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Background: Euglycemic diabetic ketoacidosis (EDKA) is a potentially life-threatening condition and a reported side effect of antidiabetic sodium-glucose-cotransporter-2-inhibitors (SGLT2-I). The analysis of the herein presented case and its management formed the incentive to prepare this multidisciplinary work and includes an overview about perioperative SGLT2-I-induced ketoacidosis.

Method: A PubMed search on relevant entries was conducted combining the terms “euglycemic diabetic ketoacidosis” AND “surgery.”

Results: A total of 33 articles on SGLT2-I-induced ketoacidosis in the context of surgical treatment were identified. According to this literature research risk factors for the development are infection, perioperative fasting, surgical stress, and insulin dose reduction.

Conclusion: Unspecific symptoms mimicking acute abdomen and normoglycemia can lead to delayed diagnosis of EDKA and might harm patients under SGLT2-I therapy in the perioperative setting. SGLT2-I medication should be withheld for at least 24–48 h prior to surgery according to this review of literature and restarted only in stable clinical conditions to avoid the severe complication of EDKA.
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INTRODUCTION

Diabetic ketoacidosis (DKA) is a potentially life-threatening condition and sometimes hard to identify when other seemingly related parameters, such as hyperglycemia, are missing. Furthermore, a correct diagnosis can be difficult and delayed when ketoacidosis presents with unspecific symptoms, such as the picture of an “acute abdomen” (1, 2). The condition of acute abdomen describes many complex symptoms, usually dominated by severe pain and elevated tension (defense) of the abdominal wall. Related or unrelated phenomena include nausea, vomiting, weakness, tachypnea, and tachycardia (3). These clinical features are potentially triggered by DKA and can lead to the suspicion of surgical diseases. As a result, affected patients might be admitted to surgical departments where they undergo operations without any intraoperative correlate (4, 5).

Diabetes mellitus (DM) itself is a well-established risk factor and/or comorbidity for several pathologies seen in surgical wards, such as gastrointestinal malignancy, abdominal, and/or peripheral artery disease, likely with amputation and obesity with bariatric surgery (6–8).

Sodium-glucose cotransporter-2 inhibitors (SGLT2-I) are a modern drug class within the horizon of antidiabetic management. They have been approved by the European medicines agency (EMA) and food and drug administration (FDA) between 2012 and 2014 for the treatment of diabetes mellitus type 2 (T2DM) (9–12). The so-called “gliflozines,” such as ertugliflozin, empagliflozin, dapagliflozin, and canagliflozin, have demonstrated beneficial effects besides their glucose- and hemoglobin A1c (HbA1c) lowering impact. Cardiovascular outcomes studies determined cardio-renal benefits in patients with and without DM (13–18). SGLT2-I use is expected to increase as a consequence of the modifications to present guidelines and a rise in the incidence of global diabetes burden (19–21). Hence, surgeons and anesthesiologists should also be aware of the possible risks and side effects of this drug class. Besides urinary tract and genital infections, one major adverse effect is the so-called euglycemic diabetic ketoacidosis (EDKA), which requires close attention (22–24). Diagnosis of EDKA might be challenging due to the normoglycemic to slightly elevated blood sugar values (<250 mg/dl) and various other potential triggers causing metabolic acidosis (25). When it comes to pathogenesis, EDKA is triggered by relative or absolute insulin deficiency and subsequently increased ketogenesis induced by SGLT2-inhibition, leading to metabolic acidosis (26). Potential triggers include infection, malignancy, diet change, fasting, and perioperative stress (27–29). At our hospital, a patient suffering from both acute appendicitis and newly-diagnosed diabetes mellitus with a blurred DKA due to SGLT2-I initiation and in a serious condition was treated at the surgical department. The analysis of the case and its management formed the incentive to prepare this multidisciplinary article and give a brief overview of available literature about SGLT2-I induced EDKA in the surgical and perioperative context.


Case Presentation


Patient Demographics, Chief Complaint, History, and Diagnostic Assessment

A 39-year-old man [body mass index (BMI) 26.58 kg/m2] was admitted to the surgical outpatient ward with abdominalgia, mostly affecting the lower right abdomen (visual analog scale (VAS) 7/10) since the previous day. At presentation, the patient was afebrile (36.7°C) and vital parameters were unremarkable. The cardiopulmonary examination was non-contributory, but palpation was painful in the lower abdomen and McBurney's sign was positive. Defecation and micturition were normal and the patient denied nausea or emesis. He did not suffer from any prior chronic diseases and did not take any long-term medication; no allergies were known but nicotine abuse (20 cigarettes per day) was reported. After physical examination, lab tests of blood and urine and a diagnostic ultrasound were performed to validate the suspected diagnosis of acute appendicitis.



Results, Interventions, and Follow-Up

Blood workup revealed elevated infection parameters (C-reactive protein (CRP) 24.2 mg/L (0.0–0.5 mg/L), white blood cell count (WBC) 19.9 G/L (4.00–10.00 G/L), and elevated random glucose 272 mg/dl (60–110 mg/dL), but a normal hemogram, kidney function, electrolyte profile, and liver parameters (Table 1). Testing for severe acute respiratory syndrome coronavirus type 2 (SARS-CoV-2) was negative throughout the whole inpatient stay. Abdominal ultrasound confirmed the diagnosis of acute appendicitis and the patient was admitted to the surgery ward. He was prescribed antibiotic therapy [amoxicillin/clavulanic acid 2.2 grams intravenous (iv)] and was transferred to the operation theater for appendectomy under general anesthesia on the admission day. The laparoscopic approach had to be converted to a lower median laparotomy due to secondary peritonitis as a result of perforated appendicitis [Mannheim peritonitis index (MPI) 12 points (30)]. After surgery, the patient was readmitted to the ward and received analgetic therapy (acetaminophen plus metamizole on request up to three times a day), antithrombotic prophylaxis (low molecular weight heparin once daily), and IV (antibiotic therapy was continued). Histologic results confirmed gangrenous appendicitis with periappendicitis, perforation, and fibrinous-putrid peritonitis. Microbiological analysis of intraabdominal swabs showed growth of Escherichia coli.


Table 1. Laboratory parameters of interest in course of time.
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Additional lab results showed HbA1c of 12.8% (4.0–6.0%) and vitamin-d deficiency. Therefore, the patient was seen by the consulting physician, and a combination of one thousand/5 mg metformin/empagliflozin and vitamin d supplements for vitamin D deficiency were prescribed and started. On postoperative day (POD) 2, the patient presented with respiratory deterioration (oxygen saturation 93%, tachypnea, still negative for SARS-CoV2). Chest X-ray revealed left-sided pneumonia. Antibiotic treatment was continued and oxygen therapy started (nasal cannula up to 3 l per minute). On POD 3, the patient presented with vomiting, nausea, and abdominal defense and secretion from the intraabdominal drain. The decision to revise the operating field was made. However, no remarkable findings were detected intraoperatively, the repeated microbiological workup confirmed the growth of E. coli (explainable by the residual situation after perforated appendicitis). In the recovery room, the patient was first diagnosed with metabolic acidosis (Table 1) and changed breathing patterns with rest dyspnea, abdominalgia, and polyuria. The urine dipstick showed positive results for ketones, protein, and glucose, and the repeated blood gas analysis (BGA) confirmed high anion-gap acidosis (Table 1). Hence, therapy for metabolic acidosis was started in accordance with the department for endocrinology, including IV fluids (IVFs), IV continuous insulin (0.5 ml per hour with short-acting insulin), potassium substitution, and 5%-glucose solution. SGLT2-I therapy was discontinued subsequently on POD 4 after two doses of empagliflozin, and BGA showed slow recompensating of the metabolic state within the next 24 h (Table 1). On POD 4 the patient was retransferred to the surgical ward, balanced BGA was documented on POD 6 and IVFs (IV insulin, glucose, and potassium) were stopped consequently. Infection parameters were declining and pain management was sufficient. Diabetes management was changed. We discontinued empagliflozin/metformin and started linagliptin/metformin 2.5 mg/one thousand mg after abdominal ultrasound (for exclusion of pancreatic pathologies). The patient received diabetes education and testing for autoimmune diabetes (antibodies to glutamic acid decarboxylase (anti-GAD), islet cell antibodies (anti-ICA), and tyrosine phosphatase; C-peptide and insulin) revealed no remarkable results. On POD 11, the patient was discharged. A follow-up appointment at the outpatient department of abdominal surgery showed a clean wound situation. The patient was instructed to visit the outpatient department of endocrinology 3 months after hospital discharge for further discussion of results and management; however, he did not show up to the follow-up appointment.





METHODS: LITERATURE RESEARCH

The medical literature search was conducted in PubMed to determine published articles for SGLT2-I-induced EDKA in the surgical setting. These terms were combined: “euglycemic diabetic ketoacidosis” AND “surgery.” There were no restrictions concerning publication date (until January, 2022), article type, or study design. The following inclusion criteria were applied: availability of free full texts in the English or German language. Hence, exclusion criteria consisted of abstracts only and articles published in other foreign languages and the non-use of SGLT2-I or lack of perioperative context.



RESULTS


Literature Research

PRISMA flowchart (Figure 1) shows the initial 46 results from which 13 were excluded due to the missing use of SGLT2-I or surgical/perioperative context and unavailability of free full text or English translation. In total 33 publications (17 case reports, 7 case series, and 9 reviews) were identified. Supplementary Table 1 sums up the literature and important key points and highlights recommendations for perioperative use.
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FIGURE 1. Flowchart of process of literature search.




Characteristics of Patients and Identified Surgeries

The identified papers included reports about bariatric (1, 27, 31–37), cardiothoracic (2, 38–46), neuro- (47–49), vascular (50), orthopedic (51), urologic (52), ophthalmologic (53), and visceral (2, 49, 54, 55) surgery. Most of the interventions were elective, and therefore the time of withhold and restart were predominantly mentioned. The onset of EDKA was recognized between POD 0 [withhold of SGLT2-I for 48 h prior to surgery (38)] and 6 weeks after [under SGLT2-I intake (1)] surgery, hence, reflecting a wide range of clinical presentation. Reported patients were between 42 (31) and 76 (2) years of age, were prescribed empagliflozin (2, 33, 37–45, 47–50, 55), ertugliflozin (53), canagliflozin (2, 31–33, 35, 36, 49, 54), or dapagliflozin (1, 27, 35, 41, 46, 51, 54), and female gender was an assumed risk factor (56). A long history of diabetes duration (>10 years) and the use of oral antidiabetics with or without insulin application were reported as predisposing patients' characteristics (57). Regarding common symptoms, tachypnea, tachycardia, nausea, vomiting, general weakness, and abdominal pain were described; however, specific symptoms were lacking in EDKA (58).



Pathophysiology and Risk Factors

Sodium-glucose-cotransporter-2-inhibitors lead to glucosuria by inhibiting the sodium-glucose-cotransporter-2 in the renal proximal tubule. As a result, ketone reabsorption increases (17, 26). Pathogenesis of EDKA is triggered by relative or absolute insulin deficiency and subsequently increased ketogenesis, leading to metabolic acidosis. As iatrogenic-induced glucosuria is the consequence of SGLT2-inhibition, blood glucose levels may remain near to normoglycemic in EDKA (26, 59). With a so-called second hit trigger that promotes a ketogenic metabolic state, ketoacidosis can be achieved in times of relative/absolute insulin deficiency (25, 41). Thus, some precipitating factors have been identified in the literature (60). In patients with T2DM on SGLT2-I therapy, ketone levels might reach dangerous levels once stress, infection, or perioperative fasting are present (25). Reported risk factors are prolonged fasting (27) and/or reduced oral intake (33) due to vomiting or dietary changes prior to weight loss surgery (very-low-calory diet) (34), huge weight loss after bariatric surgery (27), acute infection (38), basal insulin discontinuation and/or dose reduction before and/or after surgery (27, 31, 32), continuation of SGLT2-I medication perioperatively (46, 55), or withholding within 24–48 h prior to elective interventions (47, 54). Patients undergoing bariatric surgery might be at special risk for the development of EDKA because of surgical stress, perioperative diet changes, and prolonged fasting periods (31, 34, 36, 37, 52, 59, 61). The incidence of EDKA in diabetic cardiac bypass surgery patients indicates a worrisome potential of this side effect (2, 38–46).



Perioperative Recommendations & Diagnostic Assessment

The use of SGLT2-I during periods of fasting, illness and major surgery, or low-carb diets should be avoided (27). It might be important to obtain serum and urine ketones in patients with SGLT2-I use and nausea and/or vomiting to early detect cases of EDKA (1) and measure urine ketones once gastrointestinal symptoms appear (47). In major elective or emergency surgery, the early onset infusion of insulin and glucose instead of subcutaneous insulin sliding scales could help prevent EDKA (42, 44). Patients' education to stop SGLT2-I 48 or rather 72 h prior to any surgery might help prevent EDKA (40, 47, 59). In fact, there is a pharmacological rationale for withholding SGLT2-I longer than the commonly recommended 24–48 h due to a longer washout time (31). The most important parameters to diagnose EDKA are relative euglycemia (<250 mg/dl), acidosis (pH <7.30, bicarbonate <18 mEq/l), and the assessment of ketosis. Resolution is characterized by pH > 7.30, normal food intake, closed anion gap (<12 mmol/l), and serum bicarbonate within normal ranges (61). Post-operatively, restart of SGLT2-I after EDKA resolution should only occur with caution on a patient-based basis. History of SGLT2-I-induced EDKA must be added to the patient's allergy chart (36, 61). Patients need to be aware of the potential side effects in predisposing situations and be able to follow “sick day rules” (36, 56, 59).




DISCUSSION

In this work, we present the case of a patient with acute appendicitis, peritonitis, and a newly-diagnosed T2DM. Persisting abdominal pain led to a second-look surgery which yielded no intraabdominal abnormalities. The authors suggest that postoperative abdominal pain in this patient was the side effect of two doses of empagliflozin, which has been established in the perioperative course. The patient was diagnosed with EDKA on POD3 and might have developed acidosis earlier with delayed recognition due to normoglycemia. In the following discussion, we want to emphasize the possible pitfalls of SGLT2-I use in the surgical context.

Diabetes is more often treated by SGLT2-I due to the results of recent cardiovascular outcome studies demonstrating the positive effects on renal outcomes and improvement in hospitalized heart failure as well as decreasing cardiovascular mortality and overall mortality in patients with or without DM. Following this, SGLT2-I importance and clinical confrontation are obvious (13–16). The presented patient was prescribed with a combination therapy of metformin and empagliflozin due to newly-diagnosed T2DM, which is in accordance with recent guidelines (20).

This work shall raise the awareness that besides the proven beneficial effects of SGLT2-I (such as lowering of blood glucose, systolic blood pressure, and body weight), serious side effects can occur: iatrogenic-induced glucosuria might lead to genital fungal and/or urinary tract infections (22), and rare cases of Fournier's gangrene have been reported (23, 52). On top, reports about SGLT2-I-induced EDKA are rising (54, 62). Diabetic ketoacidosis is known to cause diffuse abdominal pain and may mimic the picture of acute abdomen, which has already been described by Campbell et al. (5). Munro et al. first pictured the condition of DKA without hyperglycemia in 1973 (63). There is growing literature about EDKA in surgical patients receiving SGLT2-I treatment (58, 61). Onset and diagnosis of EDKA can differ due to a wide range of unspecific clinical symptoms explaining its diagnostic challenge (25). In our patient, it took several days to identify the metabolic acidosis because the respiratory deterioration was linked to X-ray confirmed pneumonia. The patient was euglycemic and the symptom of abdominal pain was interpreted as a post-operative reaction. Thus, the persisting abdominal pain aggravated to mimicry of the acute abdomen and led to a second-look laparotomy prior to diagnosis of EDKA. Unspecific symptoms, such as abdominal pain and tachypnea, with euglycemic state, make the diagnosis of EDKA challenging (34, 54). Goto et al. reported two cases of delayed diagnosis, leading to life-threatening complications following EDKA (2).

In a retrospective analysis of our case, we think that the performance of BGA at the time of onset of abdominal pain and worsening respiratory state might have revealed metabolic acidosis earlier and second-look surgery could have been avoided. Although the patient had HbA1c >12% and newly-diagnosed DM in the perioperative context with acute infection, SGLT2-I therapy was started and continued for 2 days. Hence, quite a few risk factors have been presented in this patient that contributed to the development of SGLT2-I-induced EDKA. The patient suffered from appendicitis, peritonitis, and postoperative pneumonia. Acute infection is associated with an increased endocrine stress reaction, thus promoting insulin deficiency with expanded risk for EDKA (25). Kithara et al. reported the first case of intraoperatively diagnosed EDKA with bacterial empyema and fever (38). In this case, perioperative fasting and surgical disease were predisposing factors. In the perioperative period decreased oral intake and/or fasting and surgical stress contributed to a ketogenic state and glucagon secretion with consequent insulin resistance (41).

One must not forget that SGLT2-I-induced ketogenesis also occurs in the absence of the surgical context and can even be therapeutically advantageous (64). Increased ketone body circulation due to a shift to ketone metabolism in SLGT-2 use is one of the several potential hypotheses explaining the cardio-renal protective benefits (65, 66). EDKA; As adverse effect, was very rare in cardiovascular outcome studies under study conditions (67, 68). Osafehinti et al. suggest to anticipate stress levels of undergone procedure (40). Pace et al. report two cases undergoing pancreatectomy with EDKA despite withholding of SGLT2-I 24 h before surgery (54). Herein, appendectomy was enough to develop SGLT2-I-induced EDKA. The authors want to point out that two doses of empagliflozin in combination with the above-mentioned risk factors have been enough to trigger EDKA. After second-look surgery, the patient was readmitted to the ward with suspicion of late-autoimmune diabetes, without turning attention to the potential impact of SGLT2-I use. It would have been helpful to be aware of the possibility of SGLT2-I-induced EDKA.

The symptom of abdominal pain in the postoperative context might cause non-conclusive diagnostic imaging or inadequate surgery (31, 32). In the presented case, relaparotomy was indicated due to the imitation of the acute abdomen also known as “pseudoperitonitis diabetica” (4). Iqbal et al. published a case series of SGLT2-I-induced EDKA in three patients after bariatric surgery leading to computer tomography and/or angiography, whereas Lane et al. reported a case with explorative laparoscopy due to unclear postoperative abdominalgia (31, 34). None of these procedures were contributory and would have been avoidable with earlier recognition and diagnosis of EDKA. To minimize the potential risk of EDKA and delay in diagnosis, a possible solution might be to assess ketones routinely on admission day and postoperatively under the present use of SGLT2-I (69).

The herein presented patient was slightly overweight and had new-onset diabetes. DM is one of the major comorbidities indicating weight loss surgery. Global diabetes burden is increasing as is worldwide SGLT2-I use. Therefore, the perioperative management of SGLT2-I and EDKA awareness in this field needs to be strengthened (8, 21, 34). In their narrative review, Long et al. reported 20% of postoperative EDKA cases following bariatric surgery in insulin-dependent diabetes (61). In the future, earlier bariatric surgery in severe obesity is to be expected. Confrontation of obesity and diabetes (so-called “diabesity”) and perioperative SGLT2-I use might increase accordingly (8, 19). Hence, Iqbal et al. demanded specific guidelines for the management of SGLT2-I in bariatric surgery (34). Lane et al. concluded that patients undergoing bariatric surgery might be at special risk for the development of EDKA because of surgical stress, perioperative diet changes, and prolonged fasting periods (31).

Lack of evidence regarding recommendations for perioperative management of SGLT2-I leads to an eminence-based approach. According to the Austrian Diabetes Society (ÖDG) metformin and SGLT2-I should be paused 24 h before planned surgery and 48 h prior to a major operation. The ÖDG suggests to restart oral antidiabetic medication once the acute situation has stabilized, infections are healed, or earliest on POD 1. (70) In contrast, the American Diabetes Association (ADA) recommends to withhold SGLT2-I 3–4 days prior to operation, and Pace et al. suggest to discontinue 4 days before operation due to a long half-life period (54, 71). The American College of Endocrinology (ACE) and the American Association of Clinical Endocrinology (AACE) advocate to withhold SGLT2-I 24 h before surgery, whereas the Australian and New Zealand College of Anesthetists and Australian Diabetes Society suggest discontinuation 3 days before elective surgery (72–74). The FDA updated safety labels in 2020 and goes in line with the recommendation to withhold 3 days prior to surgery (62). Milder et al. emphasize cessation in case of bariatric surgeries with preoperative dietary changes and recommend to discontinue 1–2 weeks prior to surgery (75). Taking into account the half-life time of 8–16 h of SGLT2-I and the need for corporal elimination of about five half-lives, withholding 24–72 h might not be long enough to avoid EDKA (25, 41). Therefore, the need for further studies to address this important and potential life-threatening complication of SGLT2-I use is obvious. The reported incidence of DKA secondary to SGLT2-I use is 0.1–0.3%, increasing to 19–28% in the perioperative context due to caloric restriction and surgical stress with subsequent ketogenesis (2, 51, 76). Thus, future guidelines should raise awareness and revise the specific management of SGLT2-I in the surgical setting.



CONCLUSION

Taking into account the potential risk factors and pharmacologic rationale of SGLT2-I-induced EDKA, we recommend to closely monitor BGA and be especially aware of the side effect. It might be beneficial to assess BGA in patients with DM and those who routinely use SGLT2-I in the preoperative setting to determine the individual ketogenic state. In our patient, diagnosis of EDKA was delayed due to the euglycemic state, abdominal pain in the postoperative setting, mimicry of acute abdomen in the context of peritonitis, and late assessment of BGA. Again, we want to emphasize the symptom of “diabetic pseudoperitonitis” in patients with ketoacidosis, which leads to a second-look laparotomy because of mimicry of the acute abdomen on POD 3 in the present case. To conclude, we present the case of a patient with acute appendicitis, peritonitis, and new-onset diabetes diagnosed with SGLT2-I-induced EDKA postoperatively. Our case belongs to the spectrum of moderate EDKA with delayed diagnosis due to unspecific symptoms, mimicry of acute abdomen, and relatively normoglycemia. In the perioperative setting, SGLT2-I therapy should be withheld for at least 24–48 h and restarted with caution to avoid this severe complication according to the guidance of the national diabetes society. However, it might be reasonable to hold SGLT2-I more than 48 h before surgery taking into account pharmacokinetics and the above-mentioned perioperative risk factors.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author/s.



ETHICS STATEMENT

Due to the retrospective character of this case report, and the fact that every patient signs an informed-written consent form at the time of admission, written informed consent was not needed from the individual(s) for the publication of any potentially identifiable images or data included in this article.



AUTHOR CONTRIBUTIONS

The manuscript was written by A-TK and AP-P and reviewed and edited by PF and KG. A-TK, PF, KG, and AP-P contributed to the design and implementation of the research. All authors have seen and approved the submission of this version of the manuscript and take full responsibility for the manuscript.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fsurg.2022.828649/full#supplementary-material



ABBREVIATIONS

BGA, blood gas analysis; ACE, American College of Endocrinology; AACE, American Association of Clinical Endocrinology; anti-GAD, antibodies to glutamic acid decarboxylase; anti-ICA, antibodies to islet cells; BE, Base excess; BMI, Body mass index; CRP, C-reactive protein; DKA, Diabetic ketoacidosis; DM, Diabetes mellitus; EDKA, Euglycemic diabetic ketoacidosis; EMA, European medicines agency; FDA, Food and drug administration; HbA1c, Hemoglobin A1c; Iv, Intravenous; IVFs, Intravenous fluids; MPI, Mannheim Peritonitis Index; ÖDG, Austrian Diabetes Society; POD, postoperative day; SARS-CoV-2, severe acute respiratory syndrome coronavirus type 2; SGLT2-I, Sodium-glucose-cotransporter-2-inhibitors; T1DM, Type 1 diabetes; T2DM, Type 2 diabetes; VAS, visual analog scale; WBC, white blood cell count.



REFERENCES

 1. Brown F, McColl T. Euglycemic diabetic ketoacidosis secondary to dapagliflozin use: a case report. J Emerg Med. (2018) 54:109–11. doi: 10.1016/j.jemermed.2017.10.001

 2. Goto S, Ishikawa J, Idei M, Iwabuchi M, Namekawa M, Nomura T. Life-Threatening complications related to delayed diagnosis of euglycemic diabetic ketoacidosis associated with sodium-glucose cotransporter-2 inhibitors: a report of 2 cases. Am J Case Rep. (2021) 22:e929773. doi: 10.12659/AJCR.929773

 3. Mayumi T, Yoshida M, Tazuma S, Furukawa A, Nishii O, Shigematsu K, et al. The practice guidelines for primary care of acute abdomen 2015. Jpn J Radiol. (2016) 34:80–115. doi: 10.1007/s11604-015-0489-z

 4. Csomor J, Jirkovska J, Vedralova L, Solar S, Grega T, Urbanek P, et al. Diabetic ketoacidosis with an acute abdomen as a first manifestation of type 1 diabetes mellitus. Acta Endocrinol Buchar Rom. (2017) 13:509–11. doi: 10.4183/aeb.2017.509

 5. Campbell IW, Duncan LJP, Innes JA, MacCuish AC, Munro JF. Abdominal pain in diabetic metabolic decompensation: clinical significance. JAMA. (1975) 233:166–8. doi: 10.1001/jama.233.2.166

 6. Berkovic MC, Mikulic D, Bilic-Curcic I, Mrzljak A. How far along are we in revealing the connection between metformin and colorectal cancer? World J Gastroenterol. (2021) 27:1362–8. doi: 10.3748/wjg.v27.i14.1362

 7. Zhang GQ, Canner JK, Kayssi A, Abularrage CJ, Hicks CW. Geographical socioeconomic disadvantage is associated with adverse outcomes following major amputation in diabetic patients. J Vasc Surg. (2021) 74:1317–26.e1. doi: 10.1016/j.jvs.2021.03.033

 8. Jaklevic MC. The Push for Earlier Bariatric Surgery for Adolescents With Severe Obesity. JAMA. (2021) 325:2241–2. doi: 10.1001/jama.2021.7912

 9. Forxiga. European Medicines Agency. (2018). Available online at: https://www.ema.europa.eu/en/medicines/human/EPAR/forxiga (accessed April 30, 2021).

 10. Farxiga (dapagliflozin). FDA Approval History. Drugs.com. Available online at: https://www.drugs.com/history/farxiga.html (accessed April 30, 2021).

 11. Jardiance (empagliflozin). FDA Approval History. Drugs.com. Available online at: https://www.drugs.com/history/jardiance.html (accessed April 30, 2021).

 12. Jardiance. European Medicines Agency. (2018). Available online at: https://www.ema.europa.eu/en/medicines/human/EPAR/jardiance (accessed April 30, 2021).

 13. McMurray JJV, Solomon SD, Inzucchi SE, Køber L, Kosiborod MN, Martinez FA, et al. Dapagliflozin in patients with heart failure and reduced ejection fraction. N Engl J Med. (2019) 381:1995–2008. doi: 10.1056/NEJMoa1911303

 14. Packer M, Anker SD, Butler J, Filippatos G, Pocock SJ, Carson P, et al. Cardiovascular and renal outcomes with empagliflozin in heart failure. N Engl J Med. (2020) 383:1413–24. doi: 10.1056/NEJMoa2022190

 15. Perkovic V, Jardine MJ, Neal B, Bompoint S, Heerspink HJL, Charytan DM, et al. Canagliflozin and renal outcomes in type 2 diabetes and nephropathy. N Engl J Med. (2019) 380:2295–306. doi: 10.1056/NEJMoa1811744

 16. Heerspink HJL, Stefánsson BV, Correa-Rotter R, Chertow GM, Greene T, Hou F-F, et al. Dapagliflozin in patients with chronic kidney disease. N Engl J Med. (2020) 383:1436–46. doi: 10.1056/NEJMoa2024816

 17. Thomas MC, Cherney DZI. The actions of SGLT2 inhibitors on metabolism, renal function and blood pressure. Diabetologia. (2018) 61:2098–107. doi: 10.1007/s00125-018-4669-0

 18. Neal B, Perkovic V, Mahaffey KW, de Zeeuw D, Fulcher G, Erondu N, et al. Canagliflozin and cardiovascular and renal events in type 2 diabetes. N Engl J Med. (2017) 377:2099. doi: 10.1056/NEJMoa1611925

 19. Österreichische Diabetes Gesellschaft. ÖDG Leitlinien. Available online at: https://www.oedg.at/oedg_leitlinien.html (accessed December 10, 2021).

 20. American Diabetes Association. 9. Pharmacologic approaches to glycemic treatment: standards of medical care in diabetes-−2021. Diabetes Care. (2021) 44 (Suppl. 1):S111–24. doi: 10.2337/dc21-S009

 21. IDF Diabetes Atlas. IDF Atlas 9th Edition and Other Resources. Available online at: https://www.diabetesatlas.org/en/resources/ (accessed April 30, 2021).

 22. Dave CV, Schneeweiss S, Kim D, Fralick M, Tong A, Patorno E. Sodium–Glucose cotransporter-2 inhibitors and the risk for severe urinary tract infections. Ann Intern Med. (2019) 171:248–56. doi: 10.7326/M18-3136

 23. Fadini GP, Sarangdhar M, Ponti FD, Avogaro A, Raschi E. Pharmacovigilance assessment of the association between fournier's gangrene and other severe genital adverse events with SGLT-2 inhibitors. BMJ Open Diabetes Res Care. (2019) 7:e000725. doi: 10.1136/bmjdrc-2019-000725

 24. Douros A, Lix LM, Fralick M, Dell'Aniello S, Shah BR, Ronksley PE, et al. Sodium–Glucose cotransporter-2 inhibitors and the risk for diabetic ketoacidosis. Ann Intern Med. (2020) 173:417–25. doi: 10.7326/M20-0289

 25. Somagutta MR, Agadi K, Hange N, Jain MS, Batti E, Emuze BO, et al. Euglycemic diabetic ketoacidosis and sodium-glucose cotransporter-2 inhibitors: a focused review of pathophysiology, risk factors, and triggers. Cureus. (2021) 13:e13665. doi: 10.7759/cureus.13665

 26. Qiu H, Novikov A, Vallon V. Ketosis and diabetic ketoacidosis in response to SGLT2 inhibitors: basic mechanisms and therapeutic perspectives. Diabetes Metab Res Rev. (2017) 33:e2886. doi: 10.1002/dmrr.2886

 27. Banakh I, Kung R, Gupta S, Matthiesson K, Tiruvoipati R. Euglycemic diabetic ketoacidosis in association with dapagliflozin use after gastric sleeve surgery in a patient with type II diabetes mellitus. Clin Case Rep. (2019) 7:1087–90. doi: 10.1002/ccr3.2147

 28. Islam J, Rodriguez-Martinez R, Mba MU, Ahmad A. SUN-177 house of carbs: the path to euglycemic Dka in patients with diabetes on Sglt2 inhibitors. J Endocr Soc. (2019) 3 (Suppl. 1):SUN-177. doi: 10.1210/js.2019-SUN-177

 29. Lucero P, Chapela S. Euglycemic diabetic ketoacidosis in the ICU: 3 case reports and review of literature. Case Rep Crit Care. (2018) 2018:e1747850. doi: 10.1155/2018/1747850

 30. Muralidhar VA, Madhu CP, Sudhir S. Efficacy of mannheim peritonitis index (MPI) score in patients with secondary peritonitis. J Clin Diagn Res. (2014) 8:NC01–3. doi: 10.7860/JCDR/2014/8609.5229

 31. Lane S, Paskar D, Hamed S, Goffi A. When guidelines fail: euglycemic diabetic ketoacidosis after bariatric surgery in a patient taking a sodium–glucose cotransporter-2 inhibitor: a case report. A A Pract. (2018) 11:46–8. doi: 10.1213/XAA.0000000000000734

 32. Smith A, Holtrop J, Sadoun M. Post-Operative euglycemic diabetic ketoacidosis in a patient with SGLT-2 inhibitor use and recent sleeve gastrectomy. Cureus. (2021) 13:e14297. doi: 10.7759/cureus.14297

 33. Amianda EA, Gavigan TS, Talishinskiy T, Ewing DR, Schmidt HJ. Two cases of euglycemic diabetic ketoacidosis after bariatric surgery associated with sodium-glucose cotransporter-2 inhibitor use. Obes Surg. (2021) 31:3848–50. doi: 10.1007/s11695-021-05391-0

 34. Iqbal QZ, Mishiyev D, Zia Z, Ruggiero RA, Aftab G. Euglycemic diabetic ketoacidosis with sodium-glucose cotransporter-2 inhibitor use post-bariatric surgery: a brief review of the literature. Cureus. (2020) 12:e10878. doi: 10.7759/cureus.10878

 35. Iqbal QZ, Mishiyev D, Niazi MR, Zia Z, Sattar SBA, Jahanghir A, et al. SGLT-2 inhibitors—a culprit of diabetic ketoacidosis postbariatric surgery. Case Rep Crit Care. (2020) 2020:8817829. doi: 10.1155/2020/8817829

 36. Kapila V, Topf J. Sodium-Glucose co-transporter 2 inhibitor-associated euglycemic diabetic ketoacidosis after bariatric surgery: a case and literature review. Cureus. (2021) 13:e17093. doi: 10.7759/cureus.17093

 37. Yared KE, Mancini GJ. Euglycemic diabetic ketoacidosis associated with use of SGLT2 inhibitor after laparoscopic roux-en-Y gastric bypass. Am Surg. (2020) 87:1997–9. doi: 10.1177/0003134820940286

 38. Kitahara C, Morita S, Kishimoto S, Matsuno S, Uraki S, Takeshima K, et al. Early detection of euglycemic ketoacidosis during thoracic surgery associated with empagliflozin in a patient with type 2 diabetes: a case report. J Diabetes Investig. (2021) 12:664–7. doi: 10.1111/jdi.13365

 39. Kuchay MS, Mishra SK, Mehta Y. Empagliflozin induced euglycemic diabetic ketoacidosis in a patient undergoing coronary artery bypass graft despite discontinuation of the drug 48 hours prior to the surgery. Diabetes Metab Syndr Clin Res Rev. (2021) 15:909–11. doi: 10.1016/j.dsx.2021.04.016

 40. Osafehinti DA, Okoli OJ, Karam JG. A case of SGLT2 inhibitor-associated euglycemic diabetic ketoacidosis following coronary artery bypass surgery. AACE Clin Case Rep. (2020) 7:20–2. doi: 10.1016/j.aace.2020.11.014

 41. Pontes JPJ, de Melo CS, Arantes FBB, de Souza Ramos JTG, Módolo NSP, Navarro e Lima LH. Perioperative euglycemic diabetic ketoacidosis following use of SGLT-2 inhibitors after cardiac surgery. J Clin Anesth. (2021) 71:110201. doi: 10.1016/j.jclinane.2021.110201

 42. Ito T, Sugasawa G, Suzuki F, Sunada M, Iwamuro K, Nakano T, et al. Insulin and glucose infusion could prevent euglycemic diabetic ketoacidosis associated with sodium-glucose cotransporter 2 inhibitors. Indian J Thorac Cardiovasc Surg. (2022) 38:87–91. doi: 10.1007/s12055-021-01227-9

 43. Alabdaljabar MS, Abdullah KM, Almasood A, Ali SS, Ashmeg A. Euglycemic diabetic ketoacidosis in a sedated patient after coronary artery bypass grafting: a case report and literature review. Case Rep Med. (2021) 2021:2086520. doi: 10.1155/2021/2086520

 44. Lau A, Bruce S, Wang E, Ree R, Rondi K, Chau A. Perioperative implications of sodium-glucose cotransporter-2 inhibitors: a case series of euglycemic diabetic ketoacidosis in three patients after cardiac surgery. Can J Anesth Can Anesth. (2018) 65:188–93. doi: 10.1007/s12630-017-1018-6

 45. Wohlrab P, Kainz M, Schiferer A, Zapletal B, Tschernko E. Euglycemic diabetic ketoacidosis after cardiac surgery in a patient treated with empagliflozin for type 2 diabetes mellitus: a case report. J Cardiothorac Vasc Anesth. (2021). (in press). doi: 10.1053/j.jvca.2021.07.048

 46. Cha BM, Davoudi R, DiVita MC, Fan AM, Kamath MY. Sodium-Glucose cotransporter-2 inhibitor–associated euglycemic diabetic ketoacidosis after orthotopic heart transplant in a prediabetic patient: a case report. Transplant Proc. (2021) 53:2636–9. doi: 10.1016/j.transproceed.2021.08.017

 47. Bteich F, Daher G, Kapoor A, Charbek E, Kamel G. Post-surgical euglycemic diabetic ketoacidosis in a patient on empagliflozin in the intensive care unit. Cureus. (2019) 11:e4496. doi: 10.7759/cureus.4496

 48. Mackintosh C, Tewari A, Siegel J, Wang RD, Freeman W. Postoperative euglycemic diabetic ketoacidosis and encephalopathy related to SGLT-2 inhibitors: a case report and discussion of diabetes treatment and “sweet pee encephalopathy” in perioperative hospital management. Neurohospitalist. (2020) 10:51–4. doi: 10.1177/1941874419835035

 49. Rafey MF, Butt A, Coffey B, Reddington L, Devitt A, Lappin D, et al. Prolonged acidosis is a feature of SGLT2i-induced euglycaemic diabetic ketoacidosis. Endocrinol Diabetes Metab Case Rep. (2019) 2019:19–0087. doi: 10.1530/EDM-19-0087

 50. Gomez-Sanchez CM, Wu BX, Gotts JE, Chang RW. Euglycemic diabetic ketoacidosis following major vascular surgery is a new item on the differential for postoperative acidosis. J Vasc Surg Cases Innov Tech. (2021) 7:778–80. doi: 10.1016/j.jvscit.2021.10.006

 51. Wong YC, Liu K-L, Lee C-L. Postoperative extremity gangrene in a patient with type 2 diabetes taking SGLT2 inhibitors. Medicine. (2021) 100:e25590. doi: 10.1097/MD.0000000000025590

 52. Chandrashekar M, Philip S, Nesbitt A, Joshi A, Perera M. Sodium glucose-linked transport protein 2 inhibitors: an overview of genitourinary and perioperative implications. Int J Urol. (2021) 28:984–90. doi: 10.1111/iju.14624

 53. Chandrakumar HP, Chillumuntala S, Singh G, McFarlane SI. Postoperative euglycemic ketoacidosis in type 2 diabetes associated with sodium-glucose cotransporter 2 inhibitor: insights into pathogenesis and management strategy. Cureus. (2021) 13:e15533. doi: 10.7759/cureus.15533

 54. Pace DJ, Dukleska K, Phillips S, Gleason V, Yeo CJ. Euglycemic diabetic ketoacidosis due to sodium–glucose cotransporter 2 inhibitor use in two patients undergoing pancreatectomy. J Pancreat Cancer. (2018) 4:95–9. doi: 10.1089/pancan.2018.0016

 55. Sampani E, Sarafidis P, Dimitriadis C, Kasimatis E, Daikidou D, Bantis K, et al. Severe euglycemic diabetic ketoacidosis of multifactorial etiology in a type 2 diabetic patient treated with empagliflozin: case report and literature review. BMC Nephrol. (2020) 21:276. doi: 10.1186/s12882-020-01930-6

 56. Bamgboye AO, Oni IO, Collier A. Predisposing factors for the development of diabetic ketoacidosis with lower than anticipated glucose levels in type 2 diabetes patients on SGLT2-inhibitors: a review. Eur J Clin Pharmacol. (2021) 77:651–7. doi: 10.1007/s00228-020-03051-3

 57. Menghoum N, Oriot P, Hermans MP. Clinical and biochemical characteristics and analysis of risk factors for euglycaemic diabetic ketoacidosis in type 2 diabetic individuals treated with SGLT2 inhibitors: a review of 72 cases over a 4.5-year period. Diabetes Metab Syndr Clin Res Rev. (2021) 15:102275. doi: 10.1016/j.dsx.2021.102275

 58. Goldenberg RM, Berard LD, Cheng AYY, Gilbert JD, Verma S, Woo VC, et al. SGLT2 inhibitor–associated diabetic ketoacidosis: clinical review and recommendations for prevention and diagnosis. Clin Ther. (2016) 38:2654–64.e1. doi: 10.1016/j.clinthera.2016.11.002

 59. Nasa P, Chaudhary S, Shrivastava PK, Singh A. Euglycemic diabetic ketoacidosis: a missed diagnosis. World J Diabetes. (2021) 12:514–23. doi: 10.4239/wjd.v12.i5.514

 60. Fleming N, Hamblin PS, Story D, Ekinci EI. Evolving evidence of diabetic ketoacidosis in patients taking sodium-glucose cotransporter 2 inhibitors. J Clin Endocrinol Metab. (2020) 105:2475–86. doi: 10.1210/clinem/dgaa200

 61. Long B, Lentz S, Koyfman A, Gottlieb M. Euglycemic diabetic ketoacidosis: etiologies, evaluation, and management. Am J Emerg Med. (2021) 44:157–60. doi: 10.1016/j.ajem.2021.02.015

 62. U.S. Food & Drug Administration. FDA Revises Labels of SGLT2 Inhibitors for Diabetes to Include Warnings About Too Much Acid in the Blood and Serious Urinary Tract Infections. FDA (2021). Available online at: https://www.fda.gov/drugs/drug-safety-and-availability/fda-revises-labels-sglt2-inhibitors-diabetes-include-warnings-about-too-much-acid-blood-and-serious (accessed June 5, 2021).

 63. Munro JF, Campbell IW, McCuish AC, Duncan LJP. Euglycaemic diabetic ketoacidosis. BMJ. (1973) 2:578–80. doi: 10.1136/bmj.2.5866.578

 64. Polidori D, Iijima H, Goda M, Maruyama N, Inagaki N, Crawford PA. Intra- and inter-subject variability for increases in serum ketone bodies in patients with type 2 diabetes treated with the sodium glucose co-transporter 2 inhibitor canagliflozin. Diabetes Obes Metab. (2018) 20:1321–6. doi: 10.1111/dom.13224

 65. Williams DM, Evans M. Are SGLT-2 inhibitors the future of heart failure treatment? The EMPEROR-preserved and EMPEROR-reduced trials. Diabetes Ther. (2020) 11:1925–34. doi: 10.1007/s13300-020-00889-9

 66. Tomita I, Kume S, Sugahara S, Osawa N, Yamahara K, Yasuda-Yamahara M, et al. SGLT2 inhibition mediates protection from diabetic kidney disease by promoting ketone body-induced mTORC1 inhibition. Cell Metab. (2020) 32:404–19.e6. doi: 10.1016/j.cmet.2020.06.020

 67. McGuire DK, Shih WJ, Cosentino F, Charbonnel B, Cherney DZI, Dagogo-Jack S, et al. Association of SGLT2 inhibitors with cardiovascular and kidney outcomes in patients with type 2 diabetes: a meta-analysis. JAMA Cardiol. (2021) 6:148–58. doi: 10.1001/jamacardio.2020.4511

 68. Palmer SC, Tendal B, Mustafa RA, Vandvik PO, Li S, Hao Q, et al. Sodium-glucose cotransporter protein-2 (SGLT-2) inhibitors and glucagon-like peptide-1 (GLP-1) receptor agonists for type 2 diabetes: systematic review and network meta-analysis of randomised controlled trials. BMJ. (2021) 372:m4573. doi: 10.1136/bmj.m4573

 69. Wang R, Kave B, McIlroy E, Kyi M, Colman PG, Fourlanos S. Metabolic outcomes in patients with diabetes mellitus administered SGLT2 inhibitors immediately before emergency or elective surgery: single centre experience and recommendations. Br J Anaesth. (2021) 127:e5–7. doi: 10.1016/j.bja.2021.03.023

 70. Fasching P, Huber J, Clodi M, Abrahamian H, Ludvik B. Positionspapier: operation und diabetes mellitus (update 2019). Wien Klin Wochenschr. (2019) 131:212–7. doi: 10.1007/s00508-019-1459-8

 71. American Diabetes Association. Diabetes Care in the Hospital: Standards of Medical Care in Diabetes−2021. Diabetes Care. Available online at: https://care.diabetesjournals.org/content/44/Supplement_1/S211 (accessed April 30, 2021).

 72. Handelsman Y, Henry RR, Bloomgarden ZT, Dagogo-Jack S, DeFronzo RA, Einhorn D, et al. American association of clinical endocrinologists and American college of endocrinology position statement on the association of SGLT-2 inhibitors and diabetic ketoacidosis. Endocr Pract. (2016) 22:753–62. doi: 10.4158/EP161292.PS

 73. Australian Diabetes Society. Severe Euglycaemic Ketoacidosis With SGLT2 Inhibitor Use in the Perioperative Period. Australian Diabetes Society (2018). Available online at: https://diabetessociety.com.au/documents/2018_ALERT-ADS_SGLT2i_PerioperativeKetoacidosis_v3__final2018_02_14.pdf (accessed June 8, 2021).

 74. Traill DR. Severe Euglycaemic Ketoacidosis With SGLT2 Inhibitor Use in the Perioperative Period. (2022). Available online at: http://www.anzca.edu.au/documents/alert-dka-and-oral-hypoglycaemics-20180215.pdf

 75. Milder DA, Milder TY, Kam PCA. Sodium-glucose co-transporter type-2 inhibitors: pharmacology and peri-operative considerations. Anaesthesia. (2018) 73:1008–18. doi: 10.1111/anae.14251

 76. Burke KR, Schumacher CA, Harpe SE. SGLT2 inhibitors: a systematic review of diabetic ketoacidosis and related risk factors in the primary literature. Pharmacother J Hum Pharmacol Drug Ther. (2017) 37:187–94. doi: 10.1002/phar.1881

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Kietaibl, Fasching, Glaser and Petter-Puchner. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/xhtml/Nav.xhtml




Contents





		Cover



		New Diabetic Medication Sodium-Glucose Cotransporter-2 Inhibitors Can Induce Euglycemic Ketoacidosis and Mimic Surgical Diseases: A Case Report and Review of Literature



		Introduction



		Case Presentation



		Patient Demographics, Chief Complaint, History, and Diagnostic Assessment



		Results, Interventions, and Follow-Up













		Methods: Literature Research



		Results



		Literature Research



		Characteristics of Patients and Identified Surgeries



		Pathophysiology and Risk Factors



		Perioperative Recommendations & Diagnostic Assessment







		Discussion



		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Supplementary Material



		Abbreviations



		References

















OPS/images/cover.jpg
, frontiers
in Surgery

New Diabetic Medication
Sodium-Glucose Cotransporter-2
Inhibitors Can Induce Euglycemic

Ketoacidosis and Mimic Surgical
Diseases: A Case Report and Review
of Literature





OPS/images/fsurg-09-828649-g001.gif
T
=
e e e
T
[y B p—






OPS/images/fsurg-09-828649-t001.jpg
Laboratory findings

Date CRP WwBC BG pH s02 Lactate HCO3- K+ BE AG
Admission Day 242 19.00 272 = = - - - - -
Day 2 180.0 22.74 205 o= = = - = =~ =
Day 3 294.0 16.69 124 - - - - - - -
Day 4 - - 173 7.13 998 09 8 43 -195 19.0
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Day 7 - - 7.461 94.8 0.6 257 37 12 9.0
Day 8 52.1 11.00 129 7.471 953 08 235 39 =22 11.0
Day 11 16.1 10.48 112 - - - - - - -

CRR, C-reactive protein (0.0-0.5 mg/); WBC, white blood cell count (4.00~10.00 G/); BG, blood glucose (60-110 mg/d)); pH (7.35-7.45); sO2, oxygen saturation (94-98%); Lactate
(<1.7 mmol/l); HCOS-, bicarbonate (21-28 mmol/); K+, potassium (3.4-4.5 mmol/); BE, base excess (—2-3 mmol/l); AG, Anion gap [Na — (Cl + HCO3), 3-11 mmol/].
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