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ABSTRACT

Currently, the use of SGLT2 inhibitors is becoming more widespread, both for their role in controlling
diabetes, and for their pleiotropic effects on glomerular hyperfiltration and heart failure. Along with their
positive effects, these drugs can lead to various complications, the most severe being euglycemic
ketoacidosis. The clinical case we have reported precisely describes this potentially serious complication
which occurred in a 47-year-old patient who had been on SGLT2 inhibitor therapy for 5 years. In the
resolution of this case we used, in addition to standard therapy, the continuous infusion of somatostatin,
resulting in a rapid resolution of ketoacidosis and an improvement in the clinical condition.
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Introduction

Euglycemic ketoacidosis was first described by Munro in 1973 [1]. It differs from classical DKA due
to glycaemic levels below 200 mg/dl [2].

In their genesis, these forms may present an exogenous and/or endogenous insulin deficiency,
associated with a reduction in caloric intake and fluids, inducing the increase of insulin counter-
regulatory hormones (cortisol, glucagon, catecholamines, etc.). Glucagon promotes glycogenolysis
but in the absence of glycogen deposits, it stimulates adipocytes to lipolysis, achieving an increase
in free fatty acids that promote ketogenesis in the liver. SGLT2 inhibitors (SGLT2i) are also able to
stimulate, in addition to the release of glucagon, the resorption of ketones in the renal tubules to
further increase the concentration of ketone bodies [3]. For this reason, even in the presence of
normoglycemia in subjects who use these drugs and who have symptoms compatible with a state
of acidosis (lack of appetite, nausea, vomiting, tachypnoea, and mental confusion), it seems
appropriate to look for the presence of ketones in the urine. In the 1980s, to counteract this effect,
a therapy aimed at reducing hyperglycaemic levels through the administration of somatostatin [4]
was hypothesized. In fact, the drug was indicated as an adjuvant to the treatment of diabetic
ketoacidosis. The most marked benefits seemed to be realized in those forms of DKA where a kind
of vicious circle amplified the effects of the glucagon [5]. Over the years, its use became less
frequent, both for the improvement of insulin therapies and for the early diagnosis of diabetic
disease.

Mechanism of euglycemic ketoacidosis with SGLT2i and Somatostatin action
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SGLT2 inhibitors reduce blood sugar levels by increasing urinary glucose excretion, which in turn
reduces insulin secretion from pancreatic beta cells. The decline of the circulating insulin levels
results in a diminution of the anti-lipolytic activity of insulin and the consequent stimulation of the
production of free fatty acids, which are converted into ketone bodies by B-oxidation in the liver
(Figure 1) [3]. The decline of the circulating level of insulin promotes the production of ketone
bodies. SGLT2 increase glucagon levels. It is unclear whether SGLT2 directly [6] affects glucagon
secretion; the increase of glucagon is probably indirect, and it is mediated by the reduction of the
secreted insulin while a direct stimulus on the alpha pancreatic cells has never been demonstrated

[7].
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Clinical Case

A 47-year-old woman arrived in the emergency room with strong back pain and polypnea and said
she already had it for two weeks with blood pressure of 125/70 mmHg and H.R. 96 b/min. The
patient informed that she suffers from type 2 diabetes mellitus since the age of 30. During the
anamnesis, she reports to be on treatment with Metformin 1000 mg x 2 and 7 U.I. of Insulin Deglutec
to which, in the last 5 years, had been added dapagliflozin 10 mg. A few days before, she did blood
chemistry tests, which revealed a 9% glycated haemoglobin. This value led the patient to reduce the
caloric intake and dosage of Deglutec insulin from 7 to 3 units. The patient had not had fever,
vomiting or diarrhea in the previous days. The tests carried out in the emergency room showed a
blood sugar of 150 mg/dl and a normal renal function (Table 3 — exams at time T0), but performing
an ABGA, it was found pH 6.9, HCO3 1 mmol/I, K+ 3.4 mmol/l, and lactates 1 mmol/L so that 15
ampoules of 10 meq/10 ml bicarbonate were administered. Presuming it was caused by metformin
toxicity, the case was brought to the notice of the nephrology department which, comparing the
pharmacological history to the normality level of lactates, quickly made the diagnosis of euglycemic
DKA, with high Anion Gap (33.5), secondary to therapy with SGLT2i. An immediate urine test was
carried out showing an off-scale glycosuria much higher than 2000 mg/dl, with ketonuria higher than
80 mg/dl. The nephrologist, after the suspension of dapagliflozin, added moisturizing therapy with
physiological in glucose 10% and insulin in continuous infusion [8]. After about 10 hours in
Emergency with a total infusion of about 2.5 | of liquids, the ABG showed a slight increase in serum
bicarbonates, pH slightly above 7, and K+ of 2.9 mmol/I with an extension of QT. Two ampuls of KCL
and one of magnesium sulfate were added. Numerous ABGs were repeated, showing a situation
that could be superimposed on the previous one, with the continuation of a situation of severe
polypnea and back pain.

6.9 1 1 141 4.3 111 177
7.1 2.8 3.3 144 4.2 111 166
7.009 1.8 2.0 144 3.6 112 160
7.039 1.9 1.9 144 3.5 113 143
7.04 2 1 134 2.9 113 86
7.08 14 1 139 3.5 113 104
7.09 4.6 1 135 3.2 113 101
7.08 3.7 1 135 2.9 112 99
7.05 2.5 1 138 3.0 109 170

After the administration of 40 ampoules of sodium bicarbonate and with abundant hydrating
therapy, the hemodilution had reduced the urate to 2.1, the creatininemia to 0.47 and the Urea to
23 mg/dl (Table 3. Exams at time T1), but the pH (7.05) was still altered so that hydration alone
seemed insufficient to resolve the complication. It was decided therefore to transfer the patient to
the department of nephrology where the administration of Somatostatin with a dose of 500 mcg/h
[9] was started. After starting the administration of Somatostatin, we find the following values in
the EAB: While suspending the infusion of bicarbonates due to the presence of hypokalaemia, after
about 12 hours from the beginning of the administration of somatostatin, a pH of 7.24 and
bicarbonate of 13.4 mmol/l with the disappearance of back pain and polypnea was observed.
Continuing somatostatin for the other 24 hours, the pH was 7.32 and HCO3 18.1 mmol/I. In all nine
days of hospitalization, the patient continued to have glycosuria higher than 2000 mg/dl and
ketonuria higher than 80 mg/dl [10] and reported on the third day the biochemical values
highlighted in Table 3 at time T2. The patient was discharged with a pH of 7.34 and HCO3 of 24
mmol/I.
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7.17 4.7 0.5 133 3 110 139
7.18 8.2 0.5 135 3.2 111 166
7.21 7.7 0.5 135 3 112 170
7.24 13.4 0.5 135 2.8 112 173
7.32 18.1 0.5 134 3.3 110 201
7.34 241 0.5 138 3.6 110 162

On discharge he had the biochemical values shown in Table 3 at time T3.

TO 0.74 mg/dl 23 mg/dl 14 g/di 4 mg/dl

T1 0.59 mg/dl 18 mg/dl 11.4 g/l 3.6 mg/di
T2 0.47 mg/di 16 mg/dl 11.1 g/ 2.4 mg/di
T3 0.33 mg/dl 24 mg/dl 11.1g/dI 1.8 mg/dl

Discussion

The euglycemic ketoacidosis achieved in this case report requires significant consideration, both
regarding the selection of patients for whom SGLT2i treatment is appropriate, and the need to
implement a therapeutic protocol for this complication that, in rare cases, can be fatal. The
administration of Somatostatin with a dose of at least 500 mcg/h [9] in combination with the use of
glucose, insulin, hydration, and KCL seems to be an excellent cure for treating this complication [3].
The use of bicarbonates, however, does not improve the clinical picture but promotes the
appearance of hypokalaemia; therefore, it is recommended only in cases of pH lower than 7. The
prolonged presence of ketonuria higher than 80 mg/dl highlights a prolonged effect of glucagon with
the consequential advantage of the use of somatostatin in these forms of euglycemic DKA. The use
of this drug has speeded up, in the reported case, the healing timing [11], reducing the ketogenic
effects.

A temporary increase in AST/ALT from 24/27 to a maximum of 102/53 was observed during the
hospitalization and it could be linked to the hepatic uptake of fatty acids produced by lipolysis.
Moreover, anti-Gad antibody dosage and Peptide C with positive C-peptide of 0.02 have been
practiced, and this supports the diagnosis of LADA type diabetes (Latent Autoimmune Diabetes in
Adults). When prescribing SGLT2i, if there is a doubt between type 1 or type 2 diabetes, a screening
with Peptide C should be carried out, combining the dosage of autoantibodies to rule out type 1
diabetes. The anamnesis of the contributory causes also shows how in this type of patient the
excessive reduction of carbohydrates and insulin therapy [1] is one of the triggers of this
complication even after years from the start of drug administration [12]. All patients with type 2 DM
should be educated regarding sufficient hydration and adequate carbohydrate intake while using
SGLT2i [3]. Clinicians should avoid using SGLT2i in patients who are unable to tolerate oral food
intake or in those who have an excessive drop in body weight or follow a very low carbohydrate diet.
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