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ABSTRACT

Background: Euglycemic diabetic ketoacidosis (EDKA) is a variant of diabetic
ketoacidosis marked by metabolic acidosis and ketosis despite normal or only mildly
elevated blood glucose levels. In contrast to classical diabetic ketoacidosis (DKA),
the lack of significant hyperglycemia can obscure recognition and delay timely
management. The growing use of sodium-glucose cotransporter-2 (SGLT2)
inhibitors, together with triggers such as infection, prolonged fasting, pregnancy,
and missed insulin doses, has led to an increasing number of reported cases.
Therefore, a systematic review is needed to integrate current evidence and
strengthen clinical recognition and understanding of this emerging condition. The
objective is to comprehensively evaluate the demographic and clinical
characteristics, precipitating factors, management strategies, and outcomes—
including recovery, complications, intensive care requirement, and mortality—of
patients diagnosed with euglycemic diabetic ketoacidosis.

Materials and Methods: This study was conducted as a systematic review in
accordance with PRISMA guidelines. A comprehensive literature search was
performed in PubMed/MEDLINE, Scopus, Web of Science, Embase, and the
Cochrane Library using relevant keywords related to euglycemic diabetic
ketoacidosis. Observational studies, case series, randomized controlled trials, and
case reports, review articles, meta-analysis were included. Titles, abstracts, and full-
text articles were independently screened according to predefined eligibility criteria.
Results: Euglycemic diabetic ketoacidosis affects all age groups and is increasingly
linked to SGLT2 inhibitor use. It presents with milder acidosis and lower glucose
levels, which may delay diagnosis. Triggers include reduced intake, infection,
pregnancy, insulin omission, surgical stress, low-carbohydrate diets, and Sodium—
Glucose Cotransporter-2 inhibitors (SGLT2 inhibitors). Outcomes are comparable
to classical DKA with appropriate treatment, though hypoglycemia during therapy
is more frequent. Early recognition and prompt management are essential to reduce
complications. Management included fluid resuscitation, electrolyte correction,
insulin infusion, and dextrose supplementation. Euglycemic DKA required shorter
insulin duration but had higher hypoglycemia risk. Mortality was under 5% with
standardized treatment.

Conclusion: Euglycemic DKA is a serious diabetic emergency that may be
overlooked due to near-normal glucose levels and is increasingly associated with
SGLT2 inhibitor use, particularly in perioperative settings. Early recognition,
patient education, routine ketone monitoring, and preventive strategies such as the
STICH and STOP DKA protocols are essential to reduce risk. Prompt management
and structured follow-up remain key to preventing recurrence and improving
outcomes.

Keywords: Euglycemic diabetic ketoacidosis, SGLT2 inhibitors, Diabetic
ketoacidosis, Type 1 diabetes mellitus, Insulin therapy, Clinical profile,
Management outcomes.
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INTRODUCTION

Euglycemic diabetic ketoacidosis (EDKA) is defined
by high anion gap metabolic acidosis with ketonemia
or ketonuria despite blood glucose levels below 200
mg/dL. The absence of marked hyperglycemia can
delay diagnosis, requiring strong clinical suspicion
and exclusion of alternative causes (Rawla P et al.,
2017).01

It is linked to conditions such as starvation, infection,
pregnancy, alcohol use, liver disease, and SGLT2
inhibitor therapy. It results from insulin deficiency
leading to excessive ketone production, and patients
commonly present with symptoms such as nausea
and fatigue. Management includes intravenous
fluids, insulin with glucose support, and treatment of
the underlying trigger (Long B et al., 2021).1%
Euglycemic DKA presents a diagnostic challenge
because normal blood glucose levels can mask
underlying  Kketoacidosis, potentially delaying
treatment. Despite the absence of marked
hyperglycemia, it remains a medical emergency
requiring prompt recognition and timely intervention
(Modi A et al., 2017).52

Euglycemic DKA (eu-DKA) is a life-threatening
condition that can occur in both type 1 and type 2
diabetes, characterized by ketoacidosis with blood
glucose levels typically below 200 mg/dL, which
may delay diagnosis. Its incidence has increased with
the widespread use of SGLT2 inhibitors. Other
associated triggers include pregnancy, reduced
caloric intake, alcohol misuse, prior insulin use,
cocaine abuse, pancreatitis, sepsis, and chronic liver
disease. Prompt emergency management is essential
and involves aggressive fluid resuscitation,
correction of electrolyte imbalances, and continuous
insulin infusion until resolution of acidosis (Barski L
etal., 2019).[

Diabetic ketoacidosis (DKA) is characterized by
hyperglycemia, metabolic acidosis, and Kketosis,
whereas hyperosmolar hyperglycemic state (HHS)
involves severe hyperglycemia, hyperosmolality, and
dehydration with minimal ketosis. Both result from
insulin deficiency and elevated counterregulatory
hormones. While DKA is more common in type 1
diabetes, it can also occur in type 2 diabetes during
acute stress. This statement outlines the diagnosis,
management, and prevention of DKA and HHS in
adults (Kitabchi AE et al., 2009).5!

Given the growing recognition of eu-DKA and its
potential for delayed diagnosis, a comprehensive
synthesis of available evidence is necessary. This
systematic review aims to evaluate the clinical
characteristics, precipitating factors, management
strategies, and outcomes of patients diagnosed with
euglycemic diabetic ketoacidosis, thereby providing
clinicians with consolidated evidence to facilitate
early recognition and optimize management.
Objectives: This systematic review aimed to
comprehensively evaluate the demographic and
clinical  characteristics, precipitating factors,
management strategies, and outcomes—including

recovery, complications, intensive care requirement,
and mortality—of patients diagnosed with
euglycemic diabetic ketoacidosis.

MATERIALS AND METHODS

This study was conducted as a systematic review in
accordance  with  PRISMA  guidelines. A
comprehensive literature search was performed in
PubMed/MEDLINE, Scopus, Web of Science,
Embase, and the Cochrane Library using relevant
keywords Euglycemic diabetic ketoacidosis, SGLT2
inhibitors, Diabetic ketoacidosis, Type 1 diabetes
mellitus, Insulin  therapy, Clinical profile,
Management outcomes. Observational studies, case
series, randomized controlled trials, case reports,
review articles, meta-analysis were included.
Irrelevant studies, studies without extractable data or
clearly defined outcome measures, conference
abstracts, were excluded. Titles, abstracts, and full-
text articles were independently screened according
to predefined eligibility criteria. Data were extracted
using a standardized format including study
characteristics, patient demographics, precipitating
factors, laboratory findings, treatment modalities, and
clinical outcomes. Quality assessment was performed
using appropriate appraisal tools, and a qualitative
synthesis was conducted.

IDENTIFICATION

Total records identified through database searching (n = 430)
Duplicates removed (n = 78)

Records after duplicates removed (n = 352)

v

SCREENING
Records screened (n = 352)
Records excluded (n = 289)

Articles without extractable data
— Conference abstracts
— Clearly irrelevant topics

Lacked clear outcome measures

v

ELIGIBILITY

Full-text articles assessed for eligibility (n = 63)
Full-text articles excluded, with reasons (n = 36)
— No evaluable results

— Insufficient outcome data

v

INCLUDED
Studies included in qualitative synthesis (n = 27)

Figure 1: PRISMA Flow chart of Study Selection
Process.

RESULTS

Clinical Profile

Demographic variables: Munro JF et al., 1973,
studied that among 211 episodes of diabetic
decompensation, 37 involved severe euglycemic
ketoacidosis (glucose <300 mg/dL, bicarbonate <10
mEqg/L). Most patients were young with insulin-
dependent diabetes, and vomiting with reduced
carbohydrate intake despite continued insulin was
common. Treatment included fluids, electrolytes,
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insulin with dextrose support, minimal bicarbonate
use, and close monitoring. All patients survived. !

In the retrospective study by Sell J et al., 2023, of 629
adult DKA patients, 44 had euglycemic DKA (<250
mg/dL). Compared with hyperglycemic cases, they
presented with milder acidosis, lower glucose and
potassium levels, and required shorter insulin
infusion. Common triggers included prior insulin use,
reduced oral intake, and SGLT2 inhibitors.
Hypoglycemia during treatment was more frequent in
the euglycemic group, while hypokalemia rates were
similar.l’]

Over 10 years, 11 episodes (2%) of DKA occurred in
pregnancies complicated by diabetes despite close
monitoring. About one-third had glucose levels
below 200 mg/dL, and most presented with nausea,
vomiting, and poor intake. Two cases required
cesarean delivery for fetal distress, and one fetal
death occurred. These findings emphasize that
normal or near-normal glucose levels do not rule out
DKA in pregnancy, and symptomatic patients should
be evaluated for ketosis (Cullen MT et al., 1996).]
Euglycemic DKA is frequently reported in middle-
aged women with type 2 diabetes, particularly those
treated with SGLT2 inhibitors, often in combination
with metformin. Use of SGLT2 inhibitors has been
associated with an approximately 3.7-fold higher risk
of DKA compared with other antidiabetic therapies
(Dutta S et al., 2022).°!

Euglycemic DKA occurs in patients on SGLT2
inhibitors, especially those with low body mass index
(BMI), and may be triggered by illness, reduced
intake, vomiting, dehydration, or decreased insulin
use. A 34-year-old man with type 2 diabetes on
dapagliflozin—metformin developed eu-DKA despite
glucose levels below 250 mg/dL and improved with
intravenous insulin and fluids. Early recognition is
crucial, as management mirrors standard DKA
treatment with hydration and insulin therapy (Sarno
MJF et al., 2023).110

Precipitating factors: Common triggers of
euglycemic DKA, such as caloric restriction and
surgical stress, along with the absence of significant
hyperglycemia, may delay diagnosis and increase the
risk of serious complications. Therefore, clinicians
should carefully review antidiabetic medications and
consider eu-DKA in any patient with diabetes
presenting with high anion gap metabolic acidosis.
As SGLT2 inhibitor-associated DKA frequently
occurs in the perioperative period, appropriate
preoperative discontinuation of these agents is
essential to reduce risk (Goto S et al., 2021).1*4
SGLT?2 inhibitors are antidiabetic agents that lower
blood glucose by Dblocking renal glucose
reabsorption, leading to glucosuria. Beyond glycemic
control, they promote weight loss, reduce blood
pressure and uric acid levels, and offer cardiovascular
and renal protection in high-risk patients with type 2
diabetes (Qiu H et al., 2017).14

SGLT?2 inhibitors alter the insulin-to-glucagon ratio
in a way that promotes ketone production, increasing
the risk of ketosis in susceptible individuals.

However, the degree of insulin deficiency and
resistance associated with these agents is milder than
that seen in classical diabetic ketoacidosis, resulting
in less marked hepatic glucose overproduction and
peripheral underutilization. Because these drugs also
reduce renal glucose reabsorption, blood glucose
levels often remain only mildly elevated. This
relative absence of significant hyperglycemia can
delay recognition of SGLT2 inhibitor—associated
ketoacidosis, as patients and clinicians commonly
rely on plasma glucose levels for routine monitoring
(Palmer BF et al., 2016).1%

With the widespread use of SGLT2 inhibitors,
euglycemic ketoacidosis (eu-KA) has gained
renewed attention, as these agents can trigger
ketoacidosis despite normal or mildly elevated blood
glucose levels. Eu-KA may also occur in non-diabetic
states such as pregnancy, caloric restriction, glycogen
storage disorders, impaired gluconeogenesis (e.g.,
alcohol misuse or chronic liver disease), and cocaine
use. The absence of significant hyperglycemia makes
diagnosis challenging (Bonora BM et al., 2020).014
The growing use of SGLT2 inhibitors has led to
increased recognition of euglycemic DKA, a rare but
serious complication. It results from glucosuria-
induced carbohydrate deficit and a raised glucagon—
insulin ratio, promoting ketogenesis despite normal
glucose levels, which may delay diagnosis. Early
recognition, identification of triggers, and prompt
management are essential for prevention and
improved outcomes (Koceva A et al., 2024).01%

The absence of marked hyperglycemia can delay
recognition, particularly in emergency and critical
care settings. Although uncommon, it occurs in both
type 1 and type 2 diabetes and has become more
frequent with the use of SGLT2 inhibitors. Other
triggers include pregnancy, prolonged fasting,
bariatric surgery, gastroparesis, insulin pump failure,
cocaine use, chronic liver disease, and glycogen
storage disorders (Nasa P et al., 2021).126]

In a study by Mistry S et al., 2020, found that two
patients with type 2 diabetes developed euglycemic
DKA while using SGLT2 inhibitors in combination
with a ketogenic diet. One case occurred after a single
dose of empagliflozin, and the other within a week of
starting a ketogenic diet while on therapy. Although
this association has been reported, it may be
underrecognized. Clinicians should advise patients
on SGLT2 inhibitors to avoid very low-carbohydrate
diets and maintain a high index of suspicion for DKA
in symptomatic individuals.[*"]

Fukuyama'Y etal., 2020, reported a case of a 54-year-
old woman taking canagliflozin developed
euglycemic ketoacidosis after six days on a strict low-
carbohydrate diet and was later diagnosed with type
1 diabetes. This case emphasizes caution when
combining SGLT2 inhibitors with low-carbohydrate
diets due to increased DKA risk.[¢]

FDA [Food and Drug Administration] Adverse Event
Reporting System (FAERS) recorded 259 cases of
acidosis with SGLT2 inhibitors, including 192 cases
of ketoacidosis, compared to 477 acidosis cases with
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Dipeptidyl Peptidase-4 (DPP-4) inhibitors, of which
71 were ketoacidosis. When adjusted for estimated
patient exposure, SGLT2 inhibitors were associated
with an approximately 14-fold higher risk of acidosis.
Among 51 reports with available metabolic data, 20
involved type 1 diabetes, 25 type 2 diabetes, and 6
unspecified diabetes. After excluding type 1 diabetes,
the risk of acidosis in type 2 diabetes remained about
seven times higher with SGLT2 inhibitors. Notably,
71% of cases presented as euglycemic ketoacidosis
(Blau JE et al., 2017).19

In a retrospective review by Sell J et al., 2023, found
that among 629 DKA cases, 44 were euglycemic and

585 hyperglycemic. Patients with euglycemic DKA
presented with milder acidosis (higher pH and
bicarbonate, lower anion gap) and lower initial
glucose (195 vs 561 mg/dL) and potassium levels.
Common triggers included prior insulin use (57%),
reduced intake with ongoing insulin therapy (29%),
and SGLT?2 inhibitors (14%). They required a shorter
duration of insulin infusion (13.5 vs 19.4 hours), with
similar time to metabolic recovery. However,
hypoglycemia during treatment was more frequent in
euglycemic DKA, while hypokalemia rates were
comparable.l’]

Table 1: Key finding of precipitating factors associated with euglycemic diabetic ketoacidosis

Author (Year) Key Findings

Goto S et al., 2021

Caloric restriction and surgical stress trigger eu-DKA; absence of marked hyperglycemia delays diagnosis.
Preoperative SGLT?2 inhibitor discontinuation recommended.

QiuHetal., 2017
cardiovascular and renal protection.

SGLT?2 inhibitors reduce renal glucose reabsorption; promote weight loss, lower BP and uric acid, and provide

2016 recognition.

Palmer BF et al., | SGLT2 alter increase glucagon—insulin ratio, promoting ketogenesis with only mild hyperglycemia, delaying

Bonora BM et al.,
2020

euKA linked to SGLT2 inhibitors and non-diabetic states (pregnancy, fasting, alcohol misuse, liver disease,
cocaine use); diagnosis challenging due to absence of significant hyperglycemia.

Koceva A et al,
2024

eu-DKA results from glucosuria-induced carbohydrate deficit and raised glucagon—insulin ratio; early recognition
essential.

Nasa P et al., 2021

Absence of significant hyperglycemia may delay diagnosis, especially in emergency settings. Though rare, it
occurs in both type 1 and type 2 diabetes and has increased with SGLT2 inhibitor use. Triggers include pregnancy,
fasting, bariatric surgery, gastroparesis, pump failure, cocaine use, liver disease.

Mistry S et al., 2020

SGLT2 inhibitors + ketogenic diet precipitated eu-DKA, avoid very low-carbohydrate diets.

Fukuyama Y et al.,
2020

Canagliflozin + strict low-carbohydrate diet triggered eu-DKA,; caution advised.

Blau JE et al., 2017

FAERS: ~14-fold higher acidosis risk with SGLT2 inhibitors; 71% presented as eu-DKA.

Sell J et al., 2023

44 out of 629 DKA cases were euglycemic; milder acidosis, lower glucose, required shorter insulin infusion;
hypoglycemia more frequent during treatment.

Management Outcomes: Management consisted of
aggressive fluid and electrolyte replacement along
with high-dose insulin therapy administered with
adequate carbohydrate supplementation, often using
10% dextrose infusion. Bicarbonate therapy was
either avoided or used cautiously, and treatment
response was monitored through serial plasma
bicarbonate measurements. All patients recovered
without mortality (Munro JF et al., 1973).6

The increased use of SGLT2 inhibitors in type 2
diabetes has led to a rise in euglycemic DKA, though
other triggers include pregnancy, reduced caloric
intake, alcohol excess, insulin dose changes,
pancreatitis, sepsis, and chronic liver disease. Both
eu-DKA and classical DKA require urgent
management with prompt fluid resuscitation,
electrolyte correction, and continuous insulin
infusion until metabolic parameters normalize.
Because glucose levels are often only mildly
elevated, higher-concentration dextrose solutions
may be necessary to permit adequate insulin therapy
and resolution of acidosis (Barski L et al., 2019).[
Diagnosis requires a high index of suspicion and
confirmation of metabolic acidosis with elevated
ketones while excluding other causes of high anion
gap acidosis. Management follows standard DKA
principles, including fluid resuscitation, electrolyte
correction, and insulin therapy, with concurrent

dextrose infusion to resolve ketosis and prevent
hypoglycemia (Nasa P et al., 2021).[16]

DKA is a serious complication in pregnancy,
associated with maternal and fetal risk. Euglycemic
DKA, defined by ketoacidosis with normal glucose
levels, is rare and usually seen in type 1 diabetes. This
case reports a 37-year-old woman with type 2
diabetes who developed euglycemic DKA (78
mg/dL) during pregnancy and improved with
intravenous dextrose and insulin. Prompt recognition
is essential even in type 2 diabetes (Tarif N et al.,
2007).[20

Compared with hyperglycemic DKA managed under
the same protocol, patients with euglycemic DKA
required nearly six fewer hours of insulin infusion but
had more than a threefold higher risk of
hypoglycemia. Further studies are needed to refine
treatment approaches and reduce complications,
particularly treatment-related hypoglycemia (Sell J et
al., 2023).1"

Joseph F et al., 2009, described a case of euglycemic
DKA in a patient with type 1 diabetes precipitated by
prolonged starvation due to severe depression.
Despite significant acidosis and ketonuria, blood
glucose was only 105 mg/dL. The patient improved
with fluid resuscitation and correction of acidosis,
followed by treatment of underlying depression. The
case underscores the need to assess acid—base status
in ill diabetic patients even without hyperglycemia
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and to consider psychiatric causes, such as
depression-related anorexia, as potential triggers.[24
DKA can occur in both type 1 and type 2 diabetes,
and SGLT2 inhibitors have led to recognition of
euglycemic DKA, where Kketoacidosis develops
without marked hyperglycemia. Management
includes fluids, electrolytes, insulin, and early
glucose infusion, though recovery may be prolonged
due to the drug’s lasting effect (Mehta AE et al.,
2025).1221

In type 1 diabetes, the likelihood of developing DKA
and the therapeutic effects of SGLT2 inhibitors are
influenced by factors such as baseline body mass
index, degree of insulin resistance, the extent of
insulin dose reduction relative to underlying insulin
sensitivity, and the presence of volume depletion.
Careful consideration of these variables may help
identify patients who are most likely to benefit from
therapy while minimizing the risk of DKA (Musso G
etal., 2020).[3

CONCLUSION

Euglycemic ketoacidosis can be difficult to
recognize, as normal or only mildly elevated blood
glucose levels may obscure the diagnosis and delay
appropriate  management (Bonora BM et al.,
2020).1241

DKA and euglycemic DKA are serious diabetic
emergencies. While classic DKA presents with
marked hyperglycemia, euglycemic DKA occurs
with near-normal glucose levels and is often linked to
SGLT2 inhibitors, making diagnosis more
challenging (Ju HH, 2025).[24

As SGLT2 inhibitor—related DKA commonly occurs
in the perioperative setting, appropriate preoperative
discontinuation of these agents is essential to reduce
risk (Goto S et al., 2021).[M

For patients with type 1 diabetes using SGLT2
inhibitors with insulin (off-label), clear education on
DKA risk, routine ketone monitoring, and early
symptom recognition is essential. Use of the STICH
protocol (Stop SGLT2 inhibitor, Take insulin, Ingest
carbohydrates, Hydrate) can help reduce risk and
support safer use if approved by regulatory
authorities (Garg SK et al., 2018).[2°]

Management includes prompt clinical assessment,
correction of metabolic abnormalities, treatment of
underlying and coexisting conditions, optimization of
long-term diabetes care, and strategies to prevent
recurrence (Fasanmade OA et al., 2008).[%8]

Diabetic ketoacidosis is a known complication of
type 1 diabetes, and the risk rises with SGLT
inhibitor use. To balance benefits while reducing this
risk, the “STOP DKA Protocol” was developed as a
simple, practical strategy to help prevent DKA in
patients with type 1 diabetes receiving SGLT
inhibitors (Goldenberg RM et al., 2019).[27]
Euglycemic diabetic ketoacidosis is a serious and
often underrecognized complication, particularly
associated with SGLT2 inhibitor use. The absence of
marked hyperglycemia can delay diagnosis and

treatment, especially in perioperative settings and in
patients with type 1 diabetes using these agents off-
label.

Risk reduction requires appropriate patient selection,
preoperative discontinuation of SGLT2 inhibitors,
patient education, ketone monitoring, and early
symptom recognition. Protocols such as STICH and
STOP DKA provide practical preventive strategies.
Prompt diagnosis, standardized management, and
ongoing preventive education are essential to reduce
morbidity and recurrence.

Future studies should be undertaken to establish clear
associations between SGLT2 inhibitor use and the
incidence of euglycemic DKA, and to identify
independent risk factors and high-risk populations.
Prospective research is needed to optimize
perioperative management, ketone monitoring
strategies, and preventive protocols. Long-term
outcome data will help balance therapeutic benefits
with metabolic safety.
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