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Abstract

Because of its frequent occurrence, poor prognosis, low quality of life of patients accompanying the disease and high costs
associated with treatment heart failure is a significant health problem in modern cardiology. The treatment of patients with heart
failure and reduced ejection fraction (HFrEF) is supported by large-scale randomized clinical trials (RCTs), reflected in the ESC/HFA
treatment recommendations. The use of B-blockers, inhibitors of the renin-angiotensin aldosterone system (RAA), including angio-
tensin converting enzyme ACE/ARB inhibitors, angiotensin and neprilysin receptor blockers (ARNI) and mineralocorticoid receptor
antagonists (MRA) have been a solid basis for triple HFrEF therapy over the last few years, partially altering the natural history of
patients with HF. Despite this, the 5-year survival rate in HF is still lower than for some types of cancer. Therefore, the search for new
drugs to improve the prognosis of this disease is still ongoing. A new group of drugs — the so-called flozins, i.e. — is a great hope for
a change in the natural history of heart failure. The following article presents practical aspects of using these drugs in the treatment

of patients with HFrEF, taking into account both the inclusion criteria and various clinical profiles of patients.

Key words: heart failure with reduced left ventricular ejection fraction (HFrEF), flozins — sodium-glucose cotransporter type 2
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Introduction

Heart failure (HF) is the end-stage of many heart dis-
eases, and its prevalence is increasing worldwide. Over
the past dozen months or so, the COVID-19 pandem-
ic has further worsened the situation of patients with
HF. HF has become an invisible epidemic. Patients have
stopped coming for follow-up appointments — mainly out
of fear of being infected with the SARS-CoV2 coronavirus
— or worse still, many have discontinued their prescribed
therapy. This is why implementing a treatment with doc-
umented efficacy which does not require a complicated
dosage regimen acquires such great importance nowa-
days. In recent years, there have been significant advanc-
es in the diagnosis and treatment of patients with HF
with reduced left ventricular ejection fraction (HFrEF), re-
sulting in reductions in cardiovascular (CV) and all-cause
mortality, and a decrease in the rate of hospitalisation.
The treatment of patients with HFrEF is supported by the
findings of multi-centre randomised placebo-controlled

clinical trials (RCTs), which are reflected in guidelines for
the management of heart failure. Over the past years,
B-blockers, inhibitors of the renin—angiotensin—aldoste-
rone (RAA) system including angiotensin-converting en-
zyme inhibitors (ACEls), angiotensin receptor blockers
(ARBs), combinations of ARBs and angiotensin recep-
tor-neprilysin inhibitors (ARNIs), as well as mineralocor-
ticoid receptor antagonists (MRAs), have provided a solid
foundation for triple HFrEF therapy, partially changing
the natural course of the disease in patients with HF.
Despite this, however, the 5-year survival rate for HF is
still lower than for some types of cancer, both in male
and female populations (with the exception of lung can-
cer) [1]. Therefore, there is still a need for novel effective
treatments for HF.

Recently, the results of studies evaluating the effica-
cy of sodium-glucose co-transporter 2 (SGLT2) inhibitors
— dapagliflozin and empagliflozin — in the treatment of
patients with HFrEF have been published [2]. SGLT-2 in-
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hibitors are a new group of drugs that will undoubtedly
mark another milestone in the therapy of patients with
HFrEF. Dapagliflozin is, as yet, the only flozin approved
for the treatment of patients with HFrEF. The DAPA-HF
trial, which was the first RCT assessing the population
of patients with HF with reduced ejection fraction with
and without type 2 diabetes mellitus (T2DM), showed
that dapagliflozin significantly reduced the risk of CV
death and hospitalisation due to HF (26%). This effect
was equally pronounced in patients with T2DM and
without concomitant carbohydrate metabolic disorders.
In addition, a significant decrease in all-cause mortal-
ity in the DAPA-HF population was found in the sub-
jects taking dapagliflozin compared to the placebo. In
the dapagliflozin group, the patients had less severe
HF symptoms than the subjects in the placebo group,
which translated into a better quality of life, as evalu-
ated by the Kansas City Cardiomyopathy Questionnaire
(KCCQ) [2, 3].

The DAPA-HF trial is a ground-breaking study provid-
ing evidence for the efficacy of the novel drug group in
the therapy of HF, and offering hope for further improve-
ments in the prognosis of patients with HFrEF.

Dapagliflozin — drug with beneficial
mechanisms of action in heart failure with
a reduced left ventricular ejection fraction

Dapagliflozin has beneficial metabolic, nephroprotec-
tive and cardiovascular activity. These effects are due to
the inhibitory action produced by dapagliflozin on SGLT2
receptors resulting in reduced reabsorption of glucose
and sodium, which leads to their increased excretion
with urine [4]. It also needs to be noted that reduced glu-
cose reabsorption promotes a negative energy balance,
causing weight loss and improving insulin sensitivity, and
hence producing a favourable metabolic effect. The ne-
phroprotective action of dapagliflozin is attributed to the
contraction of the renal afferent arteriole, which reduces
intraglomerular pressure and thus increases albumin ex-
cretion in urine. The CV effect comprises an improvement
in haemodynamics and results from increased osmotic
diuresis, reduced plasma volume, and decreased blood
pressure, leading to lower left ventricular preload and
afterload [5]. Dapagliflozin produces a diuretic action by
inducing fluid loss from the intravascular compartment,
which is highly beneficial in patients with HF, as it has
no effect on reducing intravascular pressure, i.e. systolic
ABP. Another key aspect is related to the positive impact
of SGLT-2 inhibitors on myocardial energetics. SGLT2 in-
hibitors increase the production of ketone bodies and en-
hance their utilisation in the heart, which improves the
energy metabolism of cardiomyocytes, and thus reduces
the risk of HF development and recurrence [6]. Also, inhi-
bition of the unfavourable process of cardiac remodelling
has been observed [7].
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Indications for dapagliflozin treatment
based on the drug’s current SPC valid
in Europe

The results of the DAPA-HF trial, which were an-
nounced on 1 September 2019 at the European Congress
of Cardiology in Paris and concurrently published in the
New England Journal of Medicine, provide a basis for the
use of dapagliflozin in a very broad population comprising
not only patients with T2DM and HFrEF, but also patients
with HFrEF without coexisting carbohydrate metabolic
disorders. Aside from ARNIs, ACEls (or ARBs), MRAs and
B-blockers (BBs), dapagliflozin is as yet the only SGLT-2 in-
hibitor with proven efficacy in improving prognosis both in
terms of all-cause and CV mortality in patients with HFrEF.

To summarise the data presented above, let me draw
attention to some practical clinical considerations relat-
ed to the use of dapagliflozin in patients with HFrEF.

On 15 October 2020, the Committee for Medicinal
Products for Human Use (CHMP) adopted a positive
opinion regarding dapagliflozin, extending its indications
to include heart failure. In November 2020, dapagliflozin
was approved in Europe — and hence in Poland — for the
therapy of patients with HFrEF in the following indication:
treatment of symptomatic chronic HFrEF in adults [8, 9].

On 30 April 2021, dapagliflozin was approved in the
USA in the new indication of chronic kidney disease
(CKD) in patients at risk of disease progression, both
with and without T2DM. The drug’s new indication was
adopted on the basis of the phase Ill DAPA-CKD trial in
which dapagliflozin showed an unprecedented reduction
in the risk of a primary composite endpoint which includ-
ed worsening of renal function, onset of end-stage renal
disease, and cardiovascular (CV) or renal death [10].

Status of dapagliflozin in the treatment of
heart failure — target patient populations

Based on the current Summary of Product Character-
istics (SPC) valid in Europe, dapagliflozin is indicated for
the treatment of symptomatic chronic HFrEF in adult pa-
tients in the following target groups [8]:

1. In patients with T2DM with or without coexisting HF,
irrespective of the phenotype:

 in adult patients for the treatment of inadequately
controlled T2DM, as an adjunct therapy to diet and
exercise, either in monotherapy, in the absence of met-
formin tolerance, or in combination with other medici-
nal products used in the treatment of T2DM;

* in the treatment of inadequately controlled T1DM as
an adjunct to insulin in patients with BMI > 27 kg/m?,
when insulin alone does not provide adequate glycae-
mic control despite optimal insulin therapy (dapagli-
flozin at a dose of 5 mg).

2. In adults for the treatment of symptomatic HFrEF

Dapagliflozin is the first SGLT-2 inhibitor officially ap-
proved for use in the population of adult HFrEF patients.
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Key clinical characteristics of patients who might
benefit from dapagliflozin therapy:

o HFrEF with EF < 40%,

* NYHA functional class Il to IV,

* patients with or without T2DM,

e patients on standard cardiovascular treatment (i.e.
B-blocker and/or renin—angiotensin—aldosterone sys-
tem inhibitor (ACEI/ARB or ARNI) and MRA),

« dapagliflozin can be added to any HF therapy,

« creatinine clearance should be > 30 ml/min/1.73 m?
[2, 11].

Dapagliflozin therapy may be initiated either on dis-
charge from hospital or on an outpatient basis. In pa-
tients with HFrEF, dapagliflozin is used at a dose of 10 mg
once daily in combination with other drugs indicated for
the treatment of HF. No dose adjustment is necessary in
patients with renal impairment, though it must be noted
that the experience with using dapagliflozin in the treat-
ment of HFrEF in patients with severe kidney dysfunc-
tion — similarly to the experience with dapagliflozin in
patients with NYHA functional class IV —is fairly limited.

Kidney function should be assessed based on creati-
nine clearance according to the following schedule:

* before commencing treatment with dapagliflozin and
at least once a year after that;

* before the initiation of drugs that may interfere with
kidney function, and then periodically throughout
treatment.

Dapagliflozin produces beneficial effects in patients
taking medications recommended for the treatment of
HFrEF. Dapagliflozin has been shown to act synergisti-
cally with drugs recommended for the therapy of HFrEF
under applicable guidelines, regardless of the type of
therapy and target doses used [11]. Similarly, the activity
of dapagliflozin is unaffected by the doses of the prima-
ry pharmacotherapies and the application of implant-
able therapeutic devices (e.g. implantable cardioverter
defibrillator (ICD) or cardiac resynchronisation therapy
(CRT)). This observation implies an additional benefit as-
sociated with dapagliflozin regardless of optimised HFrEF
pharmacotherapy or the application of therapeutic devic-
es. The clinically relevant finding that the effect of da-
pagliflozin is independent of the patients’ primary drug
treatment upholds the hypothesis that SGLT2 inhibitors
actin a mechanistically independent and complementary
manner to other HFrEF therapies.

Safety of dapagliflozin treatment

Based on the published studies, dapagliflozin is a safe
drug with a low reported incidence of adverse events
(AEs) leading to treatment discontinuation. In view of the
primary mechanism of action of SGLT2 inhibitors, it is not
surprising that the most common AEs are fungal infec-
tions of the external urogenital tract. However, they tend
to be mild to moderate in severity and, importantly, do
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not require discontinuation of SGLT2 inhibitor therapy.
Infection symptoms resolve after treatment with a top-
ical antifungal agent or a single dose of an antifungal
drug. In the DAPA-HF trial, a total of 14 (0.6%) patients
in the dapagliflozin group, and 17 (0.7%) patients in the
placebo group, were found to experience serious events
manifesting as urinary tract infections. Based on the
available study findings, the risk of urinary tract infec-
tions in patients receiving SGLT2 inhibitor therapy is not
elevated, and it should raise no concerns about the initi-
ation of such treatment. It needs to be emphasised that
a rare complication of therapy in patients with diabetes
mellitus is ketoacidosis, especially in individuals with
poor nutrition, with symptoms including polyuria, se-
vere nausea and/or vomiting, abdominal pain, excessive
thirst, respiratory distress, confusion, unusual fatigue or
drowsiness. During dapagliflozin treatment particularly
elderly patients may require adjustments of the dose of
diuretics (especially loop diuretics). In diabetics, the initi-
ation of dapagliflozin treatment may require adjustment
of insulin and sulfonylurea therapy. It needs to be noted,
though, that dapagliflozin does not increase the risk of
hypoglycaemia [11, 12].

Barriers to implementation of HF therapy

The treatment of patients with HFrEF is based on RCT
findings which are reflected in the guidelines issued by
the European Society of Cardiology (ESC) or the European
Heart Failure Association (HFA) [13, 14]. However, despite
clearly defined guidelines and hard evidence confirming
the efficacy of recommended therapies, their implemen-
tation and optimisation continue to be unsatisfactory [15].
Not all patients are prescribed medications according to
the guidelines, despite appropriate indications for thera-
py, and a significant proportion take drugs at suboptimal
doses. This may be due to problems arising from patients’
intolerance to treatment used because of accompanying
low ABR renal impairment or hyperkalaemia [16-18]. It is
fairly common for patients not to tolerate all therapies,
at least at their target doses, so it may be necessary to
determine which drugs will benefit the individual patient
the most [19, 20]. Other possible causes include difficul-
ties with access to specialist care [21, 22], physician inertia
or poor organisation of outpatient care [23].

Recently, the HFA has published a position paper
outlining patient profiles that may be relevant for the
implementation of HFrEF treatment. The paper stresses
the need for identifying the causes of undertreatment
and, secondly, implementing appropriate treatment in
patients with HF. The causes of inadequate treatment
can be related to “non-medical” factors such as poor so-
cioeconomic status, lack of social support, and non-ad-
herence. However, they are frequently associated with
medical conditions such as low ABPR renal dysfunction
or persistent congestion. The authors of the position
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paper highlight that the immediate period after hospital
discharge is very important, as it carries a very high risk
of another exacerbation. There is evidence that HFrEF
patients receiving guideline-directed medical therapy
(GDMT) have a better prognosis at discharge [24].

Recent reports have shown that ARNI and SGLT2 in-
hibitors can be safely introduced into treatment regimens
before patient discharge from hospital, which helps to
achieve a reduction in hospitalisation and mortality rates
[25-27]. Also, there is solid evidence that patient adher-
ence is associated with a lower risk of CV complications
and mortality, and fewer HF-related hospitalisations
[28, 29].

Patient phenotyping for targeted therapies

With novel effective therapies for HF phenotyping is
increasingly required, as some patients cannot tolerate
all medications. Patients with HF pose a challenge, as the
causal phenotypes overlap with the clinical phenotypes of
HF. Therefore, selecting appropriate therapy requires pa-
tient stratification combining clinical characteristics, bio-
marker levels, and various imaging techniques. Patients
with HF have many different presentations related to con-
gestion, haemodynamic status, and kidney function. Con-
sequently, adjusting treatment regimens to patient pro-
files seems a reasonable way to ensure that every patient
benefits from GDMT. The mainstays of HF treatment are
ACEIs/ARBs/ARNIs, BBs, MRAs and — since recently — SGLT2
inhibitors. According to the current state of knowledge,
these drugs should be the starting point for treatment
of the majority of patients with HF. All the drug groups
listed above, except for SGLT2 inhibitors (which have only
a minor effect on ABP), significantly lower systolic ABP and
affect serum potassium levels, requiring dose adjustment
and gradual up-titration. Therefore, SGLT2 inhibitors can
be safely incorporated into combination HF therapy.

The authors of the consensus document identify nine
phenotypes of patients with individual needs for dose
up-titration [24]:

1. Patients with low blood pressure and high heart rate

In patients with symptomatic hypotension, unnec-
essary ABP lowering medications must be eliminated. In
such cases, ivabradine, whose sole effect is on reducing
heart rate (HR), with no impact on ABR can be used. MRAs
and SGLT2 are also known to have a small impact on ABP.
2. Patients with low blood pressure and low heart rate

Modification of GDMTs or their doses is necessary
only in patients with symptomatic hypotension. MRAs
and SGLT2 inhibitors have little effect on ABP. A dose re-
duction of BBs may be necessary if the patient has a rest-
ing heart rate < 50 bpm, or symptomatic bradycardia.

3. Patients with normal blood pressure and low heart rate

If possible, drugs with a negative chronotropic effect
should be discontinued, including non-dihydropyridine
calcium channel blockers (diltiazem and verapamil), di-

138

goxin, or antiarrhythmic drugs. In patients taking ivabra-
dine, the dose should be reduced or the drug should be
discontinued if the HR persists at a level < 50 bpm or
the patient has symptomatic bradycardia. In addition,
patients with bradycardia or HR < 50 bpm require a re-
duction of BB dose.
4. Patients with normal blood pressure and high heart rate

These patients should be treated with the target dos-
es of BBs. If high heart rate in sinus rhythm (> 70 bpm)
persists, BBs in combination with ivabradine should be
used. In hospitalised patients, the initiation of vericiguat
should be considered before discharge.
5. Patients with atrial fibrillation and normal blood pres-

sure

There is no clear evidence for any prognostic benefits
of BBs in patients with HF and AF [30, 31]. Attempts to
optimise the dosage of BBs up to the maximum tolerated
dose may have a detrimental effect, as ventricular rates
< 70 bpm have been found to be associated with a worse
outcome.
6. Patients with atrial fibrillation and low blood pressure

Digoxin may be used as an alternative to BBs. MRAs
and SGLT2 inhibitors have very little effect on ABR so
they can be used in this patient group.
7. Patients with chronic kidney disease

ACEIs/ARBs/ARNIs should only be withdrawn if cre-
atinine increases by > 100% or to > 3.5 mg/d|, or the
estimated glomerular filtration rate (eGFR) decreases to
< 20 ml/min/1.73 m2. BBs can be safely used in patients
when their eGFR is not lower than 30 ml/min/1.73 m2
MRAs can also be used if the eGFR is > 30 ml/min/1.73 m?,
and the potassium level is < 5.0 mmol/l. Blood testing for
potassium levels should be performed at 1 and 4 weeks
after starting MRA treatment or increasing the dose,
and then periodically during follow-up visits. ARNIs can
be used up to the eGFR values of 30 ml/min/1.73 m2.
Empagliflozin has been shown to be effective and safe,
and improve renal endpoints, in patients with an eGFR
> 20-25 ml/min/1.73 mZ. Also, there is recent evidence of
benefits associated with using dapagliflozin (DAPA-CKD)
also in patients with eGFR < 20 ml/min/1.73 m?[11].
8. Pre-discharge patient

In patients who are not on BB treatment, drugs from
this group should not be introduced as first-line thera-
py, as they may lead to clinical deterioration in conges-
tive patients. However, ACEls or ARNIs can be initiated,
provided that patients’ systolic blood pressure is > 90 or
> 100 mm Hg [25]. MRAs and SGLT2 inhibitors can be
introduced safely even in patients with low ABP.
9. Patient with hypertension despite guideline-directed

medical therapy

In patients with arterial hypertension, it is important
to ensure that they do not take any medications that
may cause ABP elevation (such as non-steroidal anti-in-
flammatory drugs, corticosteroids or bronchodilators).
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Conclusions

An analysis of individual patient phenotypes shows
that dapagliflozin is a drug that stands a chance of being
used in the majority of patients with HF. Based on the
beneficial metabolic, renal and haemodynamic profiles, da-
pagliflozin is suitable for use in groups of patients with low
ABP, CKD, and congestion. In view of the high clinical effica-
cy of dapagliflozin (reduction in mortality, CV mortality and
HF-related hospitalisation rates) combined with an early
onset of clinical effects (observed already approximately
28 days after the initiation of treatment), a significant im-
provement in the quality of life, high safety of the therapy
and easy dosing (without the need for titration), treatment
with this drug should be considered as early as possible af-
ter the diagnosis of HF in most patients. This is particularly
relevant nowadays, in the time of the COVID-19 pandemic,
when patients with HF need a therapy that is simple to
dose, does not require frequent follow-ups, and produces
the desired therapeutic effects quickly.

The use of therapies recommended by appropriate
guidelines plays a crucial contributory role in reducing
the mortality and morbidity in patients with HF. Conse-
quently, every effort should be made to initiate and then
optimise primary therapy. A personalised approach to
patients — taking into account their individual haemo-
dynamic profiles (ABP HR, presence of congestion) and
renal function — may result in improved achievement of
therapeutic goals compared to the traditional “step-by-
step” treatment requiring the target doses of each drug
group to be reached before adding another. It is import-
ant to be aware that the “one size fits all” approach has
not worked for many HF patients.
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