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DKA

Lower limb
amputation

Neoplasia vescicale

Fratture ossee

Gangrena di Fournier

Insufficienza 
renale acuta

Ipovolemia 

Ipoglicemia 

Infezioni genitali
(micosi) 

Infezioni tratto 
urinario

Common adverse events Less common or rare adverse events

Am J Cardiol 2019, doi: 10.1016/j.amjcard.2019.10.029
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Case Sex Age
(yrs) T1/T2

Diabetes
Duration

(yrs)
Therapy BMI

(kgm2)
Prior

A1c (%)
PG

(mg/dl) pH Where 
treated

Precipitating 
Factor/Insulin 

Dose Reduction

1 F 40 T1 17 MDI 26.5 11.4 220 6.9 ICU URI/Yes

2 M 58 T2 2 N/A 26.5 9.8 150 7.12 ICU Surgery/NA

3 F 27 T1 25 MDI 24.3 7.8 150
96 6.89 ICU/

OUTP
URI-Alcohol/Yes

Alcohol/Yes

4 F 28 T1 6 CSII 25.9 8.0 224
158

ICU/
INPT

Alcohol/Yes
Alcohol-exercise/Yes

5 F 31 T1 15 CSII 33.2 7.0 ~125 OUTP Exercise/Yes

6 F 55 T1 18 CSII 22 7.2 203 OUTP GI/Unknown

7 F 26 T1 13 CSII+
GLP-1 RA 22 6.6

190
150
NA

7.15
ICU

OUTP
OUTP

None/NO

8 F 39 T1 26 CSII 26.1 7.0 233 ICU URI/Yes

9 F 64 T2 6 BI+SU 32.8 7.8 169 ICU Surgery/NA

Peters A.L et al., Diabetes Care, 2015

BI, basal insulin, SU, sulfonylurea; GI, gastrointestinal, URI, upper respiratory tract  infection, Inpt., inpatient; N/A, not available; Outpt., outpatient.
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Glucose-lowering medication*
Metformin 1734 (74.3) 1729 (73.7) 1730 (73.9)

Sulphonylurea 992 (42.5) 985 (42.0) 1029 (43.9)

Thiazolidinedione 101 (4.3) 96 (4.1) 102 (4.4)

Insulin 1135 (48.6) 1132 (48.3) 1120 (47.8)

Mean daily dose, U** 65 (50.6) 65 (47.9) 66 (48.9)

Placebo 

(n=2333)

Empagliflozin
10 mg 

(n=2345)

Empagliflozin
25 mg 

(n=2342)

HbA1c, % 8.08 (0.84) 8.07 (0.86) 8.06 (0.84)
Time since diagnosis of type 2 diabetes, years

≤5 423 (18.1) 406 (17.3) 434 (18.6)
>5 to 10 571 (24.5) 585 (24.9) 590 (25.2)
>10 1339 (57.4) 1354 (57.7) 1318 (56.3)

Data are n (%) or mean (SD) in patients treated with ≥1 dose of study drug 

*Medication taken alone or in combination
**Placebo, n=1135; empagliflozin 10 mg, n=1132; empagliflozin 25 mg, n=1120

Peters A.L et al., Diabetes Care, 2015
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Placebo 
(n=2333)

Empagliflozin 
10 mg 

(n=2345)

Empagliflozin 
25 mg 

(n=2342)

n (%) Rate n (%) Rate n (%) Rate

Diabetic ketoacidosis* 1 
(<0.1%)

0.02 3
(0.1%)

0.05 1
(<0.1%)

0.02

Acute kidney injury† 155 
(6.6%)

2.77 121
(5.2%)

2.07 125
(5.3%)

2.12

Events consistent with volume 
depletion§

115 
(4.9%)

2.04 115
(4.9%)

1.97 124
(5.3%)

2.11

Serious events 24
(1.0%)

0.42 19
(0.8%)

0.32 26
(1.1%)

0.43

Events leading to discontinuation 7
(0.3%)

0.12 1 
(<0.1%)

0.02 4 
(0.2%)

0.07

Venous thrombotic events** 20
(0.9%)

0.35 9
(0.4%)

0.15 21
(0.9%)

0.35

Rate = per100 patient-years
Patients treated with ≥1 dose of study drug
*Based on 4 MedDRA preferred terms. †Based on 1 standardised MedDRA query
§Based on 8 MedDRA preferred terms. **Based on 1 standardised MedDRA query

Peters A.L et al., Diabetes Care, 2015
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Erondu N. at al.,Diabetes Care, 2015

DKA in the Canagliflozin T2 DM Clinical Program
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….A 64-year-old woman with a 15-year history of type 2 diabetes ….. presented to the emergency
room for evaluation of shortness of breath. She had been treated with insulin for 10 years (NPH 40
units twice daily and regular insulin 20 units with meals)…. At the time she started empagliflozin, she
was taking liraglutide 1.8 mg per day, having discontinued insulin 3 weeks prior to presentation, to
determine if her blood glucose could be controlled with liraglutide alone……. glucose measurements
were in the low 200 mg/dL range on liraglutide alone, so treatment with empagliflozin 10 mg per day
was initiated. Within 24 h of starting empagliflozin, she developed symptoms of weakness, joint pain,
and mild confusion. After 4 days of treatment, she began to experience dyspnea on exertion and
presented to the ER……
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• DKA reported in 12 patients, 10 treated with canagliflozin (6 with 300 mg and 4 with 100 mg)
and 2 with comparator, with an incidence rate of 0.522, 0.763, and 0.238 per 1.000 pt-years,
respectively.

• Six out of the 10 treated with canagliflozin were reported to have LADA
• Most patients (8 out of the 10) were on insulin therapy. Half was non-compliant to insulin

treatment
• Most patients (9 out of the 10) had blood glucose values >250 mg/dL
• Most patients had a known precipitating factor for DKA (MI, surgery, alcohol abuse,

gastroenteritis, viral infection).

Analyzed all serious adverse events of DKA, from 17.596 patients 
from RCT of canagliflozin through 11 May 2015

Majority of DKA occurs in people with diabetes who are insulin deficient, i.e. long-standing T2D, LADA, and T1D
Triggering factors include: surgery, extensive exercise, ilness, reduction in food intake and/or insulin doses, alcohol consumption
Symptoms such as abdominal pain, nausea, vomiting, fatigue, and dyspnea in patients on SGLT2 inhibitor should raise the
suspect of DKA
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Ogawa and Sakaguch, J Diabetes Invest, 2015
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SGLT2 inh.
increase
lipid oxidation
lipolysis and
glucagon

increased
mobilization
of TG and FFA

increased
ketogenesis

worsened by
↓ insulin and
↓ CHO intake

ketones induce
nausea  and 
vomiting,
volume 
depletion

euglycemia
compells no
further s.c.
insulin

EDKA
rapidly 
worsens

EDKA

Modified from  Rosenstock J and Ferrannini E Diabetes Care 38:1638, 2015
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Wilding JPH, et al. Ann Intern Med 156:405; 2012Ridderstråle M, et al. Lancet Diabetes Endocrinol. 2014;2:691‒700. 
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Diabetes Investig 2020; 11: 1230–1237
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Diabetes Res Clin Pract 2018 Jun

Fattori di rischio per deplezione di volume:
• Età > 75 anni
• eGFR<60 ml/min/1,73 m2

• Uso di diuretici dell’ansaDiapositiva preparata da GIAN PIO SORICE e ceduta alla Società Italiana di Diabetologia. 
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Diabetes Res Clin Pract 2018 Jun

Effetto diuretico

Aumento della produzione di eritropoietina da parte dei fibroblasti a livello del 
tubulo renale prossimale
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placebo

Cana 100
Cana 300
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placebo

Cana 100 Cana 300

placebo

Cana 100 Cana 300
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placebo
Cana 100

Cana 300

placebo Cana 100

Cana 300
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Adv Ther (2020) 37:3463–3484
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Current Medical Rsearch and Opinion, 2016; 32:8; 1375-85
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Current Medical Rsearch and Opinion, 2016; 32:8; 1375-85
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By inducing glycosuria, sodium glucose cotransporter-2 inhibitors (SGLT2i) reduce glycaemia, blood pressure and

body weight. As a result, they improve cardiovascular outcomes in people with type 2 diabetes (T2D), but such

benefit need to be weighed against their safety profile. The most common adverse events (AEs) during therapy

with SGLT2i are genitourinary tract infections (GUTI), which are generally attributed to the predisposing effect of

glycosuria. In randomized controlled trials (RCTs), where AEs are adjudicated using standardized procedures,

SGLT2i mostly increase the risk of genital tract infections (GTI), but not that of urinary tract infections (UTI). In

clinical practice, the risk of GUTI may be a barrier preventing patients from receiving or continuing a potentially

life-saving therapy

Diabetes Obes Metab, 2018 Mar
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Regression of Logit event rate on Delta A1c

Delta A1c
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Figure S3. New meta-regression analysis of Li et al.

The degree of hyperglycaemia, represented by HbA1c, is not the major determinant of SGLT2i-associated GTI.

Diabetes Obes Metab . 2017 Mar;19(3):348-355

Most GTI events occur in the first weeks after SGLT2i initiation and thus change in 
HbA1c at study end is unlikely to determine GTI risk 
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The putative mechanisms whereby DPP4i may moderate SGLT2i-associated
G(U)TI risk deserve some comments. By far the most straightforward
explanation is that the DPP4i/SGLT2i combination reduced glycaemia and
glycosuria more than SGLT2i alone, thereby resulting in protection from GTI.
Unfortunately, no data is available to confirm this hypothesis and there are
some arguments against it.

Diabetes Obes Metab, 2018 Mar
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Fournier’s gangrene (FG) is a synergistic necrotizing fascitis of the
perineal, genital, and perianal region that leads to thrombosis of the
small subcutaneous vessels and results in the development of gangrene
of the overlying skin.

Eke N. Fournier’s gangrene: a review of 1726 cases. Br. J. Surg. 2000; 87: 718–28
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World J Surg (2006) 30: 1750–1754

Predisposing factors for FG include diabetes mellitus, cardiac disorders, chronic obstructive pulmonary disease, alcoholism, and
cortisone treatment. Although the relationship between FG and DM has not been established, neuroangiopathy and
immunosupression associated with DM could play an important role. Presence of DM has been reported as 39%–64% in the
published literature. Similarly, DM was found to be a factor in 45.7% of the patients in our studyDiapositiva preparata da GIAN PIO SORICE e ceduta alla Società Italiana di Diabetologia. 
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Ryan et al., Diabetes Obes Metab. 2018;1–13

SCOPO DELLO STUDIO

Valutare in pazienti affetti da DMT2 e nuovi utilizzatori di canagliflozin, il rischio di:

• Ospedalizzazioni per Scompenso Cardiaco (HHF)
• Amputazioni al di sotto del ginocchio (BKLA)
Sono stati considerati due tempi primari per la valutazione del rischio:

 ON TREATMENT: per valutare il rischio DURANTE l’uso del farmaco

 INTENT TO TREAT: per valutare «overall» il rischio una volta che il trattamento è stato iniziato ed eventualmente anche
sospeso

Eseguite sotto-analisi in pazienti con o senza anamnesi di malattia CV nota

Confronto: canagliflozin  con altri iSGLT2 e altri anti-diabetici non iSGLT2Diapositiva preparata da GIAN PIO SORICE e ceduta alla Società Italiana di Diabetologia. 
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Ryan et al., Diabetes Obes Metab. 2018;1–13
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Possibili meccanismi – fattori di rischio/predisponenti

• Ipovolemia

• Ridotta perfusione, in pazienti con alterata risposta arteriolare, può facilitare la necrosi

• Effetto diretto sulla funzione vascolare

• Aumentata viscosità

• L’improvvisa sospensione dei farmaci potrebbe portare modifiche emodinamiche con spasmo ed ischemia distale
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QNOW

Lo studio CREDENCE ha confermato la tendenza dello studio CANVAS in merito alle fratture?

SI, SEPPUR IN MODO NON SIGNIFICATIVO

NO

NON SO
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opportuna titolazione 
della restante terapia 
ipoglicemizzante

Patients taking SGLT2-i should be educated to avoid excess alcohol
intake and very-low-carbohydrate/ketogenic diets. Insulin dose
should not automatically be reduced when SGLT2-i are begun.
Instead, it should be adjusted based on the individual response to
treatment…

AACE/ACE Scientific and Clinical Review: Association of SGLT2 Inhibitors and DKA, 2015

?

X

• opportuna titolazione della 
terapia antipertensiva 

• attenzione ai fattori di rischio 
per cadute

• fenotipizzazione
• monitoraggio periodico

• educazione terapeutica 
(…)

• monitoraggio periodico
• idratazione
• associazione con DPP-IVi

?
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QNOW

È EVIDENTE CHE I NOTI SIDE EFFECTS NON POSSONO, IN MODO ASSOLUTO, LIMITARE L’UTILIZZO DI FARMACI AD 

ELEVATO IMPATTO BENEFICO SU ASPETTATIVA DI VITA, RIDUZIONE DI MORTE CV, MIGLIORAMENTO DEGLI 

ENDPOINT RENALI, RIDUZIONE DELLE IPOGLICEMIE, RIDUZIONE DEL FABBISOGNO INSULINICO, CALO 

PONDERALE?

SI

NO
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