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Abstract
Euglycemic diabetic ketoacidosis (DKA) is a known complication of sodium-glucose co-transporter 2 (SGLT-
2) inhibitors that have been reported in the literature. The prevalence of this side effect is growing and the
exact mechanism of action on why this happens is unknown. Hypoglycemia events are very rare in diabetic
patients using SGLT-2 inhibitors and/or metformin when they have normal kidney function. We report a
novel complication of hypoglycemia that occurred during the course of treatment of SGLT2 inhibitor-
induced DKA in a patient with type 2 diabetes mellitus (T2DM) on the dapagliflozin-metformin
combination.

Categories: Endocrinology/Diabetes/Metabolism, Internal Medicine, Miscellaneous
Keywords: sodium-glucose co transporter-2 (sglt2) inhibitors, metformin, hypoglycemia, diabetic ketoacidosis

Introduction
Sodium-glucose co-transporter 2 (SGLT-2) inhibitors are the most recent class of antihyperglycemic agents
approved by the US Food and Drug Administration (FDA) to treat type 2 diabetes mellitus (T2DM). SGLT-2
inhibitors inhibit renal glucose reabsorption by blocking the sodium-glucose transporter. Although
introduced as adjuncts to standard treatment regimens, new guidelines suggest that SGLT-2 inhibitors can
be used as monotherapy in patients with T2DM because they provide cardiovascular and nephrological
protection. SGLT-2 inhibitors are available as both single-ingredient products and in combination with
metformin and other diabetic medications [1-2]. Because treatment with these agents was found to increase
the incidence of diabetic ketoacidosis (DKA), the FDA issued a warning in 2015 about a causal relationship
between DKA and SGLT-2 inhibitors. Most patients with DKA induced by these agents have had mildly
elevated or normal blood glucose concentrations (i.e., euglycemic DKA) [3-7]. Immediate cessation of the
medication is required to treat DKA [6]. To our knowledge, hypoglycemia after fluid replacement without
starting insulin in patients using SGLT-2 inhibitors has not been reported.

Case Presentation
A 28-year-old woman presented to the emergency department with sudden-onset abdominal pain. She also
had experienced multiple episodes of non-bloody vomitus during the previous 24 hours. One year earlier,
she was diagnosed with uncontrolled T2DM but refused to start insulin treatment. Two months before
presentation, her hemoglobin A1C concentration was 12%, and she was started on treatment with a
combination of dapagliflozin and metformin.

At the time of presentation to the emergency department, the patient was afebrile with a mild increase in
blood pressure to 138/86 mmHg. She was also tachypneic and tachycardiac, with a respiratory rate of 25
breaths/minute, a regular pulse with a heart rate of 116 beats/minute, and normal oxygen saturation. Her

weight was 99 kg and her height was 179 cm with a body mass index (BMI) of 31 kg/m2. Physical
examination revealed an obese dehydrated woman in mild distress and with mild diffuse abdominal
tenderness, but no other remarkable findings. Her blood glucose concentration on Accu-check was 252
mg/dl. Laboratory testing showed an initial blood glucose concentration of 268 mg/dl, an anion gap of 18
mmol/l, and a pH of venous blood gases of 7.18. In addition, her bicarbonate concentration was 9 mmol/dl,
her blood urea nitrogen was 50 mg/dl with creatinine 1.7 mg/dl, her acetone was elevated, and her
hemoglobin A1C was 14.3%. Urinalysis showed moderate ketones with + 3 glucose. Her beta-human
chorionic gonadotropin concentration and septic workup were negative, her cardiac enzymes were normal,
and electrocardiography showed no signs of ischemia.

Following confirmation of DKA, the patient was admitted to the intensive care unit (ICU) and administered
two liters of normal saline. Accu-check one hour later showed a blood glucose level of 55 mg/dl, a finding
confirmed by a serum blood glucose concentration of 68 mg/dl, a significant reduction from the initial
concentration of 268 mg/dl. The patient was administered 50 ml of a 50% dextrose solution; once her blood
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glucose stabilized, she was started on continuous insulin infusion along with the dextrose-containing
intravenous solution. She was not treated with the dapagliflozin- metformin combination while in hospital.
Her acidosis and anion gap were corrected over the following three days; because her hemoglobin A1C level
remained elevated, she was discharged on the insulin regimen.

Discussion
Fluid replacement was first reported important in a 1973 study of 37 young diabetic patients with severe
euglycemic DKA [8]. More medications have become available for the treatment of patients with diabetes,
with one class of agents, SGLT-2 inhibitors, reported to contribute to the occurrence of DKA [1-7].
Prospective randomized trials have shown that SGLT-2 inhibitors have multiple beneficial effects in diabetic
patients. These include both cardiovascular and renoprotective effects, such as reducing blood pressure and
body weight and improving renal hyperfiltration. SGLT-2 inhibitors also have anti-inflammatory effects
through mechanisms that include weight loss and reduction of adipose tissue inflammation. SGLT-2
inhibitors also induce slight increases in ketone bodies and attenuate oxidative stress. Despite these
benefits, SGLT-2 inhibitors carry considerable risk, as they predispose to urinary tract infection, Fournier’s
gangrene, and DKA [9].

Volume replacement in patients with DKA has a significant impact on survival and in correcting
hyperglycemia [8-10]. Rehydration was shown to improve the metabolic situation in patients with severe
diabetic hyperglycemia and ketoacidosis by reducing the availability of counterregulatory hormones and by
decreasing peripheral insulin resistance at a cellular level [10].

A review of 85 articles published between 1973 and 2016 on the management of DKA described the benefits
of intensive hydration in these patients [10]. This analysis emphasized the importance of avoiding
hypoperfusion and correcting marked hyperglycemia and hyperosmolarity. Other benefits include improving
responses to insulin therapy. In 2009, the American Diabetes Association recommended that patients with
DKA be infused with normal saline at a rate of 15 to 20 ml/kg body weight. An acceptable alternative is to
infuse 1 to 1.5 liters normal saline during the first hour, with adjustments for any risk of cardiac compromise
[11], with subsequent rates of intravenous fluid infusion depending on patient hemodynamic and hydration
status and on serum electrolytes [11-12]. A lower rate is used in the pediatric population, 10 ml/kg body
weight, to avoid the sudden drop of blood glucose [13]. Neither studies nor guidelines have addressed fluid
replacement in obese patients with DKA.

This report describes a new potential complication that can occur during the early management of SGLT-2
inhibitor-induced DKA. DKA in our patient was induced by treatment with the combination of dapagliflozin
and metformin. Despite having a high hemoglobin A1C concentration, the blood glucose in this patient on
admission was not significantly elevated, which had led to hypoglycemia only after fluid replacement
without insulin treatment. This complication may be unnoticed if the blood glucose concentration is not
measured prior to starting insulin. The mechanism underlying hypoglycemia is not well understood. Our
results suggest that in patients with DKA induced by SGLT-2 inhibitors, the rapid replacement of fluid with
normal saline along with mildly elevated blood glucose can dramatically dilute extracellular glucose,
resulting in hypoglycemia. In this type of scenario, we recommend regular monitoring of blood glucose and
following the normal protocol used to treat DKA, consisting of replacement with 5% dextrose in patients
with blood glucose concentrations <250 mg/dl. In addition, we suggest using the pediatric DKA protocol for
fluid resuscitation in SGLT2 inhibitor-induced euglycemic DKA, which is 10 ml/kg instead of 15-20 ml/kg to
avoid hypoglycemia. Our limitation is that this is a case report and further studies are required.

Conclusions
Although SGLT-2 inhibitors are effective glucose-lowering agents and are prescribed as adjunctive or
monotherapy for T2DM, it can have rare but dangerous potential adverse effects. Hypoglycemia after fluid
replacement may be avoided in patients with SGLT-2 inhibitor-induced DKA by using a lower infusion rate of
10ml/kg for the initial fluid resuscitation, immediate blood glucose measurement post fluid resuscitation,
and replacement with 5% dextrose in conjunction with starting insulin therapy.

Additional Information
Disclosures
Human subjects: Consent was obtained by all participants in this study. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References

2019 Elshimy et al. Cureus 11(8): e5448. DOI 10.7759/cureus.5448 2 of 3



1. Devineni D, Curtin CR, Polidori D, Gutierrez MJ, Murphy J, Rusch S, Rothenberg PL: Pharmacokinetics and
pharmacodynamics of canagliflozin, a sodium glucose co-transporter 2 inhibitor, in subjects with type 2
diabetes mellitus. J Clin Pharmacol. 2013, 53:601-610. 10.1002/jcph.88

2. Turner J, Begum T, Smalligan RD: Canagliflozin-induced diabetic ketoacidosis: case report and review of
the literature. J Investig Med High Impact Case Rep. 2016, 4: 10.1177/2324709616663231

3. El-rifai M, Poor D, Khaddash S: A case report of diabetic ketoacidosis associated with multiple risk factors
including dapagliflozin use. Endocrinol Diabetes Res. 2016, 2:1. 10.4172/2470-7570.1000114

4. Ogawa W, Sakaguchi K: Euglycemic diabetic ketoacidosis induced by SGLT2 inhibitors: possible mechanism
and contributing factors. J Diabetes Investig. 2016, 7:135-138. 10.1111/jdi.12401

5. Jazi M, Porfiris G: Euglycemic diabetic ketoacidosis in type 2 diabetes treated with sodium- glucose
cotransporter-2 inhibitor. Can Fam Physician. 2016, 62:722-724.

6. Candelario N, Wykretowicz J: The DKA that wasn’t: a case of euglycemic diabetic ketoacidosis due to
empagliflozin. Oxf Meds Case Reports. 2016, 27:144-146. 10.1093/omcr/omw061

7. Storgaard H, Bagger JI, Knop FK, Vilsboll T, Rungby J: Diabetic ketoacidosis in a patient with type 2 diabetes
after initiation of sodium-glucose cotransporter 2 inhibitor treatment. Basic Clin Pharmacol Toxico. 2016,
118:168-170. 10.1111/bcpt.12457

8. Munro JF, Campbell IW, McCuish AC, Duncan LJP: Euglycaemic diabetic ketoacidosis. Br Med J. 1973, 2:578-
580. 10.1136/bmj.2.5866.578

9. Bonnet F, Scheen AJ: Effects of SGLT2 inhibitors on systemic and tissue low-grade inflammation: the
potential contribution to diabetes complications and cardiovascular disease. Diabetes Metab. 2018, 44:457-
464. 10.1016/j.diabet.2018.09.005

10. Waldhäusl W, Kleinberger G, Korn A, Dudczak R, Bratusch-Marrain P, Nowotny P: Severe hyperglycemia:
effects of rehydration on endocrine derangements and blood glucose concentration. Diabetes. 1979, 28:577-
584. 10.2337/diab.28.6.577

11. Tran TTT, Pease A, Wood AJ, Zajac JD, Mårtensson J, Bellomo R, Ekinci EII: Review of evidence for adult
diabetic ketoacidosis management protocols. Front Endocrinol (Lausanne). 2017, 8:106.
10.3389/fendo.2017.00106

12. Kitabchi AE, Umpierrez GE, Miles JM, Fisher JN: Hyperglycemic crises in adult patients with diabetes .
Diabetes Care. 2009, 32:1335-1343. 10.2337/dc09-9032

13. Glaser NS, Ghetti S, Casper TC, Dean JM, Kuppermann N: Pediatric diabetic ketoacidosis, fluid therapy and
cerebral injury: the design of a factorial randomized controlled trial. Pediatr Diabetes. 2013, 14:435-446.
10.1111/pedi.12027

2019 Elshimy et al. Cureus 11(8): e5448. DOI 10.7759/cureus.5448 3 of 3

https://dx.doi.org/10.1002/jcph.88
https://dx.doi.org/10.1002/jcph.88
https://dx.doi.org/10.1177/2324709616663231
https://dx.doi.org/10.1177/2324709616663231
https://dx.doi.org/10.4172/2470-7570.1000114
https://dx.doi.org/10.4172/2470-7570.1000114
https://dx.doi.org/10.1111/jdi.12401
https://dx.doi.org/10.1111/jdi.12401
https://www.cfp.ca/content/62/9/722.short
https://dx.doi.org/10.1093/omcr/omw061
https://dx.doi.org/10.1093/omcr/omw061
https://dx.doi.org/10.1111/bcpt.12457
https://dx.doi.org/10.1111/bcpt.12457
https://dx.doi.org/10.1136/bmj.2.5866.578
https://dx.doi.org/10.1136/bmj.2.5866.578
https://dx.doi.org/10.1016/j.diabet.2018.09.005
https://dx.doi.org/10.1016/j.diabet.2018.09.005
https://dx.doi.org/10.2337/diab.28.6.577
https://dx.doi.org/10.2337/diab.28.6.577
https://dx.doi.org/10.3389/fendo.2017.00106
https://dx.doi.org/10.3389/fendo.2017.00106
https://dx.doi.org/10.2337/dc09-9032
https://dx.doi.org/10.2337/dc09-9032
https://dx.doi.org/10.1111/pedi.12027
https://dx.doi.org/10.1111/pedi.12027

	Sudden-onset Hypoglycemia Following Fluid Replacement in a Patient with Dapagliflozin-induced Diabetic Ketoacidosis Without Prior Insulin Use: Case Report
	Abstract
	Introduction
	Case Presentation
	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


