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Heart failure and preserved ejection fraction (EF) is a common disease with a poor
prognosis and increasing prevalence in the community. The current treatment para-
digm includes symptomatic therapy, such as diuretics, risk factor control, and treat-
ment of comorbidities. According to the most recent European guidelines, there is
no effective therapy in patients with heart failure and left ventricular EF >50%, while
the pharmacological compounds normally used in heart failure with reduced EF could
also be implemented in patients with EF slightly reduced (between 40 and 50%), with a
recommendation class IIB. The recently published Empagliflozin Outcome Trial in
Patients with Chronic Heart Failure with Preserved Ejection Fraction (EMPEROR-
Preserved) study challenged current guidelines, showing for the first time in patients
with heart failure and EF >40% better outcomes with the sodium-glucose cotransporter
2 (SGLT2) inhibitor empagliflozin than with placebo. This result was consistent in pa-
tients with and without diabetes, as well as in those with EF below and above 50%.
The purpose of the review is to describe the rationale for this important finding and
the main results of the EMPEROR-Preserved study and to provide some suggestions
for the daily clinical management of SGLT2 inhibitors.

Introduction

Until 2021, the medical treatment of patients with heart
failure and preserved ejection fraction (HFpEF) was
mainly limited to diuretics to improve symptoms of heart
failure, while no therapy had ever shown a benefit in
terms of mortality or morbidity in these patients." The
main causes of this failure include different and hetero-
geneous pathophysiological mechanisms underlying the
diagnosis of HFpEF. According to the 2021 European
guidelines, beta-blockers, mineralocorticoid receptor
antagonists (MRAs), renin-angiotensin-aldosterone sys-
tem inhibitors (RAASi) and neprilysin and angiotensin re-
ceptor inhibitor they could be implemented in patients
with mildly reduced EF (i.e. between 41% and 49%,
HFmrEF), but with a class of recommendation IIb."

*Corresponding author. Email: msenni@asst-pg23.it

Indeed, the PARAGON-HF study recently showed a trend
towards better clinical outcome in chronic renal failure
patients treated with sacubitril/valsartan than valsartan
itself, especially in the lower end of the EF spectrum, in
women, in patients recently hospitalized for heart fail-
ure and in those with high sensitivity troponin values at
baseline. However, while the Food and Drug
Administration (FDA) has approved the use of sacubi-
tril/valsartan in patients with ‘subnormal’ EF, the
European Medicines Agency (EMA) has not made a deci-
sion. To satisfy the greatest unmet need in cardiology,
in recent years the study ‘Empagliflozin Outcome Trial
in Patients with Chronic Heart Failure with Preserved
Ejection Fraction’ (EMPEROR-Preserved) was conducted
to test the hypothesis of a beneficial effect of an inhibi-
tor of the sodium-glucose cotransporter 2 (SGLT2i) in pa-
tients with HFpEF2. This study was recently published
and has shown that, today, we have an effective therapy
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in HFpEF, namely SGLT2i empagliflozin. This drug has
been shown to reduce the combined hospitalization end-
point for heart failure (HF) and cardiovascular death
(CVD) in patients with HFpEF, compared to placebo.
Importantly, the conclusions of this study apply to both
HFpEF and HFmrEF, as enrolled patients could have
both EF greater than 50% and between 40% and 50%,
and in both patients with and without diabetes mellitus.?

The purpose of the review is to provide insights into
the rationale and practical use of SGLT2i as a successful
therapy in patients with HFpEF, considering as HFpEF all
patients with EF > 40%, according to the enrollment cri-
teria of contemporary HFpEF studies.

Rationale behind the use of SGLT2i in HFpEF

Mechanism of action of the SGLT2i (Figure 1)
SGLT?2 proteins are mainly expressed in the proximal con-
voluted tubule of the kidneys and are responsible for the
reabsorption of approximately 90% of the filtered glu-
cose, along with sodium, making it the ideal target for
lowering blood glucose by exploiting glucosuria in dia-
betes. Therefore, a new class of drugs has been devel-
oped to inhibit SGLT2, including dapagliflozin,
empagliflozin, canagliflozin, while another compound,
sotagliflozin, inhibits both renal SGLT2 and intestinal
SGLT1. Inhibition of SGLT2 results in a lowering of the

threshold for glycosuria from the usual value of 180-
40 mg/dL of blood glucose levels. Importantly, people
with genetically non-functional SGLT2 and severe gluco-
suria are generally healthy, with a low risk of hypotension
and hypoglycemia, supporting the safety of SGLT2 inhib-
ition even in non-diabetic patients. In addition to redu-
cing glycated hemoglobin levels in patients with type 2
diabetes, SGLT2i has a significant effect on natriuresis
and osmotic diuresis. However, unlike diuretics, they
do not reduce intravascular volume, but instead reduce
interstitial volume. Therefore, SGLT2i are associated
with reductions in blood pressure around 3-5 mmHg,
without increasing heart rate. Furthermore, other me-
chanisms, such as the reduction of arterial stiffness,
may also be involved to explain this finding.
Importantly, the urinary excretion of glucose caused by
SGLT2i leads to a loss of calories and most studies have
consistently shown a consequent weight loss of 2-3 kg.
Therefore, SGLT2i have favorable effects on diabetes,
hypertension and overweight/obesity, which in turn
have a significant impact on left ventricular diastolic
function. It has also been suggested that SGLT2i may im-
prove cardiac metabolism and bioenergetics, shifting
them towards ketone body oxidation, which has been
shown to be associated with myocardial benefits.
Furthermore, SGLT2i appear to play a role in ion ex-
change, as inhibition of the downstream Na+ /H + myo-
cardial cotransporter has been shown to lead to lower
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uricosuria,, inflammation and fibrosis, {, atherosclerosis
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Natriuresis: |, arterial pressure, renal protection, improved
renal haemodynamics, {, activation of RAAS and sympathetic
system, |, myocardial stress and remodeling, |, arrhythmias

SGLT2i

M glucagon and catabolic status: 1 lipolysis and
hyperketonemia, 1 cardiac efficiency, |, oxidative stress and
arrhythmic risk, 1 mitochondrial biogenesis
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Figure 1 Mechanisms of action of SGLT2i and beneficial effects on the cardiovascular system.
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levels of sodium and therefore to lower levels of calcium
in cardiomyocytes, which improves contractility and
their mitochondrial function.

Data on SGLT2i and diastolic dysfunction
Dapagliflozin improved left ventricular diastolic dysfunc-
tion in patients with diabetes.? In a small study of patients
with type 2 diabetes and established cardiovascular dis-
ease, Verma et al. reported a significant reduction in
left ventricular mass and an improvement in diastolic
function 3 months after starting SGLT2i therapy.*

Data on cardiovascular outcome trials in
diabetic patients

All of the above mechanisms of action provided the ra-
tionale for testing the cardiovascular benefits of SGLT2i,
primarily in diabetic patients. In fact, the effect of this
class of drugs has been successfully verified in several
primary prevention studies in diabetics (EMPA-REG
OUTCOME, CANVAS, CREDENCE and DECLARE-TIMI 58),>8
showing a reduced incidence of HF, cardiac events and
the preservation of renal function in patients who re-
ceived SGLT2i.”"° Importantly, despite these data that
SGLT2i reduce the risk of HF in patients with type 2 dia-
betes, in these previous studies, most patients did not
have HF at enrollment. Post-hoc characterization of the
HF phenotype at the time of randomization or the onset
of a post-randomization event suggested that not only pa-
tients with depressed EF but also patients with HFpEF may
have benefited from treatment,'""'? but these analyzes
were based on a small number of events and substantial
data were missing. Therefore, more data was needed in
patients with prevalent HF.

The SOLOIST-WHF trial

The SOLOIST-WHF study was conducted in diabetic
patients with acute HF. A total of 1222 patients were ran-
domized to sotagliflozin vs. placebo and followed for a
median of 9.0 months. The primary endpoint was the total
number of CVDs and HFs and urgent HF visits (considering
both first and subsequent events). There were 600 events,
including 245 in the sotagliflozin group and 355 in the
placebo group. Therefore, the event rate per 100 patient-
years was lower in the sotagliflozin group than in the
placebo group (51.0 vs. 76.3; hazard ratio 0.67; 95% con-
fidence interval, 0.52-0.85; P<0.001). Among the side ef-
fects, diarrhea was more common with sotagliflozin than
placebo (6.1% vs. 3.4%), as was severe hypoglycemia
(1.5% vs. 0.3%). Sotagliflozin was associated with a signifi-
cant reduction in visits for cardiovascular reasons, HF and
urgent visits for HF also in a subset of patients with
HFpEF."® However, the number of events was too small
to allow a reliable estimate of the treatment effect.

The EMPEROR-Preserved trial

EMPEROR-Preserved was a double-blind study that com-
pared SGLT2i empagliflozin vs. placebo in patients with

HFpEF, which was defined as EF >40%. 5988 patients
with NYHA class II-IV HF were randomly assigned to re-
ceive empagliflozin (10 mg once daily) or placebo, in
addition to their usual therapy.? The study was designed
and developed to address three endpoints: CVD or HF; to-
tal HF (first episode and any recurring ones); and preser-
vation of renal function, measured as changes in the
slope of the estimated glomerular filtration rate
(eGFR). In a median of 26.2 months, a primary outcome
event occurred in 415 of 2997 patients (13.8%) in the em-
pagliflozin group and in 511 of 2991 patients (17.1%) in
the placebo group (hazard ratio 0.79; 95% confidence
interval, 0.69-0.90; P<0.001). This effect was shown
to be mainly related to a lower risk of HF in the empagli-
flozin group, with a relative risk reduction of 28%. The ef-
fects of empagliflozin appeared consistent in patients
with or without diabetes mellitus.

The eGFR slope was significantly preserved, with a
mean change of 1.36 mL/min/1.73 m? per year.

Overall, the study achieved all three primary goals.
However, although there was a 9% advantage in CVD re-
duction, it did not reach statistical significance.
Regarding the subgroup analyzes, for the primary end-
point, there was no heterogeneity based on gender or
considering EF greater than or less than 50%. Dividing
the enrolled patients into three groups according to
whether the EF was 40% —50%, 50% —60% and >60%, the
P-value of the interaction was 0.21 and the hazard ratio
<1 for the three groups. Finally, empagliflozin treatment
was generally safe. Simple genital and urinary tract in-
fections and hypotension have been reported more fre-
quently with empagliflozin.

Subsequent sub-analysis of the trial shows that empa-
gliflozin exerts a similar clinical effect and has a similar
safety profile regardless of the age of the patients' and
the presence of diabetes mellitus.' Furthermore, the
use of MRA does not affect the efficacy of empagliflozin,
which has also been shown to be able to reduce hyperka-
laemia, regardless of the intake of MRA.'® Empagliflozin
improved quality of life and its clinical effects were inde-
pendent of baseline status."” Very important is the find-
ing that statistical significance for the separation
between the empagliflozin arm and the placebo arm oc-
curred by day 18 for the primary endpoint (HR at 18 days
0.41, 95% C10.17-0, 99) and the statistical significance of
this benefit has been maintained thereafter.'® The same
can be said for the improvement of the quality of life."”
Finally, the analysis of numerous endpoints of in-hospital
HF (need for intensive therapy or vasopressors/ino-
tropes) and out-of-hospital (need to intensify diuretic
therapy, changes in the NYHA class) showed a positive
and early effect of empagliflozin vs. placebo.’

EMPEROR-pooled

The EMPEROR-pooled?® represents a combined analysis
of the two randomized trials EMPEROR-Reduced and
EMPEROR-Preserved.? A total of 9718 patients were in-
cluded in this analysis. Evaluation showed that empagli-
flozin reduced the risk of HF to a similar extent
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(approximately 30%) in EMPEROR-Preserved and
EMPEROR-Reduced. The magnitude of the effect on HF
was similar over a wide range of EF less than 65%, with
attenuation of the drug effect for higher EF values (65%
or greater). The analysis also found that empagliflozin
reduced the risk of major renal outcomes in
EMPEROR-Reduced, but not in EMPEROR-Preserved.
However, in EMPEROR-Preserved, by redefining renal
outcomes with more stringent criteria, pre-treatment
EF influenced the effect of empagliflozin on renal out-
comes in a similar way to the drug’s effect on HF.

The results of all the mentioned studies are summar-
ized in Table 1.

Practical tips for using SGLT2i

SGLT2i are safe drugs, well tolerated, do not cause hypo-
tension or electrolyte imbalance, and have a diuretic and
natriuretic effect, targeting the proximal convoluted tu-
bule and working in synergy with loop diuretics. After an
initial drop in eGFR, they are protective over kidney
function. They do not cause hypoglycemia, even in non-
diabetic patients, and do not require a progressive dose
increase. These important characteristics explain why
they have been named the ‘smartest diuretics’.
However, some caveats in their use are mandatory:

(1) Glomerular filtrate:

Immediately after initiation of SGLT2i therapy, a transi-
ent minimal drop in eGFR of approximately 5 mL/min/
1.73 m? occurred in the EMNPEROR-Reduced study popu-
lation. Interestingly, a meta-analysis from the
EMPA-REG OUTCOME, CANVAS, DECLARE TIMI 58, and
CREDENCE studies compared SGLT2i and DPP4i and
showed no eGFR decline in the higher eGFR population
strata, also confirming the immediate eGFR reduction
after SGLT2i initiation only in lower eGFR strata
(<45 mL/min/1.73 m?).° However, this event is not ac-
companied by severe acute kidney injury, renal adverse
events or hospitalization. Conversely, the risk of hospi-
talization for severe acute kidney injury was even re-
duced. Finally, the medium-term results (at 30 and 90
days) and the long-term results were clearly favorable
to therapy with SGLT2. The EMPEROR-Reduced and
EMPEROR-Preserved studies enrolled patients with
eGFR as low as 20 mL/min/1.73 m?, with no serious ad-
verse events reported in the lower end of the eGFR
spectrum. In addition, in the Dapagliflozin and
Prevention of Adverse Outcomes in Chronic Kidney
Disease (DAPA-CKD) study, patients with chronic kidney
disease, with and without type 2 diabetes (eGFR
>25 ml/min/1.73 m?) were enrolled. Of note, dapagli-
flozin reduced the risk of renal failure and cardiovascu-
lar death/hospitalization for HF and prolonged survival
in patients with chronic renal failure with or without
type 2 diabetes, regardless of history of HF
Considering all these data, it seems reasonable to allow
patients with eGFR as low as 20-25 ml/min/1.73 m? to
safely receive these drugs.

(2) Euglycemic ketoacidosis:

The increase in glucosuria after taking SGLT2i re-
duces blood sugar and insulin production, with a re-
duced insulin/glucagon ratio and mild ketogenesis.
In the case of severely reduced insulin production
or prolonged fasting, this mechanism may be suffi-
cient to cause diabetic ketoacidosis. Euglycemic dia-
betic ketoacidosis is characterized by metabolic
acidosis and anion gap ketonuria but without the
characteristic sign of hyperglycemia, which is artifi-
cially kept low by the glucosuria in progress. The
treatment of diabetic euglycemic ketoacidosis is re-
presented by IV infusion of insulin and maintenance
of normal blood sugar with glucose infusion, up to
the normalization of blood gas analysis and ketonur-
ia. Thisrare and potentially life-threatening adverse
event is an absolute contraindication to the reintro-
duction of SGLT2i.

(3) Uncomplicated genital infections:

SGLT2i increases the risk of genital infection (mainly
Candida fungal infection), which is already high in dia-
betic patients, compared to placebo. Infection is pre-
ventable with better hygiene and responds well to
regular antifungal therapy. Discontinuing the drug
after an uncomplicated fungal genital infection does
not lead to a better prognosis.

(4) Complicated genital infections (Fournier’s gangrene):

An increased incidence of this rare and life-
threatening perineal bacterial fasciitis was demon-
strated in 55 patients receiving SGLT2i from 2013 to
2019. Risk factors are poorly controlled diabetes,
obesity, male gender, immunosuppression, poor hy-
giene, substance abuse. Case reports suggest an in-
creased risk with SGLT2i, but they are too few to
generate a specific indication or contraindication. A
high index of suspicion is recommended if a patient re-
ceiving SGLT2i develops genital pain or edema (rare in
uncomplicated fungal infections) or unexplained
fever.

(5) Acute ischemia of the lower limbs:

A twice as high risk of below-knee amputation with ca-
nagliflozin was observed in the CANVAS study and in a
meta-analysis including patients primarily receiving
canagliflozin.® These results were not observed in
trials with other SGLT2i, despite sufficient events, so
the effect of canagliflozin is not generalizable to other
SGLT2i.

Conclusions

Since the recognition of HFpEF, its therapy has been
called the greatest unmet need in cardiology. From this
perspective, the recent FDA approval of the use of sacu-
bitril/valsartan in a subset of HFpEF patients, those with
‘below normal’ EF, could be seen as a great achievement,
a first recognition that a subgroup of patients with HFpEF
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could have effective therapy. However, the real revolu-
tion in this field is now represented by the results of
the EMPEROR-Preserved study. It would seem that
HFpEF finally has a successful therapy, namely SGLT2i
empagliflozin. Importantly, according to a comparison
of the effect pattern of sacubitril/valsartan and empa-
gliflozin in the PARAGON-HF and EMPEROR-Preserved
studies, the magnitude of risk reduction of HF endpoints
appears to be greater with SGLT2i than with sacubitril/
valsartan for most patients with HFpEF. Furthermore,
the cardiovascular beneficial effect of empagliflozin, re-
presented mainly by the reduction of HF, its safety pro-
file, together with the ease of use of the drug, will
probably facilitate its implementation in clinical prac-
tice. The publication of the results of a second phase 3
study in HFpEF and HFmrEF, the DELIVER study
(NCT03619213) with dapagliflozin, a natural extension
of DAPA-HF, is awaited with great excitement; a recent
press release from the Company announced that dapagli-
flozin significantly reduced the combined CVD +HF end-
point in a population very similar to that of
EMPEROR-Preserved  (https://www.tctmd.com/news/
deliver-trial-scores-win-dapagliflozin-hfpef).

Conflict of interest: None declared.
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