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Aim: To describe the epidemiological, clinical and laboratory characteristics and clinical progress of
patients hospitalized with heart failure (HF) who started treatment with empagliflozin before discharge.
Methods: We performed a retrospective observational study of patients aged >18 years admitted to the
Internal Medicine Department of University Hospital Jaen, Jaen, Spain with acute HF between 1 May 2022
and 31 May 2023. Patients had to have a life expectancy of >1 year and have started treatment with
empagliflozin during admission. Results: We included 112 patients (mean age, 85.2 + 6.5 years; 67.9%
women; 35.7 and 31.3% in NYHA functional classes Il and IV; 73.2% with HF and preserved ejection
fraction). Before admission, 80.4% were taking loop diuretics, 70.6% renin—angiotensin-aldosterone
system inhibitors, 49.1% betablockers and 25% mineralocorticoid receptor antagonists. At admission,
94.6% were taking furosemide (15.2% at high doses, 36.6% at intermediate doses). The dose of
furosemide was reduced at initiation of empagliflozin. At the end of follow-up, 13.4% of patients
had died, 93.8% of the survivors continued treatment with empagliflozin and 26.8% had attended the
emergency department with signs and symptoms of HF. Conclusion: Introduction of empagliflozin before
discharge from hospital in patients admitted with HF made it possible to reduce the dose of diuretics
during admission. The frequency of complications was as expected, and treatment was largely maintained.
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Heart failure (HF) is a common condition whose frequency increases with age. The general prevalence of HF
stands at around 2% of the adult population (1], although in persons aged >75 years, this figure reaches 16% [2].
HF is associated with high morbidity and mortality (3], and while survival seems to have improved in recent years,
mortality continues to be very high [4]. Similarly, hospitalization for HF is the most common reason for admission
among elderly patients in developed countries [s].

Hospitalization with HF is a key moment in the progress of affected patients, since it is associated with poor
prognosis and an increased risk of repeated admission to hospital in the future. Therefore, early optimization of
treatment is essential if we are to reverse this situation [6].

Patients with HF and reduced left ventricular ejection fraction (HFrEF) are recommended to undergo quadruple
therapy with renin—angiotensin—aldosterone system (RAAS) inhibitors (preferably sacubitril-valsartan), betablock-
ers, mineralocorticoid receptor antagonists and sodium-glucose cotransporter-2 inhibitors (SGLT2i) (7). However,
patients with HF and preserved ejection fraction (HFpEF) are poorly represented in clinical trials; therefore, treat-
ment was limited to controlling cardiovascular risk factors and comorbid conditions. The publication of results
from clinical trials showing the benefits of SGLT2i in reducing the risk of cardiovascular death or hospitalization for
HF in patients with HFpEF [8,9] was followed by recommendations that include SGLT?2i as a first-line treatment
in this population [10,11].

........

10.57264/cer-2024-0027 © 2024 The Authors J. Comp. Eff. Res. (2024) e240027 elSSN 2042-6313



Research Article

Raya-Cruz, Gascon Jurado, Olalla de la Torre Peregrin, Montufar, Rodriguez Sanchez & Gémez Delgado

The clinical trials EMPULSE and EMPA-RESPONSE-AHF have shown the clinical benefits of empagliflozin
during hospitalization for HF [12,13]. Unfortunately, since real-world studies on SGLT2i are scarce, especially in
patients with acute HF [14), specific studies are required.

The primary objective of the study was to describe the epidemiological, clinical and laboratory characteristics
of patients hospitalized with HF in the Internal Medicine Department of University Hospital Jaen, Jaen, Spain
who had started therapy with empagliflozin 10 mg/d during admission. The effectiveness of empagliflozin was also
evaluated in terms of mortality, visits to the emergency department, adverse effects, persistence at 3 months and
tolerability. Furthermore, the progress of patients who received high doses of furosemide upon admission.

Methods

Study design & population

In this observational retrospective study, a review was performed of the clinical history of all patients hospitalized
with acute HF between 1 May 2022 and 31 May 2023 in the Internal Medicine Department of University Hospital
Jaen. The study population comprised persons aged >18 years hospitalized with acute HF (decompensated or de
novo) and who had been admitted with HF or had experienced a decompensation episode during admission to
hospital for another reason. Life expectancy had to be >1 year depending on the patient’s comorbid conditions,
and the patient had to have started therapy with empagliflozin at 10 mg/d during admission. Data were obtained
from the electronic records of the hospital’s Archive and Clinical Documentation Department based on the ICD-
9-CM and ICD-10-CM. The exclusion criteria were right heart failure, death during admission, discharge without
SGLT2i and previous therapy with SGLT2i. The study was performed according to Law 14/2007 of 3 July on
biomedical research, the principles of the Belmont report and the Declaration of Helsinki on biomedical research.
Data confidentiality and patient anonymity were guaranteed. The study was evaluated by the Research Ethics
Committee of the Province of Jaen. The Committee waived the requirement for patient informed consent owing
to the nature and characteristics of the study.

A series of variables were collected from the electronic clinical history. These included demographic data (age, sex)
and comorbid conditions such as smoking and alcohol consumption, cardiovascular risk factors, atrial fibrillation
and type of HF (de novo or decompensated). The Charlson comorbidity index was calculated. Obesity was defined
as a body mass index >30 kg/m? [15], excess alcohol consumption as >80/60 g/d (male/female) in the previous
year [15], cerebrovascular disease as a history of stroke or transitory ischemic attack, chronic kidney disease as a
glomerular filtration rate <60 ml/min/1.73 m? (3a, 45-59; 3b, 30—44; 4, 15-29 ml/min/1.73 m?), respiratory
disease as chronic obstructive pulmonary disease or asthma and peripheral artery disease as intermittent claudication,
peripheral vascular bypass, acute arterial ischemia or aortic aneurism (thoracic or abdominal) >6 cm in diameter.
HF was classified according to left ventricular ejection fraction as <40% (HFrEF), 41-49% (HF with a slightly
reduced ejection fraction) and >50% (HFpEF) [16].

Additional test findings included chest x-ray (cardiomegaly, pleural effusion, interstitial edema), echocardiogram
(left ventricular ejection fraction), blood biochemistry (NT-proBNE, Cal25, serum creatinine, glomerular filtration
and urine sodium at admission). As for pharmacologic treatment of HE the data recorded included dose of
furosemide at admission and at initiation of empagliflozin. Baseline treatment of HF (including RAAS inhibitors,
betablockers, mineralocorticoid receptor antagonists, digoxin and other diuretics) was also recorded.

Follow-up data recorded included the proportion of patients who attended the emergency department and
mortality at 3 months after discharge, adverse effects associated with empagliflozin and persistence over time, as
well as reason for discontinuation (where applicable). Changes in the dose of diuretics and oral antidiabetic drugs
were analyzed, and patients who had initiated empagliflozin at higher doses of diuretic than at admission were
compared with patients whose dose was lower than at admission. Patients who had received empagliflozin early
(within 2 days after admission) were also analyzed.

Statistical analysis

Qualitative variables are presented as number of cases and percentage; quantitative variables are presented as mean
(and median, where applicable) and standard deviation (SD). The chi-squared test with continuity correction was
to compare categorical variables and the #-test to compare 2 means. Logistic regression analysis was performed
to control for the effects of confounders with mortality and readmission to hospital as dependent variables and
those for which statistical significance was greater than p < 0.01 in the bivariate analysis as independent variables.
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Hospitalizations for

HF
May 2022 — May 2023
(n=195)
Excluded (n = 83)
— Initiation of iISGLT2 in primary care
(n =26)
— Readmissions (n = 22) ]
— Death during admission (n = 16)
— Discharge without iISGLT2 (n = 15)
— Other (n=4)
Included
(n=112)
Died (n=15)
End of follow-up at Figure 1. Patient flowchart.

3 months (n = 97) HF: Heart failure; SGLT2i: Sodium-glucose cotransporter 2
inhibitor.

Statistical significance was set at p < 0.05. The data were analyzed using IBM SPSS Statistics, Version 21.0 (IBM
Corp., NY, USA).

Results

A total of 195 patients were admitted with HF between 1 May 2022 and 31 May 2023. Of these, 83 patients were
excluded for various reasons. Therefore, the final study population comprised 112 patients (57.4%) who started
treatment with empagliflozin before discharge; of these, 97 completed follow-up (15 patients died) (Figure 1).
Since only two patients had started dapagliflozin at the end of the recruitment period, they were not included in
the final analysis to avoid inconsistencies in the results.

The baseline characteristics of the population are shown in Table 1. Mean age was 85.2 & 6.5 years, and 67.9%
of patients were women. Most patients were in NYHA functional class III (35.7%) or IV (31.3%), 73.2% had
HFpEE and most cases (85.7%) involved an exacerbation in patients previously diagnosed with HE As for the
presence of other comorbidities, 89.3% had arterial hypertension, 51.8% had atrial fibrillation, 40.1% chronic
kidney disease, 38.4% diabetes and 10.7% a history of myocardial infarction.

As for treatment of HF before admission, 80.4% were taking a loop diuretic, mainly furosemide, 70.6%
were taking a RAAS inhibitor, 49.1% were taking betablockers, and 25% were taking mineralocorticoid receptor
antagonists (Table 1).

Median time to starting empagliflozin during admission was 3 days (IQR, 0-269). At admission, 94.6% were
taking furosemide (15.2% at high doses [>60 mg/24 h]; 36.6% at intermediate doses [>40-<60 mg/24 h]). On
initiating empagliflozin, 12.5% were taking high doses of furosemide and 26.8% were taking intermediate doses.
The dose of furosemide was reduced in 12.4% of patients (Supplementary Table 1).

As for the events recorded, 26.8% of patients (n = 30) had attended the emergency department and 13.4%
(n = 15) had died 3 months after discharge. Patients who had started empagliflozin with diuretics at higher doses
than those prescribed at onset of the episode that led them to be hospitalized did not progress more poorly,
more frequently die, visit the emergency room more often, or experience worse adverse effects during follow-up
(Supplementary Table 2).

Of the patients who remained alive, 93.8% were still taking empagliflozin at 3 months of follow-up. The reasons
for withdrawal (n = 22; 19.6%) were death (15 patients [13.4%)]), discontinuation of therapy for unknown reasons
(4 [3.6%]), intolerance (1 [0.9%)]), urinary discomfort (1 [0.9%]) and palliative care (1 [0.9%]). Type of acute HE,
obesity, hypertension, Type 2 diabetes and edema were included as potential confounding factors in the logistic
regression analysis, although no statistically significant findings were recorded.

Discussion

This real-world study, which involved more than 100 patients admitted to a Spanish internal medicine department
with HE showed that it was feasible to initiate empagliflozin before discharge from hospital and that treatment was
maintained by a large number of participants during follow-up.
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Table 1. Baseline characteristics at admission (n = 112).
Biodemographic characteristics

Age (years), mean (£SD)

Female sex, n (%)

Charlson comorbidity index, mean (+SD)
Alcoholism, n (%)

HF data

NYHA functional class, n (%)
|
Il
]
\Y)
ND

Type of HF, n (%)
HFpEF
HFmrEF
HFrEF
NA

Type of admission, n (%)
Exacerbation
De novo

Physical examination, n (%)
Crackles, n (%)
Edema, n (%)

Chest x-ray, n (%)
Interstitial edema
Pleural effusion
Cardiomegaly

Echocardiogram, n (%)
During admission
Before admission

Biochemistry
NT-proBNP (at admission), pg/ml
Median
Ca125, U/ml
Median
Urine sodium (at admission) (n = 32), mEq/I|
Median

Cardiovascular risk factors
Hypertension, n (%)
Dyslipidemia, n (%)

Type 2 diabetes, n (%)
Obesity, n (%)

Vascular disease

Chronic kidney disease, n (%)

3a

3b

4

Creatinine (at admission), mg/d|
Median

Glomerular filtration rate (at admission), ml/min/1.73™?
Median

Previous myocardial infarction, n (%)
Cerebrovascular disease, n (%)
Peripheral artery disease, n (%)
Other comorbid conditions

Atrial fibrillation, n (%)

Respiratory diseases, n (%)

Chronic cognitive impairment, n (%)

Cancer, n (%)

852+ 6.5
76 (67.9)
6.5+ 1.8
4(3.6)

12 (10.7)
21(18.8)
40 (35.7)
35(31.3)
4 (3.6)

82(73.2)
18 (16.1)
8(7.1)
4 (3.6)

96 (85.7)
16 (14.3)

84 (75.0)
66 (58.9)

59 (52.7)
45 (40.2)
4 (3.6)

63 (56.3)
53 (47.3)

7.790.0 £ 8.438.9
4.536

55.6 & 55.1

341

66.3 +43.9

62.5

100 (89.3)
50 (44.6)
43 (38.4)
30 (26.8)

45 (40.1)
22 (19.6)
15(13.4)
8(7.1)
1.4+0.7
1.2

50.7 £20.8
48.5

12 (10.7)
9(8.0)
5 (4.5)

58 (51.8)
40 (35.7)
17 (15.2)
4(3.6)

ACEI: Angiotensin-converting enzyme inhibitor; ARA II: Angiotensin Il receptor antagonist; HF: Heart failure; HFpEF: Heart failure with preserved ejection fraction; HFmrEF:
Heart failure with mildly reduced ejection fraction; HFrEF: Heart failure with reduced ejection fraction; NA: Not available; NYHA: New York Heart Association.
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Table 1. Baseline characteristics at admission (n = 112) (cont.).
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Treatment before admission

Diuretics, n (%)
Furosemide (oral)

No furosemide 31(27.7)
20 mg 1(0.9)
40 mg 51 (45.5)
60 mg 5 (4.5)
80 mg 11(9.8)
120 mg 4(3.6)
Other loop diuretics 9(8.1)
Hydrochlorothiazide 28 (25.0)
Renin-angiotensin-aldosterone system inhibitors, n (%) 79 (70.6)
ACEI/ARA I 75 (67.0)
Sacubitril/valsartan 4(3.6)
Betablockers, n (%) 55 (49.1)
Mineralocorticoid receptor antagonists, n (%) 28 (25.0)
Digoxin, n (%) 2(1.8)

ACEI: Angiotensin-converting enzyme inhibitor; ARA II: Angiotensin Il receptor antagonist; HF: Heart failure; HFpEF: Heart failure with preserved ejection fraction; HFmrEF:

Heart failure with mildly reduced ejection fraction; HFrEF: Heart failure with reduced ejection fraction; NA: Not available; NYHA: New York Heart Association.

In the study sample, mean age was high (85 years), most patients were in NYHA functional class III or IV,
and up to 75% had HFpEE. Moreover, patients had numerous comorbid conditions. In the RICA registry, which
included patients aged >50 years admitted with HF to internal medicine departments in Spain between 2008
and 2019, the mean age was 80 years, up to a third of patients were in functional class III, more than 60% had
HFpEE and comorbidity was very common [17]. Various studies have indicated that in clinical practice, a high
number of patients with HF would be eligible for treatment with SGLT2i [18,191. In fact, in a recent study that
analyzed the eligibility of the four pharmacologic pillars for treatment of HFrEF at discharge from hospital, SGLT2i
were more frequently prescribed than RAAS inhibitors and mineralocorticoid receptor antagonists, with kidney
failure being the main factor limiting prescription of these agents, in contrast with SGLT2i [20). Furthermore,
major differences can be observed in the clinical profile and type of HF depending on the specialist treating the
patient (e.g., internal medicine vs cardiology). Older age, more comorbid conditions, and a higher frequency of
HFpEEF also play a role [21]. Additionally, there are relevant differences with clinical trials. For example, whereas
in the EMPA-RESPONSE-HF studies the presence of chronic kidney disease with estimated glomerular filtration
rate <30 ml/min was an exclusion criterion, and EMPULSE included up to 20 ml/min. In our cohort, 7.1%
of patients had a history of G4 chronic kidney disease. Moreover, at the time of admission, 19.6 and 4.5% of
patients had an estimated glomerular filtration rate <30 and <20 ml/min, respectively. Patients were older, with
more comorbidities and a higher Charlson index. Moreover, the present study showed that 73.2% had HFpEE,
whereas in the EMPULSE trial only 28.7% had HF with EF >40%, and in EMPA-RESPONSE-HF, the mean left
ventricular ejection fraction was 36 £ 17%, indicating that the phenotype of patients hospitalized in the internal
medicine department differs from that shown in clinical trials [12,13]. Consequently, the information provided in the
present study is relevant, since the sample is representative of patients with acute HF admitted to internal medicine
departments in Spain and treated early with an SGLT2i before discharge to ensure they obtain the maximum
benefit from treatment, as recommended in clinical practice guidelines (6,10,11].

The present study showed that before admission, 70.6% of patients were taking a RAAS inhibitor, 49.1% a
betablocker and 25.0% a mineralocorticoid receptor antagonist. A recent study performed in Spain and including
patients with HFpEF up to 2019 found that 79.8% were taking RAAS inhibitors (12% sacubitril-valsartan),
65.9% were taking betablockers, 27.7% mineralocorticoid receptor antagonists and only 5.1% SGLT2i [1]. A study
performed in France showed that 73.7% were taking RAAS inhibitors, 80.3% were taking betablockers, and 21.6%
mineralocorticoid receptor antagonists [22]. Despite having improved the percentage of patients taking treatment
recommended for HF compared with previous studies, there is still considerable room for improvement in the
form of a more favorable prognosis and reduced risk of readmission with HE, especially when treatment is started
early, including both before and after discharge, which is the most vulnerable period for affected patients [6,23-25].
Furthermore, the EMPULSE study found that the benefit of adding empagliflozin before discharge was independent
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of the underlying treatment the patient was taking for HF [26]. In any case, SGLT2i are underused in clinical practice,
and clinical findings indicate that these drugs should be prescribed more frequently [27,28].

The EMPULSE study [12] randomized patients during admission when they were hemodynamically stable (mean
time from admission to randomization, 3 days). In fact, before randomization, patients had to be treated with a
minimum single dose of 40 mg of iv. furosemide (or equivalent iv. loop diuretic, defined as 20 mg of torasemide or
1 mg of bumetanide). The EMPA-RESPONSE-AHEF trial [13] was a randomized, placebo-controlled, double-blind,
parallel group, multicenter pilot study, in which 80 acute HF patients with and without diabetes were randomized
to receive either empagliflozin 10 mg/d or placebo for 30 days. Of note, patients had to be treated with loop
diuretics at screening. In the present study, prior to admission, 25% of patients were taking thiazide diuretics and
25% mineralocorticoid receptor antagonists that were maintained during admission. At initiation of empagliflozin,
17.9% were taking high-dose furosemide (>60 mg), 2.7% were taking hydrochlorothiazide, and 5.4% did not
receive any diuretic treatment because the drug was started the day before hospital discharge. The median time until
initiation of empagliflozin was 3 days, although patients who started earlier did not experience more complications
during follow-up. Similarly, the results of the present study revealed no differences in clinical profile, indicating that
empagliflozin could be used when the patient’s condition stabilizes during admission. As for the dose of furosemide,
while not recommended by guidelines [6,10,11], this study revealed that starting empagliflozin with higher doses of
furosemide than at admission did not imply a poorer prognosis, possibly because empagliflozin leads to osmotic
diuresis that does not interfere with other treatments or involves more clinical risks than usual in a patient admitted
with HF [25,26].

With respect to events at 3 months after discharge, 26.8% of patients had attended the emergency department
(at 6 months) and 13.4% had died. In the EMPULSE trial, cardiovascular death or worsening of HF occurred
in 34 (12.8%) patients in the empagliflozin group and in 49 (18.5%) in the placebo group (HR: 0.69; 95%
CI: 0.45-1.08). In the EMPA-RESPONSE-HF trial, death, re-hospitalization for HE, or worsening HF during
hospitalization was reported in four patients (10%) in the empagliflozin group and in 13 patients (33%) in the
placebo group (p = 0.014). The findings of the present study can be explained by the profile of patients with
acute HF admitted to internal medicine, namely, older age with more comorbidities, a higher Barthel index and
more complex management requirements than those recruited in the pivotal clinical trials, thus highlighting the
importance of the results reported here.

Finally, most patients continued treatment with empagliflozin during the 3-month follow-up. The frequency
of adverse events was similar to that described in clinical trials (8,28,29]. These results could prove even more
relevant if we consider the older age, comorbid conditions and frailty that characterize the study patients, since
suspending treatment that has proven clinically beneficial is associated with a poorer prognosis and greater risk of
complications [30,31].

The present study is subject to a series of limitations. Given its retrospective design, the only data collected
were those already included in the patients’ electronic clinical history, thus favoring the loss of some variables
of clinical interest. However, it is very unlikely that visits to the emergency department, death and changes in
treatments, including withdrawal, were not detected, since the health system in Andalusia, Spain is completely
computerized and information is readily available, including changes in treatment (drug withdrawal and/or dose
modification), which are detected quickly and in real time. Furthermore, the absence of a comparison group limits
the generalization of the results obtained. Finally, it would be necessary to replicate these results in other populations
with similar characteristics in multicenter studies.

Conclusion

Despite this study has relevant limitations (i.e., small sample size and lack of comparative group), our data suggest
that in clinical practice it may be feasible to introduce empagliflozin before discharge in patients admitted to
internal medicine with HE The frequency of complications was as expected owing to the highly complex nature of
the patients, and treatment was largely maintained during follow-up.

Supplementary data
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Summary points

e While the clinical trials EMPULSE and EMPA-RESPONSE-AHF showed that initiation of empagliflozin during acute
heart failure (HF) hospitalization was effective and safe, real-world data remain scarce.

e This study analyzed the epidemiological, clinical and laboratory characteristics and clinical progress of patients
admitted for acute HF who started treatment with empagliflozin before discharge.

e This retrospective and observational study analyzed 112 adult patients admitted for HF to an Internal Medicine
Department at a University hospital in Spain.

e Mean age was 85.2 + 6.5 years, 67.9% of patients were women and 73.2% had heart failure with preserved
ejection fraction (HFpEF).

e Before admission, 80.4% were taking loop diuretics, 70.6% renin-angiotensin-aldosterone system inhibitors,
49.1% betablockers and 25% mineralocorticoid receptor antagonists.

e Median time to starting empagliflozin during admission was 3 days. The dose of furosemide was reduced in
12.4% of patients during hospitalization.

e At 3 months after discharge, 13.4% of patients died and 26.8% attended the emergency department due to HF.

e Of the patients who remained alive, 93.8% were taking empagliflozin at 3 months of follow-up.

e In summary, the initiation of empagliflozin before discharge from hospital in patients admitted with HF was
possible and safe in clinical practice.
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