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TITLE:  SGLT2-Inhibitor induced euglycaemic ketoacidosis in acute surgical patients 33 

 34 

ABSTRACT   35 

 36 

Introduction 37 

A significant adverse event that has been reported of Sodium-Glucose Co-38 

Transporter 2 Inhibitors (SGLT2i) is euglycaemic ketoacidosis. This is of special 39 

significance for surgeons as the combination of long periods of fasting, surgical 40 

stress and reduced insulin dosing in acute surgical patients leaves them at an 41 

increased risk for developing euglycaemic ketoacidosis. This case series reports the 42 

adverse reaction to Empagliflozin, Canagliflozin and Dapagliflozin in four acute 43 

surgical patients. 44 

 45 

Case Series 46 

 47 

Case 1: 43 year old female presented for an elective total abdominal hysterectomy 48 

with bilateral salpingectomy plus incisional hernia repair, on a background of Type 2 49 

Diabetes Mellitus (T2DM) treated with metformin, insulin and empagliflozin. She 50 

developed significant euglycaemic ketoacidosis requiring intensive care admission, 51 

complicated by sepsis and a rectus abdominus haematoma. 52 

 53 

Case 2: 70 year old female with acute cholecystitis on a background of T2DM 54 

treated with metformin, insulin and canagliflozin. She developed euglycaemic 55 

ketoacidosis after 12 hours nil-by-mouth and 24-hours without her usual insulin. 56 

 57 

Case 3: A 45 year old female admitted for cholelithiasis and subsequent 58 

cholecystectomy on a background of T2DM treated with metformin and 59 

dapagliflozin. She developed euglycaemic ketoacidosis day-1 post procedure. 60 

 61 

Case 4: A 49 year old female who presented with a right thigh abscess and fevers, 62 

requiring incision and drainage, on a background of T2DM managed with metformin 63 
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and dapagliflozin. She developed euglycaemic ketoacidosis after an extended period 64 

nil by mouth. 65 

 66 

Conclusion  67 

Given the increasing use of SGLT2i in the community and the unique combination of 68 

risk factors present for surgical patients, it is important that surgeons are familiar 69 

with this condition and able to diagnose and treat it early. 70 

 71 
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TITLE:  SGLT2-Inhibitor induced euglycaemic ketoacidosis in acute surgical patients 96 

 97 

INTRODUCTION 98 

Sodium-Glucose Co-Transporter 2 Inhibitors (SGLT2i) are a new class of oral 99 

hypoglycaemics. The commonly used drugs in this class in Australia are 100 

Dapagliflozin, Canagliflozin and Empagliflozin. In addition to serum glucose control, 101 

their cardioprotective, renoprotective, blood pressure control and weight loss benefits 102 

have led to increasing use of the drug in the community [4-6]. A significant adverse 103 

event that has been reported is euglycaemic ketoacidosis [1, 2]. This is of special 104 

significance for surgeons as the combination of long periods of fasting, surgical 105 

stress and reduced insulin dosing in acute surgical patients leaves them at an 106 

increased risk for developing euglycaemic ketoacidosis [3]. 107 

This report presents four acute surgical patients who developed the condition 108 

and explores the importance of early recognition of euglycaemic ketoacidosis 109 

by surgical teams. 110 

 111 

CASE SERIES 112 

 113 

Case 1 114 

A 43 year old female presented for an elective total abdominal hysterectomy with 115 

bilateral salpingectomy plus incisional hernia repair. This was on a background of 116 

type 2 diabetes mellitus, hypercholesterolemia and hypertension. Her medications 117 

included sitagliptin 100mg daily, metformin 1000mg daily, rosuvastatin 10mg daily, 118 

telmisartan 40mg daily and empagliflozin 25mg daily. She was fasted from midnight 119 

and underwent the procedure in the morning with no complications. She was on a 120 

clear fluid diet to begin with and upgraded to a free fluid diet the following day at 121 

dinner. She continued to receive all her medications including her oral 122 

hypoglycaemic agents during the peri-operative period. On the second post-123 

operative day, she developed significant anaemia with a haemoglobin drop from 10.5 124 

to 6.9 g/dL. Computed Tomography (CT) imaging of her abdomen revealed a large 125 

rectus abdominis haematoma. The patient was again fasted, transfused one unit of 126 

packed red blood cells and underwent a laparotomy the following morning during 127 
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which 1.5L of blood was drained from the haematoma. There was no evidence of 128 

active bleeding. Post-operatively, the patient required noradrenaline to maintain her 129 

blood pressure and was transferred to the ICU. At this point she was noted to have a 130 

metabolic acidosis with a pH of 7.02, HCO3- 5mEq/L, and base excess of -131 

24.6mEq/L. Blood glucose was only 181.98mg/dL and ketones 33.12mg/dL. Serum 132 

Potassium was 3.1mEq/L and phosphate was as low as <0.31mg/dL. A diagnosis of 133 

SGLT-2i Induced Euglycaemic Ketoacidosis was suspected. Empagliflozin was 134 

ceased, insulin and dextrose infusion commenced as well as aggressive intravenous 135 

electrolyte replacement and total parenteral nutrition at 30mL/hour. She then 136 

became febrile with signs of Systemic Inflammatory Response Syndrome (SIRS), 137 

requiring ongoing vasopressor, and was commenced on intravenous piperacillin-138 

tazobactam for presumed sepsis. Over the next 24 hours, the patient’s ketosis and 139 

acidosis resolved, though she developed polyuria with urine output of up to 600mL/h, 140 

associated with glycosuria. She needed significant potassium and phosphate 141 

replacement intravenously of up to 20mEq/hr and 124mg/hr respectively. 142 

Insulin/dextrose infusion was continued for a further 48 hours with IV electrolyte 143 

replacement before her urine output and electrolytes improved. In total she received 144 

a total of 23L of intravenous 5% dextrose in 72 hours, with associated urine output of 145 

27L over that time. Urine dipstick showed significant glycosuria. Unfortunately no 146 

formal urinary glucose, potassium or phosphate testing was performed. Renal 147 

function was normal throughout the admission. The patient was subsequently 148 

discharged on the 7th post-operative day. Empagliflozin was permanently ceased. 149 

 150 

Case 2 151 

A 70 year old female presented with acute cholecystitis on a background of 152 

hypertension, hypercholesterolemia and type 2 diabetes mellitus. Her diabetes 153 

treatment consisted of metformin 1700mg mane and 850mg nocte, insulin 154 

aspart/aspart-protamine 30/70 formulation 24 units mane and 20 units nocte and 155 

canaglifozin 300mg daily. She had an Acute Kidney Injury (AKI) (Kidney Disease: 156 

Improving Global Outcomes Guideline Stage 1) on admission with her serum 157 

creatinine of 1.11mg/dL, resolving back to her baseline of 0.74mg/dL within 48 hours 158 

[7]. The patient spent 12 hours nil-by-mouth on her admission day, followed by a 159 
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clear fluid diet overnight. The patient was not charted insulin for the first day of 160 

admission during her fasting state. On her second day of admission it was noted that 161 

the patient had a high anion gap metabolic acidosis with a pH of 7.27, despite blood 162 

glucose levels ranging from 180 to 270mg/dL. Further investigation revealed serum 163 

ketones of 20.92mg/dL. An insulin infusion was commenced, successfully returning 164 

the ketones level to normal. Canagliflozin was ceased and the patient advised to 165 

avoid SGLT2 inhibitors in future. 166 

 167 

Case 3 168 

A 45 year old female presented with cholelithiasis and underwent an uncomplicated 169 

cholecystectomy. This is on a background of hypertension, dyslipidaemia, bell’s 170 

palsy and type 2 diabetes mellitus with normal renal function. Treatment for diabetes 171 

mellitus consisted of metformin and dapagliflozin 10mg daily. Day 1 post-surgery, the 172 

patient developed sinus tachycardia up to 150bpm, and in the emergency call that 173 

followed it was discovered she had a high anion gap metabolic acidosis with a pH of 174 

7.19, bicarb of 8mEq/L and ketones of 34.86mg/dL, despite a blood glucose level of 175 

only 144mg/dL. The patient was commenced on an insulin infusion and the 176 

ketoacidosis subsequently resolved. The patient was subsequently commenced on 177 

regular insulin and dapagliflozin was ceased permanently. 178 

 179 

Case 4 180 

A 49 year old female presented with a right thigh abscess and associated fevers and 181 

Systemic Inflammatory Response Syndrome (SIRS). Her background history was 182 

significant for poorly controlled Type 2 Diabetes mellitus, dyslipidaemia, normal renal 183 

function and a previous history of prolactin secreting pituitary microadenoma that has 184 

been inactive since 2011 with normal prolactin levels on no treatment. Medications 185 

include pregabalin, metformin and dapagliflozin 10mg daily. The patient required 186 

incision and drainage in theatre with two subsequent returns to theatre for further 187 

debridement. Over the first 48 hours in hospital, the patient spent 36 hours nil-by-188 

mouth. Day 1 following her third procedure in 48 hours, a high anion gap metabolic 189 

acidosis was noted with a pH of 7.30 and ketones of 25.56mg/dL, despite a serum 190 

glucose 205.2mg/dL. The patient was commenced on an insulin infusion and the 191 
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ketoacidosis resolved. The abscess required no further surgical management, 192 

resolving with five days of oral Amoxicillin/Clavulanic Acid 875/125mg BD. Her 193 

Dapagliflozin was ceased and she was discharged on regular insulin and metformin 194 

for ongoing diabetic management. 195 

 196 

DISCUSSION 197 

 198 

SGLT2 Inhibitors 199 

Sodium-Glucose Co-Transporter 2 Inhibitors (SGLT2 Inhibitors) are a relatively new 200 

addition to the ever-growing arsenal for Type 2 Diabetes Mellitus treatment. This 201 

class of drug lowers serum glucose level by increasing urinary glucose excretion [2]. 202 

The Sodium Glucose Co-Transporter 2 (SGLT2) is expressed in the proximal tubule 203 

of the kidneys. It plays a major role in reabsorption of glucose, responsible for 204 

reabsorption of as much as 90 percent of filtered glucose [8]. As the name suggests, 205 

this new drug class inhibits the SGLT2 transporter, reducing glucose reabsorption 206 

and thereby lowering serum glucose [2]. Use of the drug class has been increasing 207 

since their introduction in 2013. Prescriptions for Dapagliflozin, the most commonly 208 

prescribed SGLT2 Inhibitor in Australia, through the Australian Pharmaceutical 209 

Benefits Scheme, have increased from around 62,838 in 2014 to 290,783 in 2015 210 

[9, 10]. 211 

A major advantage of SGLT2 inhibitors over other oral hypoglycaemic medications 212 

is their systemic benefit in addition to serum glucose lowering. They have been 213 

shown to be associated with both reduced systolic blood pressure and significant 214 

weight loss in patients. Recently, a large study published in the New England 215 

Journal of Medicine demonstrated that patients taking empagliflozin, when 216 

compared to placebo, had significantly lower death rates from cardiovascular 217 

causes and reduced hospitalization from heart failure [5]. In addition to the 218 

cardioprotective benefits, evidence is emerging that use of SGLT2 inhibitors slow 219 

the progression of renal disease in patients with Type 2 Diabetes Mellitus [6]. Given 220 

these benefits, we are likely to see growing numbers of patients being prescribed 221 

SGLT2 Inhibitors in the coming years. 222 
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While an exciting prospect in diabetic treatment, it is important to be aware of the 223 

potential adverse effects of SGLT2 inhibitors. Patients taking SGLT2 inhibitors are at 224 

higher risk of genitourinary tract infections and symptomatic hypotension [11, 12]. In 225 

addition to this, reports have been emerging of an association with euglycaemic 226 

ketoacidosis, the subject of this report [1, 2]. 227 

 228 

SGLT2 Inhibitors and Euglycaemic Ketoacidosis 229 

As SGLT2 inhibitors became more commonly used, reports began to emerge of 230 

patients developing euglycaemic ketoacidosis precipitated by the medication. These 231 

presentations varied from reversible and relatively asymptomatic to severe and 232 

symptomatic reactions [3]. In May 2015, the United States Food and Drug 233 

Administration (FDA) issued an official warning that SGLT2 Inhibitors have the 234 

potential for euglycaemic ketoacidosis [13]. 235 

The mechanism for this adverse reaction is multifactorial. The reduction in serum 236 

glucose and therefore reduction in serum insulin secretion leads to decreased 237 

carbohydrate oxidation and increased lipid oxidation [2]. In addition to this, SGLT2 238 

inhibitors increase serum glucagon levels, both indirectly via reduced inhibition 239 

through insulin and directly via action on the SGLT2 transporter present on 240 

pancreatic alpha cells [2]. This influence on insulin and glucagon levels is central to 241 

the development of ketoacidosis. SGLT2 inhibitors likely also predispose to the 242 

development of ketoacidosis indirectly through suppression of renal ketone oxidation 243 

[2]. 244 

 245 

Our Cases 246 

The four cases presented in this report have some significant differences in 247 

presentation, severity and management issues. Case 1 was clearly the most severe, 248 

requiring a four day intensive care admission, though the case was also complicated 249 

by sepsis and an abdominal haematoma. In each case, the ketosis and acidosis 250 

resolved within 24hours of ceasing the SGLT-2 inhibitor and commencing 251 

insulin/dextrose infusion. Case 1, however, differed from the others in the extended 252 

period of polyuria and electrolyte disturbances in the form of hypokalemia and 253 

hypophosphataemia.  254 
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We hypothesise that the significant hypokalaemia and hypophosphataemia in Case 255 

1 was caused by a combination of intracellular shift secondary to the extended 256 

period of insulin infusion as well as urinary loss of potassium. Unfortunately urinary 257 

electrolytes were not formally tested to confirm this theory. 258 

The cause for the extended period of polyuria is less clear. Empagliflozin was 259 

administered until day two post-procedure, with the final dose given the day prior to 260 

her ICU admission. Empagliflozin has been shown to have an extended effect on 261 

urinary glucose excretion (UGE) when compared to dapagliflozin and 262 

canagliflozin[14]. Though the half-life of empagliflozin in the serum is only 10 to 19 263 

hours, UGE is maintained long after plasma concentrations diminish [15]. While 264 

plasma empagliflozin concentrations peak 2 hours post dose, UGE peaks 7 hours 265 

post dose and only reduces to a third by 60 hours. However, by 60 hours post dose 266 

the plasma concentrations of empagliflozin are less than a 50th of maximum [14]. 267 

This shows that empagliflozin’s tissue effect of inhibition of SGLT2 action continues 268 

well beyond its virtual elimination from the blood. It is likely that this prolonged effect 269 

of empagliflozin on UGE, couple with the large volumes of intravenous dextrose, 270 

resulted in an osmotic diuresis. 271 

While euglycaemic ketoacidosis has been reported in patients not taking SGLT2i in 272 

the past, it is an exceedingly rare condition in type 2 diabetes mellitus and SGLT2i 273 

are by far the most commonly reported cause. The presentations in these cases are 274 

consistent with previously reported cases of SGLT2i induced euglycaemic 275 

ketoacidosis, however a different previously unreported cause cannot be completely 276 

excluded. 277 

 278 

Contributing Factors 279 

Risk factors or scenarios that may precipitate the above adverse reactions are 280 

important to recognise, allowing early diagnosis and treatment. Insulin deficiency is a 281 

major precipitating factor, and the most common scenario for this is a reduction in 282 

exogenous insulin dose by either the patient or health practitioner [3]. Case 2 283 

illustrated an example of this. The surgical patient was kept nil by mouth for an 284 

extended period, with her insulin dose initially withheld and then restarted at a 285 

reduced dose. This accelerates the process of ketogenesis, as discussed above. A 286 
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second, related, risk factor for development of euglycaemic ketoacidosis is restriction 287 

ofcarbohydrate availability [3]. This can occur in situations of inter-current illness or, 288 

significantly in the cases discussed, prolonged fasting and surgical stress [2, 3, 16]. 289 

A classic acute surgical patient will often unavoidably experience extended periods 290 

of fasting and reduced insulin dosing combined with the stress of both the 291 

presenting condition and potentially surgery. For this reason, the peri-operative 292 

period could be considered a perfect storm for precipitating euglycaemic 293 

ketoacidosis. Early recognition of the condition by surgeons will become increasingly 294 

important as the use of this new drug-class becomes more prevalent. 295 

 296 

Recognising and Managing the Problem 297 

The clinical presentation of euglycaemic ketoacidosis is often fairly non-specific. 298 

Patients may complain of abdominal pain, nausea, vomiting, lethargy and malaise 299 

[17]. All of these are common symptoms for other surgical conditions, making 300 

diagnosis more difficult. More severe presentations may involve significant clinical 301 

dehydration and mental obtundation [17]. An arterial or venous blood gas, looking 302 

especially at pH and lactate level, should be taken. Blood ketones should be 303 

measured as well, even with normal or only slightly raised blood glucose. 304 

Once the diagnosis is established, the SGLT2 Inhibitor should be ceased and the 305 

patient commenced on an insulin infusion with adequate fluid resuscitation [18]. 306 

Electrolyte disturbances are common and should be corrected accordingly [18]. 307 

 308 

CONCLUSION 309 

Given the increasing use of Sodium Glucose Co-Transporter 2 Inhibitors in the 310 

community and the unique combination of risk factors that surgical patients 311 

commonly possess, it is important that surgeons are familiar with the condition of 312 

euglycaemic ketoacidosis caused by these drugs and are able to diagnose and treat 313 

it early. This report presents four cases of euglycaemic ketoacidosis as a result of 314 

SGLT2 Inhibitors in surgical patients and explored the significance for surgical 315 

patients. 316 

 317 

 318 
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TABLES   415 

 416 

Table 1:  Blood pathology results – comparison of results at time of presentation to 417 

results at discharge 418 

 419 

Cas

e 

BSL 

(mg/

dL) 

On Presentation On Discharge HbA1

c 

% 

Date 

Bicar

b 

(mEq

/L) 

Keton

es 

(mg/d

L) 

pH Lactat

e 

(mg/d

L) 

Bicar

b 

(mEq

/L) 

Keton

es 

(mg/d

L) 

pH Lactat

e 

(mg/d

L) 

1 181.8 5 33.12 7.02 12.61 22 0.0 7.48 6.31 - April 

2017 

2 273.6 10 20.92 7.27 17.12 25 5.81 7.36 7.21 - Sept 

2016 

3 135 10 32.54 7.19 12.61 27 0.58 7.40 7.21 8.0 May 

2016 

4 205.2 14 25.56 7.30 7.21 26 1.74 7.39 11.71 10.4 July 

2016 


