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Euglycemic diabetic ketoacidosis is a rare but serious adverse effect of sodium-glucose cotransporter 2
(SGLT2) inhibitors. We present a case of a woman in her 40s with type 2 diabetes mellitus hospitalized for
revascularization for moyamoya disease who developed empagliflozin-associated euglycemic diabetic
ketoacidosis despite having stopped the medication before admission. Surgical stress, acute postoperative
illness, and decreased carbohydrate intake are postulated to be contributing factors to the development of
ketosis in this patient,while near-normal glucose levels initially suggested nondiabetic ketoacidosis physiology
and led to delayed diagnosis and treatment. Patients with type 2 diabetes mellitus may develop diabetic
ketoacidosis duringstatesof relative insulinopenia,most frequently from inadequatemedicationor intercurrent
illness. During periods of carbohydrate deficiency, volume depletion, and upregulation of counter-regulatory
stress hormones, SGLT2 inhibitor therapy can promote lipolysis and ketogenesis while maintaining eugly-
cemia.Clinical considerations to ensure safeSGLT2 inhibitor therapy include appropriate holdingparameters,
timely diagnosis of euglycemic diabetic ketoacidosis, and recognition that the pharmacologic effects of
SGLT2 inhibitor treatment may persist beyond several half-lives of elimination.
© 2020 The Authors. Published by Elsevier Inc. on behalf of the National Kidney Foundation, Inc. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
INTRODUCTION

Sodium-glucose cotransporter 2 (SGLT2) inhibitors
represent the newest class of oral diabetes medications.
With mounting evidence demonstrating improved car-
diovascular and kidney outcomes independent of glycemic
control, the use of these agents is anticipated to grow
rapidly. However, rare but serious adverse drug effects,
including euglycemic diabetic ketoacidosis, remain a
concern. Nephrologists should be well versed in the
unique characteristics of these medications, including rare
but real risks for euglycemic diabetic ketoacidosis, to
ensure their effective and safe use.
CASE REPORT

A woman in her 40s with type 2 diabetes mellitus
presented for scheduled cerebral revascularization for
moyamoya disease. Home medications included atorvas-
tatin, levothyroxine, metformin, pioglitazone, and empa-
gliflozin. Treatment with antihyperglycemics was withheld
on admission. Blood glucose levels during the early
hospitalization period were managed using insulin lispro.
Her immediate perioperative course was favorable. She
was extubated and transferred to the intensive care unit for
monitoring.

A few hours postoperatively, the patient developed
slurred speech. Magnetic resonance imaging of the brain
revealed an acute left anterior cerebral infarct. Isotonic
crystalloid fluids, phenylephrine, and fludrocortisone were
administered to sustain perfusion pressure goals. During
the next 24 hours, she developed progressive metabolic
acidosis, with an arterial blood gas showing a nadir pH of
7.01, with an associated PCO2 level of 11 mm Hg
(Table 1). The anion gap increased to a peak level of 27. A
218
serum lactate level was normal. A bicarbonate drip was
started to correct severe acidemia. During the first 48 hours
postoperatively, nutritional support had not yet been
started due to concerns for dysphagia and aspiration risk.
Nephrology was consulted for evaluation and management
of acidosis.

Because of near-normal blood glucose concentrations,
testing for diabetic ketoacidosis had not initially been
performed. Based on chart review, the last dose of empa-
gliflozin was taken at least 18 hours before surgery.
Because the patient had been using empagliflozin until the
recent preoperative period, we initiated screening for
diabetic ketoacidosis. A urinalysis revealed glucose (2+)
and ketones (4+). A β-Hydroxybutyrate level was elevated
at 7.7 (reference range, 0.2-2.8) mmol/L. A diagnosis of
euglycemic diabetic ketoacidosis, presumably related to
SGLT2 inhibitor therapy, was made. The patient was
started on treatment with dextrose and insulin drips,
leading to closure of the anion gap acidosis. Unfortunately,
due to the severity of brain injury resulting from her
stroke, the patient’s clinical condition worsened. Comfort
measures were instituted, after which the patient died.
DISCUSSION

Whereas diabetic ketoacidosis is defined by the triad of
hyperglycemia, ketosis, and anion gap metabolic acidosis,
current definitions of euglycemic diabetic ketoacidosis
include blood glucose level< 250 mg/dL.1Munro et al2 first
described euglycemic diabetic ketoacidosis in 1973. In 211
episodes of diabetic ketoacidosis, 37 episodes in 17 patients
presented with a blood glucose level < 300 mg/dL.

Reported rates of euglycemic diabetic ketoacidosis
during clinical trials have been rare: 0.52, 0.76, and 0.24
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Table 1. Inpatient Laboratory Values

Admission POD0 POD1 POD2
Hematocrit, % 30.9 31.5 30.4
Sodium, mmol/L 139 140 138 136
Potassium, mmol/L 4.0 4.0 3.8 4.7
Chloride, mmol/L 102 111 107 112
Serum CO2, mmol/L 27 14 <5
Urea nitrogen, mg/dL 18 8 17
Creatinine, mg/dL 0.57 0.42 0.48
Calcium, mg/dL 9.1 8.1 8.2
Albumin, g/dL 4.4
Glucose, mg/dL 146 133-164 149 160-167
Anion gap 10 17 27
pH 7.36 7.01 7.30
PCO2, mm Hg 38.2 11.5 12.3
Lactate, mmol/L 1.0
β-hydroxybutyrate, mmol 7.7 3.5
Note: Conversion factors for units: creatinine in mg/dL to μmol/L, ×88.4;
calcium in mg/dL to mmol/L, ×0.2495; lactate in mmol/L to mg/dL, ×9.01;
glucose in mg/dL to mmol/L, ×0.05551; urea nitrogen in mg/dL to mmol/
L, ×0.357.
Abbreviations: CO2, carbon dioxide; POD, postoperative day.
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per 1,000 patient-years for canagliflozin, 100 mg and
300 mg, and non-SGLT2 inhibitor therapy, respectively;
and 0.2 to 0.6 per 1,000 patient-years for empagliflozin,
10 mg and 25 mg, respectively.1 In March 2015, the US
Figure 1. Proposed role of sodium-glucose cotransporter 2 (SGLT
DKA results from insulin deficiency (absolute or relative) and concu
hyperglycemia, and osmotic diuresis. In contrast, SGLT2 inhibitor t
cosuria, mild volume depletion, and lower serum glucose levels, a
times of intercurrent illness and/or metabolic stress (eg, surgery or
with lower serum glucose levels can further depress insulin secretio
of carbohydrate deficiency and causes of insulinopenia. Abbreviati
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Food and Drug Administration (FDA) issued a warning for
SGLT2 inhibitor–associated diabetic ketoacidosis, after 20
cases had been reported.3 In December 2015, the FDA
released another statement regarding 73 cases of diabetic
ketoacidosis requiring hospitalization or emergency
department presentation. The median time to diabetic
ketoacidosis after initiation of SGLT2 inhibitor therapy was
2 weeks (ranging from 1-175 days), and 50% of cases
were associated with precipitating events, including acute
illness (eg, infection and surgery), reduced oral intake, and
reduced insulin dose.4 Fralick et al5 reported that patients
prescribed SGLT2 inhibitors were twice as likely to develop
diabetic ketoacidosis compared with matched patients
receiving prescriptions for dipeptidyl peptidase-4
inhibitors, within 180 days of follow-up. Retrospective
analyses of patients who developed diabetic ketoacidosis
while taking an SGLT2 inhibitor revealed circumstances
including off-label use in patients with type 1 diabetes
mellitus, missed diagnoses of type 1 diabetes mellitus, or
latent autoimmune diabetes of adulthood.6,7

Diabetic ketoacidosis occurs in the setting of insulino-
penia, either relative (eg, acute illness and reduced oral
intake) or absolute. This leads to reduced glucose use,
increased lipolysis, and increased free fatty acid transport
to the liver. Glucagon levels increase, leading to free fatty
acid oxidation and ketosis.8,9 The proposed mechanism of
2) inhibition in euglycemic diabetic ketoacidosis (eDKA). Classic
rrent increase in counter-regulatory hormones leading to ketosis,
herapy in a well-compensated individual at baseline causes glu-
ssociated with decreased insulin secretion (green box). During
gastrointestinal illness), decreased carbohydrate intake coupled
n. This can ultimately lead to eDKA (red box). *Possible pathways
ons: BP, blood pressure; PO, oral.
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SGLT2 inhibitor–associated euglycemic diabetic ketoaci-
dosis implicates glucosuria leading to decreased plasma
glucose levels and decreased insulin release (Fig 1).
Carbohydrate deficit, insulinopenia, and increased
glucagon release lead to upregulation of lipolysis and
ketogenesis. Decreased carbohydrate intake and/or deficit
related to glucosuria contribute to normoglycemia in these
patients.10 In diabetic as well as healthy rats administered
an SGLT2 inhibitor, after a volume-depleting stress,
euglycemic diabetic ketoacidosis occurs in the setting of
relative insulinopenia and increased plasma catecholamine
and corticosterone levels.11

Current data for cardiovascular and kidney outcomes of
SGLT2 inhibitor therapy suggest that long-term treatment
benefits outweigh short-term risks. The American Diabetes
Association recommends SGLT2 inhibitors as 1 of 6
preferred medications in the treatment of type 2 diabetes
mellitus, as an adjunct to metformin, or as monotherapy in
patients who cannot tolerate metformin.12,13 However,
patients and providers need to be aware of treatment risks
and strategies to mitigate these risks.

Providers should advise patients about circumstances in
which SGLT2 inhibitor treatment should be withheld, such
as with anticipated procedures/surgeries, or at the time of
acute illness, in which there is decreased oral intake.
Hospitalized patients are often more prone to developing
risk factors for diabetic ketoacidosis, whether related to
surgery, infection, volume depletion, or decreased oral
intake, and inpatient providers should remain vigilant for
potential evidence of the development of euglycemic
diabetic ketoacidosis. In the outpatient setting, clinical
scenarios associated with deceased oral intake and volume
depletion should prompt providers to advise their patients
to temporarily discontinue SGLT2 inhibitor therapy and
monitor for ketosis by using available home testing kits
(urine test strips or blood ketone meters).

A systematic review reveals multiple case reports of
euglycemic diabetic ketoacidosis in the endocrinology,
critical care, anesthesia, and surgical literatures. To date,
only a few cases of euglycemic diabetic ketoacidosis have
been described in the nephrology literature.14-16 With the
advent of CREDENCE (Canagliflozin and Renal Events in
Diabetes with Established Nephropathy Clinical Evalua-
tion) results, it is anticipated that SGLT2 inhibitors will be
more frequently prescribed for patients with type 2
diabetes mellitus who are at risk for progressive
nephropathy.17 Moreover, it is likely that nephrologists
may increasingly become the primary prescribers of this
class of medications due to their renoprotective effects.
Depending on results of the DAPA-CKD (Dapagliflozin and
Prevention of Adverse Outcomes in Chronic Kidney
Disease) study (NCT03036150), which has included
enrollment of patients with nondiabetic proteinuric
chronic kidney disease, prescription of SGLT2 inhibitors
may fall squarely into the hands of nephrologists, although
DAPA-CKD excluded from enrollment patients receiving
active immunosuppressive therapy, who represent a
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considerable number of our patients with nondiabetic
proteinuric chronic kidney disease. Whether nondiabetic
patients receiving SGLT2 inhibitor therapy will be at risk
for the development of euglycemic diabetic ketoacidosis is
unknown. In the cited animal model by Perry et al,11 even
healthy nondiabetic rats, when administered an SGLT2
inhibitor and exposed to a volume-depleting stress,
developed euglycemic diabetic ketoacidosis.

Questions remain regarding indications and timing for
withholding of SGLT2 inhibitor treatment. Endocrinology
clinical practice guidelines recommend stopping treatment
with SGLT2 inhibitors at least 24 hours before elective
surgery, invasive procedures, and anticipated severe
stressful physical activity and/or metabolically challenging
activities, such as marathon running.18 However, case
reports suggest that the pharmacologic effects of SGLT2
inhibitors persist beyond 5 half-lives of elimination (2-3
days), with glucosuria and ketonemia lasting as long as 9
to 10 days after discontinuation.16,19 In our patient,
repeated urinalyses showed persistent glucose (3+) 4 days
after the last dose of empagliflozin had been taken. Hence,
the optimal timing of discontinuation of SGLT2 inhibitor
treatment is unknown, but temporary discontinuation for
a period longer than would be suggested by consideration
of the half-life of elimination alone is probably warranted.

We describe a case of a woman with type 2 diabetes
mellitus maintained on a regimen including empagliflozin
who developed severe high-anion-gap euglycemic diabetic
ketoacidosis following moyamoya revascularization sur-
gery. Identification of diabetic ketoacidosis and institution
of treatment were delayed due to the patient being
euglycemic at the time of becoming acidemic, thereby
distracting clinicians from initial consideration of diabetic
ketoacidosis physiology.

Due to the favorable cardiorenal protective effects of
SGLT2 inhibitors, their use is expected to grow signifi-
cantly. Appropriate counseling and oversight of patients
at risk for euglycemic diabetic ketoacidosis due to
intercurrent volume-depleting illnesses with diminished
oral intake, infection, surgery, or other metabolic
stressors will be essential to the safe use of these
medications. For hospitalized patients prescribed SGLT2
inhibitors who develop high-anion-gap acidosis, despite
euglycemic status, clinicians should maintain a high
index of suspicion for euglycemic diabetic ketoacidosis
so that appropriate therapy can be provided in a timely
manner.
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