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Eligibility for the 4 Pharmacological Pillars
In Heart Failure With Reduced Ejection
Fraction at Discharge
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BACKGROUND: Guidelines recommend using multiple drugs in patients with heart failure (HF) with reduced ejection fraction,
but there is a paucity of real-world data on the simultaneous initiation of the 4 pharmacological pillars at discharge after a
decompensation event.

METHODS AND RESULTS: A retrospective data mart, including patients diagnosed with HF, was implemented. Consecutively
admitted patients with HF with reduced ejection fraction were selected through an automated approach and categorized
according to the number/type of treatments prescribed at discharge. The prevalence of contraindications and cautions for
HF with reduced ejection fraction treatments was systematically assessed. Logistic regression models were fitted to assess
predictors of the number of treatments (>2 versus <2 drugs) prescribed and the risk of rehospitalization.

A population of 305 patients with a first episode of HF hospitalization and a diagnosis of HF with reduced ejection fraction
(ejection fraction, <40%) was selected. At discharge, 49.2% received 2 current recommended drugs, f-blockers were pre-
scribed in 93.4%, while a renin-angiotensin system inhibitor or an angiotensin receptor—neprilysin inhibitor was prescribed in
68.2%. A mineralocorticoid receptor antagonist was prescribed in 32.5%, although none of the patients showed contraindica-
tions to mineralocorticoid receptor antagonist prescription. A sodium-glucose cotransporter 2 inhibitor could be prescribed
in 71.1% of patients. On the basis of current recommendations, 46.2% could receive the 4 foundational drugs at discharge.
Renal dysfunction was associated with <2 foundational drugs prescribed. After adjusting for age and renal function, use of >2
drugs was associated with lower risk of rehospitalization during the 30days after discharge.

CONCLUSIONS: A quadruple therapy could be directly implementable at discharge, potentially providing prognostic advantages.
Renal dysfunction was the main prevalent condition limiting this approach.
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n the basis of several landmark randomized clin-  with an angiotensin-converting enzyme inhibitor (ACEI)
ical trials, current guidelines recommend that or an angiotensin receptor blocker (ARB) or an angio-
patients with heart failure with reduced ejection tensin receptor-neprilysin inhibitor (ARNI), a B-blocker,
fraction (HFrEF) should receive a quadruple therapy  a mineralocorticoid receptor antagonist (MRA), and a
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CLINICAL PERSPECTIVE

What Is New?

e Discharge from an acute decompensation
event offers a safe and valuable opportunity for
the simultaneous initiation of the 4 foundational
treatments in heart failure with reduced ejection
fraction.

What Are the Clinical Implications?

e Simultaneous initiation of 4 treatments may have
an impact on reducing rehospitalization within
the vulnerable phase after discharge, prompting
ad-hoc pragmatic trials testing this strategy.

e Data-driven methods can support the imple-
mentation of evidence-based recommenda-
tions in heart failure.

Nonstandard Abbreviations and Acronyms

ARNi angiotensin receptor-neprilysin inhibitor

ESC European Society of Cardiology

HFrEF heart failure with reduced ejection
fraction

MRA mineralocorticoid receptor antagonist

SGLT2i sodium-glucose cotransporter 2

inhibitor

sodium-glucose cotransporter 2 inhibitor (SGLT2i).! A
conventional approach has been sequencing the initi-
ation of drugs following the historical order of their de-
velopment, adding one medication to the other once up
titration to target dose for each therapy is completed. This
approach is time requiring and may delay or even hamper
the achievement of a comprehensive combination with all
the disease-modifying therapies available in HFrEF.

There is emerging consensus that rapid sequenc-
ing or simultaneous initiation of the 4 pharmacological
pillars confers higher protection to patients.?=® Indeed,
these drugs show independent and additive benefits
and may mutually improve tolerance of each other.?
Nonetheless, implementation of guidelines’ recom-
mendations is limited by common underuse and un-
derdosing of effective therapies, a phenomenon known
as “clinical inertia,” because of concern that starting
4 treatments simultaneously may expose patients to
higher risk of adverse effects.®

More important, randomized clinical trials and sub-
sequent real-world observational studies mainly fo-
cused on the stable outpatient setting, whereas there
is paucity of data on initiating the 4 pharmacological
pillars of HFrEF during hospitalization or at discharge.”
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Management of HFrEF Drugs at Discharge

Studies show that the 30days after an episode of
worsening heart failure (HF) represent a highly vulnera-
ble phase.® Because the “4 pillars” showed meaningful
benefits within almost 4 weeks after initiation, providing
patients with an early and comprehensive protection is
key to improve clinical outcomes.

In our retrospective observational study, we perform
a cross-sectional assessment of patients with HFrEF at
the moment of discharge after an episode of HF hos-
pitalization, to evaluate, as proportions, the prevalence
of contraindications and cautions to the use of current
recommended therapies, based on the definitions
provided by the 2021 European Society of Cardiology
(ESC) Guidelines on HF.! In addition, we assess the as-
sociation between contraindications/cautions and the
number of drugs prescribed, as well as the association
between number of treatments received and the risk of
rehospitalization within 30 days.

METHODS

Data will be available on request.

Real-World Evidence Automated Data
Extraction Framework: Gemelli Heart
Failure Data Mart

Given the intrinsic complexity of HF as a chronic dis-
ease (functional impact, risk factors, lifestyle implica-
tions, concurrent comorbidities, and concomitant
therapies), Policlinico A. Gemelli has designed and im-
plemented a high-performance technology infrastruc-
ture, the “Gemelli Heart Failure Data Mart,” to collect
clinical, laboratory, imaging, and on-site contact data
of patients with HF treated at Policlinico A. Gemell,
starting from 2019.

The method of the Gemelli Heart Failure Data Mart
has been previously described.? It is an evidence-
focused project to develop and maintain this big data
repository with a retrospective design, as a result of a
collaborative effort among the clinical staff and Gemelli
Data Science and Artificial Intelligence Laboratory
Generator Real-World Data.'® Similarly, our institutional
facility has realized other disease-specific data marts,
as previously published elsewhere.!

The Gemelli Heart Failure Data Mart accommo-
dates heterogeneous data carefully transformed in a
standardized format following systematic validation
processes. Clinical, laboratory, and imaging notes,
in the format of unstructured text, are extracted into
structured variables with the application of natural
language processing and text mining algorithms, to
integrate heterogeneous sources of medical data ex-
tracted from a real-world setup. Clinicians and data
scientists collaborated closely for the manual annota-
tion/validation of these data, such as clinical conditions
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(contraindications or adverse conditions) and comor-
bidities, to fulfill high data quality standards, carefully
defined per study and type of concept (Data S1).

Setting and Cohort Selection

We performed a retrospective observational study on a
cohort of consecutive patients with HFrEF discharged
from a tertiary referral center university hospital. To
focus on a contemporary cohort, based on electronic
health records, we identified patients hospitalized with
a primary diagnosis of HF (International Classification
of Diseases, Ninth Revision [[CD-9] code 428.) be-
tween January 2019 and December 2021.

When multiple records were present, we selected
first registration with HF as a primary diagnosis, as-
sessing the therapeutic approach adopted during the
first event.

We excluded patients who died during hospitaliza-
tion. Cohort selection and subsequent analysis were
approved by a local ethics committee.

Variables

We defined contraindications and cautions to ACEi/
ARB/ARNI, B-blockers, MRA, and SGLT2i based on the
descriptions provided by the 2021 European Society of
Cardiology Guidelines on HF' (Table S1).

Overall, 28 variables, including administrative and
clinical structured data, were selected from Gemelli
Heart Failure Data Mart. Integrated data sources in-
cluded echocardiogram reports, clinical history, and
clinical diaries (day hospital and inpatient visits), clinical
notes during outpatient visits, observations, laboratory
examinations, emergency visit reports, and discharge
letters. We extracted clinical characteristics from notes
and discharge letters applying text-mining algorithms
and further combining the results to secondary /ICD-
9 diagnosis codes registered during hospitalization.
Diseases and comorbidities were assigned accord-
ing to the latest guidelines and further confirmed and
validated following the Joint Commission International
standards, because our center is an accredited in-
stitution. Similarly, medications, as well as contra-
indications and cautions to their use, were analyzed
applying text-mining algorithms to discharge letters.
The Gemelli Heart Failure Data Mart is compliant to
the CODE-electronic healthcare record framework,'?
and an overview of data extraction, as well as of data
quality assurance, is provided with Figure S1 and
Data S1, respectively. Briefly, to ensure data accuracy,
2 clinicians (D.R. and A.R.) manually validated data
extracted from text for the entire patient cohort. All
conditions were actively searched throughout clinical
diaries and reports. When multiple values for clinical
measures were present, we selected the last available
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value up to discharge, to reflect patient status when
treatments were prescribed. Table S2 provides a de-
tailed description of the variables selected and used
in the study.

More important, in the outcome analysis, we con-
sider hypotension and significant renal dysfunction as
defined for ACEI/ARB/ARNI prescription.

Statistical Analysis

Patients who met the study selection criteria were di-
vided into 4 groups based on drug type (ACEiI/ARB/
ARNi, B-blocker, MRA, and SGLT2i), and into 5 cat-
egories based on the number of drugs received at
discharge (no pillar, 1 pillar, 2 pillars, 3 pillars, and 4 pil-
lars). Only treatments recommended by the 2016 and
2021 European Society of Cardiology HF Guidelines
were considered."'3

Continuous variables were reported as median
and interquartile range (IQR), and categorical vari-
ables were reported as counts and proportions (per-
centages). Baseline characteristics were assessed in
the entire cohort and compared across categories of
number of drugs prescribed using Kruskal-Wallis test
for continuous variables and Pearson y? test for cate-
gorical variables.

Unadjusted and adjusted odds ratios (ORs) with
95% Cls were calculated by fitting univariate and mul-
tivariate logistic regression models, respectively, to
assess the predictors of number of drugs prescribed
at discharge (=2 versus <2 drugs). In addition, we per-
formed a sensitivity analysis focusing on the prescrip-
tion of ACEI/ARB/ARNI (ie, treatments recommended
for all patients with HFrEF by the 2016 ESC Guidelines
on HF)."®

We evaluated the association between >2 drugs
prescribed at discharge with all-cause 30-day risk of
rehospitalization in our center by unadjusted and ad-
justed (age and renal function) logistic regression mod-
els. For this analysis, elective outpatient visits were not
considered.

In multivariate models, missing data were handled
by chained equation multiple imputation. Variables in-
cluded in multiple imputation model were laboratory
values given their lower missing rates. Multivariate
analysis included demographics (age and sex), clini-
cal variables (heart rate), laboratory values (NT-proBNP
[N-terminal pro-B-type natriuretic peptide], estimated
glomerular filtration rate [eGFR], potassium, and he-
moglobin), comorbidities (diabetes), and most prev-
alent cautions and contraindications (hyperkalemia,
significant renal dysfunction, hypotension, and heart
block). Moreover, we applied feature selection based
on backward feature elimination method, maintaining
only significant variables in the final models. Missing
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rates for baseline characteristics are reported per vari-
able in Table S3, whereas missing values for contrain-
dications/cautions are reported in Table S4.

Statistical analysis was performed using Python
version 3.8.12 with main packages: pandas for data
processing, scipy for statistical tests, statsmodels
for modeling, matplotlib, scikit-learn for data impu-
tation, and zepid for reporting. In addition, we used
SAS for extract, transform, load data extraction and
text mining pipelines and doccano application for
data validation. P<0.05 was considered statistically
significant.

RESULTS

Considering 2019 to 2021 as a reference period for
the scope of this retrospective observational study,
Gemelli Heart Failure Data Mart included 1951 patients
(Figure 1) and was accompanied by a variable set of
~100 variables captured along inpatient and outpatient
visits. The final population consisted of 305 patients

Management of HFrEF Drugs at Discharge

with a confirmed HFrEF diagnosis on admission based
on an echocardiographic assessment of ejection
fraction.

Baseline Characteristics

Baseline characteristics of the overall population are
reported in Table S3. The median age of the overall
population was 73years (IQR, 63-81years), and 74%
of patients were men. Overall, 1.6% of patients did
not receive any pillar, 25% of patients received only 1
drug, 49.2% of patients were on 2 recommended treat-
ments, 21.6% of patients were prescribed with 3 drugs,
and 2.6% of patients were discharged on all 4 phar-
macological pillars (Figure 2). At discharge, >90% of
patients received a p-blocker, whereas an ACEI/ARB/
ARNi was prescribed in 68.2% of patients and an MRA
was prescribed in 32.5% of patients (Figure 3). In 34.4%
and 60.0% of patients, an ACEI/ARB/ARNi and a 8-
blocker, respectively, were already used at admission
(Figure S2). Patients receiving a higher number of drugs
were younger and had a higher eGFR, whereas patients

2995 hospitalizations

* ICDdiagnosis codes 428.*
* Registered in Gemelii hospital in period
01/01/2019-31/12/2021

\

v

2186 HF hospitalizations

* Primary ICD diagnosis codes 428.*

1951 first HF hospitalizations

1951 patients

*  First HF hospitalization at Gemelli
hospitalin period: 01/01/2019~
31/12/2021

' 1845 patients

‘ ¢ Discharged

|

305 patients

‘ *  EF<40%

809 hospitalizations for
different causes

235 HF hospitalizations

* Higher order HF hospitalizations

106 patients

* Died during hospitalization

1540 patients

* 496 patients with EF240%
¢ 1044with EF missing

Figure 1.

Flowchart of cohort selection.

EF indicates ejection fraction; HF, heart failure; and ICD, International Classification of

Diseases.
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Figure 2. Proportion of patients per number of foundational treatments prescribed and prescriptible based on absence of

contraindications.

using a lower number of drugs presented with higher
NT-proBNP values and worse renal function (Table 1).
There were no statistically significant differences in po-
tassium levels among the groups.

On the basis of the presence/absence of contra-
indications to recommended drugs, a comprehensive
approach with all 4 recommended treatments could
be prescribed in 46.2% of patients (Figure 2).

Most patients on a drug combination with 2 drugs
used ACEI/ARB/ARNI and a -blocker (40.3% of the over-
all population), whereas patients on a triple therapy with
ACEiI/ARB/ARN;, g-blocker, and MRA were 20% (Table 2).

Number of patients per pillar

(n = 305)
100 93.4% (285)
80
68.2% (208)

g o
i}
=
0
T 40
a 32.5% (99)

20

4.6% (14)

0
ACEi/ARB/ARNiI B-blocker MRA

Pillar

Figure 3. Proportion of patients per drug type.

ACEi indicates angiotensin-converting enzyme inhibitor; ARB,
angiotensin receptor blocker; ARNi, angiotensin receptor—
neprilysin inhibitor; MRA, mineralocorticoid receptor antagonist;
and SGLT2I, sodium-glucose cotransporter 2 inhibitor.
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Prevalence of Contraindications and
Cautions to ACEi/ARB/ARNI Use

In the overall population, 13.8% of patients were on
ACEi, 121% were on ARB, and 42.3% were on ARNi
(Table S3). Among patients using an ACEI/ARB/ARN,
median eGFR was 71.0 mL/min per 1.73m? (IQR,
62.0-91.5 mL/min per 1.73m?), median potassium was
41 mEg/L (IQR, 3.7-4.4 mEg/L), and median systolic
blood pressure was 116 mmHg (IQR, 110-125mm Hg).

On the basis of the presence/absence of contrain-
dications, an ACEiI’/ARB/ARNI could be prescribed in
98.4% of patients. In the absence of contraindications,
it was not prescribed in 31.5% of patients (Table 3).

In the overall population, 13.1% and 11.8% of pa-
tients showed significant renal dysfunction and hypo-
tension, respectively (ie, cautions to ACEiI/ARB/ARNI
treatment) (Figure 4). Significant renal dysfunction was
the main prevalent condition in patients not receiving
an ACEI/ARB/ARNI (Table S4). Among patients show-
ing significant renal dysfunction, 82.5% of patients did
not receive the drug, whereas an ACEiI/ARB/ARNi was
not prescribed in 55% of patients with hyperkalemia or
hypotension.

Prevalence of Contraindications and
Cautions to -Blocker Use
Median eGFR of patients using a fp-blocker was
64.5mL/min per 1.73m? (IQR, 43.8-88.3 mL/min per
1.73m?), median potassium was 4.1 mEg/L (IQR, 3.7-
4.4 mEg/L), and median systolic blood pressure was
155 mmHg (IQR, 110-125mm Hg).

On the basis of the presence/absence of contrain-
dications, a -blocker could be prescribed in 93.1% of



Management of HFrEF Drugs at Discharge

D’Amario et al

(penunuog)

800 (029 (€89 o (299) g8 922) 69 (09 € uoisuenedAH
2o (CRAVN (L9 Ht (L9v) gz (922 12 ©0o osess|p Jueubiep
1220 (0sa e (@ve) ot (€€a) e (8'9¢) 82 002+ esess|p Areuowind

2000 (029 Bve) e (€€a) g @ve) 9z (009 € sejeqeld

10JOWO00 pue AI0iSIH
1680 Cv-0v vy (rv-0v) L'y (rv-0v) OV (Sv-07) 0¥ (rv-ov ev 7/b3w ‘wnissejod
eL L

L0000 (r2/-0'9€) /G (r'98-0'8%) 729 (9'e8-0'6%) 679 (r'89-0'82) 8'6¥ (Gv9-0c2) Tl Jad uiwy/Jw ‘Y499

L0000 (§'501 71-0"2028) 0'656. (027£9-0'6€6) 0'22¥C (02¥89-0'8¥2}) 0'l8ze (G262 91-0'6Y1€) 0°0258 (G862 91-0'2rSH) G'9rL6 Ju/Bd ‘gngoid-IN

800 (6'vi-0ch 8L (0'si-ozh) et (osi-oty) 8t @e-oLl) el 6201 L1t Tp/6 ‘uigojBosH

(HO)I) uelpaw ‘sanfeA Alojeloge]
1890 (022-022) L've (£'82-012) 2'Ge (s'82-0'82) €62 (L62-012) 292 (6'08-022) 6'G2 | U/B ‘(HOI) uelpoW ‘INgG
BH ww ‘(o) ueipsw
6100 (0ovi-0'62h) gzek (0'0€t-0°0LL) 8'GLE (0'021-0'80}) O'GLL (0'0et-0g0L) 6'91E (0'021-0'0LL) O'0kE ‘ainssaid pooiq oljoisAs
(coo (CRINt v 9 ©2¢ oo I
Gen L 0¢ee (201 et 0o I
oo 0¢ee (L2 v B¢ e 0o I
1890 00| JB[NOLIUSAONY
wdq
6980 (022-002) 022 (9°62-069) 0’72 (0'08-0'59) 0'e2 (8'6.-0'99) 02/ (0'88-0'6%) 029 (HOI) ueipsw ‘ejes LieaH
©0o ((Ne)R% (VR4 (@9 s (002 + Al
(0sa e (Fegh s (eel) o2 @16 ©0o Il
©0o Gve €es €9y ©0o Il
©0o ©0o ene Eent ©o0o I
280 SSEJ0 VHAN
[eoIUID
6990 G0 ¢ (0eg) g (L29) 62 (G09) 9 (009 € poLLe
(CrANN ©2¢s (oon sk 8'gh ek 002+ JoybiH
(009 ¥ 60W) L2 (2op) 19 (Fev) ze (009 € Asepuooes
Gzt @syoL (221 6L @enot ©0o Arewinid
©0o ez ©o0o Eent ©0o uoeoNpe oN

780 uoeonp3
G290 (029 (269 9 ©v2) bk (€92) 85 (0coon g Xes oej
e14N0) (5'62-002) 0L (0°08-0'19) 0'0L (8'6,-0729) ScL (0'18-0'89) 0'SL (0'r8-0'e2) 008 A (dol) ueipsw ‘eby

2]WOU0290]00S/[euolyeZIUEBIO/Solydelfowa
anjeA d (%972l 8=u) stelid ¢ ([%9°12] 99=Uu) sJe|iid € (%2 6¥] 051=U) sJe|iid ¢ ([%0°52] 92=u) Jeliid L ([%9°1] g=u) 4ejjid oN Ss9|qeleA

ab.ueyosiq 1e paquosald sbniq [euoijepunod Jo Jaquiny ay} 0} Buipaoooy sonsidloeIey) duljeseg ‘| d|qel

J Am Heart Assoc. 2023;12:e029071. DOI: 10.1161/JAHA.122.029071



D’Amario et al

s
¢z
59
g . |- 55
= | o Slp|lX|lo|o|olelols|la| 5L
© | © O|l»m|lo|l9|o|o|lw|~|lO|ln]| QO
> | © So|l~|S|o|d|g|lo|ln|o|lo| Bl
a (o o|o|lo|o|o|o|lo|o|lo|oO 84'(7;
te
=iy
2 S
C
%m
—_ 0 <
S 28
S Q
© © 9
o, m o
® T35
1 <(.'g
£ ISERe]
— | =] = S =
< Slsl=lsl818|8 ~ =55
25 |8|d|a «l8l8|8|ale|d|E8
T S 5@%95::9@@-9%
<+ | o o ||~ |w|lo|o|lo|lo|~]|n 86
S =
N E
o<
s
= =
o §¢
S oS
2 Le
© 2=
Il =]
c L3
b S — — P oo
2 s|c| = |2 ) S| 28
SRS 5 o | D | D | =953 c
=2 2|2 g|8|8|g|e|2 8|2 =
= z |z = o
= © Q|| =|w| =0 Q
® |« S|LIY¥ B0 w8 |w|HB]2 <Ke}
O .-
‘O%L—
£ 8 9o
0 <S o
O LE
= < ®©c
X =R
N D= o
d 2T 5
o 3 3 2
= 53 0
o 2 0 P
o) T E ¢
Il 52¢
S 025
7 S| | ~| = ) |~ 208
g HRINEIEED Sl% @88,
S = < SIN ||l R 0|0 @
= O eITIeIa|e| 5|8 g|2|a| eS8
—_| = = | — L= | = | C
o | ~ [eRRe] == Q
Sl |=|© A | |w|vw| 283
' ) NN |o|N|—- |+ |- |0 || B OB
.G
8 e
< L5
503
a3
g
0 S
9 2z
=) _OEJ
=} e =0
0 T 0D
8 25
ke
5 g2
c 20§
= S g |22 235
8 | = |~ alal = =|o|=c|s| EEB
= | Q 0|99 x| h|a|l =20
a | o TIo|S|B|Bs ST <29
S slelelelee e alo S 2
- | O O|lw| o ®|o|O©|®|®m|N Uog
L5
Sy 3
ks
.gél
X
© <
L >0
\? ST >
S 9
) 203
= ss2
0 @ M <
g 3 oL
- EQ>_
] 5572
= | =~ =~ =~ =~ =~ =~ 0| ~|O|C| T &
3 | © S|g|g|g|g|g|ls|g|s|c| oET
o |2 ele|e|e|e|e|e|(e|e|d] 8 cF
Z |o o|lo|o|o|o|o|s|o|x|~| a2
o=9
= 5
O Q=
2907F0
s_‘Cj
252
o EQ@
g ol S§&¢<
-5 [0)
c Q COQ
£ 2 S| o0
- o o G}C*T‘.
5 2 = 5308
[} i) » ) o 2 1<
(& © o 2| 2500
n OQ& ~—8c g O?aaa\/
ol e 2 @ Qo =
P = T < = ME Xl 5w 2
- s Q_Eﬁmmz<_1Log*5 C cc =
o | 82| & ol |L|0| 2|2 8| ssE S
- S T | J|le|<|<|Z2|0|0l0|n|<| &= £,
Q o et NAZ ol
© > = g2
= < Z

J Am Heart Assoc. 2023;12:e029071. DOI: 10.1161/JAHA.122.029071

Management of HFrEF Drugs at Discharge

patients. There were 5.9% of patients who did not re-
ceive a f-blocker at discharge, in the absence of con-
traindications (Table 3).

In the overall population, 5.6% of patients presented
with critical limb ischemia (ie, a contraindication to -
blocker use), whereas 4.6% of patients had New York
Heart Association class IV, which is considered a cau-
tion for this treatment. Congestion was present in 1.6%
of patients (Figure 4).

A B-blocker was prescribed in 88% of patients with
critical limb ischemia, whereas only one patient with
New York Heart Association class IV did not receive
a p-blocker at discharge. All patients with congestion
were prescribed a -blocker, whereas all patients with
heart rate <50 beats per minute were not discharged
on the drug (Table S4).

Prevalence of Contraindications and
Cautions to MRA Use

Median eGFR of patients using an MRA was 72.5mL/
min per 1.73m? (IQR, 57.5-89.5 mL/min per 1.73m?),
median potassium was 4.1 mEg/L (IQR, 3.7-4.4
mEg/L), and median systolic blood pressure was
120mmHg (IQR, 110-130mm Hag).

Although no patients showed contraindications to
the use of an MRA, it was not prescribed in 67.5% of
patients (Table 2).

As cautions to MRA use, significant renal dysfunc-
tion and hyperkalemia were present in 13.1% and 6.6%
of patients, respectively (Figure 4). Among patients with
significant renal dysfunction, an MRA was prescribed
in 27.5%. Among patients with hyperkalemia, 25% re-
ceived the drug at discharge (Table S4).

Prevalence of Contraindications and
Cautions to SGLT2i Use
Median eGFR of patients using an SGLT2i was
76.0mL/min perl.73 m? (IQR, 71.0-95.0 mlL/min
per1.73 m?), median potassium was 4.4 mEg/L (IQR,
4.1-4.8 mEg/L), and median systolic blood pressure
was 127.5mmHg (IQR, 110-134 mm Hg).

Considering the absence of contraindications, an
SGLT2i could be prescribed in 75.4% of patients (Table 3).

Hypotension (systolic blood pressure <95mmHg
or symptomatic hypotension) and significant renal
dysfunction (€GFR <20 mL/min per 1.73 m?) were
present in 15.1% and 6.2% of patients, respectively.
Genitourinary infections were reported in 4.9% of pa-
tients (Figure 4).

Predictors of Drug Prescription at
Discharge

Significant variables per outcome are reported in
Table S5. In the unadjusted analysis, renal insufficiency
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Table 2. Patterns of Prescription According to
Combinations Used and Drug Type and Presence/Absence
of Contraindications

Pillars Patients (n=305)
ACEI/ARB/ARNi+-blocker 123 (40.3)
B-Blocker 64 (21.0)
ACEiI/ARB/ARNi+MRA+-blocker 61 (20.0)
B-Blocker+MRA 23 (7.5)

ACEI/ARB/ARNI 9 (3.0

ACEiI/ARB/ARNi+MRA+-blocker+SGLT2i 8 (2.6)
ACEI/ARB/ARNi+B-blocker+SGLT2i 4(1.3)
MRA 3(1.0)
ACEiI/ARB/ARNi+MRA 3(1.0)
B-Blocker+MRA+SGLT2i 1(0.3
B-Blocker+SGLT2i 1(0.3
SGLT2i 0(0.0)
No pillar 5(1.7)

Data are given as number (percentage). ACEi indicates angiotensin-
converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNi,
angiotensin receptor-neprilysin inhibitor; MRA, mineralocorticoid receptor
antagonist; and SGLT2i, sodium-glucose cotransporter 2 inhibitor.

and higher age were associated with <2 foundational
drugs prescribed (OR, [95% CI], 0.14 [0.07-0.29] and
0.97 [0.95-0.99], respectively) (Table 4). After applying
backward feature elimination and maintaining only sig-
nificant variables, renal insufficiency was an independ-
ent predictor of <2 prescribed (adjusted OR [95% Cl],
0.16 [0.08-0.32)) (Table 4).

In a sensitivity analysis, renal insufficiency (eGFR
<30 mL/min per 1.73m?), hypotension, and higher age
were predictors of not receiving an ACEI/ARB/ARNI in
both unadjusted and adjusted logistic regression mod-
els (Table S6).

Risk of Rehospitalization Within 30 Days
According to Pillar Number

Rehospitalization within 30days occurred in 4.9% of
305 cohort patients. A total of 0.7% of patients re-
ceived no drug at discharge, 2.6% of patients used
1 drug, and 1.6% of patients were discharged on 2
drugs. No rehospitalization events occurred in patients
receiving 3 or 4 treatments at discharge.

On the basis of univariate logistic regression mod-
els, use of >2 pillars was associated with lower risk of
rehospitalization within 30days in the overall popula-
tion (unadjusted OR [95% CI], 0.16 [0.05-0.49]), as well
as in age and renal function subgroups (Figure 5 and
Figure S3).

In multivariable analysis, adjusting for age and renal
function, patients receiving >2 pillars at discharge
showed lower risk of 30-day rehospitalization (adjusted
OR [95% CI], 0.18 [0.06-0.57]) (Figure 5).
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Table 3. Patterns of Prescription According to Drug Type
and Presence/Absence of Contraindications

Possible to
prescribe
Possible to but not

Pillar Prescribed prescribe* prescribed*
ACEI/ARB/ 208 (68.2) 300 (98.4) 96 (31.5)
ARNi
B-Blocker 285 (93.4) 284 (93.1) 18 (5.9)
MRA 99 (32.5) 305 (100.0) 206 (67.5)
SGLT2i 14 (4.6) 230 (75.4) 217 (71.1)

Data are given as number (percentage). Total patients (n=305). ACEi
indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin
receptor blocker; ARNI, angiotensin receptor—-neprilysin inhibitor; MRA,
mineralocorticoid receptor antagonist; and SGLT2i, sodium-glucose
cotransporter 2 inhibitor.

*Prescriptibility based on the absence of contraindications.

DISCUSSION

Main Findings

We used a high-performance technology infrastructure
enabling the analysis of heterogeneous data sources
transformed in a standardized format following system-
atic validation processes, in a contemporary cohort of
patients with HFrEF at the moment of discharge after
an episode of HF hospitalization, thereby showing that:

1. On the basis of the presence/absence of
contraindications, a quadruple therapy could
be directly implementable at discharge after
a decompensation event;

2. The use of a higher number of drugs at dis-
charge may be associated with a lower risk of
rehospitalization at 30days.

Our retrospective observational study proves that
data-driven methods can accelerate evidence-based
research and decision support in chronic diseases.
Clinicians used the data mart, currently integrated in the
research pipeline and clinical practice at our institution,
to select a cohort of inpatients with HFrEF during 2019 to
2021, together with a selected set of variables covering
different domains (demographics, clinical data, labora-
tory values, clinical history, comorbidities, and a refined
list of treatments).

Implementation of guideline-directed medical ther-
apy is a major challenge in HFrEF.* Underusing and un-
derdosing of recommended treatments are common,
and clinicians might be usually concerned that starting
4 treatments simultaneously exposes patients to higher
risk of adverse effects. A recent survey found that 84%
of the cardiologists participating in the study consid-
ered feasible starting all 4 recommended treatments
simultaneously.' In our study, we explore the feasibil-
ity of a comprehensive pharmacological approach in
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Figure 4. Prevalence of most frequent contraindications and cautions to life-saving therapies in heart failure with reduced

ejection fraction.

ACEi indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNi, angiotensin receptor-neprilysin
inhibitor; AV, atrioventricular; MRA, mineralocorticoid receptor antagonist; NYHA, New York Heart Association; and SGLT2i, sodium-

glucose cotransporter 2 inhibitor.

patients discharged after an HF hospitalization event,
considering the possibility of a simultaneous initiation
of all 4 pillars of HFrEF therapy. On the basis of the
absence of contraindications to drugs, this approach
could have been implemented in =46% of patients.
The 2016 ESC Guidelines on HF recommended
using a combination of ACEI/ARB/ARNI and 3-blocker
in all patients with HFrEF, adding MRA only in patients
still symptomatic after up titration to maximum tolerated
doses of the aforementioned drugs.'”® In our cohort,
there were 40.3% of patients using a combination with
ACEiI/ARB/ARNI and B-blocker. Although those using
a p-blocker were >90% of the overall population, there
were =30% of patients not receiving an ACEI/ARB/
ARNi despite the absence of clear contraindications.

SGLT2i could have been prescribed at discharge in
~70% of patients with HFrEF.

Renal insufficiency was the main predictor of a
lower number of drugs prescribed, whereas use of >2
medications at discharge suggested lower risk of re-
hospitalization within 30days in both unadjusted and
adjusted (age and kidney function) analysis. Although
being limited to rehospitalization in our center, our out-
come analysis is consistent with several meta-analyses
showing that combining treatments is associated with
incremental benefits in HFrEF'S'® and with a recent
randomized clinical trial testing an intensive treatment
strategy after acute HF' Nonetheless, our results
should be interpreted cautiously given the potential
presence of residual confounders.

Table 4. Predictors of Number of Foundational Drugs Prescribed

Baseline, median
Predictor Unadjusted OR (95% Cl) Adjusted OR (95% CI) P value (IQR)
eGFR <30mL/min per 1.73m?, yes vs no 0.14 (0.07-0.29) 0.16 (0.08-0.32) 0.000/0.000 2 (1-2)
Age, per 1-y increase 0.97 (0.95-0.99) 0.98 (0.95-1.00) 0.006/0.047
NT-proBNP, per 100-pg/mL increase 0.99 (0.99-1.00) 0.001
Hemoglobin, per 1-g/dL increase 1.18 (1.06-1.33) 0.004
eGFR, per 10-mL/min per 1.73m? increase 1.36 (1.21-1.53) 0.000

Drug number >2. eGFR indicates estimated glomerular filtration rate; IQR, interquartile range; NT-proBNP, N-terminal pro-B-type natriuretic peptide; and

OR, odds ratio.
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Figure 5. Risk of rehospitalization within 30days.
OR indicates odds ratio.

Generalizability

The baseline characteristics of this study population
share similarities with representative larger cohorts
of inpatients with HF at discharge. Median age was
73years in our study, whereas mean age was 72years
in a study from the CAN-HF (Canadian Heart Failure
Registry).”® The prevalence of female sex (=30%) is
similar in other contemporary registries, whereas the
baseline eGFR is slightly higher in our patients (61.5 ver-
sus 54.4mL/min per 1.73m? in CAN-HF).'8.1®

When compared with STRONG-HF, a major clinical
trial testing rapid up titration after an acute HF admis-
sion, age, male prevalence, and comorbidity burden
in our population were higher, with also lower systolic
blood pressure at baseline.!”

In aggregate, the characteristics of our population
are consistent with real-world cohorts, but also reflect
that stricter inclusion criteria are used in pragmatic
trials.

Barriers in ACEi/ARB/ARNI and (3-Blocker
Prescription

Hospitalization offers a critical framework to optimize
medical therapy in patients with HFrEF, with the pos-
sibility of starting all recommended medications in
hemodynamically stable and clinically euvolemic pa-
tients. Namely, expert consensus documents have
pointed out that a B-blocker should not be started yet
in patients showing signs or symptoms of congestion,
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whereas a renin-angiotensin system inhibitor is usually
better tolerated when patients are not hypovolemic.?°
In our study, the proportion of eligible patient receiving
a p-blocker at discharge is high, with >90% of patients
discharged. Previous studies from the OPTIMIZE-HF
(Organized Program to Initiate Lifesaving Treatment in
Hospitalized Patients With Heart Failure), the GWTG-HF
(Get With The Guidelines—Heart Failure), and the
VICTORIA (Vericiguat Global Study in Subjects With
Heart Failure With Reduced Ejection Fraction) registries
reported that patients discharged on a 3-blocker were
72.9%, 94.6%, and 75.1%, respectively.'®?"?? In our
study group, prevalence of congestion was low (<2%),
which may justify a high use of p-blocker at discharge.

In sharp contrast, use of an ACEI/ARB/ARNi was
<70% (ie, lower than in the GWTG-HF registry), with
90.5% of patients receiving an ACEI/ARB,?® but sim-
ilar to the proportion observed in the more recent
VICTORIA registry, with 65% of patients discharged
on ACEI/ARB/ARNI and =30% patients without con-
traindications and not treated, which is consistent to
our findings.' Other observational studies from Europe
reported a prescription rate of ACEI/ARB of around
77%_24,25

In our study, age, hypotension and renal insuffi-
ciency were independent predictors of nonuse of an
ACEI/ARB/ARNI at discharge. In the GWTG-HF reg-
istry, there were 19.5% of hospitalized patients who
discontinued ACEI/ARB and 23.4% who did not start
an ACEI/ARB because of renal insufficiency, whereas
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hypotension was documented in 8.7% of patients.?® It
must be mentioned that patients with advanced age
and lower eGFR are less represented in randomized
clinical trials and that several studies observed a sur-
vival benefit irrespectively of a significant (>30%) ele-
vation in creatinine levels.?® A careful management of
drug’s initiation with low doses and later titration to
maximum tolerated dosages may increase patients’
protection and improve clinical outcomes.

Notably, the PIONEER-HF (Comparison of
Sacubitril-Valsartan Versus Enalapril on Effect on NT-
proBNP in Patients Stabilized From an Acute Heart
Failure Episode) trial and the TRANSITION study sup-
port in-hospital and early-after discharge initiation of
ARNi in patients stabilized after acute HF.2%?8 In our
single-center study, 42.3% of patients were on ARN;,
whereas there were 2.3% patients discharged on ARNi
in the GWTG-HF registry and 11% in the VICTORIA reg-
istry.'® Our cross-sectional assessment at discharge
prevented us from identifying the specific patterns of
ARNi in-hospital management. However, despite the
risk of selection bias present in our study, our findings
confirm the feasibility of ARNi use at discharge among
a high-risk real-world cohort of inpatients with HF.

In-Hospital Initiation of MRA and SGLT2i

Contemporary registries identified underuse of MRA in
patients with HFrEF.2%3° In addition, in-hospital initia-
tion of MRA has not been extensively explored in previ-
ous investigations. The proportion of patients receiving
MRA in our study (32.5%) was lower than the propor-
tion reported by the VICTORIA registry (40.5%) and
the ESC-HF Long-Term Registry (55.3%).'%* Although
MRA underuse may be associated with a perceived
higher risk of hyperkalemia and renal function dete-
rioration, previous ESC HF Guidelines recommended
starting MRA in patients still symptomatic after up titra-
tion of an ACEI/ARB/ARNI and a f-blocker. Because
the latest guidelines recommend using MRA in all pa-
tients with HFrEF, it is valuable to observe the absence
of absolute contraindications in a group of high-risk
patients, pointing to a greater feasibility of use at dis-
charge. This finding is consistent with an ad-hoc ran-
domized clinical investigation focusing on MRA use
during hospitalization.®! Also, previous studies showed
that MRA use was associated with better outcomes
after discharge.®>33

Reports on in-hospital initiation of SGLT2i are lim-
ited. We provide novel data on SGLT2i eligibility in a
cohort of high-risk inpatients with HFrEF, with 71.1%
of patients who could receive the drug. This is based
on the inclusion criteria of previous randomized clini-
cal trials testing SGLT2i, leading us to define a systolic
blood pressure <95mmHg and an eGFR <20mL/min
per 1.73 m? as contraindications to SGLT2i use. These
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conditions should be considered within the framework
of new ongoing investigations, including randomized
clinical trials focusing on inpatients, but also in light of
the high tolerability profile that SGLT2i showed to date,
with negligible effects on blood pressure and no higher
risk of symptomatic hypotension or kidney injury.3
This safety profile, together with no need of up titrating
SGLT2i dose, offers an opportunity of implementing
SGLT2i treatment at discharge, which is a key time to
provide an early and effective protection to patients.

Study Limitations

Although providing important data on a debated topic,
our study also has important limitations that should be
mentioned.

First, we report a single-center experience, but
there is high heterogeneity in therapeutic approaches
across different countries and care providers. Thus,
the external validity of our findings must be interpreted
accordingly. Also, our institution is a tertiary referral
center. A risk of selection bias toward inpatients with
worse clinical status could be present. However, our
study population may also offer relevant insights on
more vulnerable patients (ie, a more challenging situa-
tion for prescribing a comprehensive pharmacological
therapy at discharge). A note of caution is that patients
with worse status may have been more likely to receive
more intense therapies, or to have higher risk of rehos-
pitalization in the 30days after discharge (indication
bias), but also patients with better status could have
had longer time to get an event (survival bias) or could
have been prone to receive more treatments because
of their stable conditions and a higher tolerability pro-
file. Although we evaluate a short-term outcome and
the former bias might be more relevant, we cannot rule
out that both biases occurred in our study, affecting
outcomes in opposite directions.

Censoring for competing events in our outcome
analysis was limited by data availability. We were not
able to assess vital status of patients after discharge,
and hospitalization records were available only from
our institution. We cannot exclude that patients have
been lost at follow-up because of hospitalization else-
where or death during the follow-up time. Nonetheless,
reducing 30-day rehospitalization by early-treatment
strategies is relevant to avoiding patients’ deteriora-
tion.8 Our data prompt further ad-hoc prospective
studies to formally assess that starting a compre-
hensive therapy with the 4 pharmacological pillars of
HFrEF at discharge is a safe and effective strategy to
avoid unnecessary delays in therapeutic initiation and
to improve clinical outcomes.

When multiple records were present, we selected
the first HF hospitalization as baseline event. However,
we were not able to discriminate whether these
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patients were totally naive for worsening HF or had
previously undergone HF visit/hospitalization in other
centers. More important, 60% of patients were already
treated with a p-blocker at admission, but the lack of
dosing data does not allow us to assess whether these
treatments were used for other conditions at risk of HF
(eg, hypertension).

Being also a retrospective observational study,
despite adjusting for known confounders, we cannot
exclude the presence of unknown confounders affect-
ing the association between clinical conditions, drugs’
prescription, and risk of rehospitalization.

In addition, data on treatment initiation during hos-
pitalization could not be included, and our analysis is
a cross-sectional assessment at admission and dis-
charge. However, in-hospital therapy trajectories (e,
switching or de-escalation of disease-modifying ther-
apies) are another important factor affecting clinical
outcomes, and it is relevant to consider whether treat-
ments are initiated during hospitalization versus after
discharge. This is particularly important when consid-
ering ARNi use, which has been recommended in pa-
tients still symptomatic after using an ACEi or ARB. Of
note, 42% of patients were on ARNi, suggesting that
these patients may not have been totally naive for an
HF diagnosis. Also, reasons for not prescribing rec-
ommended treatments are not routinely reported in
discharge letters in our center. Two clinicians carefully
validated all clinical diaries to retrieve the presence of
adverse reactions or absolute contraindications, and
it is unlikely that outstanding major conditions (like
angioedema) were not reported, if present. However,
given the retrospective design of the study, a standard-
ized form to assess the presence/absence of contra-
indications and cautions to drugs’ use was not used.
Thus, missing rates could be estimated only for those
conditions based on structured data. For missing lab-
oratory values, we used multiple imputation to reduce
bias and increase external validity, but subgroup anal-
yses to explore whether data were missing at random
or missing not at random could not be efficiently per-
formed because of limited power for these subgroups,
given the low occurrence of missing values. Another
point is our focus on simultaneous initiation of drugs,
whereas a rapid sequencing strategy might have been
implemented in the weeks after discharge.

We were not able to report doses of medications
because these data are highly unstructured and het-
erogeneous in our data sources. However, there is
consensus to start with low dose of renin-angiotensin
system inhibitor, ARNi, g-blockers, and MRA in naive
patients, considering that even low doses are effec-
tive. In our center, standard operating procedures en-
tail starting with low dose of multiple medications in
patients with HF at discharge. Indeed, using a higher
number of drugs might be associated with better
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outcomes compared with sequential initiation and up
titration of single drugs to target dose. Nonetheless,
treatments’ tolerability and titration to target dose re-
main key elements of the therapeutic management of
patients with HFrEF, and an association between dose
and outcomes is present also when therapies are
combined.5:3

Last, we have retrospectively evaluated patients by
assessing whether they could be eligible to contem-
porary recommendations, but SGLT2i agents were
included in ESC Guidelines on HF only in 2021, and
previous ESC Guidelines on HF recommended using
MRA only in patients with worse clinical status."'
Contraindications/cautions are based on trial inclusion
criteria, mainly focusing on stable outpatients, and a
comprehensive combination of 4 treatments might not
have been the standard background therapy in these
studies. Although there is evidence that HF treatments
may have synergistic and protective effects, ad hoc
studies will help underscore the safety profile of using
multiple medications simultaneously.

CONCLUSIONS

In a contemporary cohort of inpatients with HFrEF,
based on the presence/absence of contraindications to
recommended treatments, a quadruple therapy could
be started in *46% of patients. Renal dysfunction was
the main prevalent condition limiting the achievement
of a more comprehensive therapeutic approach. Use
of a higher number of drugs was associated with lower
risk of rehospitalization within 30days after discharge.
Reports from larger cohorts and prospective studies
focusing on treatments’ initiation strategies in hospital-
ized patients are required to confirm the generalizabil-
ity of these findings and to assess tailored approaches
with specific patients’ profiles.

ARTICLE INFORMATION
Received December 2, 2022; accepted May 5, 2023.

Affiliations

Department of Translational Medicine, Universita del Piemonte Orientale,
Novara, Italy (D.D.); Department of Cardiovascular and Pulmonary Sciences,
Catholic University of the Sacred Heart, Rome, ltaly (D.R., R.L., A.R., G.C,,
M.G., AD.P, Al, A.Z, F.C); Fondazione Policlinico Universitario A. Gemelli
IRCCS, Rome, Italy (A.D., C.I., C.M., J.L., S.P.); Maria Cecilia Hospital, GVM
Care and Research, Cotignola, Italy (M.G.); Open Innovation Unit, Scientific
Direction, Fondazione Policlinico Universitario A. Gemelli IRCCS, Rome, Italy
(A.C.); Department of Bioimaging, Radiation Oncology and Hematology,
Fondazione Policlinico Universitario "A. Gemelli" IRCCS, Universita Cattolica
S. Cuore, Rome, ltaly (V.V.); and Department of Cardiovascular Sciences,
Fondazione Policlinico Universitario A. Gemelli IRCCS, Rome, Italy (F.C.).

Sources of Funding

This study received partial funding from the ltalian Ministry for University and
Research under the Program Piano Operativo Nazionale “Research and
Innovation” supporting the development of the artificial intelligence platform
“Gemelli Generator” at Policlinico Universitario A. Gemelli IRCCS in Rome (ltaly).

12



D’Amario et al

Disclosures

Dr. Crea reports speaker fees from Abbott, Amgen, Astra Zeneca, BMS,
Chiesi, Daiichi Sankyo, Menarini outside the submitted work.

Supplemental Material
Data S1

Tables S1-S6

Figures S1-S3

REFERENCES

1.

J Am Heart Assoc. 2023;12:e029071. DOI: 10.1161/JAHA.122.029071

McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Bohm
M, Burri H, Butler J, Celutkiene J, Chioncel O, et al. 2021 ESC guide-
lines for the diagnosis and treatment of acute and chronic heart failure.
Eur Heart J. 2021;42:3599-3726. doi: 10.1093/eurheartj/ehab368
Greene SJ, Butler J, Fonarow GC. Simultaneous or rapid sequence ini-
tiation of quadruple medical therapy for heart failure-optimizing therapy
with the need for speed. JAMA Cardiol. 2021;6:743-744. doi: 10.1001/
jamacardio.2021.0496

McMurray JJV, Packer M. How should we sequence the treatments
for heart failure and a reduced ejection fraction? A redefinition of
evidence-based medicine. Circulation. 2021;143:875-877. doi: 10.1161/
CIRCULATIONAHA.120.052926

Sharma A, Verma S, Bhatt DL, Connelly KA, Swiggum E, Vaduganathan
M, Zieroth S, Butler J. Optimizing foundational therapies in patients with
HFrEF: how do we translate these findings into clinical care? JACC
Basic Trans! Sci. 2022;7:504-517. doi: 10.1016/j.jacbts.2021.10.018
Shen L, Jhund PS, Docherty KF, Vaduganathan M, Petrie MC, Desai
AS, Kaber L, Schou M, Packer M, Solomon SD, et al. Accelerated and
personalized therapy for heart failure with reduced ejection fraction. Eur
Heart J. 2022;43:2573-2587. doi: 10.1093/eurheartj/ehac210

D’Amario D, Rodolico D, Rosano GMC, Dahlstrém U, Crea F, Lund
LH, Savarese G. Association between dosing and combination use of
medications and outcomes in heart failure with reduced ejection frac-
tion: data from the Swedish Heart Failure Registry. Eur J Heart Fail.
2022;24:871-884. doi: 10.1002/ejhf.2477

Bhagat AA, Greene SJ, Vaduganathan M, Fonarow GC, Butler J.
Initiation, continuation, switching, and withdrawal of heart failure med-
ical therapies during hospitalization. JACC Heart Fail. 2019;7:1-12. doi:
10.1016/j.jchf.2018.06.011

Greene SJ, Fonarow GC, Vaduganathan M, Khan SS, Butler J,
Gheorghiade M. The vulnerable phase after hospitalization for heart fail-
ure. Nat Rev Cardiol. 2015;12:220-229. doi: 10.1038/nrcardio.2015.14
D’Amario D, Laborante R, Delvinioti A, Lenkowicz J, lacomini C,
Masciocchi C, Luraschi A, Damiani A, Rodolico D, Restivo A, et al.
GENERATOR HEART FAILURE DataMart: an integrated framework for
heart failure research. Front Cardiovasc Med. 2023;10:1104699. doi:
10.3389/fcvm.2023.1104699

Damiani A, Masciocchi C, Lenkowicz J, Capocchiano ND, Boldrini L,
Tagliaferri L, Cesario A, Sergi P, Marchetti A, Luraschi A, et al. Building
an artificial intelligence laboratory based on real world data: the expe-
rience of Gemelli Generator. Front Comput Sci. 2021;3:3. doi: 10.3389/
fcomp.2021.768266

Murri R, Masciocchi C, Lenkowicz J, Fantoni M, Damiani A, Marchetti
A, Sergi PDA, Arcuri G, Cesario A, Patarnello S, et al. A real-time in-
tegrated framework to support clinical decision making for covid-19
patients. Comput Methods Programs Biomed. 2022;217:106655. doi:
10.1016/j.cmpb.2022.106655

Kotecha D, Asselbergs FW, Achenbach S, Anker SD, Atar D, Baigent
C, Banerjee A, Beger B, Brobert G, Casadei B, et al. CODE-EHR best
practice framework for the use of structured electronic healthcare
records in clinical research. Eur Heart J. 2022;43:3578-3588. doi:
10.1093/eurheartj/ehac426

Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JGF, Coats AJS,
Falk V, Gonzalez-Juanatey JR, Harjola VP, Jankowska EA, et al. 2016 ESC
guidelines for the diagnosis and treatment of acute and chronic heart fail-
ure: the Task Force for the diagnosis and treatment of acute and chronic
heart failure of the European Society of Cardiology (ESC) developed with
the special contribution of the Heart Failure Association (HFA) of the ESC.
Eur Heart J. 2016;37:2129-2200. doi: 10.1093/eurheartj/ehw128

Fauvel C, Bonnet G, Mullens W, Giraldo CIS, Meznar AZ, Barasa A,
Tokmakova M, Shchendrygina A, Costa FM, Mapelli M, et al. Sequencing

21.

22.

23.

24.

25.

26.

27.

Management of HFrEF Drugs at Discharge

and titrating approach of therapy in heart failure with reduced ejection
fraction following the 2021 European Society of Cardiology guidelines:
an international cardiology survey. Eur J Heart Fail. 2023;25:213-222.
doi: 10.1002/ejhf.2743

Vaduganathan M, Claggett BL, Jhund PS, Cunningham JW, Pedro
Ferreira J, Zannad F, Packer M, Fonarow GC, McMurray JJV, Solomon
SD. Estimating lifetime benefits of comprehensive disease-modifying
pharmacological therapies in patients with heart failure with reduced
ejection fraction: a comparative analysis of three randomised controlled
trials. Lancet. 2020;396:121-128. doi: 10.1016/S0140-6736(20)30748-0
Tromp J, Ouwerkerk W, van Veldhuisen DJ, Hillege HL, Richards AM,
van der Meer P, Anand IS, Lam CSP, Voors AA. A systematic review
and network meta-analysis of pharmacological treatment of heart fail-
ure with reduced ejection fraction. JACC Heart Fail. 2022;10:73-84. doi:
10.1016/.jchf.2021.09.004

Mebazaa A, Davison B, Chioncel O, Cohen-Solal A, Diaz R, Filippatos
G, Metra M, Ponikowski P, Sliwa K, Voors AA, et al. Safety, tolerabil-
ity and efficacy of up-titration of guideline-directed medical therapies
for acute heart failure (STRONG-HF): a multinational, open-label,
randomised, trial. The Lancet. 2022;400:1938-1952. doi: 10.1016/
S0140-6736(22)02076-1

Moghaddam N, Hawkins Nathaniel M, McKelvie R, Poon S, Joncas
Sebastien X, MacFadyen J, Honos G, Wang J, Rojas-Fernandez C, Kok
M, et al. Patient eligibility for established and novel guideline-directed
medical therapies after acute heart failure hospitalization. JACC Heart
Fail. 2023;11:596-606. doi: 10.1016/j.jchf.2022.10.013

Greene SJ, Ezekowitz JA, Anstrom KJ, Demyanenko V, Givertz MM,
Pina IL, O’'Connor CM, Koglin J, Roessig L, Hernandez AF, et al. Medical
therapy during hospitalization for heart failure with reduced ejection
fraction: the VICTORIA registry. J Card Fail. 2022;28:1063-1077. doi:
10.1016/j.cardfail.2022.02.011

Hollenberg SM, Warner Stevenson L, Ahmad T, Amin VJ, Bozkurt B,
Butler J, Davis LL, Drazner MH, Kirkpatrick JN, Peterson PN, et al. 2019
ACC expert consensus decision pathway on risk assessment, manage-
ment, and clinical trajectory of patients hospitalized with heart failure:
a report of the American College of Cardiology Solution Set Oversight
Committee. J Am Coll Cardiol. 2019;74:1966-2011. doi: 10.1016/j.
jacc.2019.08.001

Fonarow GC, Abraham WT, Albert NM, Stough WG, Gheorghiade M,
Greenberg BH, O’Connor CM, Sun JL, Yancy CW, Young JB. Dosing
of beta-blocker therapy before, during, and after hospitalization for
heart failure (from Organized Program to Initiate Lifesaving Treatment in
Hospitalized Patients with Heart Failure). Am J Cardiol. 2008;102:1524—
1529. doi: 10.1016/j.amjcard.2008.07.045

Krantz MJ, Ambardekar AV, Kaltenbach L, Hernandez AF, Heidenreich
PA, Fonarow GC; Get With The Guidelines Steering Committee and
Hospitals. Patterns and predictors of evidence-based medication
continuation among hospitalized heart failure patients (from Get With
The Guidelines-Heart Failure). Am J Cardiol. 2011;107:1818-18283. doi:
10.1016/j.amjcard.2011.02.322

Gilstrap LG, Fonarow GC, Desai AS, Liang L, Matsouaka R, DeVore AD,
Smith EE, Heidenreich P, Hernandez AF, Yancy CW, et al. Initiation, con-
tinuation, or withdrawal of angiotensin-converting enzyme inhibitors/an-
giotensin receptor blockers and outcomes in patients hospitalized with
heart failure with reduced ejection fraction. J Am Heart Assoc. 2017;6:6.
doi: 10.1161/JAHA.116.004675

Maggioni AP, Anker SD, Dahlstrom U, Filippatos G, Ponikowski P,
Zannad F, Amir O, Chioncel O, Leiro MC, Drozdz J, et al. Are hospi-
talized or ambulatory patients with heart failure treated in accordance
with European Society of Cardiology guidelines? Evidence from 12,440
patients of the ESC Heart Failure Long-Term Registry. Eur J Heart Fail.
2013;15:1173-1184. doi: 10.1093/eurjhf/hft134

Carubelli V, Lombardi C, Specchia C, Peveri G, Oriecuia C, Tomasoni D,
Di Pasquale M, Inciardi R, Garrafa E, Metra M. Adherence and optimiza-
tion of angiotensin converting enzyme inhibitor/angiotensin Il receptors
blockers and beta-blockers in patients hospitalized for acute heart fail-
ure. ESC Heart Fail. 2021;8:1944-1953. doi: 10.1002/ehf2.13223
Shlipak MG. Pharmacotherapy for heart failure in patients with renal
insufficiency. Ann Intern Med. 2003;138:917-924. doi: 10.7326/0003-4
819-138-11-200306030-00013

Velazquez EJ, Morrow DA, DeVore AD, Duffy Cl, Ambrosy AP, McCague
K, Rocha R, Braunwald E, Investigators P-H. Angiotensin-neprilysin
inhibition in acute decompensated heart failure. N Engl J Med.
2019;380:539-548. doi: 10.1056/NEJMoa1812851

13


https://doi.org//10.1093/eurheartj/ehab368
https://doi.org//10.1001/jamacardio.2021.0496
https://doi.org//10.1001/jamacardio.2021.0496
https://doi.org//10.1161/CIRCULATIONAHA.120.052926
https://doi.org//10.1161/CIRCULATIONAHA.120.052926
https://doi.org//10.1016/j.jacbts.2021.10.018
https://doi.org//10.1093/eurheartj/ehac210
https://doi.org//10.1002/ejhf.2477
https://doi.org//10.1016/j.jchf.2018.06.011
https://doi.org//10.1038/nrcardio.2015.14
https://doi.org//10.3389/fcvm.2023.1104699
https://doi.org//10.3389/fcomp.2021.768266
https://doi.org//10.3389/fcomp.2021.768266
https://doi.org//10.1016/j.cmpb.2022.106655
https://doi.org//10.1093/eurheartj/ehac426
https://doi.org//10.1093/eurheartj/ehw128
https://doi.org//10.1002/ejhf.2743
https://doi.org//10.1016/S0140-6736(20)30748-0
https://doi.org//10.1016/j.jchf.2021.09.004
https://doi.org//10.1016/S0140-6736(22)02076-1
https://doi.org//10.1016/S0140-6736(22)02076-1
https://doi.org//10.1016/j.jchf.2022.10.013
https://doi.org//10.1016/j.cardfail.2022.02.011
https://doi.org//10.1016/j.jacc.2019.08.001
https://doi.org//10.1016/j.jacc.2019.08.001
https://doi.org//10.1016/j.amjcard.2008.07.045
https://doi.org//10.1016/j.amjcard.2011.02.322
https://doi.org//10.1161/JAHA.116.004675
https://doi.org//10.1093/eurjhf/hft134
https://doi.org//10.1002/ehf2.13223
https://doi.org//10.7326/0003-4819-138-11-200306030-00013
https://doi.org//10.7326/0003-4819-138-11-200306030-00013
https://doi.org//10.1056/NEJMoa1812851

D’Amario et al

28.

29.

30.

31.

J Am Heart Assoc. 2023;12:e029071. DOI: 10.1161/JAHA.122.029071

Wachter R, Senni M, Belohlavek J, Straburzynska-Migaj E, Witte KK,
Kobalava Z, Fonseca C, Goncalvesova E, Cavusoglu Y, Fernandez A,
et al. Initiation of sacubitril/valsartan in haemodynamically stabilised
heart failure patients in hospital or early after discharge: primary results
of the randomised TRANSITION study. Eur J Heart Fail. 2019;21:998—
1007. doi: 10.1002/ejhf.1498

Greene SJ, Butler J, Albert NM, DeVore AD, Sharma PP, Duffy ClI, Hill
CL, McCague K, Mi X, Patterson JH, et al. Medical therapy for heart
failure with reduced ejection fraction: the CHAMP-HF registry. J Am Coll
Cardiol. 2018;72:351-366. doi: 10.1016/j.jacc.2018.04.070

Savarese G, Carrero JJ, Pitt B, Anker SD, Rosano GMC, Dahlstrom
U, Lund LH. Factors associated with underuse of mineralocorticoid re-
ceptor antagonists in heart failure with reduced ejection fraction: an
analysis of 11 215 patients from the Swedish Heart Failure Registry. Eur
J Heart Fail. 2018;20:1326-1334. doi: 10.1002/ejhf.1182

Butler J, Anstrom KJ, Felker GM, Givertz MM, Kalogeropoulos AP,
Konstam MA, Mann DL, Margulies KB, McNulty SE, Mentz RJ,
et al. Efficacy and safety of spironolactone in acute heart failure: the
ATHENA-HF randomized clinical trial. JAMA Cardiol. 2017;2:950-958.
doi: 10.1001/jamacardio.2017.2198

32.

33.

34.

35.

Management of HFrEF Drugs at Discharge

Maisel A, Xue Y, van Veldhuisen DJ, Voors AA, Jaarsma T, Pang PS,
Butler J, Pitt B, Clopton P, de Boer RA. Effect of spironolactone on 30-
day death and heart failure rehospitalization (from the COACH study).
Am J Cardiol. 2014;114:737-742. doi: 10.1016/j.amjcard.2014.05.062
Hernandez AF, Mi X, Hammill BG, Hammill SC, Heidenreich PA, Masoudi
FA, Qualls LG, Peterson ED, Fonarow GC, Curtis LH. Associations be-
tween aldosterone antagonist therapy and risks of mortality and read-
mission among patients with heart failure and reduced ejection fraction.
JAMA. 2012;308:2097-2107. doi: 10.1001/jama.2012.14795

Rao VN, Murray E, Butler J, Cooper LB, Cox ZL, Fiuzat M, Green JB,
Lindenfeld J, McGuire DK, Nassif ME, et al. In-hospital initiation of
sodium-glucose cotransporter-2 inhibitors for heart failure with reduced
ejection fraction. J Am Coll Cardiol. 2021;78:2004-2012. doi: 10.1016/j.
jacc.2021.08.064

OQuwerkerk W, Teng TK, Tromp J, Tay WT, Cleland JG, van Veldhuisen
DJ, Dickstein K, Ng LL, Lang CC, Anker SD, et al. Effects of combined
renin-angiotensin-aldosterone system inhibitor and beta-blocker treat-
ment on outcomes in heart failure with reduced ejection fraction: in-
sights from BIOSTAT-CHF and ASIAN-HF registries. Eur J Heart Fail.
2020;22:1472-1482. doi: 10.1002/ejhf.1869

14


https://doi.org//10.1002/ejhf.1498
https://doi.org//10.1016/j.jacc.2018.04.070
https://doi.org//10.1002/ejhf.1182
https://doi.org//10.1001/jamacardio.2017.2198
https://doi.org//10.1016/j.amjcard.2014.05.062
https://doi.org//10.1001/jama.2012.14795
https://doi.org//10.1016/j.jacc.2021.08.064
https://doi.org//10.1016/j.jacc.2021.08.064
https://doi.org//10.1002/ejhf.1869

SUPPLEMENTAL MATERIAL



Data S1.

Supplemental Methods

Data quality and completeness (9)

The analysis framework includes a dedicated data quality assurance process during data
integration in the GENERATOR HF DataMart.

In broad terms, we adopt a validation scheme using evidence from different data
sources with the guidance of clinicians, who also conduct independent incremental checks on the
quality of the results.

As an example, the assessment of comorbidities could be considered. First, to exploit
information from unstructured data in several medical records (such as clinical diaries, nurse
diaries, consultancies, diagnostic exams) the clinical team supports data scientists with an
annotation phase on a large set of sample documents. The clinical team provides keywords,
representative example sentences, indirect evidence included in the documents, which are used
by the technical team to implement machine-learning algorithms, i.e. Natural Language Processing
(NLP), in order to identify the presence/absence of such comorbidity in the clinical history of a
specific patient. Such methods do not imply just the parsing of specific sentences, since the
algorithms help identifying semantically equivalent sentences associated to the variable
(comorbidity in this example), through the so called 'topic models', and supports the elimination of
confounding factors, such as occurrence of negations, reference to familiarities or risk factors.

Once the data scientists have generated a first round of NLP-based identification of
comorbidities, a new sample set is used to test the procedure. These new cases are shared with the
clinical team in order to perform an independent check, which allows to identify any potential defects
generated by the machine learning model, through which the technical team can improve the
accuracy of such algorithms.

Then the cross-check validation is performed, which makes use of independent data; for most cases,
the occurrence of a comorbidity is associated with well-defined critical ranges for specific laboratory
values (such as: glycated hemoglobin, creatinine). This validation, performed on a significant set of
test cases, allows to further improve the identification method and adjudicate comorbidities with

a high degree of accuracy.

Once the HF Data Mart is built based on the above steps, clinicians have the possibility to
control overall consistency with aggregated type of analysis, by using the dashboard linked to the
datamart, where they can select subgroups of patients (e.g., the ones characterized with a specific
comorbidity) and analyze the distribution of relevant clinical data for such populations.

Finally, as a technical step to evaluate the data quality of the extracted data, we
sample several subsets of data (both in patients and variable sets), and we calculate quantitative
variable distributions and binary variable incidences among samples. Then, we perform
statistical tests to ensure low statistical differences among them and the overall consistency of the
entire dataset.



Table S1. Contraindications and cautions of recommended medications
according to the European Society of Cardiology Guidelines on Heart

Failure 2021

ACEi/ARNi/ARB

Contraindications

History of angioedema

Bilateral renal artery stenosis

Pregnancy

Female gender and age less than 50 years

ACEi/ARB/ARNi adverse reaction

Known allergic reaction/other adverse reaction to
ACEi/ARB/ARNi

Ca

utions

Hyperkalaemia

Potassium>5.0 mEq/L

Significant renal dysfunction

eGFR<30 ml/min/1.73m?2 or Creatinine>2.5 mg/dL

Hypotension

Systolic blood pressure<90 mmHg or symptomatic
hypotension

B-blocker

Contraindications

AV block I/l without permanent pacemaker

Second or third degree of AV block (in the absence of a
permanent pacemaker)

Critical limb ischaemia

Asthma

B-blocker adverse reaction

Known allergic reaction/other adverse reaction to B-
blocker

Ca

utions

NYHA IV

Heart block

Heart rate<50 bpm

Hypotension

Systolic blood pressure<90 mmHg or symptomatic
hypotension

Congestion

Raised jugular venous pressure, ascites, marked
peripheral edema

MRA

Contraindications

MRA adverse reaction

Known allergic reaction/other adverse reaction to MRA

Ca

utions

Hyperkalaemia

Potassium>5.0 mEq/L

Significant renal dysfunction

eGFR<30 ml/min/1.73m?2 or Creatinine>2.5 mg/dL

SGLT2i

Contraindications

SGLT2i adverse condition

Known allergic reaction/other adverse reaction to
SGLT2i

Pregnancy

Female gender and age less than 50 years

Significant renal dysfunction

eGFR<20 ml/min/1.73m?2

Hypotension

Systolic blood pressure<95 mmHg or symptomatic
hypotension

Ca

utions

Diabetes Type 1

Genito-urinary infections

ACEi, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; ARNi, angiotensin
receptor—neprilysin inhibitor; MRA, mineralocorticoid receptor antagonists; SGLT2i,Sodium-glucose co-
transporter 2 imhibitors; AV, atrioventricular ; NYHA,New York Heart Association




Table S2. Variables definition

Variable Definition
cGER Estimated glomerular filtration rate
calculated based on CKD-EPI 2021
Female gender and age less than 50
Pregnancy

years

ACEi/ARB/ARNi adverse reaction

Known allergic reaction/other adverse
reaction to ACEi/ARB/ARNi

Hyperkalemia

Potassium>5.0 mEq/L

Significant renal dysfunction
[ACEi/ARB/ARNiI and B-blocker ]

eGFR<30 ml/min/1.73m2 or
Creatinine>2.5 mg/dL

Hypotension [ACEi/ARB/ARN;]

Systolic blood pressure<90 mmHg or
symptomatic hypotension

AV block I1/1Il without permanent
pacemaker

Second or third degree of AV block (in
the absence of a permanent
pacemaker)

B-blocker adverse reaction

Known allergic reaction/other adverse
reaction to B-blocker

NYHA IV

New York Heart Association Class IV

Heart block

Heart rate<50 bpm

Hypotension [B-blocker]

Systolic blood pressure<90 mmHg

Congestion

Raised jugular venous pressure,
ascites, marked peripheral edema

MRA adverse reaction

Known allergic reaction/other adverse
reaction to MRA

SGLT2i adverse condition

Known allergic reaction/other adverse
reaction to SGLT2i

Significant renal dysfunction
[SGLT2i]

eGFR<20 ml/min/1.73m2

Hypotension [SGLT2i]

Systolic blood pressure<95 mmHg or
symptomatic hypotension

atrioventricular

All included variables reported at the date of discharge. ACEi,
angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor
blockers; ARNi, angiotensin receptor—neprilysin inhibitor;

MRA, mineralocorticoid receptor antagonists; NYHA ,New York Heart
Association;NT-proBNP, N-terminal pro hormone brain natriuretic
peptide; SGLT2i,Sodium-glucose co-transporter 2 inhibitors; AV,




Table S3. Baseline characteristics of the overall population

Variables Total patients (n = 305) Missing rate

Demographics/organizational/socioeconomic
Age (years), median(IQR) 73.0(63.0,81.0) 0 (0.0%)
Male sex 226 (74.1%) 0 (0.0%)
Education 101 (33.1%)

No education 3 (1.0%)

Primary 40 (13.1%)

Secondary 127 (41.6%)

Higher 34 (11.1%)
Married 166 (54.4%) 81 (26.6%)
Clinical
NYHA 237 (77.7%)

I 3 (1.0%)

I 12 (3.9%)

I 39 (12.8%)

IV 14 (4.6%)
Heart rate (bpm), median (IQR) 73.0 (66.0,80.0) 11 (3.6%)
AV block 0 (0.0%)

I 9 (3.0%)

I 5 (1.6%)

1] 9 (3.0%)
Systolic blood pressure (mmHg), median (IQR) 115.0(110.0,125.0) 11 (3.6%)
BMI(kg/m2), median (IQR) 25.8 (23.0,28.7) 6 (2.0%)
Laboratory values
Hemoglobin(g/dL), median (IQR) 12.8 (11.0,14.6) 3 (1.0%)
NT-ProBNP(pg/mL), median (IQR) 3744.5 (1337.0,9818.5) 29 (9.5%)
eGFR (ml/min/1.73m2), median (IQR) 61.5(40.0,80.0) 2 (0.7%)
Potassium (mEg/L), median (IQR) 4.1(4.0,4.4) 2 (0.7%)
History and comorbidities
Diabetes 93 (30.5%) 0 (0.0%)
Pulmonary disease 82 (26.9%) 0 (0.0%)
Malignant disease 58 (19.0%) 0 (0.0%)
Hypertension 198 (64.9%) 0 (0.0%)
Hepatic disease 5(1.6%) 0 (0.0%)
Treatment
B-blockers 285 (93.4%) 0 (0.0%)
ACEi 42 (13.8%) 0 (0.0%)
ARB 37 (12.1%) 0 (0.0%)
ARNi 129 (42.3%) 0 (0.0%)
MRA 99 (32.5%) 0 (0.0%)
SGLT2i 14 (4.6%) 0 (0.0%)
Diuretics 273 (89.5%) 0 (0.0%)
Digoxin 19 (6.2%) 0 (0.0%)
Statin 148 (48.5%) 0 (0.0%)
Acetylsalicylic acid (ASA) 81 (26.6%) 0 (0.0%)
All included variables reported at the date of discharge. ACEi, angiotensin-converting enzyme inhibitor; ARB,
angiotensin receptor blockers; ARNi, angiotensin receptor—neprilysin inhibitor; BMI, body mass index; eGFR,
estimated glomerular filtration rate; IQR,interquartile range; MRA, mineralocorticoid receptor antagonists;
NYHA,New York Heart Association; NT-proBNP, N-terminal pro hormone brain natriuretic peptide; SGLT2i,
Sodium-glucose co-transporter 2 inhibitors; AV, atrioventricular




Table S4. Prevalence of contraindications and cautions according to

drug type
. Total patients . . Missing rate (%)
Pillar (n = 305) Prescribed | Not prescribed (n = 305)
ACEi/ARB/ARNi 208 (68.2%) 97 (31.8%) -
Contraindications -
History of angioedema 0, (0.0%) 0, (0.0%) 0, (0.0%) Not estimable
Bilateral renal artery stenosis 0, (0.0%) 0, (0.0%) 0, (0.0%) Not estimable
Pregnancy 3, (1.0%) 3, (1.4%) 0, (0.0%) 0, (0.0%)
ACEi/ARB/ARNi adverse reaction 2, (0.7%) 1, (0.5%) 1, (1.0%) Not estimable
Cautions
Hyperkalemia 20, (6.6%) 9, (4.3%) 11, (11.3%) 2 (0.7%)
Significant renal dysfunction 40, (13.1%) 7, (3.4%) 33, (34.0%) 2 (0.7%)
Hypotension 36, (11.8%) 16, (7.7%) 20, (20.6%) 11 (3.6%)
B-blocker 285 (93.4%) 20 (6.6%) -
Contraindications
AV block Il/1Il without permanent 3, (1.0%) 3, (1.1%) 0, (0.0%) Not estimable

pacemaker

Critical limb ischaemia

17, (5.6%)

15, (5.3%)

2.0, (10.0%)

Not estimable

B-blocker adverse reaction 1, (0.3%) 1, (0.4%) 0, (0.0%) Not estimable
Cautions -

NYHA IV 14, (4.6%) 13, (4.6%) 1, (5.0%) Not estimable
Heart block 2, (0.7%) 0, (0.0%) 2, (10.0%) 11 (3.6%)
Hypotension 0, (0.0%) 0, (0.0%) 0, (0.0%) 11 (3.6%)
Congestion 5, (1.6%) 5, (1.8%) 0, (0.0%) Not estimable
Asthma 13, (4.3%) 13, (4.6%) 0, (0.0%) Not estimable

MRA

99 (32.5%)

206 (67.5%)

Contraindications

MRA adverse reaction 0, (0.0%) 0, (0.0%) 0, (0.0%) Not estimable
Cautions
Hyperkaliemia 20, (6.6%) 5, (1.6%) 15, (7.3%) 2 (0.7%)
Significant renal dysfunction 40, (13.1%) 11, (3.6%) 29, (14.1%) 2 (0.7%)
SGLT2i 14 (4.6%) 291 (95.4%) -
Contraindications -
SGLT2i adverse condition 0, (0.0%) 0, (0.0%) 0, (0.0%) Not estimable
Pregnancy 3, (1.0%) 0, (0.0%) 3, (1.0%) 0, (0.0%)
Significant renal dysfunction 19, (6.2%) 0, (0.0%) 19, (6.5%) 2 (0.7%)
Hypotension 46, (15.1%) 1, (7.1%) 45, (15.5%) 11 (3.6%)
Cautions -
Diabetes Type 1 0, (0.0%) 0, (0.0%) 0, (0.0%) Not estimable
Genito-urinary infections 15, (4.9%) 0, (0.0%) 15, (5.2%) Not estimable

ACEi, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; ARNi, angiotensin

receptor—neprilysin inhibitor; MRA, mineralocorticoid receptor antagonists; SGLT2i, Sodium-glucose co-
transporter 2 imhibitors; AV, atrioventricular ; NYHA,New York Heart Association
Not estimable = information not available due to unstructured data




Table S5. Variables significantly dependent on outcomes.

Variable Type Sta;::tlcal p-value Outcome
Age (years) Numerical | Kruskal-Wallis | 0.000 ACEi/ARB/ARNi
NT-ProBNP (pg/mL) Numerical | Kruskal-Wallis | 0.000 ACEi/ARB/ARNi
Hemoglobin (g/dL) Numerical | Kruskal-Wallis | 0.000 ACEi/ARB/ARNi
eGFR (ml/min/1.73m2) Numerical | Kruskal-Wallis | 0.000 ACEi/ARB/ARNi
Hyperkalemia Categorical Chi-squared 0.042 ACEi/ARB/ARNi
Hypotension Categorical Chi-squared 0.002 ACEi/ARB/ARNi
eGFR<30 (ml/min/1.73m2) | Categorical Chi-squared 0.000 ACEi/ARB/ARNi
Pillar number Categorical Chi-squared 0.000 ACEi/ARB/ARNi
Pillar number Categorical Chi-squared 0.000 B-blocker
NT-ProBNP (pg/mL) Numerical | Kruskal-Wallis | 0.018 R:?tisiﬁl;aohézssn
Hemoglobin (g/dL) Numerical | Kruskal-Wallis | 0.017 R:?tisiﬁl;aohézssn
eGFR (ml/min/1.73m2) Numerical | Kruskal-Wallis | 0.036 Re—ho§pitalization
within 30 days
Pillar number Categorical Chi-square 0.000 R:?tisiﬁl;aohézssn
NT-ProBNP (pg/mL) Numerical | Kruskal-Wallis | 0.000 Pilar number
Hemoglobin (g/dL) Numerical | Kruskal-Wallis | 0.020 Pilar number
eGFR (ml/min/1.73m2) Numerical | Kruskal-Wallis | 0.000 Pilar number
eGFR<30 (ml/min/1.73m2) | Categorical Chi-squared 0.000 Pilar number
Critical limb ischaemia Categorical Chi-squared 0.003 Pilar number
Diabetes Categorical Chi-squared 0.007 Pilar number

peptide;

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNi,
angiotensin receptor—neprilysin inhibitor; eGFR, estimated glomerular filtration rate;
NYHA,New York Heart Association; NT-proBNP, N-terminal pro hormone brain natriuretic




Table S6. Predictors of prescription of Renin-angiotensin system
inhibitors/Angiotensin receptor neprilysin inhibitor

Renin-angiotensin system inhibitors/Angiotensin receptor neprilysin inhibitor

Unadjusted OR Adjusted OR .
(95% Cl) (95% Cl) p-value Baseline

eGFR<30 ml/min/1.73m2 (Yes vs No) 0.07 (0.03,0.16) | 0.08 (0.03,0.19) | 0.000/0.000

Hypotension (Yes vs No) 0.32(0.16,0.65) | 0.29(0.13,0.64) | 0.002/0.002

Hyperkalemia (Yes vs No) 0.36 (0.14,0.89) | 0.42(0.14,1.24) | 0.028/0.115

Diabetes (Yes vs No) 0.60 (0.36,1.00) 0.048 68.2%

Age (Per 1 year increase) 0.95 (0.93,0.98) | 0.96 (0.94,0.99) | 0.000/0.002
NT-ProBNP (Per 100 pg/mL increase) 0.99 (0.99,1.00) 0.000
Hemoglobin (Per 1g/dL increase) 1.25(1.12,1.40) 0.000
eGFR (Per 10 ml/min/1.73m2 increase) 1.48 (1.31,1.67) 0.000

eGFR, estimated glomerular filtration rate; NT-proBNP, N-terminal pro hormone brain

natriuretic peptide; OR, odds ratio.




Figure S1. Data extraction workflow
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ERP, Enterprise resource planning; ETL, Extract Transform Load; BMI, Body Mass Index; NYHA, New
York Heart Association; NLP, Natural Language Processing; eGFR, estimated glomerular filtration rate;
HF, Heart Failure



Figure S2. Trajectories of drugs use at admission and at discharge
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ACEi, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; ARNi,

angiotensin receptor—neprilysin inhibitor; MRA, mineralocorticoid receptor antagonists; SGLT2i,
Sodium-glucose co-transporter 2 inhibitors.



Figure S3. Univariate stratified analysis for the 30-day risk of
readmission
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