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Abstract

Sodium-glucose cotransporter-2 inhibitor (SGLT2i) in patients with type 2 diabetes reduces the risk of serious heart failure
events, specifically the risk of hospitalization for heart failure, and cardiovascular death. The benefit is most apparent in
patients with a heart failure with reduced ejection fraction (HFrEF). Dapagliflozin and empagliflozin reduced the risk of
cardiovascular death and hospitalizations for heart failure in patients with established HFrEF, including those without diabetes.
Considering the magnitude of the problem and the expected benefit on the target population, an Egyptian consensus
document was conducted to demonstrate the importance of and the critical knowledge needed for effective and safe imple-
mentation of SGLT2i in the daily practice for the management of patients with HFrEF.
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Heart failure and diabetes mellitus: the
deadly duo

An estimated 64.3 million people are living with heart failure
(HF) worldwide.1 In developed countries, the prevalence of
known HF is generally estimated at 1% to 2% of the general
adult population. A meta-analysis—based on echocardio-
graphic screening studies in the general population—showed
that the prevalence of ‘all type’ HF in developed countries is
around 11.8% in those aged 65 years and over.2 To date,
there are no population-based studies estimating the
prevalence of HF in Egypt and North Africa.

Type 2 diabetes mellitus (T2DM) and HF often occur con-
comitantly, and each disease independently increases the risk
for the other. In HF cohorts, including both HF with reduced

ejection fraction (HFrEF) and HF with preserved ejection
fraction, the prevalence of DM ranges from 10% to 47%.3

Furthermore, glucose-lowering medications may influence
the risk of HF development and progression. In the Framing-
ham Heart Study, DM was associated with a nearly two-fold
increase in the risk of incident HF in men and a four-fold
increase in women, even after adjustment for other cardio-
vascular (CV) risk factors.4

Egypt ranked ninth in the top 10 countries of number of
people with diabetes aged 20–79 years with a national prev-
alence rate of 15.2% (8.9 million).5 About 53.3% of all deaths
from DM in Middle East North Africa region occurred in peo-
ple under 60 years, making it the region with the second
highest proportion of diabetes-related deaths under 60 years
of age.6
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In a recent registry of HF in Egypt, the HF patients were
much younger—the median age was 61 years compared with
median age of 73 years of their European counterparts.
Female patients comprised one-third of the cohort. HF with
preserved ejection fraction was present in 22% of patients.
DM was reported in 45.4% of patients enrolled in this
registry. Ischaemic heart disease was the primary aetiology
in 68% of patients. The all-cause in-hospital and 1 year mor-
tality were 5% and 27%, respectively.7,8

The unmet needs in managing type 2
diabetes mellitus in heart failure
patients

Through the past decades, diabetes management in patients
with CV disease was significantly flawed for many reasons.
First, patients with CV disease were often excluded from
major trials of non-insulin therapies. Second and more impor-
tantly, the general philosophy was very glucocentric (i.e.
weighing the benefit of a certain drug solely by its Hb1Ac re-
duction potency).9 The latter concept was radically chal-
lenged when a meta-analysis of 43 trials of rosiglitazone
(despite its glycaemia control) showed a significant increase
in incidence of myocardial infarction (MI) and a trend to in-
creased CV death.10 Moreover, a meta-analysis of more than
24 000 individuals reported that the use of insulin itself for
T2D was also associated with a 27% increase in all-cause mor-
tality and 23% increase in hospitalization for HF.11

Since then, the inter-relation between antidiabetic agents
and CV disease was looked as a more complex interplay than
simply the glycaemic control, and an era of dedicated CV out-
come trials (CVOTs) for the antidiabetic medications was
urged to commence.

Major adverse CV events were the first to be in the focus
of CVOT, possibly because of representing well-defined hard
endpoints (CV death, non-fatal MI, and non-fatal stroke)
and because they were presumed at that era to be the most
influenced by diabetes and antidiabetic medications at that
era. The dipeptidyl peptidase-4 inhibitors and the glucagon-
like peptide-1 agonists showed consistent data for safety (or
benefit) regarding major adverse CV events, like what was
seen in EXAMINE (alogliptin), LEADER (liraglutide),
SUSTAIN-6 (semaglutide), and REWIND (dulaglutide)9 trials.
However, saxagliptin increased the incidence of new HF by
27% in the SAVOUR-TIMI 53 trial.12

Sodium-glucose cotransporter-2 inhibitor, the
missing block in T2D therapies

Unfortunately, from the HF perspectives, such effects re-
mained for long time an unmet need. Till 2015 and before

the EMPAREG results, most of what we had to treat T2DM
either increased HF hospitalizations or at the best expecta-
tions were neutral. The first appreciable clinical benefit for
HF patients was with the evolution of the sodium-glucose
cotransporter-2 inhibitors (SGLT2is) class: emagliflozin in the
EMPAREG trial. In EMPAREG trial, emagliflozin has showed
substantial reduction in HHF and death.13 This was shortly
followed by similar results for dapagliflozin in DECLARE-TIMI
58, supporting a class effect.14

Soon later, a renoprotective effect was clearly appreciated
with this novel antidiabetic class and then followed by proven
expansion of the HF and renal benefits equally to diabetics
and non-diabetics.15 The SGLT2i class that was originally
directed to treat T2DM is nowadays revolutionizing the man-
agement of HFrEF or chronic kidney disease (CKD) and
became one of the main pillars in their management.

Rationale for use of sodium-glucose
cotransporter-2 inhibitor in patients
with heart failure with reduced
ejection fraction

Guideline-directed medical therapy (GDMT) for HFrEF has
evolved significantly throughout the past decade. Yet proba-
bly more improvements are needed acknowledging that the
5 year mortality rate of 50% is endangering 64 million pa-
tients worldwide.16

Sodium-glucose cotransporter-2 inhibitor might have a
promising role to bridge that gap. While SGLT2i class has
been known to be an effective oral antidiabetic class for years
from the data extracted from EMPAREG-OUTCOME, CANVAS,
and DECLARE-TIMI trials, their CV benefits were observed to
be independent from their glycaemic control and extending
beyond the diabetic status. This was proved for the first time
in history in DAPA-HF trial showing significant reduction in
HHF and CV mortality in HFrEF patients with and without
T2DM. Such CV benefits of the class that are independent
from diabetes status were confirmed by the
EMPEROR-Reduced and CANVAS trial and meta-analyses that
followed.13,14,17–19

Since the early 2000s, the main stay for treating HFrEF was
blocking renin angiotensin aldosterone axis with an
angiotensin-converting enzyme inhibitors (ACEI) or an angio-
tensin II receptor blocker, and a mineralocorticoid receptor
antagonists (MRAs) in addition to blocking beta adrenergic
receptors, with one of the guidelines directed and approved
agents.

In 2016, American College of Cardiology/American Heart
Association similar to the European Society of Cardiology
(ESC) released a guidelines update on HF pharmacological
therapy to include angiotensin receptor-neprilysin inhibitor
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(ARNI) for HFrEF patients who remain symptomatic despite
maximally tolerated doses of the basic pharmacological
agents and sinoatrial node modulator (ivabradine) for symp-
tomatic patients with heart rate more than 70 beats per
minute.20,21

In 2021, and after the consistent evidence of their clinical
benefit, the American College of Cardiology released an ex-
pert pathway that included SGLT2i as a new pillar in HFrEF
management.22 This was followed by the ESC release of the
2021 consensus for HFrEF patients profiling, then the guide-
lines for management of acute and chronic HF that modified
the previous guidelines into a novel approach tailored for
each patient profile separately, and recommending the use
of SGLT2i in a new low level of estimated glomerular filtration
rate (eGFR) for its renal protection effect (e.g. there is evi-
dence of benefit from dapagliflozin also in patients with
eGFR < 20 mL/min/1.73 m2).16

The unmet needs and rationale for the use of SGLT2i in
HFrEF patients can be summarized in the following:

• Prevention of HFrEF in T2DM patients with early use of
SGLT2i in T2DM patients.

• Despite the reduction in mortality rates provided by the
current treatment drugs, there is still poor prognosis for
HFrEF patients.

• There are no drugs that positively influenced the
cardiorenal syndrome and the decline of renal functions
in HFrEF patients except SGLT2i.23

• Guidelines are not well implemented in the clinical prac-
tice yet.16

• The high cost of ARNI in the Egyptian context.24

Thus, SGLT2i is an addition that can improve the patients’
quality of life and prognosis if added to the proper HFrEF
medical therapy.

Potential mechanisms of benefit with
sodium-glucose cotransporter-2
inhibition

The exact mechanisms by which SGLT2is exert their benefits
in these populations are not completely understood. It has
been postulated that SGLT2i improves CV outcomes through
several metabolic, cardioprotective, and nephroprotective
pathways25 (Figure 1): (i) SGLT2i blocks SGLT2 protein located
in the proximal convoluted tubule of the nephron, and the
latter is responsible for reabsorption of approximately 90%
of filtered glucose. Accordingly, they increase urinary glucose
and sodium excretion, which subsequently reduce plasma

Figure 1 Potential mechanisms of benefit of SGLT2 inhibition in patients with heart failure with reduced ejection fraction. ATP, adenosine triphos-
phate; BP, blood pressure; SGLT2i, sodium-glucose cotransporter inhibitor; SVR, systemic vascular resistance.
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volume (preload) and blood pressure (BP) (afterload), trans-
lating into optimization of ventricular loading conditions. (ii)
Weight reduction due to increased glucagon–insulin ratio, in-
creased lipolysis, and improved glycaemic control. (iii) Re-
duced adenosine triphosphate consumption in proximal
convoluted tubule and by decreasing energy demands
needed for glucose reabsorption, thus reducing the relative
hypoxia in renal cortex, which leads to reversion of myofibro-
blast to erythropoietin-producing fibroblast. This leads to in-
creases in renal erythropoietin production, red blood cell
mass, and haematocrit, with their subsequent beneficial
effects on HF symptoms and prognosis. (iv) Improved myo-
cardial energetics and a shift in cardiac metabolism away
from fatty acids and glucose oxidation towards more
oxygen-efficient ketone bodies may be other plausible mech-
anisms, thereby improving cardiac efficiency.26 (v) Improved
ionic homeostasis in myocardium reduced oxidative stress
and inflammation. (vi) Altered adipokine regulation. SGLT2i
reduces serum leptin and increases adiponectin concentra-
tions, potentially offering some cardioprotection.

Sodium-glucose cotransporter-2
inhibitor and cardiovascular outcome

Large CVOTs in patients with T2DM have shown that SGLT2i
improves CV and renal outcomes. SGLT2i reduces the risk of
hospitalization for HF [a relative risk reduction (RRR) of at
least 30%], slows the progression of renal disease (RRR of
at least 40%), and reduces CV death (an RRR of 14%).13,14,27

These benefits were observed in patients with and without
a previous history of HF.28 However, patients with known
HF comprised only small proportions of the study populations
of these trials.

Two major outcome trials

DAPA-HF (Dapagliflozin and Prevention of Adverse Out-
comes in Heart Failure) and Emperor-reduced (EMPagliflo-
zin outcomE tRial in Patients with chrOnic heaRt Failure
with Reduced Ejection Fraction) trials were conducted
assessing the effect of SGLT2 inhibitors in patients with a
broad spectrum of severity of HFrEF with or without
diabetes.

The DAPA-HF trial
The DAPA-HF trial was the first outcome trial specifically
designed to assess the effect of SGLT2 inhibitors in 4744
patients with HFrEF (EF < 40% and New York Heart Associ-
ation class ≥ II, NT pro-BNP ≥ 600 pg/dL) with or without
diabetes. Patients with systolic BP less than 95 mmHg,

and eGFR less than 30 mL/min/1.73 m2 were excluded.18

Patients were randomized to receive either dapagliflozin
10 mg or placebo in addition to best guideline-directed
medical and device therapies. At baseline, 45% of enrolled
patients have T2DM. The primary outcome was a compos-
ite of CV death and worsening HF (hospitalization for HF or
urgent HF visit). Over a median follow-up period of
18.2 months, the primary composite endpoint was reduced
by 26% RRR in dapagliflozin group (P < 0.001). The demon-
strated clinical benefits were similar in patients with diabe-
tes and without diabetes.

EMPEROR-reduced trial
EMPEROR-Reduced trial was designed to study the same
target population of DAPA-HF study but was enriched for
sicker patients with markedly reduced ejection fraction
and elevated natriuretic peptide concentrations. Patients
with systolic BP less than 95 mmHg and eGFR less than
30 mL/min/1.73 m2 were excluded. The study randomized
3730 patients to receive either empagliflozin 10 mg or pla-
cebo in addition to best guidelines directed medical and
device therapies. The trial included ∼50% of patients with-
out T2DM, 73% had left ventricular ejection fraction < 30%,
79% had N-terminal B-type natriuretic peptide
level ≥ 1000 pg/mL, and almost a half of patients had sig-
nificant renal dysfunction at baseline eGFR of 20 to 60 mL/
min/1.73 m2. The primary endpoint was a composite of CV
death or hospitalization for HF. Over a median follow up of
16 months, primary outcome was reduced by 25% RRR in
empagliflozin group (P < 0.001). The effect of empagliflozin
on the primary outcome was consistent in patients regard-
less of the presence or absence of diabetes.19

A meta-analysis of seven randomized trials including
16 820 HF patients (N = 8884 in the SGLT2 inhibitor arms;
N = 7936 in the placebo arms) has been recently published.29

The HFrEF subpopulation comprised 11 381 patients (67%) of
the studied population. Compared with placebo, SGLT2i sig-
nificantly reduced the risk for the composite endpoint of first
HF hospitalization or CV death [hazard ratio (HR): 0.77
(0.72–0.83); P < 0.001], time to first HF hospitalization [HR:
0.71 (0.64–0.78); P < 0.001], CV death [HR: 0.87
(0.79–0.96); P = 0.005], and all-cause mortality [HR: 0.89
(0.82–0.96); P = 0.004]. These findings remained consistent
when the HFrEF population was analysed separately and also
when patients were stratified according to DM status. No in-
crease in the risks of hypovolaemia, hyperkalaemia, or hypo-
tension was seen with SGLT2i compared with placebo. The
incidence of treatment-emergent serious adverse events
[rate ratio (RR): 0.88 (0.84–0.91); P < 0.001] and risk of acute
kidney injury (AKI) [RR: 0.63 (0.45–0.87); P = 0.006] were sig-
nificantly lower in the SGLT2i arm.29

All these data establish that, independent of diabetes status
and glycaemic effects, SGLT2i as a class is very well-tolerated
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and highly effective in reducing CV death and hospitalization
for HF and in improving quality of life in HFrEF population.

As a result, SGLT2i has qualified to place themselves as a
new key component of goal-directed medical therapy in
HFrEF.

Safety

Sodium-glucose cotransporter-2 inhibitor has a well-defined
safety profile based on data obtained from numerous clinical
trials, including CVOTs and post-marketing pharmacovigilance
reporting.13,14,17 Adverse events including risk of genital my-
cotic infections and volume depletion-related events are con-
sistent with the mechanism of action of this drug class.
However, several emergent (albeit infrequent) serious safety
issues have also been reported. In their respective CVOTs,
the proportion of patients with reported diabetic ketoacido-
sis was similar in the empagliflozin or canagliflozin arms
compared with their placebo counterparts, but it was higher
for dapagliflozin. Canagliflozin may be associated with an in-
creased risk of bone fractures and lower limb amputations;
however, data were found to be inconclusive. The increased
risk of bone fractures and lower limb amputations reported
with canagliflozin in CANVAS (which remains largely
unexplained)17 is not confirmed in most other trials or ob-
servational studies, where data with canagliflozin, dapagliflo-
zin, and empagliflozin do not refer to an appreciable class
effect.

There is no evidence linking SGLT2i with an increased risk
of cancer, but these agents, particularly dapagliflozin, should
be used with caution in patients with haematuria or history
of bladder cancers. Post-marketing reports of AKI have oc-
curred in patients receiving SGLT2i, yet cases identified in re-
cent CVOTs occurred with similar frequency in SGLT2i and
placebo groups.

Common adverse events associated with SGLT2i (such as
genital infections or volume depletion) are generally mild
and manageable by patients or by primary care physicians,
and the risk of rare events (such as ketoacidosis) can be
minimized by appropriate patient selection and early recog-
nition of symptoms. When selecting treatment, it is impor-
tant that clinicians weigh the known risks of SGLT2i against
their proven benefits, including the reduction of adverse CV
and renal outcomes. These adverse events should not mask
the overall CV and renal benefits of SGLT2is, especially in
patients with T2DM at high CV risk.

Mild genital mycotic infections are the most common ad-
verse events, whereas the risk of urinary tract infections is
only marginally increased.

Defining the targets of sodium-glucose
cotransporter-2 inhibitor in heart
failure with reduced ejection fraction
management

There is growing body of evidence on the benefits of
SGLT2i therapy for patients with HFrEF irrespective of hav-
ing T2DM or not and irrespective of being on ARNI or not.
However, practically, the prescription rate is still low, espe-
cially among patients most likely to attain the benefits from
cardiorenal protective effects.30 Several possible restraints
contribute to the low SGLT2i prescription rate that include
physicians hesitancy, lack of cardiologists’ experience with
their use, treatment inertia, elevated drug cost, and others.
Thus, it is very prudent to identify as many as possible of
these gaps aiming to find the appropriate corrective
actions.

1 HFrEF and non-diabetic: It is recommended to use SGLT2i
in all HFrEF patients irrespective of having T2DM or not,
provided there are no contraindication (e.g. type 1 diabe-
tes mellitus, diabetic ketoacidosis, pregnancy, and hyper-
sensitivity to drug type). In the DAPA-HF trial,
dapagliflozin reduced worsening of HF and CV death by
26% in patients with ejection fraction of ≤40%. 18 Similarly,
empagliflozin in EMPEROR-Reduced trial decreased the
primary outcome of CV death and HFH by 25%.19

Non-diabetic patients represent 55% in DAPA-HF and
50% in EMPEROR-Reduced

2 HFrEF and chronic kidney disease: In albuminuric kidney
disease (albuminuria of ≥200 mg/g of creatinine plus eGFR
of 25–90 mL/min/1.73 m2), canagliflozin decreased the pri-
mary cardiorenal endpoint by 30% as evidenced by CRE-
DENCE trial in patients with diabetic kidney disease.31 In
the DAPA-CKD trial, dapagliflozin was evaluated in albu-
minuric kidney disease (albuminuria ≥ 200 mg/day plus
eGFR of 25–75 mL/min/1.73 m2), irrespective of T2DM sta-
tus. One-third of the patients did not have T2DM, and the
cardiorenal benefits of dapagliflozin were similar among
patients with non-diabetic and diabetic kidney disease.
The clinical benefits on CVD/HF and other CV outcomes
for dapagliflozin compared with placebo were maintained
among patients with and without known CV disease at
baseline.18,32 HFrEF patients with chronic kidney disease
constituted 40–50% of the DAPA-CKD population, regard-
less diabetes is present or not. Dapagliflozin reduced the
primary cardiorenal endpoint by 39% compared with pla-
cebo similarly in diabetic and non-diabetic kidney
disease.19
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3 HFrEF and type-2 diabetes mellitus: In T2DM and
hyperglycaemia, several professional society guidelines
recommend using SGLT2i as either first-line therapy or as
an add-on therapy to metformin, for management of
hyperglycaemia in patients with T2DM for their unprece-
dented cardioprotective and renoprotective effects (Class
Ia recommendation).33–35

Approach to prescribing of sodium-
glucose cotransporter-2 inhibitors in
heart failure with reduced ejection
fraction

Pre-initiation screening

Sodium-glucose cotransporter-2 inhibitor can be prescribed
for all HFrEF patients, with or without T2DM, who have no
contraindication to SGLT2i, are haemodynamically stable,
and not on regular dialysis. It is recommended to initiate
SGLT2i in HFrEF when eGFR ≥60 mL/min/1.73 m2

(ertugliflozin) and ≥30 mL/min/1.73 m2 (dapagliflozin, empa-
gliflozin, and canagliflozin). Prior to initiation of SGLT2i, the
patient’s BP, volume status, and glycaemic control must be
carefully assessed. SGLT2i should not be initiated in hypoten-
sive/hypovolemic patients. In these patients, antihyperten-
sive/diuretic agents may need to be modified or reduced,
while in the latter, other diuretics doses are to be
re-evaluated prior to SGLT2i initiation. The natriuretic (and
BP lowering) effect of SGLT2i is modest, often resulting in
~3–5 mmHg reduction in systolic BP. Generally, SGLT2i can
be added on top of the usual GDMT for HF as there are no
treatment interactions.31

Drug selection

Sodium-glucose cotransporter inhibitor-related benefits with
respect to reduction of HFH and mortality appear relatively
consistent for dapagliflozin, empagliflozin, and canagliflozin.
They appear to have broadly similar CV and renal benefits.
The choice of an individual agent should be made after ap-
propriate patient–clinician discussion of benefits and poten-
tial risks. In patients with T2DM, SGLT2is are recommended
(Class Ia recommendation) as a first-line therapy to lower risk
of HFH, while metformin should be considered in patients
with DM and HF if eGFR > 30 mL/min/1.73 m2.35

Dose titration

There have not been robust evidence yet on a graded dose
response regarding CV and renal effects, although a higher

dose of SGLT2i can be used to improve glycaemic control. It
is critical to realize that glucose-lowering potency of SGLT2i
declines at lower eGFR values. Based on the evidence from
CREDENCE and DAPA-CKD trials, once the SGLT2i therapy is
initiated at the recommended level of eGFR, then it can be
continued till the patient needs dialysis therapy.32 All SGLT2is
(dapagliflozin 10 mg PO/day, empagliflozin 10 mg PO/day,
canagliflozin 100 mg PO/day, and ertugliflozin 5 mg PO/day)
are preferably prescribed once daily in the morning.

Patient counselling

Counselling regarding genital/perineal hygiene, orthostatic
hypotension, foot examination, and symptoms of diabetic ke-
toacidosis is of pivotal importance to be discussed prior to
drug initiation and to be discussed periodically in follow-up
visits.36

Patient monitoring

Sodium-glucose cotransporter inhibitor therapy can initially
cause an acute drop in eGFR; however, subsequently, the de-
cline in eGFR is attenuated with resumption of SGLT2i ther-
apy. In the absence of haemodynamic instability or an
alternate cause for AKI, the initial decline in eGFR (of up to
30%) following SGLT2i initiation is likely due to reduction in
intraglomerular pressure.

Periodic monitoring of the kidney functions over 2–4 weeks
from commencing treatment can help distinguish whether
the decline in eGFR is due to the haemodynamic
intraglomerular effects of SGLT2i or due to AKI, as the former
is not progressive in contrast to the latter. In the absence of
haemodynamic instability, SGTL2i do not increase the risk of
AKI. In fact, an overall reduction in AKI has been observed
with SGLT2i use.37 Patients must be advised to hold SGLT2is
when their oral intake of food and water is restricted due
to a planned surgery or due to an underlying illness in order
to minimize risks of hypovolemia, hypotension and diabetic
ketoacidosis. This has been referred to as the ‘Sick-day Rule’.

Serial monitoring of renal function, body weight, BP, and
symptoms on regular and periodic basis is reasonable. Ensur-
ing patient adherence to SGLT2i in addition to other HF ther-
apy and lifestyle modification is also vital during patients’
follow up.

Due to its glucosuric effect, SGLT2i increase the risk of gen-
ital mycotic infections by three-fold to four-fold in patients
with diabetes. The vast majority of SGLT2i-related genital my-
cotic infections are treatable with topical antifungal agents or
single oral fluconazole dose and do not necessitate discontin-
uation of SGLT2i therapy. Clinicians must counsel the patients
regarding maintenance of genital hygiene. It is not clear if
SGLT2i increase the risk of genital mycotic infections among
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non-diabetic patients. Fournier’s gangrene is a serious medi-
cal condition, and it remains uncertain whether SGLT2i in-
crease its risk or not; however, it is worth noting that such
an association has not been observed in the any of the large
SGLT2i trials. SGLT2is do not increase the risk of UTIs; how-
ever, their use in patients at high risk for UTIs, such as those
with an indwelling Foley catheter, recurrent UTIs, and neuro-
genic bladder, has not been specifically studied.

When and how should we initiate
sodium-glucose cotransporter
inhibitors in heart failure with reduced
ejection fraction patients

Currently, ARNI, BB, MRA, and SGLT2i are considered the
cornerstone of HFrEF therapy. SGLT2i qualified to become
one of the foundational therapies that should be given to
all patients with HFrEF and can be initiated at any step of
treatment. The benefits of HFrEF therapies are additive/in-
cremental, thus it is optimal to utilize all medication
demonstrated to improve outcomes in combination, and
start without delay so long as it is well-tolerated and not
contraindicated. A dogmatically sequential or selective
approach might lead to delays and endanger excess of HF
hospitalization/deaths, which could have been prevented
with earlier and more comprehensive implementation of
GDMT.

How should we consider the sequence
of drugs in chronic heart failure with
reduced ejection fraction

Initiation of the four pillars of HF disease-modifying therapies
(ARNI/ACEI, beta-blockers, MRA, and SGLT2i) either simulta-
neously or sequentially within 4 weeks is currently
recommended.38,39 Regardless of the initiation sequence,
the dose should be up-titrated to the maximum tolerated
or target doses in a timely fashion (e.g. every 2 weeks).22 This
should be tailored according to the patient profiling—deter-
mined by BP, heart rate, presence of atrial fibrillation, chronic
kidney disease, or hyperkalaemia.40

For beta-blockers to be initiated safely, physicians should
ensure that patients are clinically euvolemic before the start
of treatment to avoid worsening of HF. For symptomatic pa-
tients New York Heart Association class II–IV who satisfy
eGFR criteria, it is recommended to add SGLT2 inhibitors to
the initial therapy with ARNI/ACEI/ABR and beta-blockers
(Figures 2 and 3).22

Treatment with MRAs can worsen renal function and pro-
duce hyperkalaemia; therefore, when starting MRAs, it seems
advisable to have patients treated with a neprilysin inhibitor
and a SGLT2 inhibitor, because these two drugs may mitigate
the effect of spironolactone and eplerenone to worsen azote-
mia and increase serum potassium, and thereby, increase the
likelihood that patients can be maintained on long-term MRA
therapy. Once all four foundational drugs have been initiated
within 4 weeks, physicians can then increase the dose of each
drug towards the target doses used in clinical trials, as toler-
ated by the patient.41,42

Regardless of the specific approach, rapid sequencing has
the potential to improve the adoption and effective imple-
mentation of treatments that reduce morbidity and mortality
burdens in HFrEF.43

Practical consideration

The use of SGLT2i in HFrEF carries vital considerations with
respect to initiation in hospital admission, side effects, and
adjustment with concomitant medications (Figure 4).

1. Initiation of SGLT2i in the hospital setting

There are promising data towards early initiation of SGLT2i
after stabilization of acute condition and before hospital
discharge. In DAPA-HF trial; patients early after hospitaliza-
tion for HFrEF appeared to receive greater benefits from dap-
agliflozin. The EMPULSE trial, presented at the 2021 American
Heart Association Scientific Sessions,44 showed that empagli-
flozin was beneficial at reducing adverse events among pa-
tients with acute decompensated HF. The primary endpoint
—a composite of death, number of HF events, time to first
HF event, and change in Kansas City Cardiomyopathy Ques-
tionnaire-Total Symptom Score from baseline to 90 days—oc-
curred at a rate of 53.9% in the empagliflozin group
compared with 39.7% in the placebo group (P = 0.0054) with
no safety concerns with empagliflozin. However, the risk of
diabetic keto acidosis should be considered in administering
SGLT2i in acute ill patients.45 To avoid delayed use of SGLT2i,
the simultaneous or clustered drug initiation approach may
improve patient compliance to guidelines directed
therapies.43

2. Socio-economic consideration for using novel HF therapies

The economic burden of HF is booming specially with its
progressively increasing prevalence, in addition to the high
cost of many of novel therapies. In Egypt, the national
health insurance is recently providing sacubitril/valsartan
for insured patients. On the other hand, the out-of-pocket
cost for uninsured patients receiving GDMT ranging be-
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tween 700 and 2000 Egyptian Pounds per month, which
might be unaffordable for a large sector of HFrEF patients.
It is recommended to apply cost reduction measures when-
ever applicable such as using generic equivalent agents. Co-
ordination of care between different medical specialties is
another vital cost reductive strategy to avoid unnecessary
duplication of investigations.

Which comes first ARNI or SGLT2I? As ARNI and SGLT2i
drugs are relatively expensive compared with traditional HF
therapies, the out-of-pocket costs together may not be af-
fordable, given that sacubitril/valsartan carries a Class I
guideline recommendation for patients with HFrEF; its prefer-
ential use could be considered.22

3. Patient with T2DM at risk for HF (Stages A & B HF); starting
with metformin vs. SGLT2i?

Despite there are no clear recommendations for using SGLT2i
in Stage A HF, patients with T2DM carries significant risk for
developing HF. The usual practice in managing T2DM is to
start with metformin, while SGLT2i come next. The recent
ESC guidelines on CV disease protection and ESC guidelines
for study of diabetes are currently advising SGLT2i as
first-line T2DM therapy, in selected patients to reduce the risk
of HF hospitalization.43,46

4. Adjustment with concomitant HF medications

Figure 2 Indications and monitoring of side effects of SGLT2i in different stages of HF. ACEI, angiotensin-converting enzyme inhibitor; ARNI, angioten-
sin receptor-neprilysin inhibitor; BB, beta-blockers; DKA, diabetic ketoacidosis; GDMT, guideline-directed medical therapy; GFR, glomerular filtration
rate; HF, heart failure; HFrEF, heart failure with reduced ejection fraction; NYHA, New York Heart Association; SGLT2i, sodium-glucose cotransporter
inhibitor.
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Heart failure patients usually have several comorbidities that
require long list of medications. Despite the wide safety mar-
gin of SGLT2i and limited drug interactions, its diuretic effect
with risk volume depletion effect and risk of hyperkalaemia
remain the main concerns specially when administered with
other HF medications (loop diuretic, ARNI, and MRAs). Re-
ducing the diuretic dose while using SGLT2i especially in old
population is important to avoid significant dehydration and
hypotension.

The risk of hyperkalaemia with SGLT2i is noted
specially in patients in chronic kidney disease patients,
and the risk is observed mainly with canagliflozin; however,
the risk with other SGLT2i should be considered specially
when given with other HF medications (ACEI, ARNI, and
MRAs).43

We recommend regular monitoring of serum potassium
especially in diabetic patients with CKD and on standard
GDMT HF medical therapies.

5. Monitoring risks associated with SGLT2i

It is observed in several studies that SGLT2i are associated
with common side effects especially with canagliflozin and

less side effects with dapagliflozin and empagliflozin. Close
monitoring and follow up of these side effects are critical
especially for the vulnerable HF patients.

• SGLT2i as a group is associated with increased risk of uri-
nary tract infection UTI and genital mycotic infections.
Regular monitoring of UTI symptoms and urine analysis is
vital.

• Patient on SGLT2i with T2DM in acute illness carries an
obvious risk of ketoacidosis. It is advisable avoid
dehydration and to stop SGLT2i in acute illness and to
hold it 3 days prior to scheduled surgeries to avoid such
risk.47

• Symptomatic hypotension is a notable side effect especially
in HF patients taking other antifailure medications that
lower BP. Careful monitoring of fluid status and dose ad-
justment of HF medications are essential

• Canagliflozin is associated with increased risk of bone
fracture as observed in CANVAS trial. It is suggested to
be cautious while using canagliflozin in old patients liable
for osteoporosis. The FDA removed boxed warning about
the risk of leg and foot amputations in patients using
canagliflozin.47

Figure 3 Choice of currently available therapies in patients with HFrEF.
a
ARNI are preferred over ACEI/ARBs if patient remained symptomatic.

b

Cardioselective BB (particularly nebivolol) can be started in small doses with caution, controlled COPD and stable bronchial asthma are not contrain-
dications. ACEI, angiotensin-converting enzyme inhibitor; AFib, atrial fibrillation; ARB, angiotensin II receptor blocker; ARNI, angiotensin
receptor-neprilysin inhibitor; BB, beta-blockers; BP, blood pressure; CKD, chronic kidney disease; CRT, cadiac resynchronization therapy; eGFR, esti-
mated glomerular filtration rate; HFrEF, heart failure with reduced ejection fraction; MRA, mineralocorticoid antagonists; RAASi, renin angiotensin al-
dosterone system inhibition, (encompassing ACEI, ARBs, and ARNI); SGLT2i, sodium-glucose cotransport type 2 inhibitors (dapagliflozin and
empagliflozin).
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