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INTRODUCTION: Sodium glucose cotransporter-2 inhibitors (SGLT2) are an increasingly administered
class of medication used to lower blood glucose levels in patients with type 2 diabetes mellitus. Diabetic
ketoacidosis (DKA) and Fournier’s gangrene are rare, but potentially catastrophic side effects of SGLT2
inhibitors. This manuscript reports a case of both DKA and Fournier’s gangrene in the context of SGLT2
inhibitor use.

PRESENTATION OF CASE: A 51-year-old morbidly obese man with hypertension and poorly controlled

Key '.'Vords; Type 2 Diabetes Mellitus presented to the emergency department with a clinical presentation consistent
Sodium-glucose cotransporter-2 (SGLT2) . . .
inhibitor with Fournier’s gangrene. He was promptly taken to the operating room by the urology team where he

had extensive debridement of the perineum and abdomen. Intra-operatively he was found to have DKA,
which was managed appropriately. The acidosis and Fournier’s gangrene were deemed a likely side effect
of SGLT2 inhibitor use. After a thirty-day hospital admission, the patient was discharged to a rehabilitation
facility where he is progressing well. His SGLT2 inhibitor was discontinued upon admission to hospital.
DISCUSSION: Perioperative providers should have a high index of suspicion for diabetic ketoacidosis
(DKA) and Fournier’s gangrene in patients prescribed SGLT2 inhibitors. Prompt treatment of DKA through
correction of underlying triggers, aggressive fluid resuscitation, insulin to close the anion gap, and appro-
priate potassium repletion is vital to optimize patient outcomes.
CONCLUSION: The use of SGLT2 inhibitors among surgical populations is increasing. This case high-
lights the importance of being aware of the mechanism and side effects of SGLT2 inhibitors, and the
management of DKA.

© 2020 The Authors. Published by Elsevier Ltd on behalf of [JS Publishing Group Ltd. This is an open

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

1. Introduction inhibitors, including empagliflozin, canagliflozin, and dapagliflozin,
are an increasingly administered class of medications for the
treatment of T2DM [2]. These medications have gained popular-

ity for their positive metabolic, renal, and cardiovascular effects

Diabetic ketoacidosis (DKA) is an acute complication of diabetes
mellitus characterized by hyperglycemia and ketoacidosis that

may be encountered in the perioperative setting. If not recognized
and treated early, DKA can lead to life-threatening complications
such as metabolic acidosis, electrolyte abnormalities, and cerebral
edema [1]. While DKA is commonly seen in patients with type 1
diabetes mellitus (T1DM), it is rare in patients with type 2 dia-
betes mellitus (T2DM). Sodium glucose cotransporter-2 (SGLT2)

Abbreviations: DKA, diabetic ketoacidosis; HAGA, high anion gap metabolic
acidosis; SGLT2, sodium glucose cotransporter-2; T1DM, type 1 diabetes mellitus;
T2DM, type 2 diabetes mellitus.
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in patients with T2DM and have proven mortality benefit [3].
Euglycemic DKA is a well-described side effect associated with
SGLT2 inhibitors that presents as DKA with normal or near-normal
blood glucose levels [4]. Given the increased prescription of SGLT2
inhibitors, perioperative providers must be familiar with the diag-
nosis and management of euglycemic DKA.

Patients on SGLT2 inhibitors are also at risk for Fournier’s gan-
grene, a life-threatening and rapidly progressive type of necrotizing
soft tissue infection affecting the external genitalia or perineum
[5]. Patients presenting with Fournier’s gangrene are often taken
emergently to the operating room for surgical debridement. These
patients may be hemodynamically unstable, often in septic shock.
Because hyperglycemia interferes with immune responses, diabetic
patients, including those on SGLT2 inhibitors, are at an elevated risk

2210-2612/© 2020 The Authors. Published by Elsevier Ltd on behalf of IJS Publishing Group Ltd. This is an open access article under the CC BY-NC-ND license (http://
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for developing DKA. Failure to recognize DKA in this setting places
the patient at risk for further clinical deterioration.

In this case, we describe a patient with poorly controlled T2DM
treated with empagliflozin who presented with Fournier’s gan-
grene and DKA. This case report is in line with the SCARE 2018
criteria [6].

2. Presentation of case

A 51-year-old morbidly obese man with hypertension and
poorly controlled T2DM (HbA1c of 9.0) presented to the emergency
department with an eight-day history of malaise and perianal pain.
His home medications included empagliflozin 25 mg daily, met-
formin 1000 mg twice daily, lisinopril 10 mg daily, atorvastatin 20
mg daily and aspirin 81 mg daily. These were last taken the day
prior to his presentation. All of his home mediations were taken
orally, with no home insulin requirements. There was no relevant
family, genetic or psychosocial history. He denied any alcohol or
smoking history.

On initially presentation he was tachycardic with a heart rate of
120 beats/min, but other vital signs were within normal limits. His
initial serum laboratory values were notable for an elevated white
blood cell count (20,000/.L), low bicarbonate level (6 mmol/L), ele-
vated creatinine (1.64 mg/dL), elevated glucose (315 mg/dL), and
normal lactate. Of note, the patient’s HbA1c of 9.0 corresponded to
an average serum glucose level of 212 mg/dL. The sepsis protocol
was initiated, and he was treated promptly with fluid resuscita-
tion and administration of broad-spectrum antimicrobials. When a
computed tomography scan demonstrated inflammatory changes
and subcutaneous gas in the perineum, he was taken emergently
to the operating room for surgical debridement by the urol-
ogy team. Shortly after the induction of general anesthesia with
etomidate 10 mg and rocuronium 100 mg, the patient became
hemodynamically unstable with escalating vasopressor require-
ments. An arterial blood gas revealed a profound high anion gap
metabolic acidosis (HAGA) (pH 7.12, anion gap 31), which was
initially presumed to result from a lactic acidosis in the setting
of an aggressive necrotizing soft tissue infection. However, the
patient’s lactate, renal function and osmolality were within nor-
mal limits. Therefore, other etiologies of HAGA were explored. The
managing team noted that the patient was being treated with
empagliflozin, which can cause DKA. A urine analysis was then
obtained, which was positive for ketones. Given the patient’s nor-
mal urine output and serum potassium of 3.5 mmol/L, the patient
was promptly treated with an insulin infusion, potassium replace-
ment, and aggressive fluid resuscitation with crystalloid solution
containing dextrose. The patient’s anion gap quickly closed, his
serum potassium remained within normal limits, and his glucose
levels fell. As his HAGA resolved, the patient’s vasopressor require-
ments decreased markedly for the remainder of the procedure.

He was taken to the ICU post-operatively where his vasopressor
requirement rapidly resolved. He returned to the operating room
on five more occasions for further debridement of the perineum
and abdomen. After a thirty-day hospital admission, including a
ten-day ICU admission, the patient was discharged to a rehabilita-
tion facility where he is progressing well. He will follow up with
his family doctor for ongoing management of his T2DM. His SGLT2
inhibitor was discontinued upon admission to hospital.

3. Discussion

We describe a case of an acute presentation of Fournier’s gan-
grene and DKA in a patient on SGLT2 inhibitors. The Food and Drug
Administration has issued warnings regarding an increased risk of
both Fournier’s gangrene and DKA with the use of SGLT2 inhibitors
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prescribed for T2DM [7]. Risk factors for Fourniers gangrene include
diabetes mellitus, hypertension, obesity and immunosuppression
[8]. Risk factors for the development of SGLT2 inhibitor-associated
DKA include reduced carbohydrate intake, volume depletion, sur-
gical stress, and infection [9].

SGLT2 inhibitors maintain euglycemia by inhibiting glucose
reabsorption at the proximal renal tubules and reduce the stimula-
tion for pancreatic beta cell production of insulin [9]. In the setting
of acute illness or infection, cortisol promotes further insulin resis-
tance, and pancreatic alpha cells are stimulated to release glucagon.
This initiates lipolysis and ketogenesis from fatty acids, as well
as gluconeogenesis and glycogenolysis by the liver, ultimately
increasing the risk for ketoacidosis. Our patient had an active infec-
tion and volume depletion secondary to decreased oral intake,
placing him at risk for SGLT2 inhibitor associated DKA. Although
this diagnosis was likely, there is no definitive diagnostic test for
SGLT2 inhibitor associated DKA. As a result, the diagnosis should
be suspected in diabetic patients on SGLT2 inhibitors who present
with a HAGA and elevated plasma or urine ketones, with or with-
out marked hyperglycemia. Common signs and symptoms of DKA
include nausea, vomiting, tachycardia, polyuria, and altered mental
status. However, in the perioperative setting, the diagnosis may be
challenging with patients having a number of confounding factors.
Prior to making a diagnosis of SGLT2 inhibitor associated DKA, other
etiologies of ketoacidosis and HAGA must be excluded (Fig. 1). Com-
mon etiologies for HAGA encountered in surgical patients include
lactic acidosis (secondary to sepsis), uremia and starvation ketosis.
With all ketosis not being DKA, other etiologies of ketosis should
be ruled out (Fig. 2).

Identifying DKA in this case was challenging for a number of
reasons. First, the patient presented with a rapidly progressing
necrotizing soft tissue infection, and therefore, his HAGA may have
been a result of lactic acidosis or uremia. Second, DKA is rare
in patients with a diagnosis of T2DM or without a prior insulin
requirement. His HbA1c of 9.0 corresponded to an average serum
glucose level of 212 mg/dL. Although his diabetes was not well con-
trolled, we assumed that he likely had reasonable insulin sensitivity
prior to his acute illness. Finally, because of his SGLT2 inhibitor
use, the patient’s blood glucose levels were less elevated than
those typically associated with DKA. Fortunately, the perioperative
team identified empagliflozin as a medication that can precipi-
tate euglycemic DKA, with DKA treatment initiated immediately.
Had DKA not been readily identified, the patient’s HAGA might
have worsened despite supportive measures, potentially leading
to irreversible hemodynamic collapse and severe multiorgan fail-
ure. Instead, the patient’s clinical condition improved rapidly with
the administration of insulin, potassium, and dextrose infusions.

SGLT2 inhibitor-associated DKA should be managed similarly to
classic DKA by the identification and correction of underlying trig-
gers, aggressive fluid resuscitation, insulin to close the anion gap,
and appropriate potassium repletion [10]. In euglycemic DKA, it
is particularly important that blood glucose levels be monitored
closely, and that dextrose be administered in conjunction with
insulin to prevent hypoglycemia. Clinicians must monitor elec-
trolytes closely when managing DKA, as in spite of elevated or
normal potassium levels, there is typically a total body potassium
deficit. This deficit results from a shift of potassium from intracellu-
lar to extracellular, resulting in loss of potassium via urine output.
The initiation of insulin can lead to significant hypokalemia through
intracellular shift of potassium, exacerbating the total body loss of
potassium.

In patients presenting for elective surgery, recommendations
offered by the American College of Endocrinology are to hold SGLT2
inhibitors for at least 24 h prior to surgery based on their elimina-
tion half-lives of approximately 13 h [11]. However, some expert
groups recommend holding SGLT2 inhibitors up to 48 h prior to
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Fig. 2. Approach to the management of ketoacidosis.

surgery [12]. For outpatient procedures, SGLT2 inhibitors can often
be safely restarted 24 to 72 hours post-operatively once normal oral
intake resumes [11]. Following these guidelines will help minimize
the risk of SGLT2 inhibitor associated DKA.

4. Conclusion

The use of SGLT2 inhibitors among surgical populations is
increasing, and despite cardiovascular benefits, there are seri-
ous side effects including DKA and Fournier’s gangrene. This case
highlights these side effects occurring concurrently, in addition
to the management of DKA intra-operatively. Given the potential
catastrophic consequences of DKA, it is crucial that periopera-
tive physicians maintain appropriate clinical suspicion for DKA in
patients on SGLT2 inhibitors.
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