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4Divisione di Cardiologia, Grande Ospedale Metropolitano Bianchi Melacrino Morelli, Reggio Calabria, Italy
5Dipartimento Cardio-Toraco-Vascolare, Servizi Cardiologici Integrati, Azienda Ospedaliera San Camillo Forlanini,
Rome, Italy
6Dipartimento Cardio-Toraco-Vascolare, U.O.C. Cardiologia, Azienda Ospedaliera San Camillo Forlanini, Rome, Italy
7U.O. Cardiologia-UTIC, Ospedale San Paolo, Bari, Italy
8Dipartimento Cardiotoracovascolare “A. De Gasperis”, Cardiologia 2-Insufficienza Cardiaca e Trapianti, ASST Grande
Ospedale Metropolitano Niguarda, Milano, Italy
9S.C. Cardiologia, Azienda Ospedaliera G. Brotzu, Cagliari, Italy
10U.O. Cardiologia-UTIC, Ospedale Civile “G. Jazzolino”, Vibo Valentia, Italy
11U.O.C. Cardiologia, Ospedale Garibaldi-Nesima, Azienda di Rilievo Nazionale e Alta Specializzazione “Garibaldi”,
Catania, Italy
12U.O.C. Cardiologia-UTIC-Emodinamica, Presidio Ospedaliero “G. Mazzini”, Teramo, Italy
13S.O.C. Cardiologia Ospedaliera, Presidio Ospedaliero Arcispedale Santa Maria Nuova, Azienda USL di Reggio Emilia—
IRCCS, Reggio Emilia, Italy
14Dipartimento Cardio-Vascolare, U.O.S.D. Follow-up del Paziente Post-Acuto, AORN Sant’Anna e San Sebastiano,
Caserta, Italy
15U.O.C. Cardiologia, Ospedale Santa Maria della Misericordia, Rovigo, Italy
16Dipartimento di Cardiologia, Ospedale degli Infermi, Rivoli (TO), Italy

*Corresponding author. Tel:þ39 06 33 061, Email: doctstefania@hotmail.com
†ANMCO Cardiovascular Prevention Area.
‡ANMCO Management and Quality Area.
§ANMCO Cardio-Oncology Area.
§§ ANMCO Cardio-Renal and Metabolic Area.
¶ANMCO Board.

Published on behalf of the European Society of Cardiology. VC The Author(s) 2022.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://
creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium,
provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

European Heart Journal Supplements (2022) 24 (Supplement C), C272–C277
The Heart of the Matter
https://doi.org/10.1093/eurheartj/suac017

https://orcid.org/0000-0002-8586-9930


17Cardiology Department, Ospedale Santo Spirito, Casale Monferrato (AL), Italy
18U.O.C. Cardiologia, Ospedale Bellaria, AUSL di Bologna, Bologna, Italy
19Dipartimento Cardio-Toracico, A.O.U. Senese, Ospedale Santa Maria alle Scotte, Siena, Italy
20Fondazione per il Tuo cuore—Heart Care Foundation, Firenze, Italy
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Sodium-glucose cotransporter 2 (SGLT2) inhibitors, dapagliflozin, and empagliflozin,
first developed as glucose-lowering agents for the treatment of Type 2 diabetes,
have been demonstrated to improve prognosis in patients with heart failure and re-
duced ejection fraction (HFrEF) regardless of the presence of diabetes. Since these
drugs have only recently been included among the four pillars of HFrEF treatment,
cardiologists are still unfamiliar with their use in this setting. This article provides
an up-to-date practical guide for the initiation and monitoring of patients treated
with SGLT2 inhibitors.

Introduction

Sodium-glucose cotransporter 2 (SGLT2) inhibitors are a
novel class of therapeutic agents known as glifozines that
act by inhibiting SGLT2 located in the proximal convoluted
tubule of the nephron. Initially developed as glucose-
lowering drugs for the treatment of patients with Type 2 dia-
betes mellitus (T2DM), clinical trials have shown dapagliflo-
zin and empagliflozin to reduce the risk of death from
cardiovascular events and the rate of hospitalizations due to
heart failure (HF), even in the absence of diabetes.1,2 One of
the established mechanisms underlying clinical outcome im-
provement in patients with HF and reduced ejection fraction
(HFrEF) is osmotic diuresis, with a consequent improvement
in haemodynamics and neurohormonal activation. However,
weight reduction, improved glycaemic control, and other in-
completely defined mechanisms are postulated to contrib-
ute to the cardioprotective effects of these drugs.3

Based on the significantly favourable effects on HF out-
comes, national and international cardiology societies
have recently updated recommendations for HF manage-
ment and have included these two gliflozins among the
therapies recommended for patients with HFrEF to reduce
cardiovascular death and HF hospitalization risk [class of
recommendation I, level of evidence A in European Society
of Cardiology (ESC) guidelines].4–6 According to ESC guide-
lines on HFrEF management, the use of dapagliflozin or
empagliflozin is recommended in combination with optimal
medical therapy (OMT) with angiotensin-converting en-
zyme inhibitors (ACE-I) or angiotensin receptor antagonists
(AR) or sacubitril þ valsartan (ARNI) and b blockers and
mineralocorticoid receptor antagonists.

Since delayed OMT initiation has been demonstrated to
be ‘associated with never initiating’,5 and time-to-
treatment is an establishedmodifiable risk factor of a worse
prognosis,7 implementation of this treatmentmust be prior-
itized in clinical practice. However, due to the recent mar-
ket approval of SGLT2 inhibitors for HFrEF management,
physicians may still be uncertain about their use in this

specific setting in daily practice. The aim of this statement
is to report practical indications for the use of SGLT2 inhibi-
tors (in this article, SGLT2 inhibitors specifically refer to
dapagliflozin and empagliflozin) in the growing therapeutic
armamentarium for patients with HF, with a focus on pre-
cautions to take into account to benefit themost from these
medications. A greater familiarity with SGLT2 inhibitors in
HFmanagement will allow broader and earlier use.

The use of SGLT2 inhibitors for heart failure
management

On the basis of significant clinical benefits shown in large
trials, international regulatory authorities have approved
dapagliflozin and empagliflozin use in adults (�18years)
for the treatment of symptomatic patients with chronic HF
with reduced left ventricular ejection fraction (�40%).8–11
For both drugs, pharmacokinetic drug interactions are lim-
ited, and the recommended dose is 10mg once daily re-
gardless of the presence of diabetes. Unlike other
medications for HFrEF, dapagliflozin and empagliflozin do
not need dosage titration. Clinical trials investigated these
drugs as add-on treatment to established OMT, and there-
fore, their use is recommended together with renin-
angiotensin-aldosterone system blockers (ACE-I or AR or
ARNI and aldosterone antagonists) and b blockers.1,2

However, post hoc analyses have shown a consistent clini-
cal benefit of dapagliflozin regardless of background HF
treatment.12 A significant reduction in adverse outcomes
was found even in patients treated with doses of renin–an-
giotensin blockers, b-blockers, and aldosterone antago-
nists <50% of guideline targets and in patients with and
without cardiac resynchronization therapy.12 Similar dapa-
gliflozin efficacy and safety were also observed between
patients treated and untreated with ARNI.13 Overall, cur-
rent evidence supports the combined use of triple neuro-
hormonal blockade therapy, including ARNI, and SGLT2
inhibitors as a default strategy.14 In view of the fact that in
the real-world dose-related side effects of HFrEF
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treatments often do not allow patients to reach guideline-
recommended target doses, in clinical practice the
achievement of target doses of OMT should not delay the
initiation of SGLT2 inhibitor treatment in HFrEF.15

A recently proposed sequencing treatment strategy that
maximizes the likelihood that disease-modifying therapies
will be implemented within 4weeks includes the first step
with simultaneous initiation of a b-blocker and an SGLT2 in-
hibitor (Figure 1, box with horizontal green strips).16

According to this strategy, ARNI may be added after
1–2weeks from the first step, and mineralocorticoid recep-
tor antagonists after a further 1–2weeks, subject to renal
function and serum potassium assessment.16 Following
the implementation of all drugs recommended for HFrEF
treatment, physicians are advised to gradually up-titrate
b-blockers and ACE-I/AR/ARNI and mineralocorticoid

receptor antagonists to the maximally tolerated dose as
recommended by guidelines.

Since the presence of unstable haemodynamics may in-
crease the risk of SGLT2 inhibitor adverse effects and since
the main Phase III trials recruited outpatients with chronic
HFrEF and data on the safety and efficacy in the acute
phase of cardiovascular diseases are limited,17 the initia-
tion of these agents is currently recommended in the out-
patient setting in patients with stable conditions. Overall,
all patients with HFrEF should be considered for SGLT2 in-
hibitor treatment, but patient comorbidity and the risk of
potential adverse effects must be evaluated before drug
prescription (Figure 1).

Heart failure and reduced ejection fractionmanagement
with SGLT2 inhibitor use should include educating patients
by informing them and their caregivers of the

Figure 1 A flowchart for the use of SGLT2 inhibitors in HFrEF. The box with horizontal stripes reports a stepwise strategy proposal for early implementa-
tion of HFrEF treatments as suggested by McMurray et al.16 The transition from one step to the next should occur within 1–2 weeks, subject to renal func-
tion, and serum potassium assessment. aReconsider SGLT2 inhibitor treatment after adequate volume repletion. DKA, diabetic ketoacidosis; eGFR,
estimated glomerular fraction rate; Hb, haemoglobin; HFrEF, heart failure with reduced ejection fraction; SGLT2-I, sodium-glucose cotransporter 2
inhibitors.
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bioparameters to monitor, potential adverse effects of
these drugs, and problem-solving/self-care advice
(Table 1).

Precautions before initiation and during
treatment

Renal function must be assessed before starting SGLT2 in-
hibitor therapy and monitored periodically thereafter. A
small dip in glomerular filtration rate (GFR) is common in
the first weeks after SGLT2 inhibitor initiation (reduction in
GFR of�3–5mL/min over the first weeks), but this effect is
transient and should not prompt drug withdrawal.18

Indeed, SGLT2 inhibitors have been demonstrated to lower
the risk of renal function decline in the mid/long term and
the risk of serious renal adverse events.2,19

The osmotic diuresis induced by SGLT2 inhibitors may
lead to a reduction in intravascular volume. Sodium-glu-
cose cotransporter 2 inhibitors are associated with a mild
reduction in systolic and diastolic blood pressure (4–6 and
1–2mmHg, respectively).20 This effect may be more pro-
nounced in the elderly, in patients with severe hypergly-
caemia, and in those treated with diuretics. The patient’s
volume status must be assessed before initiating SGLT2 in-
hibitor treatment, and hypovolaemia must be corrected. It
should be taken into account that volume depletion may
also cause electrolyte imbalance. In some cases, the reduc-
tion in loop diuretic and other antihypertensive agent dose
should be considered at the time of SGLT2 inhibitor initia-
tion or during treatment. Patients should be instructed to
monitor their blood pressure and body weight daily, espe-
cially during the first weeks of treatment. Patients should
also be educated to recognize orthostatic hypotension
symptoms.

Before initiation of SGLT2 inhibitors, the patient’s blood-
glucose levels must be evaluated. When SGLT2 inhibitors are
prescribed in patients with T2DM already on glucose-
lowering treatments, current glycaemic control and

potential risk factors for hypoglycaemia and diabetic ketoa-
cidosis must be carefully assessed. Further indications on
the management of diabetic patients treated with SGLT2
inhibitors are reported in the ‘Diabetes’ section.

Use in specific clinical settings

Renal impairment
Dapagliflozin and empagliflozin are approved for use in
patients with HF and reduced GFR. Indeed, in patients with
HF, clinical trials showed a consistent safety profile and
persistent significant clinical benefit in patients with renal
function impairment (estimated GFR < 60mL/min/
1.73m2),1,2 and no dose adjustment is necessary. However,
due to limited data, it is not recommended to start treat-
ment with dapagliflozin in patients with an eGFR <25mL/
min or to start treatment with empagliflozin in patients
with an eGFR <20mL/min.4 In clinical practice, pre-
initiation and periodic assessment of renal function are
recommended, especially in patients with chronic kidney
disease.

Elderly
No dose adjustment is needed in the elderly. However, an
increased risk of volume depletion and/or hypotension
should be considered, and more frequent renal function
and electrolyte level assessment is advisable.
Furthermore, the European Medicines Agency does not rec-
ommend empagliflozin use in patients aged �85years due
to insufficient data in this group of patients.8

Diabetes
Sodium-glucose cotransporter 2 inhibitor use is not recom-
mended for the treatment of patients with Type 1 diabe-
tes.5 Since the glucose-lowering mechanism of these drugs
is glycaemia dependent, the risk of hypoglycaemia is low in
patients with T2DM unless these agents are used concomi-
tantly with insulin or insulin secretagogue agents (e.g.

Table 1 Counselling for patients initiating/treated with SGLT2 inhibitors

• Educate patients on bioparameters to regularly monitor: blood pressure, body weight, blood glucose if gliflozin is used in associa-
tion with anti-diabetic drugs.

• Educate patients on appropriate personal hygiene: keeping the genital region clean and dry.

• Advise patients about the need to withhold gliflozin in case of prolonged fasting, 2–3 days before and on the day of the elective
surgery that requires fasting (sick-day rule).

• Advise patients about the need to avoid low carbohydrate diets and excessive alcohol consumption

• Inform patients about the symptoms of volume depletion: weakness, orthostatic hypotension, weight decrease >1 kg over 24 h
or >2 kg in 1week.

• Inform patients about symptoms and signs of uro-genital infections: pain or burning on urination; redness, swelling, or itching in
the genital area; nasty-smelling vaginal or penile secretion

• Inform patients about symptoms of diabetic ketoacidosis: excessive thirst, sweet-smelling breath, a change in urine or sweat
odour, nausea, vomiting, abdominal pain, confusion, weakness, and fever.
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sulfonylureas). Patients treated with metformin, dipep-
tidyl peptidase-4 inhibitors, and glitazones with glucose
levels above the glycaemic targets and with no history of
hypoglycaemia do not require dose adjustment. However,
the patient’s primary care physician must be informed of
the SGLT2 inhibitor initiation and should follow-up with
patients. Prompt reduction in the dose of sulfonylurea and
insulin at the time of SGLT2 inhibitor initiation is usually re-
quired. Due to the complexity of the dose management of
these latter glucose-lowering agents when used concomi-
tantly with SGLT2 inhibitors, close collaboration with dia-
betologists is advisable to appropriately manage and
monitor these patients. Though the risk of ketoacidosis is
greater in Type 1 diabetes, the risk of this adverse event is
also present in patients with T2DM. The section dedicated
to diabetic ketoacidosis reports further details regarding
the management of this complication.

Adverse effects

Although generally well tolerated, SGLT2 inhibitors may
have a number of adverse effects that must be recognized
and promptly managed in clinical practice. An increased
risk of lower limb amputation was observed among patients
treated with canagliflozin.21 This adverse event was
reported in the CANVAS but not CREDENCE22 study and was
not reported in other studies with empagliflozin or dapagli-
flozin.1,2 A recent real-world study found no differences in
the risk of amputation in patients treated with SGLT2 inhib-
itors compared to those treated with other anti-diabetic
drugs.23 Regular foot examination and referral to a vascular
surgeon in case of uncertainty about the presence and se-
verity of peripheral artery disease is advised.

Volume depletion and hypotension
Polyurea associated with SGLT2 inhibitors may lead to in-
travascular volume contraction and hypotension. The risk
of these adverse effects is higher in elderly patients and in
those treated with anti-hypertensive drugs or diuretics.
Patient must be informed about the need to maintain ade-
quate fluid intake. Of note, the magnitude of polyurea is
mainly glycaemia-dependent and optimal glucose control
may reduce polyurea. Blood pressure and body weight
should be closely monitored, particularly in the first weeks
after SGLT2 inhibitor initiation. Healthcare providers
should be notified in case of an excessive reduction in body
weight (>1 kg over 24h or 2 kg in 1week)20 or blood pres-
sure lowering associatedwith symptoms like dizziness.

Hypoglycaemia
The risk of hypoglycaemia during SGLT2 inhibitor treatment
is increased in diabetic patients with a history of hypogly-
caemia or tight glycaemic control or in those treated with
sulfonylureas or insulin. These patients should receive
SGLT2 is under specialized diabetic care. In these patients,
regular home blood glucose monitoring is recommended. A
decrease in the latter antidiabetic agent dose is often nec-
essary at the time of SGLT2 inhibitor initiation. Patients
should be counselled about hypoglycaemia symptoms and
how tomanage this adverse effect.

Genital tract infection
Genital mycotic infections are the most common adverse
effect reported in clinical trials, mostly vaginitis or balani-
tis. These infections are generally mild and occur during
early treatment. If treatment is needed, topical antifun-
gals are usually sufficient to resolve the infection, whereas
oral fluconazole may be required to treat more severe
cases. Proper counselling is paramount and should focus on
daily genital hygienic measures to avoid urinary glucose
remaining in contact with the skin or underwear. Some
cases of Fournier’s gangrene, a necrotizing fasciitis of the
perineum, have been reported in patients taking SGLT2
inhibitors. This is a rare but serious perineum infection that
may be life-threatening and require urgent antibiotic
treatment and surgical debridement.

Diabetic ketoacidosis
Patients with T2DM treated with SGLT2 inhibitors have an
increased risk of ketoacidosis, which is usually associated
with stressor events. Potential precipitating factors of
ketoacidosis include dehydration, hyperglycaemia, limited
food intake, alcohol abuse, and ketogenic dietary pattern.
Therefore, diabetic subjects with a very thin build should
be considered with caution. These conditions require blood
glucose and ketone level monitoring. Of note, diabetic
ketoacidosis can occur even if glucose levels are normal.20

Therefore, if symptoms, such as nausea, vomiting, abdomi-
nal pain, excessive thirst, difficulty breathing, confusion,
or unusual fatigue occur, patients should be assessed for
ketoacidosis by measuring gap-anions and blood ketone
levels, regardless of blood glucose level. Treatment with
SGLT2 inhibitors must be withheld immediately if diabetic
ketoacidosis is suspected or diagnosed. SGLT2 inhibitors
should also be discontinued in case of hospitalization due
to major surgery or acute serious medical illnesses, such as
severe infections (so-called sick-day rule).

Conclusions

Over recent years, the continuous expansion of evidence-
based treatments for HFrEF has made patient management
more complex. Sodium-glucose cotransporter 2 inhibitors
are the most recent additions to the therapeutic armamen-
tarium for HFrEF. Although SGLT2 inhibitors are a generally
well-tolerated drug class, the appropriate implementation
of their use in HF requires an awareness of the parameters
to be assessed before initiation and monitored during
treatment as well as of possible adverse effects. This prac-
tical guide is aimed at informing cardiologists about the
use of these novel drugs that have proven to be effective in
improving HFrEF outcomes so that more patients can bene-
fit from the early use of these drugs.
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M. ‘Time is prognosis’ in heart failure: time-to-treatment initiation
as a modifiable risk factor. ESC Heart Fail 2021;8:4444–4453.

8. Jardiance Summary of Product Characteristics 2021 Jardiance, INN-
Empagliflozin. europa.eu (21 February 2022).

9. JARDIANCEVR (Empagliflozin Tablets), Prescribing Information.2021
Label. fda.gov (21 February 2022).

10. Forxiga Summary of Product Characteristics Forxiga, INN-
Dapagliflozin. europa.eu (21 February 2022).

11. Forxiga Full Prescribing Information 2021 Label. fda.gov (21
February 2022).

12. Docherty KF, Jhund PS, Inzucchi SE, Køber L, Kosiborod MN, Martinez
FA, Ponikowski P, DeMets DL, Sabatine MS, Bengtsson O, Sjöstrand M,
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