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Abstract

Euglycemic diabetic ketoacidosis (DKA) is an acute life-threatening metabolic
emergency characterized by ketoacidosis and relatively lower blood glucose (less
than 11 mmol/L). The absence of hyperglycemia is a conundrum for physicians in
the emergency department and intensive care units; it may delay diagnosis and
treatment causing worse outcomes. Euglycemic DKA is an uncommon diagnosis
but can occur in patients with type 1 or type 2 diabetes mellitus. With the addition
of sodium/ glucose cotransporter-2 inhibitors in diabetes mellitus management,
euglycemic DKA incidence has increased. The other causes of euglycemic DKA
include pregnancy, fasting, bariatric surgery, gastroparesis, insulin pump failure,
cocaine intoxication, chronic liver disease and glycogen storage disease. The
pathophysiology of euglycemic DKA involves a relative or absolute carbohydrate
deficit, milder degree of insulin deficiency or resistance and increased
glucagon/insulin ratio. Euglycemic DKA is a diagnosis of exclusion and should
be considered in the differential diagnosis of a sick patient with a history of
diabetes mellitus despite lower blood glucose or absent urine ketones. The
diagnostic workup includes arterial blood gas for metabolic acidosis, serum
ketones and exclusion of other causes of high anion gap metabolic acidosis.
Euglycemic DKA treatment is on the same principles as for DKA with correction
of dehydration, electrolytes deficit and insulin replacement. The dextrose-
containing fluids should accompany intravenous insulin to correct metabolic
acidosis, ketonemia and to avoid hypoglycemia.

Key Words: Diabetic Ketoacidosis; Sodium/glucose co-transporter-2 inhibitors; Pregnancy
with diabetic ketoacidosis; Diabetes complications; Pregnancy in diabetes; Ketosis;
Metabolic acidosis
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Core Tip: Euglycemia diabetic ketoacidosis (DKA) is an uncommon, life-threatening
emergency with lower normal blood glucose. Euglycemic DKA can occur in both types
of diabetes mellitus, and the absence of hyperglycemia may delay diagnosis with worse
outcomes. The use of sodium/glucose cotransporter-2 (SGLT-2) inhibitors as a
therapeutic option in the management of diabetes mellitus has increased the incidence
of euglycemic DKA. Euglycemic DKA should be considered in any unexplained
metabolic acidosis with a history of diabetes mellitus and associated risk factors.
Patients on SGLT-2 inhibitors must be educated about potential risk factors for
euglycemic DKA and dose adjustment for sick days.
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INTRODUCTION

Diabetic ketoacidosis (DKA) is widely known as a life-threatening acute complication
of diabetes mellitus (DM). It mainly occurs in patients with type 1 DM; however, any
acute illness like infection, trauma or acute coronary syndrome may also trigger DKA
in type 2 DM. Hyperglycemia (plasma glucose > 14 mmol/L) is a hallmark in the
diagnosis of DKA completing the triad with metabolic acidosis and ketonemia[1,2].

Euglycemic DKA is defined as ketoacidosis (pH < 7.3 or serum bicarbonate < 18
mmol/L) with either near-normal plasma glucose or a milder degree of hyperglycemia
(11-14 mmol/L)[3,4]. The absence of hyperglycemia can conceal the underlying DKA
creating a diagnostic dilemma especially in the emergency department, which is
associated with worse outcomes[3-5]. Dehydration in euglycemic DKA is also minor in
the absence of polyuria and polydipsia. Patients may present instead with malaise,
anorexia and tachypnoea because of ketonemia and accompanying ketoacidosis. The
high index of suspicion with early testing for metabolic acidosis and blood ketones can
identify these patients[4].

Euglycemic DKA was first described in 1973 by Munro et al[6] among type 1 DM.
Euglycemic DKA is an uncommon diagnosis with an incidence ranging between 2.6%
to 3.2% of admissions with DKA[7,8]. In a study by Munro et al[6], the incidence of
euglycemic DKA had an incidence of 3.2%, using a plasma glucose cut-off of less than
16.7 mmol/L[8]. However, the cut-off of plasma glucose used for euglycemic DKA in
recent reviews is lower (either 14 mmol/L[3] or 11 mmol/L[4]). Authors have also
used other terminology for euglycemia, like near-normal or lower than anticipated
plasma glucose[9,10]. The true incidence of euglycemic DKA is therefore unknown.
With the introduction of sodium/glucose cotransporter-2 (SGLT-2) inhibitors in DM
management, there is a definitive increase in the published case reports or series on
euglycemic DKA[9,11]. The other common causes of euglycemic DKA are pregnancy
and prolonged fasting. In this review, we will discuss the pathophysiology, diagnostic
considerations and management of euglycemic DKA.

PATHOPHYSIOLOGY OF EUGLYCEMIC DKA

The pathophysiology of DKA is already very well-known, characterized by a relative
or absolute deficiency of insulin and excess of counterregulatory (or counter
responsive) hormones like glucagon, corticosteroids, catecholamines or growth
hormones[1]. The hormonal imbalance causes hyperglycemia by increasing glycogen-
olysis, hepatic gluconeogenesis and decreased peripheral utilization of glucose. It also
promotes gluconeogenesis and ketogenesis from free fatty acid mobilization by
lipolysis in adipose tissue and proteolysis of amino acids[1]. Ketone bodies (beta-
hydroxybutyrate, acetoacetate and acetone) are responsible for metabolic acidosis,
while hyperglycemia through glycosuria and osmotic diuresis causes dehydration and
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hypovolemia (Figure 1).

Carbohydrate deficit has a pivotal role in the pathophysiology of euglycemic DKA,
while insulin deficit or insulin resistance is relatively minor and secondary (Figure 1B).
However, the counterregulatory hormone production is unabated, causing an
increased glucagon/insulin ratio and triggering ketogenesis with no significant change
in hepatic gluconeogenesis and peripheral glucose utilization[3,4,12]. The precipitating
causes for euglycemic DKA include fasting or prolonged physical activity with
depleted hepatic glycogen stores and hence impaired glycogenolysis[3,12]. Increased
glucagon also promotes lipid oxidation, generating acetyl-CoA and ketone bodies
when glycolysis intermediates are unavailable due to reduced intracellular glucose
oxidation. The unabated ketonemia and glycosuria (seen usually with SGLT-2
inhibitors) contribute to euglycemic (or hypoglycemic) DKA[4,9].

The three common causes of euglycemic DKA are SGLT-2 inhibitors, pregnancy and
prolonged fasting.

SGLT-2 inhibitors

SGLT-2 inhibitors are the latest group of medications added to the arsenal to treat
patients with DM. Their promotion in type 2 DM is due to clinical trials suggesting
protection against major adverse cardiovascular events and reduced hospitalization
for heart failure and deaths[13]. SGLT-2 inhibitors have also been shown to slow
chronic kidney disease progression in type 2 DM[14,15]. The added advantages
appeared to be modest weight reduction and lower systolic blood pressure aside from
its effect on hyperglycemia[13,15]. SGLT-2 inhibitors act by blocking the SGLT-2
cotransporter located in the early proximal renal tubule, which is responsible for the
reabsorption of most (80%-90%) of the glucose filtered by the glomerulus. It leads to
glucosuria and resultant lowering of blood plasma glucose concentration[16,17]. The
exact mechanism that can precipitate DKA in susceptible individuals includes, osmotic
diuresis along with glucosuria (causing a state of carbohydrate deficit), volume
depletion and dehydration[9,16]. Carbohydrate deficit and hypovolemia promote
glucagon release, increase glucagon/insulin ratio and trigger ketogenesis with
euglycemia. The other factors include the direct effect of SGLT-2 inhibitors on
pancreatic alpha cells, causing glucagon release and inhibiting ketone bodies excretion
by the kidneys[18,19].

There has been a steady increase in the published reports on DKA with the growing
use of SGLT-2 inhibitors[9]. The exact incidence rate of SGLT-2 inhibitors associated
with DKA is unknown. The clinical trials of SGLT-2 inhibitors with type 2 DM have
reported an incidence of 0.16 to 0.76 events per 1000 patient-years[9,20]. In a sizeable
multicentric cohort study by the Canadian Network for Observational Drug Effect
Studies, the incidence of DKA with SGLT-2 inhibitors in type 2 DM was 1.40 (1.29-
1.53) per 1000 patient-years. The risk of DKA was nearly three-fold higher with SGLT-
2 inhibitors than dipeptidyl peptidase-4 inhibitors. The increased risk of DKA was
observed with all three SGLT-2 inhibitors suggesting a class effect, with canagliflozin
(hazard ratio 3.58) having the highest risk[21]. In an analysis of the Food and Drug
Administration’s adverse event reporting system on DKA incidence with SGLT-2
inhibitors, there was a seven-fold increased risk, and around two-thirds of the
reported DKA cases were euglycemic[22]. The risk is higher in patients with
significant insulin insufficiency or type 1 DM (up to 9%)[9,16].

The United States Food and Drug Administration has warned against the risk of
DKA with SGLT-2 inhibitors and so far has not approved its use for type 1 DM[23].
The risk of DKA with SGLT-2 inhibitors in type 1 DM varies widely across the
published data of different randomized controlled trials, and factors responsible for
such variation are not well understood. In a trial of dapagliflozin evaluation in
patients with inadequately controlled type 1 diabetes[24], a significant number of
patients in the dapagliflozin groups had DKA as compared to placebo at 52 weeks of
follow-up. The risk of DKA was 4.0%, 3.4% and 1.9% in the dapagliflozin 5 mg, 10 mg
and placebo groups, respectively. The DKA rate was also higher in the empagliflozin
10 mg and 25 mg groups compared with placebo in the empagliflozin as adjunctive to
insulin therapy program[24]. The DKA rate was 4.3% and 3.3% with empagliflozin 25
mg and 10 mg groups, respectively, compared to 1.2% in the placebo group. It
corresponds to an incidence of 5.9, 5.1 and 1.8 per 1000 patient-years[25], respectively.
A similar rate of DKA has been observed in clinical trials of sotagliflozin and
canagliflozin[26,27].

The duration of SGLT-2 inhibitor treatment before a diagnosis of DKA onset is
hugely variable in the literature (0.3-420 days)[28]. In a recent meta-analysis by Musso
et al[29], the risk factors of DKA with SGLT-2 inhibitors in type 1 DM included (1)
baseline body mass index > 27 kg/m? (2) insulin resistance calculated by estimated
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Figure 1 Ketone bodies (beta-hydroxybutyrate, acetoacetate and acetone) are responsible for metabolic acidosis, while hyperglycemia
through glycosuria and osmotic diuresis causes dehydration and hypovolemia. A: Pathophysiology of diabetic ketoacidosis; B: Pathophysiology of
euglycemic diabetic ketoacidosis. FFA: Free fatty acids; 1: Increase; | : Decrease; ~: No change.

glucose disposal rate < 8.3 mg/kg/min; (3) the ratio of total insulin dose reduction-to-
baseline insulin sensitivity; and (4) degree of volume depletion. These risk factors
should be considered by clinicians while using SGLT-2 inhibitors in type 1 DM to
reduce the risk of DKA. Recently, the National Institute for Health and Care Excellence
revised its guidance and recommended SGLT-2 inhibitors for the treatment of type 1
DM[30]. The patients with a body mass index of 27 kg/m? or more, insulin
requirement of 0.5 units/kg of body weight/day or more and inadequate glycemic
control despite optimal insulin therapy can be considered for the addition of
dapagliflozin with insulin under supervision of a physician. However, the patient
should receive education on the risk, signs and symptoms of DKA. They should also
be trained on home monitoring of blood ketones and on appropriate action-plan in
case of elevated blood ketones[30].

DKA in patients on SGLT-2 inhibitors can be precipitated by one of these causes
(Table 1). The excessive reduction (> 50%) or omission of insulin doses, insulin pump
failure or malfunction, a low carbohydrate diet, nausea and vomiting induced by other
drug combination like glucagon-like peptide 1 agonists, excessive alcohol intake, acute
stressful conditions like myocardial infarction, heart failure, infections or fever, trauma
and surgery[9,10]. The SGLT-2 inhibitor prescription in a new-onset DM without
establishing the mechanism of hyperglycemia can also precipitate DKA in
undiagnosed type 1 DM[28].

Pregnancy

DKA incidence in pregnancy is significantly higher than in nonpregnant females (8.9%
vs 3.1%) and associated with lower blood glucose levels and increased perinatal
morbidity and mortality[31,32]. There are various case reports of euglycemic DKA in
pregnancy with type 1 DM, type 2 DM and gestational DM[32-36]. The physiological
changes of pregnancy include hypoinsulinemia and carbohydrate deficit to match the
glucose requirement of the fetus and placenta[31,35,36]. The respiratory alkalosis seen
with pregnancy and compensatory urinary loss of bicarbonate reduces the body
reserves to buffer metabolic acidosis. There is also an insulin resistance caused by
counterre-gulatory pregnancy hormones (progesterone, estrogen, human placental
lactogen and tumor necrosis factor-a) seen during the second and third trimester of
pregnancy. Euglycemia DKA is also common during pregnancy due to physiological
hemodilution of blood glucose and increased glomerular filtration rate with
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Table 1 Precipitating causes for euglycemic diabetic ketoacidosis and their mechanisms

Risk factors Pathophysiology

Infection Insulin resistance due to counterregulatory hormones (adrenaline, glucagon, efc.), increased peripheral glucose utilization,
decreased intake (nausea, vomiting)

Surgery Perioperative fasting, gastrointestinal surgery has increased incidence as fasting is prolonged and/or gut absorption is slow

Fasting Decreased glycogen stores, increased risk with SGLT-2 inhibitors and type 1 DM

Alcohol intake Deceased carbohydrate intake, osmotic diuresis, increased ketogenesis (beta hydroxybutyrate) due to altered NADH/NAD

Acute vascular events (ACS
or stroke)

Trauma

Prolonged physical activity
or exercise

ratio, increased risk in patients on SGLT-2 inhibitors

Increased counterregulatory hormones, decreased oral intake

Decreased oral intake, increased counterregulatory hormone, blood glucose dilution by large fluid shifts during
resuscitation

Increased counterregulatory hormones, increased peripheral glucose utilization, decreased carbohydrate intake

ACS: Acute coronary syndrome; DM: Diabetes mellitus; NAD: Nicotinamide adenine dinucleotide; NADH: Nicotinamide adenine dinucleotide hydrogen;

SGLT2: Sodium/ glucose cotransporter-2.

Jaishideng®

glucosuria[31,35,36]. Any acute illness like infection, vomiting, fasting or short
starvation can trigger ketogenesis in pregnancy. Ketogenesis and metabolic acidosis
during pregnancy occur faster than when not pregnant and at lower blood sugar
levels[31,35,36]. Any unexplained acidosis with a history of nausea, vomiting and
decreased intake in a pregnant should raise a suspicion of euglycemic DKA[4].

Fasting
Low-calorie intake, especially with intercurrent illness in patients with type 2 DM, can
precipitate DKA with euglycemia[37,38]. Patients with type 1 DM who do not adjust
their insulin to low carbohydrate intake while fasting or ill can also develop
euglycemic DKA[38,39]. Fasting produces a carbohydrate deficit and depletion of
glycogen stores leading to alternative energy sources like free fatty acids and
lipolysis[39]. Continued intake of insulin and depleted glycogen stores maintain a
euglycemic state while lipolysis and ketogenesis remain unabated, triggering
euglycemic DKA. A very restricted carbohydrate diet or starvation can also cause
euglycemic DKA in patients without DM[4]. The fasting-induced euglycemic DKA
must be differentiated from starvation ketosis in which metabolic acidosis is not
present (serum bicarbonate > 18 mmol/L)[4,40]. However, euglycemic DKA during
fasting or starvation is familiar with type 1 DM vs nondiabetic patients.

The keto diet, characterized by a low carbohydrate and high fat diet, is promoted as
a popular weight-loss method and other physical or metabolic benefits[41,42]. The
carbohydrate deficit and excess of fatty acids promote ketogenesis and divert ketones
bodies as a source of nutrition. The weight loss is caused by reduced insulin
requirement, ketone-induced osmotic diuresis and decreased oral intake because of
ketonemia. The keto diet has been tried effectively in type 2 DM with weight loss
benefits, better glycemic control and medication reduction for a short duration[42-45].
The benefit is found more in patients with obesity and rigorous compliance with the
diet. However, the long-term effects on glycemic control, adherence and safety in
patients with DM are unproven[45]. The keto diet can precipitate DKA in type 2 DM,
especially during pregnancy or SGLT-2 inhibitors with a higher incidence of
euglycemic DKA[44-49]. The safety of the keto diet has not been demonstrated in type
1 DM due to the risk of ketonemia and hypoglycemia[42,50].

Other causes

Euglycemic DKA has been rarely reported with other conditions like bariatric
surgery[51-53], acute pancreatitis[54], sepsis[36,55], cocaine intoxication[56], insulin
pump failure[56] and gastroparesis[57]. The patients undergoing bariatric surgery are
prone to DKA because of perioperative deficient carbohydrate diet and prolonged
fasting[4,53]. Euglycemic DKA risk is higher in type 1 DM, patients on SGLT-2
inhibitors and prolonged perioperative fasting during bariatric surgery[51,52].
Exogenous insulin administration in patients with DKA while en route to the hospital
can also present lower blood glucose on admission[1].
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DIAGNOSIS

Euglycemic DKA is an acute life-threatening medical emergency. The absence of
hyperglycemia delays euglycemic DKA diagnosis in the emergency department or
intensive care unit[3,4]. However, euglycemic DKA is a diagnosis of exclusion, and
other causes of high anion gap metabolic acidosis must be excluded[3]. The common
causes of high anion gap metabolic acidosis are alcoholic intoxication (excessive
ethanol or toxic alcohols like methanol or polyethylene glycol), sepsis, lactic acidosis,
drug overdoses (salicylate and tricyclic antidepressants) and renal failure. Other differ-
ential diagnoses include alcoholic ketoacidosis, chronic liver disease, starvation ketosis
and glycogen storage disease.

Alcoholic ketoacidosis is seen in patients with chronic alcoholism[3,7]. The patient is
in a state of chronic carbohydrate deficit and is dependent on alcohol for calories. Any
acute illness that can cause an inability to consume alcohol triggers ketonemia and
ketoacidosis. The presentation is similar to euglycemic DKA with gastrointestinal
symptoms (nausea, vomiting or abdominal pain), metabolic acidosis and ketonemia.
Some authors consider alcoholic ketoacidosis as a subtype of euglycemic DKA[3,7].
The pathophysiology is also similar with an increased glucagon/insulin ratio.
However, a history of binge alcohol consumption, nondiabetic and hypoglycemia
instead of euglycemia helps diagnose alcoholic ketoacidosis[58]. The ketone bodies in
alcoholic ketoacidosis are predominantly B-hydroxybutyrate (instead of acetoacetate),
which could not be detected on routine urine strip testing[59]. Serum ketones must be
used for detection of ketonemia in the cases of suspicion of alcoholic ketoacidosis.

Euglycemic ketoacidosis because of either fasting or any intercurrent illness with
reduced calorie intake needs to be differentiated from starvation ketosis[4,40]. No
previous history of DM, no intercurrent illness and hypoglycemia differentiate
starvation ketosis. The metabolic acidosis is also not profound, with bicarbonate levels
usually more than 18 mmol/L.

Sepsis[36,55] with or without associated lactic acidosis is a common presentation in
an emergency that can conceal euglycemic DKA. High lactate levels with the absence
of serum ketones help in the diagnosis of sepsis.

Unexplained high anion gap metabolic acidosis in a patient with DM and associated
risk factors should raise suspicion of euglycemic DKA. A detailed history of risk
factors like pregnancy, surgery, fasting, infections and SGLT-2 inhibitors should be
evaluated (Table 1). The laboratory tests include serum and urine ketones, electrolytes
(including calcium and magnesium), glucose, renal function (creatinine, blood urea
nitrogen), blood gas analysis (venous or arterial), lactic acid, chest radiograph and
electrocardiogram. Wide osmolar gap (the difference between measured and
calculated serum osmolarity), inebriate state and multiorgan involvement help to
diagnose toxic alcohol ingestion. History and symptoms of infection with laboratory
tests showing leukocytosis, procalcitonin, organ dysfunction and lactate help diagnose
sepsis and septic shock.

TREATMENT

The treatment is straightforward once the diagnosis is made. The treatment is based on
the same principles as in DKA[1]: Insulin to correct metabolic acidosis and anion gap
and correction of electrolytes and dehydration. The fluid resuscitation is similar to
DKA with correction of dehydration and starts with balanced crystalloids. Insulin
replacement using a fixed rate intravenous insulin infusion calculated on 0.1 units/per
kilogram body weight should be continued until anion gap (metabolic acidosis)
correction, and the patient can accept orally. However, an early glucose requirement
(for prevention of hypoglycemia) allows concomitant insulin infusion to suppress
ketogenesis[3]. Dextrose (10% or 5%) and intravenous infusion of insulin must be used
until the anion gap and metabolic acidosis is corrected. The resolution of DKA is
defined as pH > 7.3 units, bicarbonate > 15.0 mmol/L and blood ketone level < 0.6
mmol/L[1]. Patients may require intensive care unit admission and monitoring for
hemodynamic and electrolyte disturbances. The laboratory monitoring for acidosis,
glucose and electrolytes must be similar to DKA management.
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PREVENTION OF EUGLYCEMIC DKA

The patients who are prescribed SGLT-2 inhibitors should be explained the risk factors
of DKA (Table 1). The off-label use of SGLT-2 inhibitors in type 1 DM should be done
with close monitoring, starting with a lower dose, personalized insulin reduction
regimen and patient education on carbohydrate intake[9,10]. Patient education on
“sick days” and other lifestyle modifications are essential and should be done in
patients with type 1 and type 2 DMJ[9]. Education about stopping SGLT-2 inhibitors
when feeling ill or feverish, prolonged exercise, fasting or excessive alcohol intake
must be done. The drug should also be stopped 3-4 days before planned surgery and
adjust the insulin regimen accordingly[9,10].

CONCLUSION

Euglycemic DKA can be a missed diagnosis in the emergency department with worse
outcomes. The presence of metabolic acidosis in a patient with DM and risk factors
should be assessed for ketonemia, even in the absence of hyperglycemia. Patients on
SGLT-2 inhibitors must be educated about risk factors and dose adjustment for sick
days.
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