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Unusual clinical course
Sodium-glucose cotransporter-2 inhibitors (SGLT2is) are widely used owing to their effective glycemic control
and protective effects against heart and kidney failure. Euglycemic diabetic ketoacidosis (eu-DKA) is a complication of treatment with SGLT2is. Eu-DKA often leads to delayed diagnosis and results in life-threatening complications. We report 2 critical cases of SGLT2i-associated eu-DKA.
Case 1 was 52-year-old woman with unstable angina scheduled for elective coronary artery bypass grafting
surgery. Preoperatively, she underwent tooth extraction which led to poor food intake because of pain. Three
days before surgery, the patient had SGLT2i-associated eu-DKA and myocardial infraction, requiring percutaneous coronary intervention and peripheral venoarterial extracorporeal membrane oxygenation. The patient
had taken SGLT2i until the morning of admission to the intensive care unit.
Case 2 was a 76-year-old woman experiencing SGLT2i-associated eu-DKA and sinus arrest, necessitating a temporary pacemaker, followed by elective gastrojejunal bypass surgery. The SGLT2i was discontinued the day before surgery. On day 3 following surgery, the patient’s metabolic acidosis improved, and sinus arrest resolved.
Precipitating factors of eu-DKA (caloric restriction and surgical stress) and delay in diagnosis because of a lack
of evidence of hyperglycemia could contribute to the development and worsening of life-threatening complications. This reiterates the importance of reviewing ongoing medications of patients with diabetes and considering eu-DKA as a differential diagnosis for patients with high anion gap metabolic acidosis to ensure early
intervention. SGLT2i-associated DKA likely develops perioperatively; therefore, clinicians should pay attention
to the discontinuation period of SGLT2i before any surgical intervention.
Diabetes Complications • Diabetic Ketoacidosis • Sodium-Glucose Transport Proteins
https://www.amjcaserep.com/abstract/index/idArt/929773
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Background

acidosis (pH, 6.84; HCO3– level, 2.1 mEq/L; base excess, -20.0
mmol/L; anion gap, 31.9 mmol/L; and lactate level, 2.4 mmol/L),
while her blood glucose remained at normal levels (178 mg/
dL). Empagliflozin was administered until the morning of that
day. Although elevated cardiac troponin levels (serum troponin I, 324.5 pg/mL) were detected, no ST-segment elevation
was observed on the electrocardiogram. Supportive therapy to
manage metabolic acidosis was initiated. She was intubated
for hypotension (systolic artery pressure, 78 mmHg; infusion
with noradrenaline 0.06 μg/kg/h), severe acidemia, and tachypnea. The oral administration of empagliflozin was discontinued. Despite sodium bicarbonate infusion and continuous renal
replacement therapy instituted for the life-threatening acidemia, the patient’s metabolic acidosis did not improve. On day
2 of ICU admission, based on elevated blood b-hydroxybutyrate levels (12.9 mmol/L), dextrose and insulin were administered to manage the eu-DKA. The acidosis was resolved within
24 h of treatment initiation; in addition, blood b-hydroxybutyrate levels decreased (4.3 mmol/L). On day 3 of ICU admission, she developed pulmonary edema but still required large
doses of inotropes and vasopressors. As the metabolic acidosis improved, the status of her coronary arteries was evaluated. Following insertion of a percutaneous mechanical circulatory support device (Impella 2.5; Abiomed, Danvers, MA, USA)
to ensure left ventricular unloading, percutaneous coronary intervention was performed. Stents were placed at 3 points, including the left anterior descending artery. Subsequently, there
was a need for peripheral venoarterial extracorporeal membrane oxygenation (VA-ECMO) owing to the prevailing potentially life-threatening poor oxygenation (ratio of arterial oxygen
partial pressure to fractional inspired oxygen was 57.5 under
10 cmH2O positive end-expiratory pressure) and low output
syndrome. VA-ECMO, continuous renal replacement therapy,
Impella 2.5, and mechanical ventilation were required for 6,
6, 7, and 13 days, respectively. In addition, she had a hemorrhagic cerebral infarction on day 10 of ICU admission. She was
discharged from the ICU on day 15 and transferred to a rehabilitation hospital on day 51 of admission.

Sodium-glucose cotransporter-transporter-2 inhibitors (SGLT2is)
are used widely owing to their protective effects against heart
and kidney failure and effective glycemic control [1-6]. SGLT2is
decrease glycated hemoglobin, body weight, and blood pressure [1,2]. Recent randomized control trials have demonstrated that SGLT2is reduce the risk of heart failure, cardiovascular
death, and serious renal outcomes in patients with or without
diabetes [4-6]. However, diabetic ketoacidosis (DKA) has been
reported as a complication of SGLT2is [7,8]. It was reported
that, compared with dipeptidyl peptidase-4 inhibitors, SGLT2is
have a higher risk of DKA (hazard ratio, 2.85) [7]. Caloric restriction, surgical stress, acute illness, risk of dehydration, and
medication changes have been reported as precipitating factors of SGLT2i-associated DKA, and nausea and vomiting have
been reported as its clinical presentation [9-11]. The incidence
of SGLT2i-associated DKA perioperatively has been reported
to be as high as 19% to 28% [12,13]. In a review of 47 cases
of perioperative SGLT2i-associated DKA, 4 cases of severe acidemia or metabolic acidosis were reported (pH <7.0 in 2 cases; bicarbonate [HCO3–] level <5 mEq/L in 2 cases) [10]. Unlike
with typical DKA, some patients have a normal blood glucose
level. This type of DKA is known as euglycemic DKA (eu-DKA).
Eu-DKA sometimes leads to delayed diagnosis and results in
life-threatening complications [8,9]. Because the use of SGLT2i
is expected to become increasingly widespread owing to its
effectiveness, it is important to report this adverse drug reaction that can delay diagnosis.
We encountered 2 severe cases of SGLT2i-associated eu-DKA
caused by delayed diagnosis in the intensive care unit (ICU).
Both patients consented to the publication of this case report.

Case Reports
Case 1

Case 2

A 52-year-old woman weighing 51 kg and receiving medications for type 2 diabetes mellitus (empagliflozin 10 mg daily and sitagliptin 50 mg daily), dyslipidemia (ezetimibe 10 mg
daily and rosuvastatin 20 mg daily), and an old cerebral infarction (clopidogrel 75 mg daily) was diagnosed with unstable
angina. She was scheduled for elective coronary artery bypass
grafting surgery. Following hospital admission, the patient underwent a preoperative examination for the surgery. On days
12 and 15 of admission, she underwent tooth extraction for
perioperative management. Subsequently, her oral food intake decreased because of pain. On day 22 of hospitalization,
3 days before the scheduled elective coronary artery bypass
grafting surgery, she developed tachypnea, vomiting, and decreased blood pressure. She had high anion gap metabolic
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A 76-year-old woman weighing 63 kg and receiving medications for type 2 diabetes mellitus (canagliflozin 100 mg daily and metformin 500 mg daily), hypertension (cilnidipine 20
mg daily), and dyslipidemia (fenofibrate 80 mg daily) was diagnosed with duodenal cancer and scheduled for elective
gastrojejunal bypass surgery. Canagliflozin was administered
until the day before the surgery. After surgery, she was admitted to the ICU for postoperative management. On arrival,
she had euglycemia (100 mg/dL), but with metabolic acidosis (pH, 7.25; HCO3– level, -17.3 mEq/L; base excess, -9.1; anion gap, 16.2 mmol/L; and lactate level, 0.8 mmol/L). Sodium
bicarbonate infusion was initiated; however, the patient’s
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metabolic acidosis continued to worsen. On day 2 of ICU admission, she had cardiac sinus arrest and experienced loss of
consciousness with metabolic acidosis (pH, 7.27; HCO3– level, 13.5 mEq/L; base excess, -12.1; anion gap, 23.7 mmol/L;
and lactate level, 1.1 mmol/L). Elevated blood b-hydroxybutyrate (18.6 mmol/L) levels were noted, and an infusion of
dextrose and insulin was initiated for the management of euDKA. Within 2 h of initiating eu-DKA treatment, she had another cardiac sinus arrest, lost consciousness, and continued
to experience metabolic acidosis (pH, 7.30; HCO3– level, 16.0
mEq/L; base excess, -9.3; anion gap, 18.0 mmol/L; and lactate
level, 1.0 mmol/L). Coronary angiography showed no myocardial ischemia, and a temporary pacemaker was intravenously inserted as an emergency intervention. On day 3 of ICU admission, the patient’s metabolic acidosis improved, her blood
b-hydroxybutyrate level decreased (3.2 mmol/L), and sinus arrest resolved. The patient was discharged from the ICU on day
5. Glycosuria was also observed on day 6 (blood glucose level,
140 mg/dL) but was not observed on day 12 (blood glucose
level, 163 mg/dL). The temporary pacemaker was removed
on day 11, and no signs of sinus arrest were detected using a
24-h Holter monitor on day 14. She was discharged from the
hospital on day 18.

In case 1, it remained unclear whether DKA or myocardial ischemia occurred first. In this patient, tooth extraction resulted in
poor food intake; therefore, DKA might have developed before
the myocardial ischemia. Several studies have illustrated that
acute metabolic acidosis can have critical effects on the cardiovascular system [16,17]. The cardiovascular effects of acidosis include arterial vasodilatation contributing to hypotension [18], a decrease of contractility and cardiac output [19,20],
sinus dysfunction [21], and a predisposition to cardiac arrhythmias associated with sudden death [22]. The patient in case
1 had severe coronary artery disease requiring coronary artery bypass grafting. Acidemia due to eu-DKA caused peripheral vasodilation, resulting in hypotension and decreased cardiac contractility due to increased left ventricular end-diastolic
pressure. This potentially reduced coronary perfusion pressure
and led to the myocardial infarction. Another possible association with DKA and acute coronary syndrome includes the supply-demand mismatch caused by an increased oxygen demand
in the myocardium by counter-regulatory hormones, such as
adrenaline, cortisol, and glucagon, released during DKA [23].
The patient in case 2 underwent major surgery, and the surgical stress resulted in SGLT2i-associated eu-DKA. A few cases of life-threatening complications due to SGLT2i-associated
DKA in the postoperative period have been reported [24,25].
A postoperative gastric bypass case of SGLT2i-associated DKA
requiring mechanical ventilation and hemodialysis was reported [24]. A patient that developed SGLT2i-associated DKA
2 days after laparoscopic appendectomy also developed encephalopathy and required mechanical ventilation and hemodialysis [25]; however, there are few reports on patients with
severe complications requiring urgent pacemaker insertion for
sinus arrest, as in our case 2. Sinus dysfunction and sudden
death have been reported to be associated with metabolic acidosis [18,21]. Additionally, in case 2, coronary artery stenosis
was not detected on coronary angiography. Once the acidemia
improved, the sinus arrest resolved, with a Holter electrocardiogram reaffirming this result. Therefore, we believe that acidemia was the probable cause of the sinus arrest.

Discussion
We encountered 2 cases of life-threatening complications
caused by SGLT2i-associated eu-DKA. Precipitating factors of
eu-DKA (caloric restriction and surgical stress) and delay in diagnosis due to lack of evidence of hyperglycemia could have
contributed to the development and deterioration of the lifethreatening complications in our patients.
The underlying condition leading to eu-DKA was a caloric restriction in case 1 and surgical stress in case 2, and these conditions might have contributed to the development and worsening of life-threatening complications. Preoperative fasting,
very low-calorie diets, and surgical stress are reported as precipitating factors of SGLT2i-associated DKA [10,11]. In case 1,
tooth extraction resulted in poor food intake, whereas in case 2,
DKA developed after surgery. Persistent glycosuria induced by
SGLT2i lowers the amount of the body glucose pool [14], and in
this situation, when caloric intake decreases, the blood glucose
level cannot be increased, insulin secretion is suppressed, and
ketone body production is induced. Surgical stress increases
counter-regulatory hormones such as adrenaline and cortisol,
and these hormones induce increased insulin resistance [10].
Increased insulin resistance causes impaired sugar utilization
and ketogenesis. Additionally, surgical stress induces glucagon
secretion [10]. Glucagon promotes lipolysis and fatty acid oxidation in the liver and increases ketogenesis [15].
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Delayed diagnosis due to lack of evidence of hyperglycemia
may have contributed to the development of life-threatening
complications in our patients. Although SGLT2i has become
widely used in recent years, its complication, eu-DKA, appears
to be under-recognized, especially by surgeons. Furthermore,
eu-DKA often results in blood glucose levels below 200 mg/dL,
which may delay its detection [8,9]. Even our cases were followed up with supportive therapy without an accurate diagnosis of metabolic acidosis. Therefore, SGLT2i-associated euDKA should be considered a probable differential diagnosis in
patients with diabetes and metabolic acidosis. Furthermore,
SGLT2i was not discontinued in both of our cases. Because
case 1 was an emergency, ongoing medications could not
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be terminated, while in case 2, canagliflozin was discontinued the day before the surgery. Generally, elimination from
the body takes about 5 times as long as the half-life of the
drug. The average half-life time of canagliflozin is reported
to be 10.2 h, and 5 times the half-time is 51 h. The U.S. Food
and Drug Administration in 2020 announced the approval of
a change in the prescription of SGLT2i diabetes medicines,
thereby recommending them to be terminated temporarily 3
or 4 days before scheduled surgery to prevent perioperative
SGLT2i-associated ketoacidosis [26]. In our case 2, glycosuria
was still detected on day 6 (7 days after the last oral administration of canagliflozin). We believed that the effect of canagliflozin remained at least until that time. In SGLT2i-associated
DKA, glycosuria persisted for 3 to 10 days after the discontinuation of SGLT2is [27]. In case 2, canagliflozin may have required a washout period longer than 3 days.

these life-threatening complications. In situations in which
SGLT2i is expected to become increasingly widespread owing to its effectiveness, the number of SGLT2i-associated DKA
is expected to increase. It is imperative to assess the existing medication history of patients with diabetes and consider
eu-DKA as an important differential diagnosis of patients with
high anion gap metabolic acidosis to ensure early intervention.
Additionally, SGLT2i-associated DKA is likely to develop perioperatively; therefore, clinicians should pay attention to the discontinuation period of SGLT2i prior to any surgical intervention.
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