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Abstract

Background: Sodium-glucose co-transporter-2 (SGLT-2) inhibitors are a relatively novel class of oral medications for
the treatment of Type 2 DM with a generally acceptable safety profile. However, these agents have been associated
with rare events of a serious and potentially life-threatening complication named euglycemic diabetic ketoacidosis
(euDKA). euDKA is not identical with the typical diabetic ketoacidosis, as it often presents with serious metabolic
acidosis but only mild to moderate glucose and anion gap elevation.

Case presentation: We report a case of a 51-year old female with Type 2 DM treated with an SGLT-2 inhibitor,
developing severe metabolic acidosis with only mild blood glucose elevation after a routine surgery. A careful
evaluation of involved factors led to the diagnosis of euDKA, followed by cautious application of simple therapeutic
measures that resulted in complete restoration of acidosis and glycemic control in less than 48-h.

Conclusions: Euglycemic ketoacidosis is a rare but rather serious complication of SGLT-2 inhibitors use, often with
a multifactorial etiology. Its atypical presentation requires a high level of awareness by physicians as early
recognition of this complication can quickly and safely restore acid-base balance.
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Background
Diabetic ketoacidosis (DKA) is a serious metabolic
complication of diabetes mellitus (DM). In the United
States only, more than 130,000 cases with a primary
diagnosis of DKA were reported in 2006, two-thirds
of which in patients with type 1 DM (T1DM) and
one third in patients with type 2 DM (T2DM) [1].
According to the American Diabetes Association the
diagnostic criteria for DKA include blood glucose

levels > 250 mg/dl, arterial pH < 7.3, anion gap > 12
mEq/L, HCO3

− < 15 mEq/L and the presence of ke-
tones in blood and urine [1]. Metabolic ketoacidosis
in diabetic patients can less commonly occur with
only mild to moderate glucose elevation, thus called
euglycemic DKA (euDKA). EuDKA was first described
as a discrete entity by Munro et al. in 1973 who re-
ported a series of 211 patients with DKA, 37 of which
had a glucose concentration at presentation less than
16.7 mmol/L (300 mg/dL); all of these originally de-
scribed patients were individuals with T1DM [2].
Consequent and larger epidemiologic studies on
euDKA during the 1980s and 1990s reported an
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incidence of euDKA between 1 and 3.2% of patients
presenting with DKA, i.e. suggesting it was rather a
rare condition [3].
Sodium-glucose cotransporter-2 (SGLT-2) inhibitors

represent one of the latest approved classes of oral medi-
cations for the treatment of T2DM. They can be used
alone or in combination with other drugs in these pa-
tients. Their mechanism of action involves lowering
plasma glucose concentration by inhibiting the reabsorp-
tion of glucose in the proximal renal tubule [4]. In 2015,
the US Food and Drug Administration (FDA) released
an official warning concerning an increased risk of DKA
with uncharacteristically mild to moderate glucose eleva-
tion, i.e. euDKA, in patients on these agents [5]. This
was associated with a number of cases of euDKA re-
ported in patients with T2DM, for whom this class of
agents is indicated, but there were also rare reports of
serious DKA in T1DM patients, where the drug was
used off-label. Α review of the FDA Adverse Event
Reporting System database identified 73 cases of ketoaci-
dosis, from March 2013 to May 2015, in patients with
T1DM or T2DM treated with SGLT-2 inhibitors [6]. In
many of those cases ketoacidosis was not immediately
recognized because of only mild glucose elevation, below
this expected for typical DKA (euglycaemic ketoacido-
sis). In major outcome trials with SGLT-2 inhibitors in
patients with T2DM (EMPA-REG, CANVAS), the inci-
dence of DKA was rare, ranging between 0.1 and 0.6%,
and it was not different between the active and placebo
groups [7, 8]. However, in a recently published retro-
spective cohort study the incidence of diabetic ketoaci-
dosis in patients treated with SGLT-2 inhibitors was
double (hazard ratio, 2.1; 95% [CI], 1.5 to 2.9) compared
to that in patients treated with DDP4-inhibitor [9].
The pathophysiologic mechanism that leads to this

serious metabolic disorder has been previously de-
scribed. Accumulation of ketoacids in DKA, typically
results in high anion gap metabolic acidosis. Hyper-
chloremic metabolic acidosis complicating diabetic
ketoacidosis during the recovery phase has been well
documented; however, its contribution at presenta-
tion of euglycemic DKA has been only recently rec-
ognized [10]. Furthermore, typical DKA commonly
occurs in the presence of additional conditions (i.e.
trauma, surgery or infection) that per se may lead to
other coexisting types of metabolic acidosis (e.g. lac-
tic, hyperchloremic). Herein, we describe a patient
with T2DM under SGLT-2 treatment who 5 days
post-surgery presented with severe acidosis and only
mildly elevated anion gap, mild hyperglycemia and
ketonuria. A traditional diagnostic approach based
on serum glucose levels and the anion gap in this
patient could have seriously misled us from the cor-
rect diagnosis.

Case presentation
Our Nephrology team was asked to provide consultation
for a 51-year-old female, hospitalized in the Department
of Obstetrics and Gynecology who had a 2-day history
of weakness, tachypnea, anorexia, vomiting, and mild ab-
dominal pain. Six days prior to the consultation she
underwent an elective hysterectomy due to uterine fi-
broids. Her past medical history included T2DM and
peptic ulcer. She was a former smoker. Her medications
included a combination of metformin/vildagliptin 850/
50 mg b.i.d., empagliflozin 25 mg o.d. and omeprazole
20 mg o.d. The patient remained fasting for the 1st and
2nd postoperative day and, after feeding was re-
instituted on the 3rd day, she reported episodes of
vomiting during the 4th and the 5th postoperative day.
On day 5, she also began to feel increasingly weak and
fatigued, while on day 6 she became febrile, and was
started on intravenous antibiotics (piperacillin/tazobac-
tam 4.5 g t.i.d.)
On clinical examination, the patient appeared gener-

ally fatigued. Temperature was 37.7 °C, blood pressure
was 160/80 mmHg, and heart rate 105 beats/min. The
patient was tachypnoic with a respiratory rate of 35
breaths/min. Her abdominal examination revealed a
fresh surgical incision, and diffuse tenderness with no
focal guarding or rebound. The rest of the physical
examination was unremarkable. Her diuresis was exces-
sive, with a urine flow rate up to 300ml/hour. Due to
postoperative fever, blood and urine cultures were with-
drawn, and an abdominal ultrasound was performed re-
vealing no pathological findings. In patient’s initial
laboratory investigation the white cell count was 31.2 K/
μL (N:81%, L:7%, M:11%) and serum glucose level was
121 mg/dl. Serum creatinine was 0.67 mg/dl and urea 27
mg/dl, while albumin and calcium values were within
the normal range. Liver function tests, bilirubin, and lip-
ase were normal (Table 1). Arterial blood gas revealed
severe metabolic acidosis, with a pH of 7.05, [HCO3

−]: 3
mmol/L, PCO2: 12 mmHg, anion gap: 16.9 mEq/L, lac-
tate: 0.6 mmol/L, [Na+]: 133 mmol/L, [K+]: 3.8 mmol/L
and [Cl−]: 113 mmol/L.
The patient was transferred in the Department of

Nephrology, where during a more detailed examination
of her medical history, she reported that she had contin-
ued taking her antidiabetic medication by herself, al-
though this information was not formally recorded in
her medical file and charts. Furthermore, she remained
fasting for 48 h postoperatively. As severe acidosis with
only mildly increased glucose levels was revealed,
euDKA due to SGLT-2 inhibitor was highly suspected
and blood and urine samples were drawn for ketone
examination. The urinalysis was remarkable with more
than 160 mg/dl of ketones, as well as more than 1000
mg/dl of glucose. The profound glycosuria with only

Sampani et al. BMC Nephrology          (2020) 21:276 Page 2 of 5



mildly elevated blood glucose was highly suggestive of
treatment with an SGLT-2 inhibitor, which act by inhi-
biting glucose reabsorption and are the only antidiabetic
agents increasing urine glucose concentration.
With the diagnosis of euDKA confirmed, as HCO3

−

levels were extremely low and the anion gap only mildly
elevated, 100 mmol of NaHCO3 were initially infused
over 2 h. In parallel, intravenous fluids and insulin ad-
ministration were started based on DKA protocol.
Serum HCO3

− levels were only minimally increased at 3
h, but with the DKA causes being removed and on the
basis of normal renal function they were further im-
proved over time. Blood gases at 12 and 24 h post the
initiation of treatment are presented in Table 1, suggest-
ing that the pH was normalized in 24 h. As profound
hypophosphatemia with serum phosphate of 0.7 mg/dl
was noted 24 h after admission, phosphate infusion was
also administered (20 mmol of sodium glycerophosphate
over 16 h). The patient regained her appetite and was
switched to a basal and pre-prandial insulin regimen. At
that time, clinical signs of postsurgical cellulitis became
apparent. At 48 h, the patient was transferred back to
the Department of Obstetrics and Gynecology for con-
tinuation of treatment for post-surgical infection with
proper antibiotics. The laboratory results at 48 h are pre-
sented in Table 1. The patient was discharged 5 days
later (Day 12) at good shape with antidiabetic regimen
consisting only of metformin/vildagliptin 850/50mg
b.i.d. At 3 months the patient visited out Nephrology
Outpatient Clinic; she reported no symptoms, had a pH
of 7.37, [HCO3

−] 25 mmol/L and normal renal function
and she was referred back to her general practitioner for
further follow-up.

Discussion and conclusions
DKA is a serious complication of diabetes; it is more
commonly observed in T1DM patients, but it also oc-
curs in patients with T2DM, especially under conditions
of extreme physical stress such as trauma, surgery or in-
fection [1]. EuDKA, i.e. DKA without severe glucose ele-
vation was previously considered a rare subtype of DKA
presenting solely in T1DM patients [2, 3]; however, the
introduction of SGLT-2 inhibitors resulted in increased
occurrence of this complication not only in T1DM re-
ceiving these agents off-label, but also in T2DM patients.
The central factor involved in ketoacidosis is the rela-
tive lack of insulin combined with high levels of com-
petitive hormones including glucagon, cortisol and
catecholamines. In this metabolic setting, free fatty
acids are released from adipocytes into the blood-
stream and delivered to the liver where they are di-
rected towards ketogenesis [11]. Ketone bodies
constitute then the basic metabolic fuel and are con-
sumed through oxidation in the brain, heart and the
kidneys. In the initial stages, glomerular filtration of
ketone bodies increases and some of them are ex-
creted in urine as sodium salts. From an acid-base
perspective, excreted ketone bodies are equivalent to
bicarbonates and therefore this loss represents an in-
direct NaHCO3 loss resulting in hyperchloremic
metabolic acidosis. Within 4–5 days, allowing for the
completion of renal ammoniagenesis, the excretion of
ketone anions occurs in parallel with the formation of
ΝΗ4

+, an action that may restore the bicarbonate buf-
fer system [12]. Thus, a hyperchloremic acidosis
which may be present at the initial stages can turn to
a high anion gap acidosis.

Table 1 Initial and follow up laboratory values

Initial 3 h post-treatment 12 h post-treatment 24 h post-treatment 48 h post-treatment

pH 7.05 7.21 7.31 7.43 7.47

HCO3
− (mmol/L) 3 7 10.5 17 18

PCO2 (mmHg) 12 18 21.4 25.5 25

Anion Gap (mEq/L) 16.9 17.6 15 10.3 10

Chloride (mmol/L) 113 111 113 107 106

Na / K (mmol/L) 133 / 3.8 136 / 4.2 138 / 4.1 134 / 3.4 134 / 4.9

Hct (%) 37.7 35 32 29.5 29.5

Glucose (mg/dl) 121 121

Urea / Creatinine (mg/dl) 27 / 0.67 17 / 0.59

Total protein / Albumin (g/dl) 6.7 / 3.5 5.5 / 2.8

Phosphate (mg/dl) – 0.7 1.7

Urine Ketones (mg/dl) ≥160 80

Urine Glucose (mg/dl) ≥1000 ≥1000

Urine pH 5 5
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Of note, previous studies pointed out that in
ketoacidosis ammoniagenesis is not fully sufficient for an
optimal renal response to the ketoacid load. Ammonia-
genesis implies glutamine oxidation and proximal tubu-
lar cells preferentially use ketones and free fatty acids, if
available, for their energy needs to reabsorb sodium. En-
ergy needs are anyway reduced in the case of SGLT-2
inhibitors because less sodium is reabsorbed in the prox-
imal tubule [13]. The preference in ketones and free
fatty acids as fuel probably serves to minimize protein
breakdown during prolonged starvation. Patients with
DKA often present with hypovolemia, due to osmotic di-
uresis and reduced glomerular filtration rate (GFR), lead-
ing to blunted renal response to acidosis and diminished
removal of ketoacids via oxidation, resulting in marked
ketonemia.
SGLT-2 inhibitors are novel and promising thera-

peutic treatments for patients with diabetes as they im-
prove glucose homeostasis and weight loss while having
a cardioprotective and renoprotective profile [4]. SGLT-
2 is a sodium-glucose co- transporter located in the
apical surface of renal proximal tubular cells. SGLT-2
expression is enhanced in T2DM and as it reabsorbs
equimolar amounts of glucose and sodium, its inhibition
promotes distal delivery of sodium and chloride along
with glucosuria and loss of calories. SGLT-2 inhibitors
are the only anti-diabetic drugs to increase glucose ex-
cretion; therefore, their use prevents high glucose levels
in T2DM patients while plasma insulin and insulin to
glucagon ratio remain low. As discussed above, the rela-
tive lack of insulin is central in ketoacidosis through
stimulation of free fatty acid production from the liver
and ketone body increase [11]. Furthermore, insulin in-
tervenes with carnitine palmitoyltransferase–I (CPT-I),
an enzyme promoting fatty acid entry into mitochondria.
Low levels of insulin result in decreased production of
malonyl-CoA, a potent inhibitor of CPT-I; this also in-
creases β-oxidation rate and ketoacids production [14].
Ferranini et al. reported that in T2DM patients, fasting
β-hydroxybutyrate (β-HB) levels doubled after empagli-
flozin administration [15]. The observed rise in β-HB
was not due to reduced renal clearance but to overpro-
duction, as both the clearance rate and fractional excre-
tion of β-HB were increased [16].
Furthermore, SGLT-2 inhibition may increase gluca-

gon levels through multiple mechanisms [17]. These in-
clude a direct effect on SGLT-2 proteins expressed in
glucagon-secreting alpha pancreatic cells [18], or indir-
ectly, i.e. acting on brain SGLT-2 receptors and promot-
ing a cathecholamine increase, which in turn would
stimulate glucagon secretion [19]. Thus, SGLT-2 inhibi-
tor treatment may not only decrease insulin levels but
also increase glucagon, and catecholamines. It was also
suggested that the combination of insulinopenia and

dehydration represent a two-hit model to provoke
euDKA secondary to SGLT-2 inhibitors treatment [19].
Volume depletion is associated with further increases in
both plasma cortisol and catecholamine and, although is
considered temporal at initiation of treatment, it could
reappear in case there is no free access to water and
food.
The present case meets the criteria for the two-hit

model proposed, as she was both insulinopenic due to
starvation and volume depleted. There was a restriction
in carbohydrate availability as the patient remained fast-
ing for 48 h postoperatively and later developed nausea
and vomiting, under conditions of well-known precipi-
tants such as surgical stress and intercurrent postopera-
tive infection. Regarding volume depletion, both oral
and standard parenteral hydrations were inadequate to
replace urine losses as a diuresis rate of 300ml/h was re-
corded. This is indirectly supported by the fact that after
volume restoration there was a marked decrease in
hematocrit and serum proteins (Table 1). euDKA is a
serious but rare complication of SGLT-2 inhibitors and,
at least in T2DM patients, it is triggered by well-defined
predisposing risk factors. For elective major surgical
procedures, it is recommended to withhold SGLT-2 in-
hibitors at least 3 days prior surgery [20, 21]. A similar
strategy to administer insulin instead of SGLT-2 inhibi-
tors could prevent euDKA in the presence of other
predisposing risk factors for DKA. A high level of aware-
ness, including simple diagnostic measures, such as
blood gas and basic biochemical and electrolyte panel,
would ensure the diagnosis of DKA even with atypical
features such as euglycemia and a near-normal anion
gap. This is particularly relevant for patients in which
preventive pre-surgery measures are incomplete, or in
cases of acute surgery [20, 21].
Guidelines for the treatment of euDKA are not

available. Relevant recommendations for the
treatment of DKA suggest volume restoration with
isotonic fluid of NaCl 0,9%, ensuring that serum K is
> 3.3 mmol/l before initiation of insulin therapy,
while bicarbonate infusion should only be considered
in cases of life-threatening acidosis (PH < 6.9) [1].
However, recognition of the pathophysiologic mecha-
nisms involved, enables successful treatment with
simple measures. In our case in particular, infusion
of a minimum amount of bicarbonate, along with
proper insulin administration was sufficient to re-
store the HCO3

− deficit and to raise the pH into
safe levels. Resolution of vomiting and proper feed-
ing along with insulin administration and SGLT-2
inhibitor withdrawal completely reversed the abnor-
mal metabolic process. In less than 24 h the patient
had restored normal blood pH and was switched to
subcutaneous insulin regiment.
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Overall, euDKA associated with SGLT-2 inhibitor use
in T2DM is a serious side-effect, often with a multifac-
torial etiology. Increased awareness and recognition of
involved factors can safely restore normal acid-base bal-
ance with simple measures. Given the undisputed car-
diovascular and renal benefits of SGLT-2 inhibitors and
their awaited increased use, physicians need to
familiarize themselves with euDKA and its treatment in
order to readily manage this complication for the benefit
of our patients.

Abbreviations
DKA: Diabetic ketoacidosis; DM: Diabetes mellitus; T1DM: Type 1 diabetes
mellitus; T2DM: Type 2 diabetes mellitus; SGLT-2: Sodium-glucose
cotransporter-2; FDA: Food and drug administration; euDKA: euglycemic
diabetic ketoacidosis; GFR: Glomerular filtration rate; β-HB: β-hydroxybutyrate

Acknowledgements
None.

Authors’ contributions
ES and PS prepared the manuscript, CD, EK, DD, KB, and ALP were
responsible for the clinical care of patient at various instances, AIP checked
the manuscript for intellectual content and supervised the publication. All
authors have read and approved the manuscript.

Funding
This paper was not supported by any source and represents an original
effort of the authors.

Availability of data and materials
This is a report of a clinical case; all information relevant to the clinical
course of the patient remain encrypted at our hospital’s archive and is not
available outside our hospital.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Written consent for publication was obtained from the patient.

Competing interests
All authors disclose that they don’t have any financial or other relationships,
which might lead to a conflict of interest.

Author details
1Department of Nephrology, Hippokration Hospital, Aristotle University of
Thessaloniki, Konstantinoupoleos 49, GR54642, Thessaloniki, Greece. 22nd
Department of Obstetrics and Gynecology, Hippokration Hospital, Aristotle
University of Thessaloniki, Thessaloniki, Greece.

Received: 20 December 2019 Accepted: 6 July 2020

References
1. Kitabchi AE, Umpierrez GE, Miles JM, Fisher JN. Hyperglycemic crises in adult

patients with diabetes. Diabetes Care. 2009;32(7):1335–43.
2. Munro JF, Campbell IW, McCuish AC, Duncan LJ. Euglycaemic diabetic

ketoacidosis. Br Med J. 1973;2(5866):578–80.
3. Jenkins D, Close CF, Krentz AJ, Nattrass M, Wright AD. Euglycaemic diabetic

ketoacidosis: does it exist? Acta Diabetol. 1993;30(4):251–3.
4. Sarafidis P, Ferro CJ, Morales E, et al. SGLT-2 inhibitors and GLP-1 receptor

agonists for nephroprotection and cardioprotection in patients with
diabetes mellitus and chronic kidney disease. A consensus statement by the
EURECA-m and the DIABESITY working groups of the ERA-EDTA. Nephrol
Dial Transplant. 2019;34(2):208–30.

5. FDA Drug Safety Communication. FDA warns that SGLT2 inhibitors for
diabetes may result in a serious condition of too much acid in the blood.

2015 (https://www.fda.gov/Drugs/DrugSafety/ucm446845.htm). Assessed
July 20, 2019.

6. FDA Drug Safety Communication: FDA revises labels of SGLT2 inhibitors for
diabetes to include warnings about too much acid in the blood and serious
urinary tract infections (https://www.fda.gov/Drugs/DrugSafety/ucm475463.
htm). Assessed July 20, 2019.

7. Zinman B, Wanner C, Lachin JM, et al. Empagliflozin, cardiovascular
outcomes, and mortality in type 2 diabetes. N Engl J Med. 2015;373(22):
2117–28.

8. Neal B, Perkovic V, Mahaffey KW, et al. Canagliflozin and cardiovascular and
renal events in type 2 diabetes. N Engl J Med. 2017;377(7):644–57.

9. Fralick M, Schneeweiss S, Patorno E. Risk of diabetic ketoacidosis after
initiation of an SGLT2 inhibitor. N Engl J Med. 2017;376(23):2300–2.

10. Emmett M. Anion-gap interpretation: the old and the new. Nat Clin Pract
Nephrol. 2006;2(1):4–5.

11. McGarry JD, Foster DW. Hormonal control of ketogenesis. Adv Exp Med Biol.
1979;111:79–96.

12. Palmer BF, Clegg DJ. Electrolyte and Acid-Base disturbances in patients with
diabetes mellitus. N Engl J Med. 2015;373(6):548–59.

13. Palmer BF, Clegg DJ, Taylor SI, Weir MR. Diabetic ketoacidosis, sodium
glucose transporter-2 inhibitors and the kidney. J Diabetes Complicat. 2016;
30(6):1162–6.

14. Ogawa W, Sakaguchi K. Euglycemic diabetic ketoacidosis induced by
SGLT2inhibitors: possible mechanism and contributing factors. J Diabetes
Investig. 2016;7(2):135–8.

15. Ferrannini E, Baldi S, Frascerra S, et al. Shift to fatty substrate utilization in
response to sodium-glucose Cotransporter 2 inhibition in subjects without
diabetes and patients with type 2 diabetes. Diabetes. 2016;65(5):1190–5.

16. Ferrannini E, Baldi S, Frascerra S, et al. Renal handling of ketones in response
to sodium-glucose Cotransporter 2 inhibition in patients with type 2
diabetes. Diabetes Care. 2017;40(6):771–6.

17. Taylor SI, Blau JE, Rother KI. SGLT2 inhibitors may predispose to ketoacidosis.
J Clin Endocrinol Metab. 2015;100(8):2849–52.

18. Bonner C, Kerr-Conte J, Gmyr V, et al. Inhibition of the glucose transporter
SGLT2 with dapagliflozin in pancreatic alpha cells triggers glucagon
secretion. Nat Med. 2015;21(5):512–7.

19. Perry RJ, Rabin-Court A, Song JD, et al. Dehydration and insulinopenia are
necessary and sufficient for euglycemic ketoacidosis in SGLT2 inhibitor-
treated rats. Nat Commun. 2019;10(1):548.

20. Sampani E, Sarafidis P, Papagianni A. Euglycaemic diabetic ketoacidosis as a
complication of SGLT-2 inhibitors: epidemiology, pathophysiology and
treatment. Expert Opin Drug Saf. 2020; (e pub ahead of print).

21. Goldenberg RM, Berard LD, Cheng AYY, Gilbert JD, Verma S, Woo VC, et al.
SGLT2 inhibitor-associated diabetic ketoacidosis: clinical review and
recommendations for prevention and diagnosis. Clin Ther. 2016;38(12):
2654–64 e1.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Sampani et al. BMC Nephrology          (2020) 21:276 Page 5 of 5

https://www.fda.gov/Drugs/DrugSafety/ucm446845.htm
https://www.fda.gov/Drugs/DrugSafety/ucm475463.htm
https://www.fda.gov/Drugs/DrugSafety/ucm475463.htm

	Abstract
	Background
	Case presentation
	Conclusions

	Background
	Case presentation
	Discussion and conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

