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Diabetic ketoacidosis (DKA) is a life-threatening medical emergency that occurs in both type 1 and type 2 diabetes mellitus. Here,
we describe the case of a 49 year-old male patient with type 2 diabetes mellitus who presented to the emergency department with
complaints of epigastric abdominal pain and intractable vomiting. He had been on sodium-glucose transport protein 2 inhibitors
(SGLT2i) for 7months. Considering the clinical exam and lab fndings with a glucose level of 229, a diagnosis of euglycemic DKA
was made. He was treated according to DKA protocol and discharged.Te relationship between SGLT2 inhibitors and euglycemic
DKA remains to be explored; given the absence of clinically signifcant hyperglycemia during the presentation, a delay in diagnosis
may be observed. After an extensive literature review, we introduce our case presentation in the setting of gastroparesis in
comparison to previous reports and suggest future improvements in terms of early clinical suspicion for euglycemic DKA.

1. Introduction

Euglycemic diabetic ketoacidosis (euDKA) describes a syn-
drome that occurs in both type 1 and type 2 diabetes mellitus,
characterized by euglycemia with blood glucose less than
250mg/dL in the presence of metabolic acidosis. Metabolic
acidosis is defned as an arterial pH less than 7.3, serum
bicarbonate less than 18mEq/L, and ketonemia [1]. Diabetic
ketoacidosis is a life-threatening condition and must be
immediately treated. Insulin defciency and the presence of
excess counterregulatory hormones such as glucagon, cat-
echolamines, or corticosteroids result in higher ketone levels
[2]. Ketone bodies contribute to metabolic acidosis and
glucosuria induced by SGLT-2 inhibitors, leading to osmotic
diuresis, dehydration, and hypovolemia (Figure 1) [2].

Te incidence of euDKA has increased with the in-
troduction of sodium-glucose cotransporter type 2 in-
hibitors (SGLT2i); its diagnosis poses a diagnostic challenge
and at times delayed diagnosis due to the range of etiologies
and normal blood glucose levels. Te mechanism is due to

a general state of starvation resulting in ketosis while
maintaining normoglycemia. Triggers for euDKA can in-
clude reduced insulin doses, alcohol intake, persistent
vomiting, gastroparesis, intercurrent illness, sepsis, shock,
and lower food/fuid intake [1, 3].

SGLT2i’s were introduced in 2013 and changed the
landscape of type 2 diabetes mellitus treatment [3]. SGLT2i
acts by increasing urinary glucose/sodium excretion and
blocking the resorption of glucose from the proximal
convoluted tubule, leading to the loss of urinary glucose to
create a state of carbohydrate starvation and volume
depletion [1].

Soon after their presence in the market, the US Food and
Drug Administration (FDA) released a drug safety notice
that warned of an increased risk of euglycemic diabetic
ketoacidosis (euDKA) associated with the class of drugs.
Incidence of DKA associated with SGLT2i’s ranges from 0.16
to 0.76 events per 1000 patient-years in those with type 2
diabetes mellitus [1]; it is estimated that they increase the risk
in type 2 diabetic patients by seven times [1].
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2. Case Presentation

In August 2022, a 49 year-old caucasian male presented to
the emergency department with complaints of epigastric
abdominal pain, angina, and intractable vomiting. His past
medical history is signifcant for type 2 diabetes mellitus
diagnosed over twenty years ago, neuropathy, obesity,
(BMI> 30), gastroparesis, polysubstance abuse, history of
alcohol abuse-last drink 7months ago, and depression. Te
patient noted that his abdominal pain was similar to his
prior episodes of gastroparesis describing it as sharp and
pressure-like; however, this time the abdominal pain radi-
ated to his left chest/shoulder with associated vomiting. He
admitted to seeing his endocrinologist several months ago
and agreed that he was compliant with his medications.

On presentation to the emergency department, the patient
was in no acute distress with vitals revealing a normal rate,
moderately hypertensive (170’s systolic) with no tachypnea or
signs of hypoxia. Weight was 109.9 kg and BMI>30. A physical
exam revealed a mildly obese abdomen as the patient was ac-
tively vomiting into an emesis bag on arrival, along with difuse
tenderness to the abdomen mainly located near the epigastrium
region without any rebound, guarding, or rigidity.

ECG in the Emergency department showed no acute
changes and serial troponins were negative. No signifcant
electrolyte abnormalities were present. Arterial blood gas
demonstrated an elevated anion gap with a mildly decreased
serum CO2 level. Reactive vs. infectious etiologies were
considered as labs demonstrated elevated leukocytosis> 16
and increased neutrophils. CTA chest was negative for aortic
aneurysm or dissection. Te urine drug screen was positive
for cocaine and cannabinoids. Chest X-ray showed mild
central vascular congestion with low lung volumes. Te
patient was administered crystalloid fuids, morphine for
pain control, hydralazine for blood pressure control, and
Zofran for antinausea. Te patient was admitted to the
internal medicine team, and an insulin drip was started to
correct his impending diabetic ketoacidosis. Dextrose was
continued and beta-hydroxybutyrate levels were ordered.

He was evaluated the following morning and reported
constant epigastric abdominal pain in addition to nonbloody
emesis and inability to tolerate oral fuids with resolved chest
pain, fever, and chills. It was noted that he was diagnosed
with gastroparesis via a gastric emptying study a few months
earlier. Upon further review, blood glucose readings
remained in the ranges of 150–240
(229> 191> 217> 248> 159) as seen in Figure 2. A1c was 8.1,
eGFR> 60, and lactate 1.7. Arterial blood gas shows
pH 7.207, PCO2 27.9, and HCO3 11.1 with a base excess of
16.8. Te elevated beta-hydroxybutyrate level was at 3.843.
Te rise in chloride was likely secondary to repeated
vomiting. Endocrinology evaluated the patient and advised
to transition from insulin drip to subcutaneous regimen
injections and also suspected patient noncompliance with
medications of 100U Lantus twice a day, Novolog 30U AC,
Jardiance 25mg, and Ozempic 0.25mg once a day.

Troughout the patient’s hospital course, his diabetic
medication regimens consisted of Lantus with a dose increase
from 30 to 45mg BID due to persistently elevated BGL
(228–255), Humalog 10units ACmeals, and Levemir 100units
BID. Te patient was soon able to tolerate a diet with resolved
gastrointestinal symptoms, potassium stabilized at 5.0, nor-
malized ABG with corrected AG, and was hemodynamically
stabilized. Glucose at discharge was 239. Te patient was then
discharged on continued hospital diabetic regimen control in
addition to Dicycloverine 20mg and Zofran 4mg. Empagli-
fozin was discontinued secondary to euDKA.

3. Discussion

Introduced in 2013, the SGLT2i’s constitute a relatively new
class of oral hypoglycemic agents that can be used as al-
ternative monotherapy or adjunctive therapy for patients
with diabetes mellitus who fail prior initial measures in-
cluding lifestyle modifcations, sulfonylureas, or metformin
[4]. Tey are preferred in patients with existing heart failure,
chronic kidney disease, or atherosclerotic vascular disease
due to disease risk reduction, independently of their ability
to reduce blood glucose and HbA1c levels. In addition,
SGLT2i’s also promote weight loss, reduce exogenous in-
sulin requirements, and decrease blood pressure [4].

Despite the myriad of positive benefts, SGLT2i’s also
have been associated with increased urinary tract infections,
volume depletion, and genital mycotic infections [4]. Teir
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Figure 1: Proposed mechanism of euglycemic DKA induced by
SGLT2-inhibitors.
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Figure 2: Glucose level trends during patient hospital day.
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association with euDKA has been documented but not
established; thus, this particular patient presentation helps to
strengthen the possible link. Te ratio of insulin to glucagon
is thus altered in euDKA, resulting in ketosis [4]. Early
detection of ketosis in the form of daily urine or ketone
blood testing could prevent patients from quickly de-
teriorating [5]. Patients with moderate to large urine ketones
should be advised to discontinue the SGLT2-i temporarily,
contact their healthcare provider, increase hydration, and
upregulate carbohydrate consumption until the ketones
resolve [5]. Te SGLT2-i may be restarted at a later date if
appropriate.

4. Conclusion

In summary, we present a possible association with the use
of SGLT2i’s resulting in the increased risk of euDKA.
Modifable factors cannot be excluded such as compliance
with medical therapy, diet, and other lifestyle modifcations.
In this case, the patient’s concomitant history of gastro-
paresis may have afected the likelihood of triggering
euDKA. It remains a diagnosis of exclusion yet should al-
ways be considered in any ill patient with a history of type 1
or type 2 diabetes mellitus with decreased blood glucose
levels and the presence or absence of urine ketones. Cur-
rently, limited data is reported on the use of SGLT2i’s ability
to increase the risk of developing euDKAwith more research
required. Further studies will help elucidate a link between
the quantity of urine ketones and SGLT2i dependence.

Data Availability

Data sharing is not applicable.

Consent

Patient written consent was obtained.

Conflicts of Interest

Te authors declare that there are no conficts of interest.

Acknowledgments

Te authors expressed special thanks to Orange Park
Medical Center and Dr. Naja Naddaf, M.D., for providing
the opportunity to work on this case and creating a case
report.

References

[1] A. Modi, A. Agrawal, and F. Morgan, “Euglycemic diabetic
ketoacidosis: a review,” Current Diabetes Reviews, vol. 13, no. 3,
pp. 315–321, 2017.

[2] P. Nasa, S. Chaudhary, P. K. Shrivastava, and A. Singh,
“Euglycemic diabetic ketoacidosis: a missed diagnosis,” World
Journal of Diabetes, vol. 12, no. 5, pp. 514–523, 2021.

[3] R. Almazrouei, F. Alkindi, A. Alshamsi, T. Dawoud,
A. Chaaban, and M. U. Rahman, “Severe prolonged sglt2i-
induced euglycemic diabetic ketoacidosis refractory to

standard therapy and dialysis: case report and literature re-
view,” Oman Medical Journal, vol. 37, no. 3, p. e373, 2022.

[4] R. S. S. Mahfooz, M. K. Khan, H. Al Hennawi, and A. Khedr,
“SGLT-2inhibitor-associated euglycemic diabetic ketoacidosis:
a case report and a literature review,” Cureus, vol. 14, no. 6,
p. e26267, 2022.

[5] A. L. Peters, E. O. Buschur, J. B. Buse, P. Cohan, J. C. Diner, and
I. B. Hirsch, “Euglycemic diabetic ketoacidosis: a potential
complication of treatment with sodium-glucose cotransporter
2 inhibition,”Diabetes Care, vol. 38, no. 9, pp. 1687–1693, 2015.

Case Reports in Endocrinology 3




