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ABSTRACT

Euglycemic DKA (eu-DKA) is a life-threatening emergency. It may occur in patients with both type 1 and type 2
DM, and characterized by milder degrees of hyperglycemia with blood glucose level < 200 mg/dl, which can
result in delayed diagnosis and treatment with potential for adverse metabolic consequences.

Following the wide introduction of the sodium glucose transporter 2 inhibitors (SGLT2i) in therapeutic
practice for DM type 2 treatment the amount of eu-DKA increased and therefore, interest to this entity rose.
Other causes associated with eu-DKA include pregnancy, decreased caloric intake, heavy alcohol use, insulin use
prior to hospital admission, cocaine abuse, pancreatitis, sepsis, chronic liver disease and liver cirrhosis.

Patients with eu-DKA as well as with DKA need immediate referral for emergency evaluation and treatment.

The treatment includes rapid correction of dehydration, correction electrolyte abnormalities, and use of in-
sulin drip until the anion gap, and bicarbonate levels normalize. Increased glucose administration using higher
percentages of dextrose (10 or 20%) are required to facilitate the concomitant administration of the relatively
large amounts of insulin that are needed to correct the severe acidosis in these patients.

1. Introduction

Diabetic Ketoacidosis (DKA) is a serious and well-studied compli-
cation of diabetes mellitus (DM). DKA is a life-threatening emergency
and it may occur in patients with both type 1 and type 2 DM.

DKA is defined by the triad of hyperglycemia, anion gap metabolic
acidosis and ketonemia. In the most accepted classifications of DKA: the
Joint British Diabetes Societies guideline for the management of dia-
betic ketoacidosis and the diagnostic criteria proposed by the American
Diabetes Association (ADA) the level of blood glucose for diagnosis of
DKA is over 200 mg/dl (11 mmol/1) [1] or over 250 mg/dl (13.9 mmol/
1) respectively [2,3].

In 1973 Munro et al. described a new entity called euglycemic DKA.
In a series of 211 episodes of diabetic metabolic decompensation, 37
had severe euglycemic ketoacidosis (a blood sugar level of < 300 mg/
100 ml and plasma bicarbonate of 10 mEq/1 or less). All were young
insulin-dependent diabetics, only one being previously undiagnosed
[4].

Euglycemic diabetic ketoacidosis (eu-DKA) is characterized by
milder degrees of hyperglycemia with blood glucose values, often <
200 mg/dl, which can result in delayed diagnosis and treatment with
potential for adverse metabolic consequences [5].

Following the introduction of the sodium glucose transporter 2 in-
hibitors (SGLT2i) in therapeutic practice for type 2 DM treatment, there
have been several case reports and case series published describing eu-
DKA patients treated with these agents [6,7]. Other causes associated
with eu-DKA include pregnancy, decreased caloric intake, heavy al-
cohol use, insulin use prior to hospital admission, cocaine abuse, pan-
creatitis, sepsis, chronic liver disease and liver cirrhosis [8,9]. An
awareness of these factors is important so as to avoid missing a diag-
nosis of DKA and delaying therapy.

A point worth emphasizing is that eu-DKA might easily be missed
based on only clinical signs, given that it is not necessarily associated
with typical manifestations of DKA such as dehydration induced by
marked hyperglycemia. For example, the patients with eu-DKA treated
with a SGLT2i may have less polyuria and polydipsia due to the milder
degree of hyperglycemia, and may instead present with malaise, an-
orexia, tachycardia, or tachypnea with or without fever [6,10]. Severe
metabolic acidosis alone has the potential to become a life-threatening
condition, however [11].

Patients with eu-DKA as with DKA need immediate referral for
emergency evaluation and treatment.

Abbreviations: DM, diabetes mellitus; DKA, diabetic ketoacidosis; Eu-DKA, euglycemic DKA; Nicotin, amideadenine dinucleotide (NAD); SGLT2i, sodium glucose
transporter 2 inhibitors; CPT-I, palmitoyl-transferase-I; AKA, alcoholic ketoacidosis; LADA, Latent autoimmune diabetes of adult
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Fig. 1. Pathogenesis of DKA.

2. Pathogenesis of Eu-DKA

Glycemic control is achieved when there is a balance between the
insulin levels and the levels of counter-regulatory hormones like glu-
cagon, growth hormone, glucocorticoids and cathecolamines, all of
which oppose the action of any residual circulating insulin. This hor-
monal milieu promotes increased hepatic glucose production, de-
creased peripheral insulin sensitivity and hyperglycemia.

DKA occurs when there is absolute or relative insulin deficiency in
association with increased circulating levels of counter-regulatory
hormones, which causes hyperglycemia. The pathogenesis of DKA is
shown in Fig. 1.

When a diabetic patient is exposed to any triggering factor for DKA
and is fasting or starving while continuing with insulin treatment, the
liver will be in a state of glycogen depletion, thereby producing a lesser
amount of glucose. On the other hand, there will be lipolysis and fatty
acid production, which finally leads to excessive ketone body produc-
tion [12].

Ketosis results from restriction of carbohydrate usage with increased
reliance on fat oxidation for energy production. Absolute insulin defi-
ciency correlates with enhanced lipolysis, which leads to the break-
down of triglycerides into glycerol and high circulating levels of free
fatty acids.

Increased delivery of free fatty acids to the liver coupled with raised
glucagon levels promotes free fatty acids oxidation and production of
ketone bodies. Increased concentrations of glucagon lower hepatic le-
vels of malonyl coenzyme A (CoA), the first rate-limiting enzyme in de
novo fatty acid synthesis. Decreased levels of malonyl-CoA then sti-
mulate the rate-limiting enzyme of ketogenesis (carnitine O-palmi-
toyltransferase 1, liver isoform (CPT1-L)), which promotes transester-
ification of fatty acyl carnitine and oxidation of free fatty acids to
ketone bodies (acetoacetate and B-hydroxybutyrate). Thus, production
of ketone bodies is accelerated as a result of increased fatty acyl CoA
and CPT1-L activity [13].

In addition, metabolism and clearance of ketone bodies are
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decreased in states of DKA. Ketone bodies are strong acids that, when
present at high levels, can cause metabolic acidosis [13].

In eu-DKA, insulin deficiency and insulin resistance are milder (and
insulin resistance may actually be improved); therefore, glucose over-
production and underutilization are quantitatively lesser than in DKA.
More importantly, renal glucose clearance (i.e., the ratio of glucosuria
to prevailing glycemia) is twice as large with eu-DKA as with DKA [14].

The underlying mechanism of eu-DKA is either due to decreased
hepatic production of glucose during the fasting state or enhanced ur-
inary excretion of glucose induced by an excess of counter-regulatory
hormones, the former being the most common reason. The possible
causes and pathogenetic mechanisms of eu-DKA are shown in Fig. 2.

3. Common causes of eu-DKA
3.1. Eu-DKA in patients with pregnancy

DKA during pregnancy is a serious complication in both the mother
and the fetus. Most incidences occur during late pregnancy in women
with type 1 DM and to a lesser extent in women with type 2 DM, ge-
stational diabetes, and even newly diagnosed type 1 DM.
Approximately 1-3% of pregnant women with impaired glucose toler-
ance experience DKA [15,16].

With improved clinical care, the incidence of pregnancy related
DKA has gradually decreased. However, it remains an important pro-
blem because it tends to occur at blood glucose levels that are lower
than those in non-pregnant diabetic women [17]. DKA occurs at lower
glucose levels because pregnancy is a ketosis-prone state [17,18].

In pregnancy, there is a relative state of accelerated starvation,
especially in the second and third trimesters. The fetus and the placenta
use large amounts of maternal glucose as a major source of energy, and
this leads to decreased maternal fasting glucose. This associated with
relative insulin deficiency leads to an increase production of free fatty
acids, which are then converted to ketones in the liver [8].

Several physiologic mechanisms influence on the carbohydrates
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Fig. 2. Possible etio-pathogenetic mechanisms of euglycemic DKA.

balance in pregnancy. On one hand, exists mechanisms that induced
insulin resistance and hyperglycemia in pregnancy: the activity of usual
counter regulatory hormones (progesterone, estrogen, human placental
lactogen and secretion of TNF-a) [19].

During late pregnancy the fetus dramatically increases its glucose-
based metabolism and accentuates its anabolic process by growth. On
the other hand, the maternal metabolism enters a catabolic process in
order to send all the glucose to the fetus through the placenta, using fat
as the primary fuel. In the diabetic patient, the decrease in insulin in-
take profoundly affects the general metabolism, particularly at the level
of liver, muscle, and adipose tissue, which are insulin essential action
points. The absence of this hormone causes distortion of homeostasis.
Plasma levels of glucose, free fatty acids and ketones rise to extreme
figures, plasma pH and bicarbonate fall dangerously and there is
marked loss of fatty tissue and body mass. If insulin levels are not re-
stored, this case can lead to death [9].

Finally, the respiratory alkalosis that occurs during pregnancy in-
creases the urinary excretion of bicarbonate, reducing the ability to
buffer pH changes caused by the increase in body ketone production
[15]. This leads to euglycemic diabetic ketoacidosis in pregnancy.

In one study, for example, plasma glucose levels of < 200 mg/dL
were present in 4 of the 11 pregnant diabetic patients (36%), 10 (90%)
of whom presented with nausea, vomiting, and decreased caloric in-
take. Despite modern methods of diabetes care, near-normal plasma
glucose levels are not enough to preclude diabetic ketoacidosis. Nausea,
vomiting, and decreased caloric intake in an otherwise normal pregnant
diabetic woman require evaluation to exclude ketosis [18].

Therefore, it is very important to make a prompt diagnosis and start
treatment as early as possible in these patients.

3.2. Eu-DKA induced by SGLTZ2 inhibitors

Sodium-glucose cotransporter 2 inhibitors (SGLT2i) are newly
launched oral hypoglycemic drugs indicated for type 2 DM that prevent
the reabsorption of glucose from primary urine at the proximal renal
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tubules by targeting SGLT2 [11].

Their favorable clinical profile has led to increased interest in
SGLT2i by health care providers and wide use of these agents in clinical
practice.

Recent evidence suggests that eu-DKA might occur not so infre-
quently in individuals treated with SGLT2i [6,7,20,21]. In patients with
type 2 DM, the estimated incidence rates of DKA were 0.52 and 0.76 per
1000 patient-years for 100 and 300 mg of canagliflozin, respectively
[22,23]. The rate of reported DKA was < 0.1% in empagliflozin-treated
patients with type 2 DM [24].

SGLT2i lower blood glucose levels by increasing urinary glucose
excretion, which in turn reduces insulin secretion from pancreatic [3-
cells. The decline in circulating insulin levels results in a lowering of the
anti-lipolytic activity of insulin and consequent stimulation of the
production of free fatty acids, which are converted to ketone bodies by
B-oxidation in the liver. Moreover, insulin stimulates the activity of
acetyl-CoA carboxylase, which produces malonyl-CoA, a potent in-
hibitor of carnitine palmitoyl-transferase-I (CPT—I). Given that CPT-I
promotes the transport of insulin in individuals with impaired insulin
secretion, caution is warranted in dispensing these drugs for such pa-
tients [11].

SGLT2i have been associated not only with increases in ketone-as-
sociated adverse events [20,25-27]. Recent evidence demonstrating the
presence of SGLT2 in pancreatic a-cells has not only shed light on why
and how SGLT2i therapy directly stimulated glucagon secretion from a-
cells, but also uncovered how SGLT2i may exaggerate ketogenesis,
gluconeogenesis, and glycogenolysis via further reduction of the in-
sulin-to-glucagon ratio. In contrast to glucosuria, which leads to de-
clining blood glucose levels, gluconeogenesis and glycogenolysis ele-
vate glucose levels. Accordingly, the hyperglycemic or euglycemic
presentation of DKA in type 2 DM depends on the equilibrium achieved
between endogenous glucose production and renal glucose clearance
[20,28-30].

Risk factors for eu-DKA with SGLT2i include latent autoimmune
diabetes of adulthood (LADA), surgery, low carbohydrate diets, insulin
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withdrawal or dose reduction, and acute medical illness [20,21,24,31].

In one review authors analyzed 46 case reports of patients with
SGLT2i-associated DKA [20]. Twenty-four of these individuals had type
2 DM, 2 patients had pancreatic (type 3c) diabetes, 15 had type 1 DM,
and 5 had latent autoimmune diabetes in adulthood (LADA) [20]. In-
terestingly that thirty-two (70%) of the 46 patients had euglycemic
DKA, thirteen of the 24 patients with type 2 diabetes were taking in-
sulin and/or a sulfonylurea [20]. Common precipitants of DKA in these
case reports were inappropriate insulin reduction or omission among
those who were insulin-deficient, bariatric or other surgery, excessive
alcohol intake, physical exertion/exercise, and a dietary restriction
(low-carbohydrate or reduced intake) [20]. The authors of this review
emphasized, that although the SGLT2i was a likely contributor to DKA,
it is possible that at least some of these events could have occurred even
in the absence of SGLT2i therapy due to other important etiologic
triggers [20].

Therefore, the complete history and clinical evaluation of all pa-
tients with eu-DKA is important for a true understanding of all causes
and pathogenetic factors contributing this life-threatening state.

3.3. Eu-DKA in patients with decreased caloric intake and after bariatric
surgery

A decrease in caloric intake is frequently associated with the de-
velopment of DKA, usually due to nausea or vomiting caused by a
precipitating illness or by worsening ketoacidosis itself. During these
times of decreased caloric intake, patients with diabetes who continue
taking sufficient amounts of insulin may maintain euglycemia, but are
unable to stop the ketone body formation and can present with DKA
with only mild elevations of blood glucose or even relative normogly-
cemia [4,32-34].

In cases of prolonged fasting, near total glycogen depletion con-
tributes to the normoglycemia as metabolic acidosis continues to de-
velop [35,36].

In addition, lipolysis and free fatty acid production are accelerated
during fasting [37], and insulin is less effective at suppressing lipolysis
and ketogenesis during this state [38], exacerbating the development of
acidosis.

In one study the authors describe two patients with type 1 DM, one
from them had a history of failed insulin pump two days before ad-
mission and decreased food intake, the second patient, had urinary tract
infection in conjunction with nausea due to the infection, causing a
decreased calorie intake and led to ketoacidosis with euglycemia [13].

In the other case the authors describe cases of eu-DKA precipitated
by starvation resulting from severe depression in a patient with type 1
DM [32].

Bariatric surgery for obesity is increasing in patients with DM. The
incidence of DKA is up to 1 in 4 of patients with type 1 DM following
bariatric surgery [39,40]. Patients undergoing bariatric surgery may be
especially at risk of DKA, as they experience both surgery and extended
fasting peri-operatively.

One case study described a 43-year-old woman with type 1 DM
whose post-operative period following her bariatric surgery was com-
plicated by eu-DKA [41]. The authors concluded that eu-DKA is an
important diagnostic consideration due to the potential of missed di-
agnosis in these patients, as it does not present like a typical DKA
episode.

In another case report, the authors describe a patient who appro-
priately stopped her SGLT2i, canagliflozin 24h before surgery and
subsequently developed life-threatening eu-DKA [42].

3.4. Eu-DKA in patients with glycogen storage diseases and chronic liver
disease

Glycogen storage disorders as well as chronic liver disease resulting
in decreased glycogen stores can also result in euglycemic ketoacidosis
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[32,43].

Glycogen storage disease type VI (Hers disease) is caused by the
deficiency of liver glycogen phosphorylase, suspected as an autosomal
recessive inheritance and had the mutations of PYGL gene [44,45].
Patients with type 1 DM and glycogen storage disease type VI have
some similar clinical features such as glycogen induced hepatomegaly,
liver dysfunction, fasting hypoglycemia and ketosis with euglycemia
[43]. The differences between them are the age-at-onset of disease; i.e.
youth period versus infantile period, and the background of disease; i.e.
the state of type 1 diabetes versus the hereditary enzyme deficiency.

3.5. Other causes of eu-DKA

Some of the not very common causes of eu-DKA that have been
reported in the literature are acute pancreatitis [46,47], eu-DKA in
patients due to heavy alcohol use [32], cocaine intoxication [48], eu-
DKA due to gastroparesis [49], eu-DKA in a patients with type 1 and
type 2 DM and Duchenne muscular dystrophy [50,51].

4. Differential diagnosis

In clinical practice it must be remembered that patients with DM
may be at risk of developing acidosis from conditions that are also seen
in patients without DM, and a distinction between non-diabetic eu-DKA
and eu-DKA is essential. The former includes differential diagnoses,
such as prolonged starvation, excess alcohol consumption, salicylate
overdose, lactic acidosis, tricyclic antidepressant overdose, and renal
tubular acidosis, while the latter is a complex pathophysiological pro-
cess specific to individuals with severe insulin deficiency [3,4,32].

Starvation ketoacidosis can be differentiated from eu-DKA by clin-
ical assessment (one would usually expect the presence of an inter-
current illness to act as a precipitant for eu-DKA, with the starvation
possibly occurring as a result of the intercurrent illness rather than as a
primary event) and measurement of the serum bicarbonate concentra-
tion, which in starvation ketosis is usually not lower than 18 mEq/1
[3,32].

In practice there may be a considerable degree of overlap between
starvation ketoacidosis and eu-DKA, as the relative normoglycemia in
eu-DKA occurs as a result of prolonged fasting [32,52,53].

Alcoholic ketoacidosis (AKA) typically develops in patients who
depend on alcohol for their small supply of carbohydrates due to
chronic alcoholism, and occurs when alcohol can no longer be con-
sumed due to symptoms such as nausea, vomiting, or abdominal pain.
These gastrointestinal symptoms are the main reasons for medical at-
tention. In addition to this typical medical history and clinical features,
diagnoses are made by verifying metabolic acidosis with an increased
anion gap and excessive ketone body production. However, unlike DKA,
AKA is characterized by the significant bias towards (-hydroxybutyrate
of produced ketone bodies compared with acetoacetate, due to the
rising NADH/NAD ratio. B-Hydroxybutyrate cannot be detected with
urine test strips that use the nitroprusside reaction frequently used in
routine medical care, and even if urinary ketone is negative, AKA
cannot be ruled out [54].

5. Recommendations for management of patients with eu-DKA

Because that eu-DKA present with normal or moderately increased
blood glucose level, it may lead to delays in recognition or diagnosis
and delayed treatment of this life-threatening medical condition.
Patients presenting with eu-DKA as well as patients with DKA need
immediate referral for emergency evaluation and treatment.

Diagnosis of eu-DKA is difficult as it is primarily a diagnosis of ex-
clusion. Other forms of ketoacidosis like starvation ketoacidosis has to
be ruled out. Also, other causes of increased anion gap metabolic
acidosis like lactic acidosis, increased toxic serum alcohols (methanol,
ethylene glycol, etc.), drug toxicity, paraldehyde ingestion and renal
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failure have to be excluded [13,48]. Clinicians should be aware of the
possible etiological triggers of eu-DKA in susceptible patients and ac-
tively rule out other differentials thereby minimizing the time required
for diagnosing eu-DKA [13]. If diagnosed early and managed aggres-
sively with fluids and insulin drip, eu-DKA may be easily reversed, thus
minimizing morbidity and mortality [9,13]. The correct diagnosis of eu-
DKA is also necessary to tailor therapy accordingly.

Once diagnosed, management of eu-DKA is simple and is similar to
the management of DKA [3,4,13,32]. The mainstay of treatment in-
volves rapid correction of dehydration using intravenous fluids and
correction electrolyte abnormalities [3,4,13,35,55]. The second most
important step in the management is the use of an insulin drip along
with a dextrose containing solution until the anion gap, and bicarbo-
nate levels normalize [24].

Increased glucose administration using higher percentages of dex-
trose (10 or 20%) are required to facilitate the concomitant adminis-
tration of the relatively large amounts of insulin that are needed to
correct the severe acidosis in these patients [3,4,32,56,57].

It is very important in several cases to prevent occurrence of eu-DKA
in relevant situations.

For example, careful management of DM in pregnant women par-
ticularly in the last trimester of pregnancy is very important to prevent
decompensation and the occurrence DKA including eu-DKA.

The most effective means of preventing SGLT2i-associated DKA is to
ensure that SGLT2i are appropriately prescribed and are withheld
during any situation that might precipitate DKA (e.g., acute illness,
surgery, dehydration, excessive alcohol intake). Given that the half-life
of the SGLT2i ranges from 11 to 13 h, and the SGLT2i effect can persist
for at least a few days after discontinuation, these agents should be
discontinued approximately 3 days before major surgical procedures or
during periods of acute illness [20]. Providers treating patients with
type 1 DM off-label should withhold the drug if patients experience any
symptomatic ketonuria or ketonemia [6,22]. All patients with type 2
DM should be educated regarding sufficient hydration and adequate
carbohydrate intake while using SGLT2i. Clinicians should avoid using
SGLT2i in patients who are unable to tolerate oral food intake, perio-
peratively, with extreme weight loss, and on very low carbohydrate diet
[22,58].

6. Conclusion

Eu-DKA is a life-threatening emergency and characterized by milder
degrees of hyperglycemia with blood glucose level < 200mg/dl,
which can result in delayed diagnosis and treatment with potential for
adverse metabolic consequences.

Following the wide introduction of the sodium glucose transporter 2
inhibitors (SGLT2i) in therapeutic practice for type 2 DM treatment, the
amount of eu-DKA increased.

Patients with eu-DKA as well as with DKA need immediate referral
for emergency evaluation and treatment. The treatment includes rapid
correction of dehydration, correction electrolyte abnormalities, and use
of insulin drip until the anion gap and bicarbonate levels normalize.
Increased glucose administration using higher percentages of dextrose
(10 or 20%) are required to facilitate the concomitant administration of
the relatively large amounts of insulin that are needed to correct the
severe acidosis in these patients.
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