moderately elevated Severely elevated (>320
mOsm/kg)
Neurological Mild to moderate confusion Severe confusion, seizures,
symptoms coma
Other Laboratory Findings 1. Alcoholic Ketoacidosis: Like DKA, it's

Leukocytosis is a common finding in patients with DKA
or HHS and might be resulting from acute stress, but
a white blood cell count > 25,000/uL may indicate an
underlying infection and  warrants  further
investigations (18). Hypertriglyceridemia is frequently
seen in HHS and is nearly always present in DKA (19).
Additionally, elevated amylase and lipase levels can
be found in DKA (20).

In DKA, the anion gap, calculated as [Na*] - ([CI7] +
[HCO37), is typically elevated (>12 mEqg/L), reflecting
the progression of ketoacidosis. However, other
factors such as nausea, vomiting, and renal losses
can attenuate this rise by contributing to bicarbonate
loss and deranged electrolytes. Moreover, Kussmaul
breathing induces respiratory alkalosis, often resulting
in a mixed metabolic and respiratory acid-base
disturbance.

DIFFERENTIAL DIAGNOSIS

DKA must be differentiated from the following
conditions:

characterized by high anion gap metabolic acidosis
but with normal or low glucose levels (21).

2. Starvation Ketoacidosis: Malnutrition or
prolonged fasting can lead to ketosis and mild
acidosis; however blood glucose levels are normal or
low (22).

3. Lactic Acidosis: Often seen in sepsis and
dehydration, it leads to metabolic acidosis in the
absence of ketonemia. It's sometimes seen in
individuals with impaired renal function and diabetes
treated with metformin (10).

4. Toxins: Substances such as methanol and
ethylene glycol can lead to high anion gap metabolic
acidosis.

5. Renal Failure: Acute or chronic kidney
disease is associated with metabolic acidosis and
uremia, which can present with symptoms similar to
those of DKA as discussed later (23).

Besides distinguishing HHS from DKA,
conditions can mimic or coexist with HHS (24).

several

1. Sepsis: Characterized by dehydration and
altered mental status, sepsis can also act as a
precipitating factor for HHS.
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2. Stroke: When focal neurological deficits are
present, HHS may be mistaken for stroke. Glucose
testing is essential for an accurate diagnosis.

3. Uremia: Acute or chronic kidney disease can
cause altered mental status, but in the absence of

diabetes, blood glucose levels tend to remain normal.

4. Electrolyte disorders: Hyponatremia or
hypernatremia can lead to confusion and
neurological symptoms including seizures, lethargy,
and coma. Presence of hyperosmolality and
hyperglycemia along with electrolyte disorders can
unmask an underlying hyperglycemic crisis.

COMPLICATIONS

1. Hypoglycemia: One of the most common
complications of treatment especially in patients with
DKA (25).

2. Hypokalemia: Due to intracellular shift of
potassium following insulin treatment, hypokalemia is
often seen during treatment of hyperglycemic
emergencies. It's estimated to affect about 55% of
DKA and 51% of HHS patients (25).

3. Hyperchloremic Non—Anion Gap Acidosis:
This transient and typically self-resolving condition
can result from excessive normal saline infusion or
the metabolism of ketoanions to bicarbonate during
DKA resolution (26) (27).

4. Cerebral Edema: This complication is more
common in DKA, particularly in younger patients, but
has also been reported in HHS. A declining level of
consciousness, lethargy, and headache should raise
suspicion. If untreated, it can progress to seizures,
pupillary abnormalities, bradycardia, and respiratory
arrest, with a high risk of mortality and permanent
neurological damage. The exact cause remains
unclear but may involve osmotic shifts,
hypoperfusion, and inflammatory processes (10)
(28).

5. Hypoxemia and rarely non-cardiogenic
pulmonary edema: It may be associated with a
decrease in the colloid osmotic pressure leading to
pulmonary edema.

6. Thrombosis: Both DKA and HHS are
prothrombotic states (29) (30). The risk is higher in

HHS potentially due to the concurrent hypernatremia
or raised vasopressin concentrations, which are
considered thrombogenic. Hyperglycemia is also
linked to a pro-inflammatory effect on the
endothelium. An individual risk assessment for
venous thromboembolism (VTE) should be
performed for all patients presenting with DKA or
HHS to decide if prophylactic or therapeutic dose of
anticoagulation should be prescribed (31) (9). Given
limited clinical trial data, therapeutic anticoagulation
dose in all patients presenting with HHS is not
recommended.

7. Acute kidney failure: A common complication
of DKA and HHS, usually resulting from severe
dehydration due to osmotic diuresis.

TREATMENT
Fluids

Administration of intravenous (IV) fluids restores
circulating intravascular volume and thus organ
perfusion, facilitating the excretion of glucose and
ketone bodies. Additionally, it improves insulin
sensitivity by reducing the effect of counterregulatory
hormones. lIsotonic fluids have been the preferred
choice for over 50 years. Normal saline 0.9% has been
the standard fluid; however, concerns have been
raised about its potential to cause hyperchloremic
metabolic acidosis, particularly when administered in
large volumes. Recent prospective and observational
studies, as well as meta-analyses, have shown that
using balanced crystalloid solutions such as Ringer’s
lactate leads to faster resolution of DKA, shorter
hospital stays, and lower incidence of hyperchloremic
metabolic acidosis (32) (33, 34).

In DKA, an infusion of 15-20 ml per Kg body weight
within the first hour is usually appropriate in adults
without renal or cardiac compromise (35). As a
general rule, administration of isotonic saline or
crystalloid solutions at a rate of 500-1,000 mL/h
during the first 2—4 hours is recommended (13). Once
intravascular volume is repleted, fluid replacement
rate and choice of fluid are guided by vital signs, fluid
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balance, and serum electrolyte levels (8) .In
hypernatremia, isotonic solutions are still the preferred
choice due to lower risk of rapid correction of sodium
levels and cerebral edema (36). Fluid replacement
should restore estimated deficits within the first 24—48
h. Rapid replacement might not be appropriate in
individuals with chronic cardiac failure, chronic kidney
disease (CKD), frailty, and older age. If there are
concerns about hyperchloremic metabolic acidosis,
Ringer’s lactate solution can be used instead. When
plasma glucose falls below 250 mg/dL (13.9 mmol/L),
5-10% dextrose in addition to the 0.9% sodium
chloride is suggested to prevent hypoglycemia while
insulin is used to correct ketonemia.

In HHS, the goal of treatment is to replace
approximately 50% of the fluid deficit within the first
12 h and the remainder in the following 12 h. Similarly
to DKA, initial administration rate of isotonic saline is
500-1,000 mL/h during the first 2—4 h. Fluid
replacement alone leads to reduction in glucose levels
which in turn decreases serum osmolality due to the
water shift into the intracellular space. This results in
increasing sodium levels, but this is not necessarily an
indication for hypotonic solutions unless the osmolality
is not adequately decreasing. If the rise in serum
sodium is much greater than 2.4 mmol/L for every
55mmol/L fall in blood glucose, this suggests
inadequate fluid replacement and requires a higher
infusion rate (37). If fluid replacement is adequate but
glucose and osmolality are not falling at the desired
rate, then 0.45% sodium chloride solution should be
considered. Overall, the goals of treatment are a
decrease in osmolality between 3 and 8 mOsmol/kg
per hour, a sodium reduction by no more than 10
mmol/L in 24 hours, and hourly glucose fall by up to
5mmol/L (37).

Insulin

Insulin therapy is the mainstay of DKA treatment and
should be started immediately after the diagnosis
using a fixed-rate intravenous insulin infusion started
at 0.1 units/kg/h. Short-acting insulin is the preferred
choice. An insulin bolus (0.1 units/kg/hour) given

intravenously or intramuscularly is suggested in some
treatment protocols if a delay in obtaining venous
access is expected, followed by the fixed rate infusion
(13) (38). When blood glucose falls below 250 mg/dL
(13.9 mmol/L), the rate should be halved to 0.05
units/kg/h. Subsequently, the infusion continues until
the ketoacidosis is resolved and rate adjustments are
made depending on the glucose levels with a target
glucose of 200 mg/dl (11.1 mmol/l) (13).

For patients on long-acting insulin before admission,
basal insulin can be continued during the
administration of the IV insulin infusion, which will later
enable the transition to a subcutaneous basal bolus
regimen (39). In the newly diagnosed patients, basal
insulin is initiated at 0.15-0.3 units/kg. Once DKA has
resolved and oral intake is adequate, IV insulin can be
discontinued, and rapid acting insulin is resumed with
meals or initiated in the newly diagnosed. For patients
who hadn’t been on simultaneous IV insulin and SC
basal insulin during treatment, the infusion should be
stopped at least 1-2 hours after the administration of
SC insulin. If oral intake is poor, transition to variable
rate insulin infusion along with glucose solutions is
recommended. Criteria for resolution of DKA include
(40):

1. Blood glucose< 200 mg/dl (11.1 mmol/l)
2. Venous pH > 7.3 and / or bicarbonate 218
mmol/L

3. Plasma ketone <0.6 mmol/L

The anion gap is no longer used as a criterion, as it
may also be elevated in hyperchloremic metabolic
acidosis.

In HHS, mild or moderate ketonemia (blood -
hydroxybutyrate 21.0 to <3.0 mmol/L or urine ketones
<2+) in the absence of acidosis (pH 27.3 and
bicarbonate 218 mmol/L) is treated with IV fluids and
a fixed-rate 1V insulin infusion is only started once the
glucose stops falling; this is to prevent large osmotic
shifts and subsequently neurological complications
(37). Ifinsulin is required, the recommended initial rate
is also more conservative at 0.05 units/kg/h.
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Mixed DKA/HHS is defined as hyperosmolality (>320
mOsm/kg), B-hydroxybutyrate =3.0 mmol/L or
ketonuria 22+ and presence of acidosis (pH <7.30, or
bicarbonate <18 mmol/L) and has been reported in
more than one-third of people with hyperglycemic
crises (41). DKA and HHS share some common
mechanisms in the underlying pathophysiology. In
both conditions, counterregulatory hormones are
elevated, while the release of cytokines leads to
reduced response to insulin. It's possible that
glucotoxicity, inflammation, and oxidative stress all
lead to a relative insulin deficiency due to beta cell
exhaustion resulting in this overlap (37, 42). Similarly
to DKA, it requires higher doses of insulin (starting rate
for fixed rate insulin infusion: 0.1 units/kg/h) and IV
fluids with the goal to achieve a positive balance of 3—
6 L during the first 12 h and the remaining replacement
in the following 12 h, although complete resolution
may take up to 72h (37). Transition to SC insulin
follows the same principles as DKA.

The criteria for the resolution of HHS has recently
been agreed such that overall serum osmolality (total
and effective) should fall below 300 mOsm/kg, blood
glucose below 250 mg/dL (13.9 mmol/L), urine output
is above 0.5 mL/kg/h, and cognitive status has
improved (43).

Bicarbonate

Bicarbonate is not routinely administered since IV
fluids and insulin usually suffice to correct the
metabolic acidosis of DKA (34). Higher risk of
hypokalemia, cerebral edema, and development of
paradoxical central nervous system acidosis have
been reported with bicarbonate treatment (10, 40) and
therefore their use is limited in severe metabolic

acidosis (i.e., pH <7.0). In this case, 100 mmol of
sodium bicarbonate (8.4% solution) in 400 mL of an
isotonic solution can be administered every 2 h to
achieve a pH >7.0 (43).

Potassium

Total body potassium is reduced in DKA/HHS due to
renal losses resulting from osmotic diuresis, extrarenal
losses due to vomiting, and concurrent
hyperaldosteronism, however this reduction is often
masked by the potassium movement from the
intracellular to the extracellular space due to the lack
of insulin and presence of acidosis. A further reduction
results from treatment with insulin that increases
uptake of potassium by cells and fluids that restore the
intravascular volume and metabolic balance leading to
increased potassium excretion in the urine (44).
Potassium replacement should be started when serum
levels are below 5.5 mmol/L with a target range of 4—
5 mmol/L. This is usually achieved with 20-30 mmol
of potassium in each liter of intravenous solution.
Potassium levels below 3.5 mmol/L require a higher
rate of 10 mmol/h and insulin therapy should be
deferred until the potassium level is above 3.5 mmol/L
to reduce risk of lethal arrhythmias and respiratory
muscle weakness (45).

Phosphate

Hypophosphatemia can result from the osmotic shift
into the extracellular fluid and the renal losses due to
osmotic diuresis. Replacement is indicated in the
presence of muscle weakness or respiratory / cardiac
distress and phosphate levels below 1.0 mmol/L. In
this case 20-30 mmol of potassium phosphate is
added to the replacement fluids.
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Fluids Insulin

-Start with 15-20 mL/kg of normal saline or -Start fixed-rate IV insulin infusion at 0.1 units/kg/h.
Ringer’s lactate in the first hour. -Once glucose <250 mg/dL (13.9 mmol/1), halve the
-Continue at 500-1,000 mL/h for the next 2-4 insulin infusion rate to 0.05 units/kg/h.

hours.

-Continue insulin until resolution of DKA (glucose <200
-Switch to 5-10% dextrose with 0.9% saline when  mg/dL, pH >7.3 or bicarbonate 218 mmol/L, plasma

glucose <250 mg/dL (13.9 mmol/I). ketones <0.6 mmol/L).

-Aim to replace estimated fluid deficit over 24-48 -If on basal insulin before admission, continue in

hours. parallel with IV infusion.

-Avoid rapid rehydration in elderly, CKD, or -Transition to SC insulin after resolution of DKA

cardiac failure provided oral intake is adequate otherwise switch to
VRIIL

Bicarbonate and Electrolytes

-Reserved for pH <7.0: use 100 mmol sodium bicarbonate in 400 mL isotonic
fluid every 2 hours until pH >7.0.

-Begin potassium replacement if K* <5.0 mmol/L. Target: 4-5 mmol/L. IfK*
<3.5 mmol/L, give 10 mmol/h and hold insulin until K* >3.5 mmol/L.

-Replace phosphate if below 1 mmol/L in the presence of muscle weakness or
respiratory / cardiac distress by adding 20-30 mmol potassium phosphate to
IV fluids.

Figure 1. Key points for the management of DKA.

Fluids

-Replace approximately 50% of the fluid deficit in the first 12 hours by Insulin
starting with 500-1.000 mL/h of isotonic saline during the first 2-4 h. -Initiate IV insulin infusion

-Aim for osmolality to decrease by 3-8 mOsm /kg/h, glucose to decrease  only if glucose is not falling
up to 5 mmol/l/h and sodium to decrease up to 10 mmol/l in 24 hours. with fluids alone or if

-If the rise in serum sodium is much greater than 2.4 mmol/L for every ketones > 3 mmol/I.
5.5 mmol/L fall in blood glucose, this suggests inadequate fluid -Start at 0.05 units/kg/h
replacement and requires a higher infusion rate. unless it's mixed DKA/HHS,

-If fluid replacement is adequate but glucose and osmolality are not then treat like DKA with 0.1
falling at the desired rate, then 0.45% sodium chloride solution should units/kg/h.
be considered.

Bicarbonate and Electrolytes

-Reserved for pH <7.0: use 100 mmol sodium bicarbonate in 400 mL isotonic fluid
every 2 hours until pH >7.0.

-Begin potassium replacement if K* <5.0 mmol/L. Target: 4-5 mmol/L. IfK* <3.5
mmol/L, give 10 mmol/h and hold insulin until K* >3.5 mmol/L.

-Replace phosphate if below 1 mmol/L in the presence of muscle weakness or
respiratory / cardiac distress by adding 20-30 mmol potassium phosphate to IV fluids.

Figure 2. Key points for the management of HHS.
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SPECIAL SITUATIONS
Pregnancy

DKA is rare in pregnancy and has an estimated
incidence of 0.5-3% with up to 30% being euglycemic
DKA (glucose less than 13.9 mmol/l) (46). Fetal
demise rates remain as high as 35% for a single
episode of DKA despite substantial improvements in
perinatal and neonatal care (47). DKA most commonly
presents in the third trimester and in women with
T1DM followed by gestational diabetes (48). Since
euglycemic DKA can present in one third of the cases,
increased awareness and low threshold for ketone
testing is required when women present with nausea,
vomiting, abdominal pain, or recent osmotic
symptoms.

During pregnancy, insulin resistance progressively
increases to ensure adequate fetal nutrition, while
insulin secretion rises to meet these higher demands.
Additionally, pregnancy is a ketogenic state
characterized by increased lipolysis and ketogenesis,
driven by relative maternal starvation and
hypoglycemia (49). This explains why DKA can
develop in response to triggers such as insulin
omission, steroid use, or infection.

Hyperosmolar hyperglycemic state (HHS) is rare in
pregnancy due to physiological adaptations, including
an 8-10 mmol/kg reduction in maternal plasma
osmolality and a lower threshold for vasopressin
secretion, both of which reduce the risk of
hyperosmolality. However, as insulin resistance
increases throughout gestation, HHS is more likely to
occur in women with type 2 diabetes mellitus (T2DM)
(50).

Diabetic emergencies in pregnancy should be
managed in level 2 critical care units such as HDU or
ICU. Differences in the management of DKA in
pregnancy include the need for fetal monitoring with
frequent cardiotocography (CTGs) and in some cases
ultrasounds and potentially a more conservative

approach in the fluid resuscitation that should be
guided by frequent assessment of the hemodynamic
status (51). Isotonic saline (0.9%) remains the fluid of
choice and should be administered in boluses of 500
ml over 10-15 min if the SBP is less than 90 mmHg
and repeated if SBP remains below target. Following
initial resuscitation, maintenance fluids can be
prescribed as per adult guideline for management of
DKA with a recommended rate of 5-15 ml/kg/hour.
When it comes to insulin administration, current weight
should be considered to determine the infusion rate.
Once DKA is resolved, stricter glycemic control should
be promptly achieved based on current recommended
targets (fasting glucose <5.3 mmol/l, 1 hour post
meals< 7.8 mmol/l).

Diabetic ketoacidosis (DKA) can lead to fetal cardiac
arrhythmias and, in up to one-third of cases, fetal
demise (52). Fetal heart rhythm often normalizes after
correction of maternal metabolic acidosis, though this
may take 4-8 hours (51). The decision for urgent
delivery should be individualized, taking into account
gestational age and response to therapy (46).

As noted, euglycemic DKA (euDKA) is common in
pregnancy. This is attributed to increased fetal glucose
utilization via enhanced placental glucose transporter
expression, increased renal glucose excretion due to
higher glomerular filtration, and hemodilution from
expanded plasma volume. The treatment of euDKA
differs from standard DKA management, requiring
early initiation of 5% dextrose alongside normal saline
via a separate line.

In HHS, weight measurement can assist with fluid
replacement. A loss of weight more than 10% of the
last clinic weight measurement indicates severe
volume depletion and fetal risk (50). Despite stricter
glucose targets during gestation, osmolality reduction
should not exceed the recommended rate due to risk
of cerebral edema.
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Recurrent DKA

Recurrent episodes of DKA occur more frequently in
females, young age groups, ethnic minorities, and
individuals with suboptimal glycemic control (HbA1c >
86 mmol/mol). The most frequent trigger is insulin
omission (53). This is often driven by psychosocial
factors, including difficulty accepting a chronic
condition, depression, eating disorders, fear of weight
gain, and severe anxiety about hypoglycemia (54-56).
Low socioeconomic status and substance abuse have
also been identified as risk factors.

Family conflict and a lack of parental involvement in
diabetes management also contribute, particularly in
adolescents (57). An observational retrospective case
control study showed that 75% of all patients with
recurrent DKA did not attend at least one appointment
within the previous 12 months; patients had a mean
age of 31 years reinforcing the younger age
distribution of recurrent DKA cases (58). Data from 6
institutions in Chicago showed a prevalence of
recurrent DKA at 21.6% with 5.8% of the cohort
presenting with 4 or more episodes. Individuals with
fragmented care in different healthcare institutions
were at higher risk of recurrence and were more
commonly of African American/Black ethnicity (59).

Preventing further episodes of DKA is the primary goal
in this high-risk population. Strategies include insulin
administration by family members or community
nurses, structured insulin regimens, and hybrid
closed-loop systems when there are no concerns
about technology use. Ongoing support from a
diabetes specialist psychologist and programs for
complex cases, such as fear of hypoglycemia or
eating disorders, are also important. Additionally,
virtual appointments can provide flexibility and reduce
missed appointments, while technology-based
communication, such as messaging, can facilitate
frequent contact with the diabetes care team.

Ketosis Prone Diabetes
Ketosis prone diabetes is a distinct variant form that
has been described in recent decades, in which

patients present with DKA without the underlying
autoimmunity of T1DM (GAD and anti-islet cell
antibody negative). The genetic aspect remains under
investigation with contradictory results so far. It most
frequently presents in African, Asian and Indian and
Hispanic populations. It’s estimated that it accounts for
25% to 50% of African Americans and Hispanics with
a new diagnosis of DKA (60). However, the overall
prevalence remains unknown. It's also more common
in middle aged individuals, males, and overweight or
obese people (61).

One of the unique aspects of this entity is the
reversibility with high chance of insulin cessation and
diabetes remission. This usually occurs after several
months of insulin therapy and lifestyle interventions
with only one fourth of patients remaining insulin
dependent (62). Recurrent DKA is rare, and the
clinical course generally resembles that of T2DM with
oral agents such as metformin often being an effective
treatment.

Ketoacidosis stems from the lack of beta cell insulin
secretion on the background of severe hyperglycemia.
There is often no preceding trigger factor. Patients
may report osmotic symptoms prior to DKA
presentation. The mechanism for the acute onset of
severe hyperglycemia is currently unknown. Once
normoglycemia is restored, glucose-stimulated insulin
secretion starts to recover and maximizes
approximately 12 weeks after the resolution of DKA
and initiation of insulin treatment (63) (64).
Improvement in c-peptide levels suggests temporary
functional abnormalities of beta cells as opposed to
permanent damage. Insulin sensitivity also remarkably
improves following treatment.

Biochemical parameters during the acute presentation
are consistent with the classic form of DKA.
Management of DKA doesn’t differ, however once
patients are established on subcutaneous insulin,
close monitoring is advised since requirements are
expected to decrease in the following months (60).
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Hyperglycemic Emergencies In Chronic Kidney
Disease

DKA IN CHRONIC KIDNEY DISEASE

Chronic kidney disease (CKD) remains a major
complication of diabetes, with end-stage renal disease
(ESRD) affecting up to 31.3% of cases (65). Declining
kidney function leads to impaired gluconeogenesis
and reduced insulin degradation, resulting in lower
insulin requirements. However, despite these lower
needs, individuals with advanced CKD can still
develop DKA and, more rarely, HHS.

Water excretion is impaired and osmotic diuresis
decreases, which is less pronounced in people with
impaired renal function, and it is absent in those with
anuria. On the contrary, polydipsia is still present due
to hypertonicity leading to increased water intake, and
subsequent expansion of interstitial and intravascular
volume.

Chronic metabolic acidosis is common in advanced
CKD due to decreased acid excretion and high
endogenous and exogenous acid loads (66). Acidosis
deteriorates rapidly with the accumulation of ketone
bodies. Distinguishing between DKA and acidosis of
uremia remains challenging as both share similar
symptoms (67). Ketone measurements are therefore
crucial for prompt diagnosis especially in the presence
of markedly elevated anion gap (>20). The
recommended diagnostic threshold remains a R-
hydroxybutyrate level of more than 3 mmol/L (68). The
diagnostic criteria for DKA do not differ in individuals
with CKD.

Clinical findings vary significantly depending on the
stage of renal impairment. In individuals with adequate
diuresis, volume status is often reduced, further
exacerbated by extrarenal losses such as vomiting
and diarrhea. In those with decreased diuresis or
anuria, volume status may be expanded, leading to
signs of fluid overload such as shortness of breath,
raised jugular venous pressure, peripheral edema,
hypertension, and pulmonary edema.

In patients on dialysis hyperglycemia can be corrected
with hemodialysis, with studies reporting a 36%
decrease in blood glucose levels two hours post-
dialysis (69); hemodialysis also helps correct
hyperkalemia and acidosis; however, ketogenesis
may persist due to insufficient insulin. The timing of the
latest dialysis session, the volume of fluid removed,
the presence of extra renal or excessive insensible
losses affects the above parameters making diagnosis
even more challenging. For this reason, some authors
suggest measuring capillary ketone and lactate levels
in all people with ESRD and metabolic acidosis (63).

The management of DKA depends on the stage of
CKD, which directly influences fluid balance and
insulin requirements. In ESRD, insulin requirements
are lower, so an initial infusion rate of 0.05
units’kg/hour is recommended instead of 1
unit/kg/hour. The insulin dose should be adjusted
based on treatment response, aiming for blood
glucose reduction of 3-5 mmol/L per hour, plasma
ketone reduction of 0.5 mmol/L per hour, and serum
bicarbonate increase of 3 mmol/L per hour. The
reduction of effective osmolality should not exceed 8
mOsm/kghour to minimize the risk of cerebral osmotic
demyelination.

If the initial assessment shows normal or increased
volume status, intravenous fluids are not required
unless there is hypotension or other signs of volume
depletion. If fluid overload is present, insulin infusion
alone may be sufficient. However, severe overload
with pulmonary edema requires dialysis, and renal
consultation is recommended. If volume status is
unclear, central pressure monitoring can help guide
management. If the patient is hypovolemic (Gl losses,
excessive insensible losses, dry mucous membranes,
reduced skin turgor, hypotension, weight at or below
their post-dialysis weight), fluid resuscitation with
boluses of 250 ml of sodium chloride 0.9% with
frequent monitoring of clinical and laboratory
parameters is recommended. In individuals on
dialysis, pre-dialysis weight should be targeted (67).
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Serum electrolytes should be closely monitored with
potassium supplementation reserved for patients with
hypokalemia. Serum potassium levels are often
elevated, and hyperkalemia tends to be more severe
in people on dialysis for the same level of
hyperglycemia. In either case, it is expected to
improve with the administration of intravenous insulin
(70). Continuous cardiac monitoring is recommended
when potassium exceeds 5.5 mmol/L. Correction with
40 mmol/L of potassium chloride is recommended
when serum potassium is below 3.5 mmol/l (71).

Emergency hemodialysis should be considered in
major hyperglycemia, severe metabolic acidosis in
anuric patients, significant hypertonicity with often co-
existent severe hyponatremia, and persistent
hyperkalemia that does not respond to insulin
administration. Rapid correction of blood glucose
levels and plasma osmolality should be avoided to
reduce risk of cerebral edema (72). Use of
bicarbonates is generally limited for severe metabolic
acidosis (pH<6.9) (34). Since bicarbonate
regeneration is insufficient in advanced CKD, their use
can be considered when pH<7.2.

EUGLYCEMIC DKA IN ADVANCED CKD

Euglycemic ketosis can present during continuous
renal replacement (CRRT) with glucose free solutions
and low caloric intake. During CRRT, glucose is
removed from the blood (from 30 to 160 g per day
depending on glycemia and hemofiltration rate) and
glycogen stores are depleted within 2-3 days when
glucose free solutions are used (73). This leads to
increased  glucagon levels and enhances
gluconeogenesis and ketogenesis, resulting in
euglycemic ketoacidosis. It can present even in the
absence of diabetes (74). A high anion gap metabolic
acidosis in people on CRRT should raise suspicion
and prompt ketone testing. Ketosis is managed by
raising the daily caloric intake (some authors suggest
25 kcal/kg/day) with a supplemental dextrose infusion
along with insulin administration. Glucose-containing
CRRT solutions should also be considered (73).

HHS IN ADVANCED CKD

HHS is rare in people with advanced CKD, due to lack
of significant diuresis, but a mixed HHS/DKA picture
can be seen considering that glucose accumulates in
the extracellular space leading to hypertonicity and
significant hyperglycemia. Diagnostic criteria remain
the same in advanced CKD, however since urea is
often increased, effective osmolality is a more reliable
marker for both diagnosis and assessing response to
treatment (23).

Mixed DKA/HHS should be managed as DKA. There
are no evidence-based recommendations on the
management of HHS in people with advanced CKD.
Aggressive fluid resuscitation (30 mL/kg crystalloid) is
considered safe for dialysis-dependent patients in
other settings, such as sepsis-induced hypotension,
based on retrospective data (75) (76). Since people
with  HHS are usually significantly dehydrated, a
similar initial approach with frequent reassessment of
fluid responsiveness and volume status could be
considered.

PREVENTION

Approximately one in five patients admitted for DKA
will be readmitted within 30 days (77). Insulin omission
and underlying infections are the most common
precipitating  factors. As mentioned before,
psychological factors, low socioeconomic status,
younger age, and substance abuse are often present
in people with recurrent episodes of DKA. Identifying
patients at risk is crucial to prevent diabetic
emergencies; this can be achieved with more frequent
clinic visits, structured education programs for
example those designed for type 1 diabetes and
disordered eating, additional support from the
psychiatry service, access to continuous glucose
monitoring, and when appropriate, use of hybrid
closed loop systems. Funding of community programs
targeting people who struggle to access medical care
due to socioeconomic reasons should be encouraged
especially if we consider the financial implications of
diabetic emergencies and complications (78) (79).
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Patient education on sick day rules is important for
DKA prevention and should be discussed periodically.
Temporary discontinuation of SGLT-2 inhibitors in
acute illness or planned surgery, when oral intake of
food and water is restricted, is recommended to
reduce the risk of euglycemic ketoacidosis (80).
Education of family members and school staff can help
prevent or at least recognize promptly the symptoms
of DKA in children and adolescents with type 1
diabetes. Likewise, close observation and early
detection of symptoms can help prevent HHS in older
adults (36).

SUMMARY

Hyperglycemic emergencies, including DKA and HHS,
are serious, life-threatening complications and require
increased prompt recognition and urgent medical
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