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Introduction 
 

       Heart failure has been recognised as a leading cause of 

hospital admission in Australia with an annual cost of $2.7 

billion including inpatient and outpatient based managements. 

As per the epidemiological data of 2016 it’s estimated that 

over 61000 adult Australian ages >45 have been diagnosed of 

heart failure every year. Its prevalence and future burden will 

continue to increase over the next 10 years with predicted 

750000 patients and annual health cost of $3.8 billion [1]. 

Despite the trends and reforms in the management of chronic 

heart failure its prevalence, mortality and morbidity is on the 

rise in recent year. Diabetes is a potent and independent risk 

factor for heart failure [2]. It affects 30-40% heart failure 

patients as reported in multicentre heart failure registries of 

ADHERE-AP, ADHERE and EHFS-II [3]. In the last few 

years the novel treatment of type II Diabetes mellitus has been 

revolutionising the treatment of chronic heart failure. The use 

of Sodium-glucose contransporter-2 inhibitor (SGLT2 

inhibitor) in patients with cardiomyopathy has been 

highlighted in major trials. In EMPAREG outcome, CANVAS 

and DECLARE trial the composite death from cardiovascular 

causes, hospitalization for heart failure and death from any 

cause in DMII has been found to be reduced [4,5]. In recently 

published DAPA-HF trial these positive effects were equally 

present in patients irrespective of their diabetes status, 

highlighting the insignificance of cardiotoxicity secondary to 

hyperglycaemia and support its therapeutic role beyond 

Diabetes [6]. 

 

       In the light of above we have planned a quality assurance 

retrograde study at Cairns hospital to check the use of SGLT2 

inhibitors in Diabetics presenting with ischemic events in 

inpatient setting. This quality assurance (QA) activity aims to 

identify the use of SGLT2 inhibitors in diabetics with 

ischemic cardiomyopathy and to document changes in clinical 

practice from 2015 to 2018.  
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Study Population 
 

      This is a single centre study based at a tertiary level 

hospital with roughly 2000 heart failure hospital presentation 

on yearly basis. Cairns hospital provides an extensive range of 

service for more than 30 regional, rural and remote facilities 

across a geographical area of 142,900 square kilometres and 

caters for 250,000 populations. This has more than 20% of the 

population aged over 60 which is one third higher than 

national average. Roughly 14% of population is indigenous 

compared to 3.5% for Queensland as a whole. 

 

Methods 
 

       An approval from FNQ human research ethics committee 

has been obtained for the exemption of full ethical review. We 

have obtained the data of patients presented with Myocardial 

infarction (MI) from September to December in 2015 and 

2018 through case mix. The data screening was performed 

with reference of ICD code 121 in the given period. Chart 

review, medical admission notes, medication list and HbA1c 

were reviewed to identify the diabetic population. Use of 

SGLT2 inhibitors was meticulously documented in both the 

groups. Type I Diabetic was excluded in both cohorts. 

Variables of age, gender, ethnicity, and year presented, 
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STEMI, Non STEMI, type II MI, eGFR, and HBA1C were 

noted. The major limiting factors identified were - glycated 

haemoglobin (HBA1C) <7 and renal function (eGFR <40). 

Trend analysis was performed to assess the change in practice 

for the targeted years. 

 

Results 
 

      There were 247 hospital presentations in 2018 as compared to 

202 in year 2015. 84(34%) patients in 2018 were diabetic with 

almost equal proportion of male (52%) and females (48%). 46 

(54%) patients have identified themselves as Caucasians, 34(40%) 

as aboriginal and Torres street islander and 4(4.7%) belonged to 

others. In 2018 cohort the mean age of presentation was 66.72   

12.14, with median of 65, 25th quartile of 57.25 and 75th quartile of 

76. 15(17%) patients were on SGLT2 inhibitor. HbA1C <7 %( 

23%) and poor renal function (22% with eGFR <40) were the major 

limiting factors in commencing SGLT2 inhibitors (Figure 1 A & 

B).

 

 

                                 
 

(A)                                                                                                            (B) 

 

Figure 1 (A & B): Population distribution of 2015 and 2018 presentations showing similar trend. 

 

       In 2015, out of 67(33%) diabetic patients, 34(50.74%) 

male and 33(49.25%) females were identified. 31(46%) 

patients identified themselves as Caucasians, 29(43%) as 

aboriginal and Torres street islander and 7(10%) as others. 

Mean age of presentation was 68.28  12.14, with median of 

68.5, 25th quartile of 61 and 75th quartile of 75. 3(4%) patients 

in 2015 cohort were on SGLT2 inhibitors. 17(25%) patients 

with HbA1C <7% and 12 patients with eGFR <40 were the 

major limiting factor for SGLT2 commencement (Figure 2 (A 

& B), Figure 3) (Table 1). 
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(B) 

 

Figure 2 A & B: Histogram of 2015 and 2018 patients showing similar age distribution across the population. 

 

 
 

Figure 3: Trend of SGLT2 use – a clear indication of more frequent use in 2018 compared to 2015. 
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Baseline characteristic of the patients 

Characteristic 2018 (247 patients) 2015 (202 patients) 

 

Age 

 

Mean 66.72 ± 12.14 Mean 68.28 ± 12.14 

Median 65 Median 68.5 

1st Quartile 57.25 1st Quartile 61 

3rd Quartile 76 3rd Quartile 75 

 

Gender 

Male 145 (58.70%) Male 127 (62.87%) 

Female 102 (41.29%) Female 75 (37.12%) 

 

Ethnicity 

Caucasian 183 (74.08%) Caucasian 139 (68.81%) 

ATSI 57 (23.07%) ATSI 53 (26.23%) 

Others 7 (2.83%) Others 10 (4.95%) 

STEMI 46 (18.62%) 43 (21.28%) 

Non STEMI and Type II MI 201 (81.37%) 159 (78.71%) 

No of DM2 Patients 84 (34%) 67 (33.16%) 

eGFR in Diabetes patients   

>40 65 (77.38%) 51 (76.11%) 

<40 19 (22.61%) 16 (23.88%) 

HBA1C in Diabetes patients   

>7 29 (34.52%) 30 (35.71%) 

<7 28 (33.33%) 18 (21.42%) 

HBA1C Not valid due to anaemia 8 (9.52%) 2 (2.38%) 

No recent HBA1C 19 (22.16%) 14 (16.66%) 

No of Pts on SGLT2-I 15 (17.85%) 3 (4.47%) 

 

Table 1: Comparison of 2015 and 2018 population with variables of age, gender, ethnicity, type of Myocardial event, Diabetes status, 

Renal function and use of SGLT2-I. 

 

Discussion 
 

        SGLT2 inhibitors have shown the significant reduction in 

overall cardiovascular mortality and rate of hospital 

admissions. These effects seem to be independent of their 

glucose lowering action and several hypothesis has been 

proposed for their cardioprotective mechanism. The 

EMPAREG outcome, CANVAS and DECLARE -TIMI 58 

has shown the reduced hospital admissions and overall 

mortality in heart failure patients. Outcomes of DAPA HF trial 

has reemphasized the therapeutic role of SGLT2-I beyond 

diabetes given its effect in both Diabetes and non-diabetes 

population. 

 

       In EMPAREG outcome trial participants treated with 

Empagliflozin has 14% reduction in 3 point MACE (Cardiac 

death, nonfatal myocardial infarction, nonfatal Stroke). There 

was a 35% reduction in hospital admission within short 

intervals suggesting a role of acute effect on cardiorenal and 

hemodynamic system or direct cardiovascular effect. Similar 

benefits on 3 point MACE were noted in a subgroup of eGFR 

down to 30ml.min-1.1.73m-2. EMPAREG-OUTCOME has 

also reported a 39% reduction in the composite renal endpoint, 

new onset or worsening nephropathy (defined as 

macroalbuminuria, serum Cr doubling time, eGFR <45 

ml.min-1.1.73m-2, initiation of renal replacement therapy or 

renal related death.) [7].  

 

       In CANVAS program the primary endpoint, 3 point 

MACE was significantly reduced and the risk of 

hospitalization for heart failure was reduced by 33%. There 

was a significant reduction in progression of albuminuria by 

27% and composite outcome (sustained 40% reduction in 

eGFR, need of renal replacement therapy or death from renal 

causes) was reduced by 40% [8]. 

 

       In DECLARE-TIMI 58 trial Dapagliflozin met the criteria 

of noninferiority to placebo with respect to MACE 

(Cardiovascular death, Myocardial infarction, Ischemic stroke) 

but it did result in lower rate of cardiovascular death or 

hospitalization for heart failure. There was 13% reduction in 

renal event in Dapagliflozin group as compared to placebo [9].  

 

      In recently published DAPA HF trial the role of SGLT2-I 

has been found irrespective of the presence or absence of 

Diabetes. Among patients with heart failure and a reduced 

ejection fraction the worsening heart failure or death from the 

cardiac cause was lower among the Dapagliflozin group than 

the placebo group regardless of the presence or absence of 

Diabetes. There was 18% reduction in cardiovascular death in 

Dapagliflozin group as compared to placebo (HR .82; 95% CI, 

.69 to .98) and 17% reduction in overall death from any cause 

(HR .83; 95% CI, .71 to .97) [10].  
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Mechanism of Action 
 

      Despite extensive explanatory analysis the exact 

mechanism of SGLT2-I remains unclear [11]. The likely 

mechanism of its cardioprotective effect is multidimensional 

which involves its effect on arterial stiffness [12, 13], cardiac 

function and cardiac oxygen demand (lack of sympathetic 

activation) [12], Cardiorenal effect, reduction in albuminuria 

and uric acid, glycaemic control, body weight, central obesity 

and blood pressure reduction. 

 

      Diabetes patients have increased sympathetic activity due 

to malfunction of baroreceptors and impediment of negative 

feedback. This chronic sympathetic drive leads to increased 

heart rate and afterload providing the trigger for precipitation 

of heart failure. SGLT2-I have noted to reduce the 

sympathetic drive by reducing the blood pressure and heart 

rate and also improve the pressure-diuresis curve leading to 

reduction in after load [14]. In a Japanese double blind trial of 

Luseogliflozin there was significant drop in heart rate noted 

over the 12 week period in the treatment group [15].  

 

      SGLT2 receptors are located in the proximal tubules 

where they reabsorb filtered glucose [16]. Its inhibition leads 

to glucosuria and an insulin independent reduction in HbA1C 

along with weight loss leading to a negative caloric balance 

[17]. This also leads to an Uricosuria via GLUT9 receptors 

which add to cardioprotective effects as increased uric acids 

are associated with adverse cardiovascular outcomes [18]. Its 

effect of natriuresis induction can largely explain the better 

management of heart failure leading to reduced heart failure 

hospital admissions [17, 19] however the diuretic effect of 

SGLT2-I cannot be explained just on the basis of osmotic 

diuresis as urinary and Na excretion returns to the baseline 

after a short period however glucose secretion continues to 

increase [20]. The effect on HbA1C reduction is more clearly 

related to prevention of micro vascular complication than 

macro vascular [21, 22].  

 

       SGLT2 receptors are not expressed in human cardiac 

tissue, and its direct effect on cardiac myocytes is unclear 

[23]. Studies in rat model with Empagliflozin have shown the 

direct effect on heart muscles by reducing the Na-H exchange 

with a decrease in intracellular calcium and increased in 

mitochondrial calcium [24]. Mitochondrial calcium level is a 

regulator of ATP synthesis pathway and antioxidant pathway. 

High Mitochondrial calcium levels prevents the sudden death 

and heart failure in porcine models [25], on the contrary 

increased intracellular Na and Ca levels have been associated 

with increased cardiovascular deaths and heart failure [26].  

 

       Metabolic substrate shift to ketogenesis has also been 

highlighted as a possible cardioprotective mechanism of 

SGLT2-I. Its inhibition leads to direct increased effect on 

glucagon secretion and reduced insulin secretion, promoting 

production of ketones [27]. Ketones are considered as cardiac 

friendly substrate been taken up by cardiac myocytes quickly 

leading to better cardiac contractility and efficiency. This is in 

association with increased haematocrit count leading to 

increased oxygen delivery [28]. The increase in haematocrit is 

not due to hemoconcentration but rather an independent effect 

on erythropoietin stimulation. With the low glucose 

concentration after SGLT2 inhibition in proximal tubule, 

oxygen consumption of tubular cells decreases leading to 

improvement in local hypoxia. This leads to improvement in 

erythropoiesis by fibroblast cells of proximal tubule. This 

effect is very similar to B blocker effect on cardiac muscles, 

explaining the remodeling of renal cells by reducing the 

workload of tubulointerstitial tissues in Diabetes patients [29].  

 

Possible Side Effects 
 

       Frequent genitourinary infections, glycosuria induced 

polyurea leading to volume depletion and acute kidney injury, 

postural hypotension secondary to reduced preload and 

euglycemic ketoacidosis has been cautioned as possible side 

effects [30]. Increased risk of fractures and amputation has 

only be reported in CANVAS program trial with the use of 

Canagliflozin but not with other agents [31]. The increased 

Parathyroid hormone levels with FGF23 increase have been 

associated with increased risk of Fractures secondary to 

Canagliflozin [32]. Reassuringly it’s not found with other 

agents though its cautious use in frail individuals is advised. 

 

       Acute kidney injury has been feared as possible side 

effects with this group of medications though the rate of 

incidence in both EMPREG outcome and CANVAS program 

for AKI was very low, its further reassuring as majority of 

patients in this trial was on concomitant use of RAAS blockers 

[7]. For safety purposes SGLT2-I should be withheld as a part 

sick day plan with NSAIDS or Radio contrast administration 

[33].  

 

Conclusion 
 

       This QA activity found, increased use of SGLT2 

inhibitors in diabetics with ischemic cardiomyopathy as 

evident by its use in 17% patients in 2018 compared to 4% in 

2015. However, we also identified 10 patients in 2018 with 

HbA1C >7% and normal renal function who were not on this 

medication. This warrants a better clinical awareness in 

practicing physicians. Interestingly there was a large number 

of patients with HbA1c <7% which was a limiting factor in 

starting this medication as per our current federal funding 

guidelines. Given strong evidence of cardioprotective effect of 

this medication it remains a relevant question that whether we 

should start using SGLT2 inhibitors as a 1st line medication in 

diabetic with high cardiac risk profile. 

 

       Our literature review highlights the novel mechanism of 

therapeutics of SGLT2 -I and its role beyond the glycaemic 

control. It concluded the major salient features of recent trial 

and summarize their findings meticulously. With the proposed 

upcoming trials like VERTIS and CREDENCE it will be 
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interesting to see the outcomes of SGLT2-I in nondiabetic 

kidney disease as well as nondiabetic heart failure.  

 

Disclosure 
 

       As per out data base search of PUBMED and Google 

scholar this is the 1st retrograde study to analyse the trend of 

use of SGLT2-I in Ischemic cardiomyopathy patients in 

Australia. The Author has no conflict of interest regarding the 

publication of paper. 
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ADHERE: 

 

AP Acute Decompensated Heart Failure 

Registry International Asia Pacific 

EHFS II: EuroHeart Failure Survey II 

FNQ: Far North Queensland 

ICD: 

International statistical classification of 

disease and related health problems 

HbA1C: Glycated Hemoglobin 

MI: Myocardial infarction 

STEMI: ST Elevated Myocardial Infarction 

eGFR: Estimated glomerular filtrate rate 

MACE: Major adverse Cardiac event 

Na-H: Sodium- Hydrogen 

FGF23: Fibroblast Growth Factor 23 

AKI: Acute Kidney injury 

RAAS: Rennin Angiotensin Aldosterone System 
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