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Abstract

Euglycemic diabetic ketoacidosis (EDKA) is a type of DKA whose incidence has increased in recent years because of the widespread use of
sodium-glucose transport protein 2 inhibitors in diabetes treatment. However, the concomitant occurrence of a thyroid storm is uncommon,
easily misdiagnosed and missed, and has a high risk of death. This report described the case of a 46-year-old woman with type 2 diabetes
mellitus who used a sodium-glucose transport protein 2 inhibitor to manage her blood glucose levels. Before undergoing hysteroscopic
surgery for a uterine mass, she developed EDKA and thyroid storm after experiencing nausea, vomiting, and a high fever with persistent
tachycardia. This report summarizes and analyzes the clinical characteristics, diagnosis, and treatment process and outcomes to accumulate
clinical experience and improve clinicians’ understanding of this acute and life-threatening disease. Timely and appropriate treatment may

help reduce the incidence of morbidity and mortality associated with EDKA and thyroid storm.
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Introduction

Euglycemic diabetic ketoacidosis (EDKA) is an acute compli-
cation of diabetes mellitus, characterized by patients pre-
senting with anion gap metabolic acidosis, positive blood
or urinary ketones, and typically blood glucose levels
<13.9 mmol/L (<250.2 mg/dL) (normal reference value
3.9-6.1 mmol/L; 70-110 mg/dL) [1]. EDKA may result from
several factors, including inadequate insulin secretory reserve,
type 1 diabetes mellitus, and using medications, such as
sodium-glucose transport protein 2 inhibitors (SGLT2is) [2,
3]. SGLT2is lower blood glucose levels by inhibiting glucose
reabsorption in the proximal tubules and increasing urinary
glucose excretion [2]. Additionally, SGLT2is inhibit insulin se-
cretion, promote glucagon secretion, and increase ketone body
production, thereby triggering EDKA [4]. Clinically, EDKA
presents similarly to regular DKA; however, it is more challen-
ging to diagnose because of lower blood glucose levels.
Thyroid storm (TS) is an acute complication of hyperthyroid-
ism, which mostly develops from untreated or uncontrolled
Graves disease and has a high fatality rate. TS and EDKA are
acute endocrine gland complications. Diabetic ketoacidosis
(DKA) is a known trigger for TS, and TS development can
lead to severe DKA by increasing insulin resistance [5]. The co-
existence of these conditions exacerbates endocrine disrup-
tion, rendering patient conditions unusually critical. In this
study, we reviewed a case admitted to our hospital in June
2024.

Case Presentation

A 46-year-old woman with a 5-year history of type 2 diabetes
mellitus, managed with oral dapagliflozin and shengqi jiang-
tang tablets but not regularly monitoring her blood glucose,
was found to have a growing uterine fibroid over the past
year. She was hospitalized in preparation for hysteroscopic
surgery after an ultrasound showed that the uterine cavity oc-
cupancy was larger than before. A month earlier, she was also
diagnosed with an enlarged goiter and abnormal thyroid func-
tion: TSH <0.01 pIU/mL (<0.01 mIU/L) (normal reference
value 0.3-3.6 pIU/mL; 0.3-3.6 mIU/L). Recently, she experi-
enced anxiety, poor appetite, palpitations, lethargy, and fa-
tigue. On the day of admission, she suffered from nausea,
vomiting, chest tightness, and shortness of breath, leading to
her transfer to the endocrinology department for further
treatment.

Diagnostic Assessment

The patient’s vital signs were height: 160 cm; weight: 60 kg;
body mass index: 23.4 kg/m?; waist circumference: 90 cm;
hip circumference: 99 cm; waist-to-hip ratio: 0.9; body tem-
perature: 38.3 °C; pulse: 170 beats/min; respiratory rate:
24 beats/min; and blood pressure: 150/74 mm Hg. The pa-
tient was conscious but showed signs of depression and short-
ness of breath, with a flushed face and moist skin. Notable
findings included grade II thyroid enlargement, an audible
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vascular murmur, and finger tremors. Heart rate was regular
at 170 beats/min.

Laboratory examination revealed the following. Fasting
blood glucose: 7.68 mmol/L (138.39 mg/dL) (normal refer-
ence value 3.9-6.1 mmol/L; 70-110 mg/dL); glycated hemo-
globin: 7.7% (normal reference value 4.8%-6.0%);
B-hydroxybutyric acid: 85.37 mg/dL (8.20 mmol/L) (normal
reference value 0.31-3.12 mg/dL; 0.03-0.3 mmol/L); uric
acid:  430.5 pmol/L  (7.24 mg/dL) (normal reference
value 155-357 pmol/L; 2.61-6.00 mg/dL); carbon dioxide:
18.8 mmol/L (normal reference value 23-29 mmol/L); and
brain natriuretic peptide: 189 pg/mL (54.62 pmol/L)(normal
reference value 0-100 pg/mL; 0-28.90 pmol/L, double anti-
body Garcin immunoenzymatic assay). The diabetes autoanti-
bodies (ICA, TAA, IA-2A, and GADG65) were negative.
Urinalysis showed ketones 3+, glucose 3+; arterial blood gas
analysis showed pH 7.051 (normal reference value
7.35-7.45), partial pressure of carbon dioxide 30.1 mm Hg
(normal reference value 35-45 mm Hg), partial pressure of
oxygen 161 mm Hg (normal reference value 80-100 mm
Hg), bicarbonate 8.3 mmol/L (normal reference value
21.4-27.3 mmol/L), oxygen saturation 99.2%, lactate
1.80 mmol/L; thyroid function: TSH 0.006 pIU/mL
(0.006 mIU/L) (normal reference value 0.3-3.6 pIU/mL;
0.3-3.6 mIU/L), free triiodothyronine (fT3) 23.52 pg/mL
(36.221 pmol/L) (normal reference value 2.2-4.2 pg/mlL;
3.388-6.468 pmol/L), free tetraiodothyronine  (fT4)
9.953 ng/dL  (129.389 pmol/L) (normal reference value
0.8-1.7 ng/dL; 10.4-22.1 pmol/L), total triiodothyronine
(tT3) 521 ng/dL (8.023 nmol/L) (normal reference value
76.3-220.8 ng/dL; 1.175-3.4 nmol/L), total tetraiodothyro-
nine (tT4) 33.74 pg/dL (438.62 nmol/L) (normal reference
value 4.5-12.6 pg/dL; 58.5-163.8 nmol/L), thyrotropin
receptor antibody 9.02IU/L (normal reference value
0-1.75TU/L), antithyroglobulin antibody 170.1 IU/mL
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(normal reference value 5-100 IU/mL), antithyroperoxidase
antibody 11.08 IU/mL (normal reference value 1-16 TU/mL),
and thyroglobulin >500 ng/mL (>1 nmol/L) (normal refer-
ence value 0.9-54 ng/mL; 0.002-0.108 nmol/L). Thyroid
ultrasound showed abundant color flow signal in both lobes,
diffuse thyroid changes, and a right lobe nodule (L60 x 18 x
23 mm, R60x21x25mm, nodule TR4:8x 6.5 %7 mm).
Blood routine, C-reactive protein, calcitoninogen, blood sedi-
mentation, liver function, coagulation function, electrolytes,
lipids, renal function, tumor indicators (AFP, CEA, CA125,
CA199, CA724, and SCCA), and cardiac enzyme profiles
were approximately normal.

The patient was diagnosed with TS, type 2 DKA (nonhyper-
glycemic), diffuse toxic goiter (Graves disease), and uterine
cavity occupancy.

Treatment

SGLT2iwas immediately deactivated, and the patient immedi-
ately received oxygen inhalation, electrocardiography, oxygen
saturation monitoring, aggressive rehydration, low-dose insu-
lin to lower glucose, 100 mL of 5% sodium bicarbonate to cor-
rect acidosis, and oral propranolol hydrochloride (30 mg/
dose, every 8 hours) to control ventricular rate. Omeprazole
was used to inhibit acidity and protect the stomach against
stress ulcers, while IV hydrocortisone (100 mg, every day)
was used to enhance the body’s stress response, inhibit TH re-
lease, and reduce the conversion of T4 to T3. She received pro-
pylthiouracil (300 mg initially and 300 mg 4 hours later) to
inhibit neohormone synthesis and block peripheral T4 to T3
conversion. Additionally, she was given oral huganning tablets
(1.4 g, 3 times per day). The main ingredients of huganning
tablets are sedum sarmentosum, polygonum cuspidatum, sal-
via, and ganoderma. These can improve the ischemic and hyp-
oxic state of liver cells by improving microcirculation and

Table 1. Laboratory analysis of thyroid and liver function before and after treatment

Parameter Values
Time Admission day Before discharge 3 months after iodine-131 treatment Normal reference range
TSH 0.006 pIU/mL < 0.004 pIU/mL 0.016 pIU/mL 0.3-3.6 plU/mL

0.006 mIU/L < 0.004 mIU/L
FT3 23.52 pg/mL 11.32 pg/mL
36.221 pmol/LL 17.433 pmol/LL
FT4 9.953 ng/dL 4.187 ng/dL
129.389 pmol/L. 54.431 pmol/L
TT3 521 ng/dL -
8.023 nmol/L
TT4 33.74 pg/dL -
438.62 nmol/LL
TgAb 170.1 IU/mL -
Tg > 500.0 ng/mL -
> 1 nmol/LL
ALT 41 U/L 128 U/L
41 TU/L 128 IU/L
AST 26 U/L 41 U/L
26 IU/L 41 IU/L
vy-GT 16 U/L 28 U/L
16 TU/L 28 IU/L

0.016 mIU/L 0.3-3.6 mIU/L

3.894 pg/mL 2.2-4.2 pg/mL

6.0 pmol/L 2.80-7.10 pmol/L

1.5565 ng/dL 0.8-1.7 ng/dL

20.235 pmol/L 10.4-22.1 pmol/L

- 76.3-220.8 ng/dL
1.175-3.4 nmol/LL

- 4.5-12.6 pg/dL
58.5-163.8 nmol/LL

- 5-100 IU/mL

- 0.9-54 ng/mL
0.002-0.108 nmol/L

17 U/L 7-40 U/L

17 IU/L 7-40 TU/L

18 U/L 13-35 U/L

18 IU/L 13-35IU/L

17 U/L 7-45 U/L

17 IU/L 7-45 1U/L

Abbreviations: —, not detected; ALT, alanine aminotransferase; AST, aspartate aminotransferase; FT3, free triiodothyronine; FT4, free thyroxine; Tg, thyroglobulin;
TgAb, thyroglobulin antibody; TT3, total triiodothyronine; TT4, total thyroxine; y-GT, y-glutamyl transferase.
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Changes in thyroid function after therapy
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Figure 1. This line graph demonstrates the changing trends of the patient’s thyroid hormones after treatment. In the graph, the abscissa represents the
time after treatment, and the ordinate represents the levels of thyroid hormones. The solid line represents free thyroxine (FT4), and the dashed line rep-
resents free triiodothyronine (FT3). This graph indicates that our treatment has a significant effect on improving the patient’s thyroid hormone levels, sug-
gesting that close monitoring of thyroid hormone changes is of great significance for evaluating the treatment efficacy. FT3, free triiodothyronine 1 pg/mLis
about equal to 1.536 pmol/L. FT4, free thyroxine 1 ng/dL is about equal to 12.87 pmol/L. Reference range: FT3 2.2-4.2 pg/mL (2.80-7.10 pmol/L), FT4
0.8-1.7 ng/dL (10.4-22.1 pmol/L).

Changes in liver function after therapy
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Figure 2. This line graph shows the changing trends of the patient’s liver function after treatment. In the graph, the abscissa represents the time after
treatment, and the ordinate represents the levels of liver function. The blue line represents alanine aminotransferase (ALT), the orange line represents
aspartate aminotransferase (AST), and the gray line represents y-glutamyl transferase (y-GT). This graph indicates whether the patient’s liver function is
affected by medications during the treatment period, suggesting that closely monitoring the changes in liver function is of great significance for the selec-
tion and adjustment of medications. ALT, alanine aminotransferase; AST, aspartate aminotransferase; y-GT, y-glutamyl transferase. Reference range: ALT
7-40 IU/L, AST 13-35 IU/L, y-GT 7-45 IU/L.

increasing the blood perfusion to the liver, and at the same time hyperthyroidism [6]. On day 2, the patient’s fever subsided,
has the effects of an antioxidant and free radical scavenging to and the acidosis was basically corrected. On day 3, the pa-
promote the metabolism and repair of liver cells, and it hasa  tient’s liver function was abnormal and progressively wors-
better therapeutic effect on the liver injury caused by  ened, after which propylthiouracil was discontinued and



replaced with methimazole. On day 7, owing to the patient’s
severe hepatic impairment oral, antithyroid medication was
discontinued and replaced with methimazole cream (5 mg
twice per day). Before discharge, the patient’s liver function
was rechecked and found to be better than before. Elective
iodine-131 treatment was recommended. Changes in TH levels
and liver function after treatment are detailed in Table 1, and
the trends are shown in Figs. 1 and 2.

Outcome and Follow-up

The patient was discharged and continued using methimazole
cream while taking oral hepatoprotective medications. One
month after discharge, the patient’s thyroid function and liver
function were rechecked and found to be significantly better
than before, and her condition was more stable. And then,
she received oral iodine-131: 7.7 mCi (150 pCi/g) in the nu-
clear medicine clinic. Thyroid function and liver function
were found to be essentially near normal on review 3 months
after the patient received treatment (Table 1).

Discussion

SGLT2iis a class of novel drugs used to treat diabetes mellitus.
The hypoglycemic mechanism involves the inhibition of glu-
cose reabsorption by SGLT2 in the kidneys, which facilitates
glucose excretion in the urine and consequently lowers blood
glucose levels [4]. Approximately more than 30% of patients
with SGLT2i-associated DKA exhibit lower or normal blood
glucose levels [7]. SGLT2i induces ketogenesis by increasing
glucagon levels, promoting lipolysis, and enhancing ketone
body production [8]. Decreased insulin levels, which are regu-
lated by blood glucose, along with a decrease in the serum
insulin-to-glucagon ratio, result in a reduced ability of insulin
to counteract lipolysis, which causes an increase in ketone
body production [9]. Additionally, SGLT2i can increase ace-
toacetate reabsorption in renal tubules, elevate serum ketone
bodies [10], and directly act on sodium-coupled monocarbox-
ylate transporter-2, leading to increased ketone reabsorption
[11]. SGLT2i can also cause osmotic diuresis and decreased
glomerular filtration rate, resulting in hypovolemia and im-
paired ketone body clearance. This can result in significant ke-
tonemia and acidosis [12]. SGLT2i resulted in a 3.7-fold
increased risk of DKA in patients compared with other drugs
[13]. Compared with DKA, EDKA has an insidious onset,
with patients experiencing low blood glucose, polydipsia,
and mild dehydration, making it difficult to detect in its early
stages [14].

Thyroid function is closely related to glycometabolism, and
normal thyroid function is required to maintain glycemic
stability [15]. When hyperthyroidism is present, significant levels
of thyroid hormones are released, accelerating glucose absorp-
tion by the small intestinal mucosa, increasing hepatic glycogen
breakdown, and decreasing glycogen synthesis. Simultaneously,
sympathetic nerve excitability increases, increasing catechol-
amine sensitivity, inhibiting insulin release and pushing the
body into a high metabolic state. This causes further elevation
of blood glucose and promotes adipose tissue decomposition
and oxidation, resulting in the generation of large amounts of ke-
tone bodies, which predisposes patients to DKA [16]. In clinical
practice, determining the sequence in which TS and EDKA occur
is difficult. However, it is usually assumed that uncontrolled
hyperthyroidism leads to DKA, which induces TS [17].
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Table 2. An examination of the clinical features of SGLT2i-associated
EDKA since 2015

Parameter Number of patients, n = 128

Age (£ SD), y
Gender, n (%)

52.2 (14.2)
Females, 73 (57%)
Males, 55 (43%)

Type 1, 17 (13.3%)
Type 2, 109 (85.2%)

Nondiabetic, 2 (1.5%)

Nausea/vomiting, 72 (56.3%)
Breathlessness, 39 (30.5%)
Altered mental status, 31 (24.2%)
Fatigue, 32 (25%)

Diuresis, 8 (6.3%)

Weight loss, 4 (3.1%)
Abdominal pain, 24 (18.8%)
Others, 12 (9.4%)

Diabetes, 126 (98.4%)
Hypertension, 32 (25%)
Dyslipidemia, 26 (20.3%)
Heart disease, 28 (21.9%)
Pancreatitis, 9 (7%)
Thyroid disease, 11 (8.6%)
Cancer, 7 (5.5%)

Others, 34 (26.6%)

Empagliflozin, 57 (44.5%)
Canagliflozin, 25 (19.5%)
Dapagliflozin, 43 (33.6%)
Ipraglifiozin, 2 (1.6%)
Tofogliflozin, 1 (0.8%)

Present, 104 (81.2%)

Alcohol use, 5 (3.9%)

Perioperative, 43 (33.6%)

Reduced carbohydrate/ketogenic
diet, 11 (8.6%)

Reduced insulin dosages, 9 (7%)

Pancreatitis, 7 (5.5%)

Infection, 31 (24.2%)

Trauma, 2 (1.6%)

Cancer, 2 (1.6%)

Heart disease, 10 (7.8%)

Thyroid disease, 1 (0.8%)

Reduced caloric intake/fasting, 30
(23.4%)

Others, 3 (2.3%)

Days for symptoms to improve (+ SD) 2 (2) d

Alive, 125 (97.7%)
Death, 3 (2.3%)

Type of diabetes, n (%)

Clinical presentation, n (%)

Comorbidities, n (%)

SGLT-2 inhibitor involved, n (%)

Identifiable triggering factor, n (%)
Triggering factor, n (%)

Outcome, n (%)

Abbreviations: EDKA, euglycemic diabetic ketoacidosis; SGLT2i, sodium-

glucose transport protein 2 inhibitor.

We searched for articles on EDKA in patients taking SGLT2i
since 2015, and there were 128 cases of EDKA. Most of the pa-
tients were female (73, 57%), and the most common clinical
symptoms were gastrointestinal (nausea and vomiting 56 %,
abdominal pain 18.8%) and respiratory (dyspnea 30.5%).
Only 2 of the cases were nondiabetic, and the majority were
type 2 diabetic (109, 85.2%). Most of the patients had other
comorbidities, including hypertension (32, 25%), heart dis-
ease (28,21.9%), and dyslipidemia (26, 20.3%). The most fre-
quently involved type of SGLT-2i was empagliflozin (57,
44.5%), and most patients (104, 81.2%) had identifiable pre-
disposing factors, with the more common triggers being
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perioperative (43, 3.6%), infections (31, 24.2%), and fasting
(30, 23.4%) (Table 2). Only 1 article reported a case of
EDKA combined with TS. A 65-year-old man with type 2 dia-
betes who had been on an SGLT2i for more than 12 months
presented with nausea, vomiting, fatigue, increased lethargy,
and diarrhea and was diagnosed with EDKA and TS [18].

In summary, EDKA is not hyperglycemic and has an insidi-
ous onset, making it easy to miss in clinical settings. Therefore,
clinicians should be vigilant for EDKA in patients with dia-
betes, metabolic acidosis symptoms, and positive blood and
urine ketones. First, EDKA can trigger TS. Second, patients
with EDKA who present with persistent tachycardia, difficulty
controlling heart rate with medications, or impaired con-
sciousness should be evaluated for possible comorbid TS
[15]. Third, if EDKA complicates TS, the causative factors, in-
cluding SGLT2i use, infection, or dietary modification, should
be addressed, and both conditions should be treated simultan-
eously. Early rehydration, low-dose insulin therapy, electro-
lyte balance, and management of antithyroid crises are
important to improve patient outcomes [19].

The safe use of SGLT2 inhibitors in DKA is unclear.
High-risk patients, such as those with low insulin production,
dietary limits, risk of dehydration, sudden insulin reduction,
increased insulin needs due to illness or surgery, and type 1
diabetes, face a higher risk of ketoacidosis on SGLT2is. The
Food and Drug Administration advises stopping these drugs
at least 3 days before surgery to reduce ketosis risk [20-22].
Additionally, starting low-dose long-acting insulin is recom-
mended before surgery [23]. SGLT2i can be resumed postsur-
gery once a normal diet is reestablished. Patients should
maintain sufficient carbohydrate and fluid intake during
SGLT2i use to prevent ketosis. Before restarting SGLT2i after
stopping due to EDKA, evaluate the EDKA triggers and assess
the benefits and risks [24].

Learning Points

e This article highlights a rare case of diabetic ketoacidosis
with thyroid crisis, rarely documented, noting that ketoa-
cidosis can occur without hyperglycemia and that both
conditions may trigger each other.

¢ We recommend considering SGLT2 inhibitors and thyroid
crisis as potential triggers for nonhyperglycemic ketoaci-
dosis. Even with normal blood glucose levels, the risk of
ketoacidosis should not be overlooked. Appropriate la-
boratory tests, like anion gap, B-hydroxybutyric acid,
blood and urinary ketones, and carbon dioxide partial
pressure, should be conducted as needed.

e This will help to identify cases of SGLT2 inhibitor-
induced euglycemic diabetic ketoacidosis combined with
thyroid crisis and provide timely intervention.
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