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Sodium-glucose co-transporter-2 inhibitor-associated non-diabetic
ketoacidosis: a case report
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ABSTRACT

Ketoacidosis is considered an emergency metabolic disorder that can be triggered by starvation and alcohol consumption in
addition to diabetes. We described an unusual case of ketoacidosis in a non-diabetic young man who presented to our hospital
with a complaint of rapid and shallow breathing, weakness and nausea. Fourteen days back, due to heart failure, he started sodium-
glucose co-transporter 2 inhibitors (SGLT2-i) in addition to fumarate bisoprolol, sacubitril/valsartan and eplerenone. Based on
clinical examination, ketoacidosis was suspected, although his glucose and glycosylated hemoglobin levels were in range. Overall,
based on the clinical and laboratory findings, the diagnosis of euglycemic non-diabetic ketoacidosis due to the use of the SGLT2-
i was made and SGLT2-i has been discontinued. Although SGLT2-i are effective and safe drugs, it is advisable to carefully
evaluate their use also in non-diabetic patients especially when hepatic fibrosis or incorrect eating habits are present.
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The sodium-glucose co-transporter 2 inhibitors (SGLT2-
i), also known as gliflozins, are one of the relatively new
classes of oral antidiabetic drugs used primarily in type 2
diabetes mellitus (T2DM). Their action consists of inhibiting
SGLT?2 channels of the renal proximal convoluted tubule,
which reabsorbs almost 90% of filtered glucose.! SGLT2-i
decrease the renal threshold for glucose excretion from 180
mg/dL (10 mmol/L) to 40 mg/dL (2.2 mmol/L), with a
higher glucose excretion in urine and consequently lower
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important to underline that their action is independent of in-
sulin sensitivity and B-cell reserve and hypoglycemic risk is
reset. Moreover, SGLT2-i action depends on glomerular fil-
tration rate (GFR); lower GFR reduces glycosuria.? Never-
theless, the inhibition of glucose reabsorption is pushed to
the maximum at any level of GFR. In fact, HbAlc decreases
to 0.79% in normal renal function, 0.3-0.4% in GFR range
0f 30-59 mL/min/1.73 m2, below 30 mL/min/1.73 m2 they
are ineffective.> SGLT2-i also modify plasma insulin levels
(which decrease) and plasma glucagon levels (which in-
crease).? Because of their glycosuric effect (loss of calories),
SGLT2-i also reduce weight.* All of these effects associated
with a reduction in liver fat, tissue inflammation and in-
crease of B-cell activity are the reason for delay in insulin
requirement.> SGLT2-i, such as all drugs, obviously have
some side effects. First of all, urinary tract infections due to
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glycosuria: glucose in the urinary tract level facilitates bac-
teria proliferation. Therefore, it is necessary to educate pa-
tients to a better intimate hygiene in order to avoid also
pyelonephritis or upper urinary tract infections.> We cannot
forget euglycemic diabetic ketoacidosis (DKA) whose inci-
dence varies from 0.16 to 0.76 events per 1000 patient-year.
There are some risk factors such as malnutrition, infection,
or vomiting. The etiopathogenesis is not completely known.
Obviously, not all patients with SGLT2-i develop DKA. The
evidence demonstrated that patients who were affected by
DKA during SGLT2-i treatment were patients with type 1
diabetes mellitus or patients with T2DM and a B-cell insuf-
ficiency or patients with latent autoimmune diabetes in
adults (LADA). LADA is an intermediate form between
type 1 diabetes mellitus and T2DM and it is often misdiag-
nosed as T2DM. LADA is characterized by a slow progres-
sive autoimmune destruction of pancreatic beta cells. This
condition tends to manifest during adulthood, often around
35 years of age. So, physicians must use caution in patients
with a long history of diabetes and a reduction of -cell func-
tion and LADA 3¢ Ketoacidosis (KA) is a metabolic disorder
caused by the accumulation of ketoacids in the body. The
most common type of KA is DKA.” There are other types of
KA like starvation ketoacidosis (SKA) and alcoholic ke-
toacidosis.” Starvation usually triggers ketosis, but rarely
leads to KA. SKA is associated with pregnancy, lactation,
preoperative states and very low carbohydrate diets. In case
of prolonged fasting and low carbohydrate intake, hepato-
cytes will generate another source of fuel for the body (ke-
tone bodies). The key pathogenetic factor in the genesis of
SKA is the imbalance between insulin and counter-regula-
tory hormones in the glycogen-private environment. In fact,
low carbohydrate levels induce insulin reduction, causing
lipolysis, which will lead to increased production of free
fatty acids (FFA) from fat cells. The FFA will then be trans-
ported to the hepatocytes, whereby oxidation of the FFA,
will produce acetyl-coa. Acetyl-coa stimulates a ketogenic
pathway, which leads to ketone body production and acido-
sis. Metabolic acidosis is defined by the reduced level of pH
and serum bicarbonate.® The physiological production of ke-
tones increases during the first three days of fasting. SKA
diagnosis is clinical. Metabolic disorders and clinical pres-
entation in SKA are similar to DKA.® It’s important to pay
attention to the history of a period of acute or chronic star-
vation, increased metabolic needs (for example, pregnancy
and lactation), presence of diabetes. The treatment principles
are based on the administration of glucose to break the ke-
toacid production cycle.!” This stimulates endogenous in-
sulin production to restore the insulin-glucagon ratio to
normalcy. It is also useful to make infusions of normal saline
solution that replete extracellular liquid and chloride ions,
thereby reducing counter regulators, and maintaining elec-
trolyte balance.

Case report

This case is about a 26-year-old non-diabetic male pa-
tient who presented to our hospital with a complaint of rapid
and shallow breathing, malaise and nausea for a few hours.
His past medical history included mildly reduced ejection
fraction chronic heart failure (NYHA class II) secondary to
already revascularized chronic post-ischemic dilated car-
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diomyopathy in patients with previous Kawasaki disease
and moderate-grade hepatic steatosis with grade I hepatic fi-
brosis. Fourteen days back, for heart failure, he started Em-
pagliflozin 10 mg orally once a day in addition to fumarate
bisoprolol, sacubitril/valsartan and eplerenone. He also com-
plained of dyspepsia and decreased oral intake. He fasted
for around 12 hours. He denied alcohol consumption, illicit
drug use, smoking or recent travel. On examination, he
looked pale and distressed, not dehydrated nor jaundiced.
He was conscious, on alert and oriented to time, place, and
person. His height was 155 cm, body weight was 142 kg and
body mass index was 59 Kg/m?. Blood pressure was 120/80
mmHg, heart rate was 78 beats per minute, temperature was
36.5°C, peripheral capillary oxygen saturation was 99% on
room air, and respiratory rate was 22 beats per minute. Neu-
rological examination showed normal tone, power, and re-
flexes. The rest of the head-to-toe examination was
unremarkable. His fasting blood sugar level was 98 mg/dl,
glycosylated hemoglobin levels were 5.6% and insulin level
was 25 mU/L. The homeostasis model assessment — insulin
resistance index was 6.05. Analysis of arterial blood gas and
serum electrolytes revealed a high anion gap metabolic aci-
dosis (HAGMA) characterized by a decrease in pH with
hypocarbia, hypobicarbonatemia and an increase in anionic
gap. Capillary ketones were 3,2 mmol/L. His urinalysis was
significant for positive ketones and glucose. The rest of the
blood investigations were all unremarkable. Overall, based
on the clinical and laboratory findings (Table 1), the diag-
nosis of euglycemic non-DKA due to the use of the SGLT2-
i was made. He was appropriately treated with a 10%
dextrose infusion that gradually improved their metabolic
profile leading to normalcy in <24 hours. Empaglifozin was
not discontinued and was recommended with adequate hy-
dration and avoiding prolonged periods of fasting by follow-
ing a 6-meal diet. Unfortunately, one month after discharge,
he had another episode of euglycemic non-DKA after fasting
for around 12 hours. SGLT2-i-induced KA was confirmed
and he was instructed to stop the medication. After Empagli-
fozin discontinuation, KA no longer occurred. Thus, six
months later, for weight reduction, the patient began a very
low-calorie ketogenic diet (VLCKD) without complications.

Discussion

SGLT2-i are a relatively new class of oral hypoglycemic
agents due to the obvious cardiovascular and renal benefits.
Therefore, they are now also used in the treatment of heart
failure (HF) and kidney disease. In fact, SGLT2-i, with the
inhibition of reabsorption of glucose and sodium, stimulate
osmotic diuresis and natriuresis, with a consequent decrease
of'the cardiac preload, so a reduction of arterial blood pressure
and afterload, and finally strengthening of subendocardial cir-
culation. This effect is present both in diabetic and non-dia-
betic patients. A multitude of clinical trials demonstrates the
efficacy of SGLT2-i in HFE."? In the renal field, SGLT2-i re-
duce hyperfiltration decreasing glomerular capillary hyper-
tension. This action reduces physical stress, oxygen
requirement and albuminuria. This leads to better kidney oxy-
genation, with a consequent preservation of kidney function
and GFR."> However, several studies have estimated that
SGLT2-i increased the risk of KA in diabetic patients,’ but
these have not been documented in patients without diabetes.
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Table 1. Results of laboratory investigations.

nhibitor-associated

iabetic ketoacidosis

Investigations Reference range
pH 7.30 7.35-7.45
PCO2 (mmHg) 33 35-45
HCO3 (mmol/L) 19.1 24-28
Sodium (mEq/L) 141 136-145
Potassium (mEq/L) 44 3.5-5.1
Chloride (mEq/L) 103 98-107
Anion gap (mmol/L) 18.9 8-16
Lactate (mmol/L) 1.6 0.5-2.5
Capillary ketones (mmol/L) 32 <0.6
Urine ketone (mg/dL) 40 0
Urine glucose (mg/dL) 1000 0
Blood glucose (mg/dL) 98 74-106
HbAlc (%) 5.6 <6.5
Creatinine (mg/dL) 0.56 0.7-1.20
Urea (mg/dL) 35 10-50
AST (U/L) 18 <40
ALT (U/L) 26 <41

PCO2, partial pressure of carbon dioxide; HCO3, bicarbonate; HbAlc, glycosylated hemoglobin; AST, aspartate aminotransferases; ALT, alanine aminotransferase.

The case report discusses non-diabetic KA, a rare and life-
threatening side effect of SGLT2-i. Metabolic acidosis is a
common metabolic abnormality with a broad differential di-
agnosis, each with a different management plan and a differ-
ent prognosis. This article presents a rare case of HAGMA
with increased plasma and urinary ketones in a non-diabetic
patient without alcoholic or toxicological exposure. HAGMA
was associated with the use of SGLT2-i how heart failure
treatment. HAGMA episodes had a short period (about 12
hours) of starvation before the presentation. This rare and
unique form of HAGMA may be due to an altered physiolog-
ical process. The plausible explanation for the triggering of
HAGMA was multifactorial. The first trigger was the de-
creased serum glucose associated with the use of SGLT2-i.
Indeed SGLT2-i inducing a major urinary glucose excretion,
reduces glycemic levels and so insulin secretion from pancre-
atic B-cells. Insulin level reduction means a reduction of the
antilipolytic activity of insulin so the body produces more
FFA, converted to ketone bodies by -oxidation in the liver.
Moreover, SGLT2-i stimulates the secretion of glucagon, in
addition to the stimulation induced by the decrease of insulin.
Glucagon secretion also induces a boost in the production of
ketone bodies.’ The second trigger was the lack of glycogen
reserves due to the presence of hepatic fibrosis as a result of
the rearrangement of liver architecture.' The third trigger was
starvation for about 12 hours together with the presence of in-
sulin resistance.” Overall, the metabolism shifts from carbo-
hydrates to lipids. Indeed, a decreased supply of glucose
stimulates gluconeogenesis through increased counter-regu-
latory hormones (glucagon, cortisol, epinephrine and norepi-
nephrine) and decreases glucose-dependent insulin release,
leading to increased glucose levels and lipolysis, thus dimin-
ishing the supply of oxaloacetate and this hormonal imbalance
triggering the process of ketogenesis. The cycle of ketogenesis
was broken by providing glucose in the form of dextrose in-
fusion.!® The evidence that KA no longer occurred after the
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discontinuation of Empaglifozin or either during the VLCKD
shows that SGLT2-i was the main cause of KA. This case
shared striking similarities between clinical presentation and
biochemical parameters with DKA. Non-DKA cases are usu-
ally euglycemic but they can rarely present with mild hyper-
glycemia.”® Therefore, HbAlc and insulin level are a
reasonable test to identify diabetes status. Inadequate admin-
istration of insulin can lead to dangerous hypoglycemia.’

Conclusions

Although the association of KA with SGLT2-i is not
very frequent, given the potential adverse consequences, it
is important to consider the reasonable suspicion in all pa-
tients, especially if it presents with nausea, vomiting, ab-
dominal pain and severe dehydration. Blood gas analyses,
plasma and urinary ketones would be performed on these
patients, regardless of their blood glucose levels for early
diagnosis and better prognostic outcomes. So, although Em-
paglifozin is an excellent drug, it’s reasonable to use caution
above all in patients with hepatic fibrosis due to limited
glycogen reserve and with eating disorders. To increase
safety, it may be helpful for patients taking SGLT2-i to avoid
long periods of fasting and have frequent urine tests with a
test strip for ketonuria.
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