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C I = The implementation of the discharge checklist was associated with an improvement in GDMT prescription and
onclusion an improved prognosis in patients with heart failure with reduced ejection fraction.

Background/Aims: Despite the proven benefit of the guideline-directed medical therapy (GDMT), it remains underutilized
in patients hospitalized with acute heart failure (HF). We aimed to evaluate the impact of the discharge checklist on GDMT
installation and the prognosis of HF patients.

Methods: This study was a single-center, observational study that included all patients admitted for HF from March 2021
to February 2023. The data were retrieved from electronic medical records and discharge checklists. A comparison was con-
ducted between the checklist group and the non-checklist group. The primary endpoint was a composite of all-cause mor-
tality or readmission for HF within 6 months.

Results: The checklist was completed for 537 patients (checklist group) and not for 187 patients (non-checklist group). The
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proportion of patients to whom two or more components of GDMT were prescribed was significantly higher in the checklist
group than in the non-checklist group (59.6% vs 42.2%, p < 0.001). The checklist group exhibited a significantly lower pri-
mary outcome compared to the non-checklist group (27.4% vs. 36.4%, HR 0.73, 95% Cl 0.55-0.98, p = 0.036). The effect
of the checklist was more prominent in HF with reduced ejection fraction (HR 0.51, 95% Cl 0.34-0.77, p = 0.001) than in
HF with mildly-reduced and preserved ejection fraction (HR 0.91, 95% Cl 0.58-1.42, p = 0.676) (p for interaction = 0.06).

Conclusions: The implementation of the discharge checklist was associated with an improvement in GDMT prescription

and an improved prognosis in patients with HF with reduced ejection fraction.

Keywords: Heart failure; Checklist; Prescription

INTRODUCTION

Patients who are admitted to hospitals with acute heart fail-
ure (HF) have a grim prognosis, and they show a very high
event rate within up to six months after discharge. Accord-
ing to data from the Korean Acute HF Registry (KorAHF),
the mortality rate for acute HF during hospitalization is ap-
proximately 6%, while the mortality rate for acute HF within
one year after discharge is reported to be around 18% [1].
Guideline-directed medical therapy (GDMT), which consists
of renin-angiotensin system inhibitors (RASI) including an-
giotensin receptor/neprilysin inhibitor, beta-blockers, miner-
alocorticoid receptor antagonists (MRAs), and the recently
added sodium-glucose cotransporter-2 inhibitors (SGLT2i),
has been reported to improve the treatment outcomes of
HF patients [2-5].

Despite its proven benefits, the implementation of GDMT
in real-world practice remains unsatisfactory [6]. In the
Asia-Pacific regions, including Korea, the GDMT prescrip-
tion rate upon discharge has only been reported to be
around 50% [7]. There are several factors that contribute to
the suboptimal application of GDMT in HF patients. Patient
non-adherence and intolerance to medications, which occur
due to side effects or fragile patient condition, including low
blood pressure and marginal renal function, hinder optimal
GDMT application. However, physician inertia also rep-
resents a significant obstacle to optimal GDMT application.
The reluctance or hesitance among physicians to initiate or
intensify GDMT may stem from concerns about its potential
side effects, perceived patient tolerance issues, or a prefer-
ence for maintaining the status quo in treatment plans. One
of the strategies that can be used in an attempt to overcome
physician inertia is the fulfillment of a discharge checklist to
review the discharge prescriptions being administered, thus
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offering a chance to initiate or intensify GDMT [8].

In a previous work, we reported on the beneficial effect
of the discharge checklist in GDMT initiation before dis-
charge [9]. The discharge checklist can be downloaded from
the following URL: https://www.kshf.or kr/uploaded/board/
kspatientdata/_bb80f6b90c312d6310e270d11cf6f0731.
pdf.

Surprisingly, the use of the discharge checklist was associ-
ated with a 55% lower risk of short-term death and rehos-
pitalization within two months. However, since the previous
study was small-scale and only had a follow-up period of
two months, we aimed to confirm the beneficial effect in a
larger-scaled, longer follow-up study. We also evaluated the
impact of the discharge checklist according to the HF phe-
notypes: HF with reduced ejection fraction (HFrEF) and HF
with mildly-reduced or preserved ejection fraction (HFmrEF
and HFpEF).

METHODS

Study population

All patients who were hospitalized for HF in the cardiolo-
gy wards of Seoul National University Hospital from March
2021 to February 2023 were included in this retrospective
study. HF was diagnosed by cardiologists according to a
standard definition by cardiologists [10,11]. Patients who
were transferred to other departments or died during hos-
pitalization were excluded from the present analyses. The
protocols of the study were approved by the Institutional
Review Board (IRB) of Seoul National University Hospital (IRB
No. H-2311-001-1481). This study adhered to the ethical
guidelines of the 2013 Declaration of Helsinki. The require-
ment for informed consent from the IRB was exempted due
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to the retrospective nature of the study and the fact that the
data were anonymized.

Clinical variables

The clinical data of the research subjects were collected
retrospectively from the discharge checklist distributed by
the Korean Society of HF and electronic medical records.
The discharge checklist provided information such as dis-
charge date, HF phenotype, HF etiology, comorbidities, type
of medication at discharge, and aggravating factors. Other
baseline characteristics, including age, sex, height, weight,
body mass index (BMI), history of HF, and vital signs at ad-
mission were collected from the electronic medical records.
Follow-up data, dose of prescribed medication, and vital
signs at discharge were also collected from the electronic
medical records. Participants were encouraged to complete
the discharge checklist before discharge. In cases where
some information was missing on the discharge checklist
or the checklist was not completed, data were collected
from the electronic medical record. Mortality data, which is
not ascertainable solely from the electronic medical record,
were requested from Statistics Korea.

Since GDMT includes various medications, we introduced
the GDMT adequacy score as a single indicator to enable
comparisons of patients’ GDMT prescription statuses. The
criteria for the adequacy scores were modeled after the for-
mat used in a previous study conducted by our team [9].
Based on these criteria, we calculated each patient’s GDMT
adequacy score using information obtained from the elec-
tronic medical record (Supplementary Table 1). Although
SGLT2i are part of GDMT, they are not covered by insur-
ance for patients without diabetes, thus making prescrip-
tions of SGLT2i less common [12]. Therefore, SGLT2i were
not considered when calculating the GDMT adequacy score
[9]. Supplementary Table 1 presents the evaluation criteria
use for the GDMT adequacy score, which were used in the
previous reports [9].

Endpoints

The primary endpoint of the study was the composite out-
come of all-cause mortality and readmission due to worsen-
ing of HF within 6 months. Secondary endpoints included
all-cause mortality, readmission due to worsening of HF
within 6 months, GDMT adequacy scores, and the number
of GDMT prescriptions, with the data categorized by HF
phenotype and discharge checklist fulfillment. GDMT was
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assessed at discharge.

Statistical analysis

The baseline characteristics were described using descriptive
statistics. Continuous variables were described in terms of
median and interquartile range, while categorical variables
were expressed in terms of frequencies (n) and percentages
(%). The choice between the Mann-Whitney U test or the
unpaired Student'’s t-test was made based on the nature of
the continuous variables, while Fisher’s exact test or the chi-
square test was used to compare proportions. The Cox pro-
portional hazard model was used to identify the predictors
of the primary endpoint. As a first step, a univariable Cox
regression analysis was conducted to identify factors affect-
ing primary outcome in patients with HF. Considering the
number of subjects in this study, only some variables with a
p value less than 0.05 were selected in the univariable Cox
regression analysis. Next, to select the best-fitting variables
for the multivariable Cox regression model, a bootstrap re-
sampling procedure based on Cox regression analysis was
used [13,14]. The most commonly occurring (more than
50% times) significant predictors were selected based on
forced entry Cox regression using 1,000 bootstrap samples,
and these variables were included in the final multivariable
model. Survival analysis was conducted using Kaplan-Meier
estimation, and Kaplan—Meier curves were used to illustrate
the time-to-event distribution of the primary endpoint. The
effect of discharge checklist on primary outcome was pre-
sented in terms of an adjusted hazard ratio (HR) and its 95%
confidence interval (Cl). Data analyses were carried out
using the SPSS statistical software (version 26; IBM Corp,
Armonk, NY, USA). Statistical significance was determined
using a p value threshold of 0.05.

RESULTS

Baseline characteristics of patients based on
discharge checklist completion status
Of the 829 initially enrolled patients, 45 who died during
hospitalization and 60 transferred to other departments
were excluded from the study. Therefore, a total of 724 pa-
tients were included in the analysis, comprising 537 in the
checklist group and 187 in the non-checklist group. Figure 1
shows a flowchart of the study.

Table 1 presents the baseline characteristics of the pa-
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tients. The median age of the patients with HF was 75 years
old, and more than 50% of patients were male. There was
no difference in the incidence of comorbidities between the
checklist group and the non-checklist group, aside from
dyslipidemia. Regarding the HF phenotype, the checklist
group exhibited a significantly higher proportion of patients
with HFrEF (53.0% vs. 43.6%), but there was no significant
difference in left ventricular ejection fraction between two
groups. The presentation of HF at admission in both groups
was mainly de novo HF. The two groups showed similar me-
dian values of median systolic and diastolic blood pressure
at admission, but median heart rate was numerically high-
er in the checklist group. The checklist group had a higher
proportion of patients for whom poor compliance was an
aggravating factor (14.9% vs. 7.8%, p = 0.013). The two
groups were comparable in the other characteristics.
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The effect of discharge checklist on clinical
outcomes of HF patients
Figure 2 presents survival curves for the primary outcome
based on checklist completion. In overall HF patients, the
checklist group showed a significantly lower event rate
compared to the non-checklist group (27.4% vs. 36.4%; HR
0.73, 95% ClI 0.55-0.98, p = 0.036) (Fig. 2A). In HFrEF pa-
tients, the difference between the two groups was greater
(29.3% vs. 48.7%; HR 0.51, 95% (1 0.34-0.77, p = 0.001)
(Fig. 2B). On the other hand, in patients with HFpEF and
HFmIEF, the checklist group showed a numerical decrease
in the event rate compared to the non-checklist group, but
there was no significant difference between the two groups
(25.8% vs. 27.5%; HR 0.91, 95% C1 0.58-1.42, p = 0.676)
(Fig. 2Q) (p for interaction = 0.06 between discharge check-
list and HF classification).

When considering secondary outcomes (Supplementary

Assessed for
eligibility (n = 829)

In checklist group

Excluded (n = 45)
- Deaths during hospitalization (n = 45)

>

In non-checklist group

l

Patients in checklist group (n = 573)
- Excluded: changed department (n = 36)

'

Patients in non-checklist group (n = 211)
- Excluded: changed department (n = 24)

Analyzed

Checklist group (n = 537)

Figure 1. Study flow.

Non-checklist group (n = 187)

Table 1. Baseline characteristics between checklist group and non-checklist group

Variable Total population (n = 724) Checklist group (n =537)  Non-checklist group (n = 187) p value
Age (yr) 75.0 (64.0-81.0) 75.0 (65.0-81.0) 75.0 (62.0-81.0) 0.472
Male 388 (50.2) 303 (54.9) 97 (50.3) 0.267
BMI (kg/m?) 235+4.2 23.1(20.8-26.2) 23.4(20.6-26.2) 0.565
Comorbidities
Hypertension 376 (52.7) 270 (50.8) 106 (58.2) 0.086
Diabetes mellitus 277 (38.8) 202 (38.0) 75 (41.2) 0.481
Atrial fibrillation 274 (38.4) 211 (39.7) 63 (34.6) 0.251
COPD/asthma 50 (7.0) 41 (7.7) 9(4.9) 0.136
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Variable Total population (n = 724) Checklist group (n = 537)  Non-checklist group (n = 187) p value
CKD 230(32.2) 161 (30.3) 69 (36.9) 0.066
Dyslipidemia 181 (25.5) 121 22.7) 61 (33.5) 0.006

NYHA Fc 0.666
| 22 (3.2) 18 (3.5) 4(2.4)

Il 51(22.0) 110 (21.2) 41 (24.6)
[ 337 (49.1) 254 (48.9) 83 (49.7)
v 176 (25.7) 137 (26.4) 39(23.4)

HF phenotype 0.003
HFpEF 263 (36.9) 191 (35.9) 72 (39.8)

HFmrEF 78 (10.9) 48 (9.0) 30 (16.6)
HFrEF 361 (50.6) 282 (53.0) 9 (43.6)

LVEF (%) 43.0 (31.0-56.0) 42.0 (30.0-56.0) 45.5 (33.0-57.0) 0.217

HF presentation 0.121
De novo 492 (68.0) 374 (69.8) 118 (63.4)

Worsening 232 (32.0) 163 (30.2) 69 (36.6)

Vital sign at admission
SBP (mmHg) 132.0 (114.0-149.0) 131.0 (113.0-148.0) 134.5 (116.0-150.5)  0.159
DBP (mmHg) 75.0 (65.0-86.0) 75.0 (65.0-87.0) 76.0 (67.0-83.3) 0.566
Heart rate 82.0 (69.0-99.0) 82.0(70.0-100.0) 80.0 (66.0-97.0) 0.058

Aggravating factors
Acute coronary syndrome 193 (25.9) 145 (26.3) 48 (24.9) 0.703
Arrhythmia 159 (21.3) 116 (21.0) 43 (22.3) 0.712
Infection 74.(9.9) 61 (11.1) 13(6.7) 0.094
Poor compliance 97 (13.0) 82 (14.9) 15 (7.8) 0.013
Acute kidney injury 67 (9.0) 49 (8.9) 18(9.3) 0.851
Medication 17 (2.3) 14 (2.4) 4(2.1) 0.821
Uncontrolled BP 19 (2.6) 14 (2.4) 5(2.6) 0.967
Others 195 (26.2) 138 (25.0) 57 (29.5) 0.217

Etiology of HF
Ischemia 245 (34.4) 179 (30.7) 66 (35.5) 0.240
Cardiomyopathy 114 (16.0) 89 (16.7) 25(13.7) 0.412
Valvular 151 (21.1) 114 (21.4) 37 (20.3) 0.838
Tachycardia induced 94 (13.2) 66 (12.4) 28 (15.4) 0.311
Hypertensive 41 (5.7) 33(6.2) 8 (4.4) 0.461

Cared by HF specialista> 197 (27.7) 159 (28.9) 48 (24.9) 0.305

Values are presented as median (interquartile range), number (%), or mean = standard deviation.

BMI, body mass index; COPD, chronic obstructive pulmonary disease; CKD, chronic kidney disease; NYHA Fc, New York Heart
Association functional classification; HF, heart failure; HFpEF, heart failure preserved ejection fraction; HFmrEF, heart failure mild
reduced ejection fraction; HFrEF, heart failure reduced ejection fraction; LVEF, left ventricular ejection fraction; SBP, systolic blood
pressure; DBP, diastolic blood pressure; BP, blood pressure.

AHF specialists refer to three professors at Seoul National University Hospital specializing in heart failure as their primary clinical
field.
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Fig. 1), among HFrEF patients, the checklist group showed a
significantly lower all-cause death rate (9.0% vs. 17.9%, p
= 0.021) (Supplementary Fig. 1B) along with a numerically
lower rehospitalization rate (23.4% vs. 33.3%, p = 0.051)
(Supplementary Fig. 1E) when compared to the non-check-
list group. However, there were no differences in either all-
cause death or rehospitalization rate in patients with HFpEF
and HFmrEF (Supplementary Fig. 1C, F). The difference in
the two groups also continued to increase over time.

The systolic and diastolic blood pressure readings at the
point of discharge were lower in the checklist group than
they were in the non-checklist group (117.4 £ 17.9 mmHg
vs. 121.2 +£21.5 mmHg, p = 0.002, and 69.9 + 10.2 mmHg
vs. 72.0 £ 11.3 mmHg, p = 0.019). Further, more patients in
the checklist group belonged to the higher score heart rate
category (thus lower heart rate at discharge) even though
the checklist group had a significantly higher baseline heart
rate than the non-checklist group (Supplementary Table 2).

Lastly, univariable and multivariable Cox proportional
hazards regression analyses were conducted to identify the
independent predictors for primary outcome and to assess
the impact of discharge checklist on primary outcome. In
the univariable analysis, completion of the discharge check-
list, high BMI, RASI therapy, and high adequacy score were
all significantly associated with lower event rates, while the
presence of atrial fibrillation, de novo/worsening of HF,

The Korean Journal of Internal Medicine Vol. 39, No. 6, November 2024

HFrEF, and need for treatment with implantable cardiovert-
er defibrillator/cardiac resynchronization therapy (ICD/CRT)
and diuretics therapy were all significantly associated with
higher event rates (Table 2). Based on forced entry Cox re-
gression using 1,000 bootstrap samples, the most common-
ly occurring (more than 50% times) significant predictors
are the completion of the discharge checklist (74.4% times),
de novo/worsening of HF (68.5% times), diuretics therapy
(65.8% times), and RASI therapy (55.8% times). These four
variables were ultimately included in the multivariable Cox
regression model (Supplementary Fig. 2).

In multivariable analysis, completion of the discharge
checklist and RASI therapy were significantly associated with
lower event rates, while de novo/worsening of HF remained
significantly associated with higher event rates of primary
outcome. Remarkably, the fulfillment of discharge checklist
was associated with a 27% (95% Cl 0.55-0.98, p = 0.036)
reduction in the risk of 6-month all cause death or rehospi-
talization.

GDMT prescription based on the discharge
checklist completion status

Figure 3 presents the prescription status of GDMT based on
checklist completion. When comparing the types of GDMT
medications prescribed, the checklist group received an av-
erage of 1.7 £ 0.9 classes of GDMT, which was significantly
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Figure 2. Kaplan—Meier curve for primary outcome in patients with HF based on the completion status of the discharge checklist. (A)
Kaplan—Meier curve for the primary outcome of all HF patients, (B) for the primary outcome of HFrEF patients, and (C) for the primary
outcome of HFpEF and HFmrEF patients. HF, heart failure; HFrEF, heart failure with reduced ejection fraction; HFpEF, heart failure with
preserved ejection fraction; HFmrEF, heart failure with mildly reduced ejection fraction; HR, hazard ratio; Cl, confidence interval.
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higher than that in the non-checklist group (1.3 £ 0.9, p <
0.001). The adequacy scores of type 1, with a maximum val-
ue of ten, were higher in the checklist group than they were
in the non-checklist group (mean + standard deviation) (3.7
+24vs. 2.7 £2.2,p<0.001). Meanwhile, the adequacy
score of type 2, with a maximum value of nine, was also
significantly higher in the checklist group than it was in the
non-checklist group (3.0 = 2.1 vs. 2.1 + 2.0, p < 0.001)
(Supplementary Table 2).

Impact of discharge checklist completion

on GDMT prescription stratified by HF
phenotypes

Although GDMT is established for HFrEF patients, there has

KJIM™

been limited researching examining its efficacy in HFpEF
and HFmrEF patients [15,16]. In this regard, we evaluated
its impact in an analysis stratified by HF phenotypes. Be-
cause the number of hospitalized patients with HFmrEF and
HFpEF was smaller than that of hospitalized patients with
HFrEF, we merged patients with HFmrEF and HFpEF for fur-
ther analysis. Figure 4 presents the prescription rates of the
medications that are included in GDMT for HFrEF patients
and HFpEF/HFmrEF patients. In HFrEF patients, the check-
list group showed significantly higher prescription rates of
RASI (74.5% vs. 59.0%, p = 0.010), beta-blockers (80.4%
vs. 67.9%, p = 0.029), and SGLT2i (31.1% vs. 19.2%, p
= 0.045) compared to the non-checklist group. There was
also a trend toward higher prescription rates of angioten-

Table 2. Univariable and multivariable Cox proportional hazard regression analysis for the primary outcome

Variable

Univariable analysis

Multivariable analysis

HR (95% Cl)

p value HR (95% Cl) p value

Age (< 65 yrvs. > 65 yr)
Sex (female vs. male)
Body mass index (< 25 kg/m? vs. > 25 kg/m?)

Hypertension
Diabetes
Dyslipidemia
Atrial fibrillation

HF type (de novo vs. worsening)

LVEF (> 40% vs. < 40%)

HF etiology (non-ischemic vs. ischemic)
Number of GDMT (< 2 vs. > 2)

ICD or CRT
HF specialist

Discharge checklist
Year of study (first vs. second year)

HF medication
RAS inhibitors
Beta-blocker
SGLT2 inhibitors
MRASs
Diuretics

Adequacy score 1 (< 3vs. > 3)
Adequacy score 2 (< 3vs. > 3)

1.37 (0.99-1.90)
1.03 (0.79-1.34)
0.65 (0.48-0.90)
0.80 (0.61-1.05)
0.93(0.71-1.23)
1.01 (0.75-1.37)
1.47 (1.13-1.92)
1.52 (1.16-1.99)
(
0.76 (0.57-1.02
0.72 (0.50-1.03)
1.66 (1.12-2.45)
1.32(0.99-1.75)
0.69 (0.52-0.92)
1.00 (0.77-1.31)

1.35 (1.03-1.77)
)

0.64 (0.49-0.84)
0.78 (0.60-1.03)
1.01 (0.74-1.40)
1.20 (0.91-1.56)

1.35(1.00-1.83)
0.67 (0.52-0.88)
0.87 (0.67-1.14)

0.054

0.842

0.009 0.59 (0.42-0.83) 0.003
0.108

0.617

0.941

0.005 1.41 (1.06-1.88) 0.020
0.003 1.24 (0.92-1.68) 0.151

0.028 1.51 (1.11-2.06) 0.009
0.069

0.075

0.012 1.77 (1.16-2.71) 0.009
0.058

0.011 0.66 (0.49-0.89) 0.021
0.984

0.001 0.73(0.51-1.05) 0.090
0.078
0.932
0.195
0.050 1.41 (1.03-1.94) 0.033
0.004 0.75 (0.52-1.06) 0.105
0.307

HR, hazard ratio; Cl, confidence interval; HF, heart failure; LVEF, left ventricular ejection fraction; GDMT, guideline-directed medical
therapy; ICD, implantable cardioverter defibrillator; CRT, cardiac resynchronization therapy; RAS, renin-angiotensin system; SGLT2,
sodium-glucose cotransporter 2; MRA, mineralocorticoid receptor antagonist.
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sin receptor-neprilysin inhibitor in the checklist group, al-
though this difference did not reach statistical significance
(p = 0.097). However, in HFpEF and HFmrEF patients, there
were no significant differences in the rate of prescription of
any medication.

DISCUSSION

The current study evaluated the impact of a discharge
checklist on the prescription of GDMT and clinical out-
comes in patients who were hospitalized for acute HF. The
checklist group exhibited a significantly lower composite
outcome of all-cause mortality or HF readmission within
6 months, which could be attributable to the significantly
higher GDMT prescription rate. This beneficial effect was
shown to persist after adjusting for various clinical variables,
suggesting that the completion of the discharge checklist
contributes to improved outcomes in HF patients. In a pre-
vious paper we reported the results of a small, short-term
observational study which suggested that discharge check-
list usage might be an effective strategy for GDMT initiation
during hospitalization and that it could also be beneficial in
terms of short-term outcome in two months [9]. This study
confirmed the findings of the previous study in a larger, lon-
ger follow-up study. The present study is also meaningful
for the following reasons: First, completion of the discharge
checklist had greater impacts on GDMT rate and clinical out-
comes in patients with HF in HFrEF than it did in HFpEF/HFm-
rEF. Most of the main contents of the HF discharge checklist
that have been published by the Korean Heart Failure So-
ciety focus on HFrEF management. This may explain why
completing the discharge checklist had a greater impact on
clinical outcomes in patients with HFrEF than it did in those
with HFpEF/HFmIEF in our study. Approximately 50% of HF
patients are reported to have HFpEF [17]. HFpEF/HFmIEF is
also associated with considerable mortality [18]. Early inter-
vention and optimization of the prevention and treatment
of comorbidities could potentially prevent adverse events in
patients with HFmrEF/HFpEF. Because HFmrEF/HFpEF has
different characteristics from HFrEF, the contents of the dis-
charge checklist should be constructed differently according
to the HF classification. Second, the rate of completion of
the discharge checklist was more than 50% in patients with
HFrEF, while it was less than 50% in patients with HFpEF/
HFmIEF in our study. Therefore, despite the reported effec-
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tiveness of SGLT2 inhibitors in patients with HFmrEF/HFpEF,
the prescription rate of SGLT2 inhibitors was lower in pa-
tients with HFmrEF/HFpEF than it was in those with HFrEF.
This suggests that physicians are either unaware of or not
interested in the management of HFmrEF/HFpEF patients.
Therefore, there is a need for further research and efforts
to care for and effectively manage patients with HFmrEF/
HFpEF. Third, although the adverse event rate was lower in
the checklist group than it was in the non-checklist group,
the rate of adverse events gradually increased over time in
both groups (Fig. 2). This result suggests that the discharge
checklist may have affected the initiation of GDMT, but that
it did not affect the up-titration of GDMT. According to the
STRONG-HF study, an intensive treatment strategy of rapid
up-titration of GDMT after an acute HF admission reduced
symptoms, improved quality of life, and reduced the risk of
death or HF readmission [19]. Altogether, these findings in-
dicate that it is important not only to initiate GDMT, but also
to rapidly up-titrate GDMT until the patient can tolerate it.
Considering this, although the completion of the discharge
checklist impacts GDMT initiation, it may not affect the
up-titration of GDMT or clinical inertia.

In this study, the discharge checklist was used solely for
educational purposes. However, if the clinical significance
of the discharge checklist were to be recognized, it is antici-
pated that the checklist could also come to be utilized by HF
specialists to confirm patient discharges.

The results revealed the existence of a significant associ-
ation between checklist completion and increased GDMT
prescription, showcasing the checklist's efficacy in optimiz-
ing medical therapy for HF patients. Although GDMT pre-
scription has benefits for HF patients, research has shown a
lack of adherence to GDMT prescriptions in the real world.
According to the Acute Decompensated HF National Reg-
istry (ADHERE) in the United States, only 83%, 80%, and
33% of patients received prescriptions for RASI, beta-block-
ers, and MRA, respectively [20]. In the Asia-Pacific region,
GDMT prescription rates were even lower. According to the
Acute Decompensated HF Registry International-Asia Pacific
(ADHERE-AP), only 63%, 41%, and 31% of patients were
prescribed RASI, beta-blockers, and MRA, respectively [21].
The existence of a higher number of GDMT classes and
higher adequacy scores in the checklist group underscores
the checklist's role in guiding physicians toward a more
comprehensive prescription. This finding aligns with the re-
sults of previous studies emphasizing the underutilization of
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GDMT in real-world practice and highlights the checklist as
a potential solution to address this gap. The checklist's im-
pact on blood pressure readings and heart rate categories
suggests that it influences not only medication choice but
also individualized treatment adjustments, which ultimately
emphasizes its role in tailoring therapy to patient needs.

An analysis in which the results were stratified based on
HF phenotypes revealed a substantial impact on HFrEF pa-
tients, with higher prescription rates of RASI, beta-blockers,
and SGLT2i in the checklist group. This aligns with existing
evidence supporting the efficacy of GDMT in HFrEF. Pre-
vious studies demonstrated the efficacy of four pillars for
HFrEF therapy, and our previous study reported that dis-
charge checklist usage is an effective strategy for GDMT
initiation during hospitalization. The discharge checklist also
improves adherence to GDMT in patients with HFrEF. Sur-
vival analysis demonstrated the existence of a significantly
lower event rate in the checklist group, particularly in HFrEF
patients. This suggests that the checklist’s impact extends
beyond prescription rates, as it influences clinical outcomes
such as all-cause mortality and HF readmission. However,
the lack of a significant difference on clinical outcomes in
HFpEF and HFmrEF patients underscores the complexity in-
volved in managing these conditions and raises questions
about the checklist's effectiveness in improving outcomes
in these specific populations. This may reflect the ongo-
ing challenges in establishing evidence-based therapies for
these HF subtypes while also highlighting the need for fur-
ther research to identify effective treatment strategies for
patients with preserved or mildly-reduced ejection fraction
[15,16]. As effective therapies come to be established for
patients with preserved or mildly-reduced ejection fraction,
the utility of the discharge checklist is expected to increase
for these individuals.

Survival analysis demonstrated a significantly lower event
rate in the checklist group, particularly in HFrEF patients.
This suggests that the checklist's impact extends beyond
prescription rates, in turn influencing clinical outcomes
such as all-cause mortality and HF readmission. The lack
of a significant difference in HFpEF and HFmrEF patients
underscores the complexity of managing these conditions
and raises questions about the checklist's effectiveness in
improving outcomes in these specific populations. The re-
sults of univariable and multivariable analyses further sup-
ported the checklist's independent association with lower
event rates, ultimately emphasizing its potential utility as a
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valuable tool in the management of HF patients.

This study set a hypothesis predicting that the completion
of a discharge checklist would improve patient outcomes
by ensuring better physician adherence to guidelines when
prescribing medications. This hypothesis can be divided
into two assumptions: first, that checklist completion in-
creases the prescription rate of GDMT, and second, that
elevated GDMT prescription rates lead to improved patient
outcomes. Previous research has supported each of these
assumptions. In a study evaluating the effectiveness of a dis-
charge checklist in the care of patients with acute decom-
pensated HF, it was concluded that the discharge checklist
serves as a simple tool to ensure the prescription of GDMT
[22]. Further, although not a discharge checklist specifically,
another study evaluating the impact of checklists on medi-
cation prescriptions for HF patients found that the checklist
group exhibited a higher prescription rate of RASI compared
to the non-checklist group [8]. In the current study, patients
in the checklist group also demonstrated a higher GDMT
adequacy score compared to patients in the non-checklist
group, thus aligning with the anticipated results.

There is substantial evidence supporting the idea that
GDMT contributes to improved patient outcomes. Accord-
ing to the real-life SMYRNA study, the non-use or subop-
timal use of GDMT is associated with increased rates of
hospitalization and cardiovascular death in patients with HF
[23]. Clinical trials evaluating the effects of GDMT in specific
patient populations have also emphasized the importance
of considering the prescription of medications included in
GDMT for potential benefits in such populations [24,25].

Despite the compelling findings it has obtained, the pres-
ent study has certain limitations that warrant consideration.
First, its retrospective nature may introduce biases and lim-
it the establishment of causation. For instance, clinicians
might have been inclined to utilize the checklist more fre-
quently for patients with more severe profiles, with the aim
of ensuring thorough care at discharge. To mitigate bias,
we conducted comparisons of baseline characteristics and
performed subgroup analyses. Additionally, the study was
conducted in a single-center, which potentially limited the
generalizability of its results to broader populations. The re-
liance on retrospective data collection and the exclusion of
patients who died or were transferred to other departments
during hospitalization may also have introduced selection
bias. Further, the study’s duration and follow-up period may
not capture long-term effects, and caution should be taken
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when considering the checklist's generalizability to different
healthcare settings.

In conclusion, the findings of this study support the use of
a discharge checklist as a valuable intervention to enhance
GDMT prescription and improve clinical outcomes in pa-
tients hospitalized for HF, particularly those with reduced
ejection fraction. However, this study’s limitations under-
score the need for further research, including prospective,
multicenter studies, to validate these findings and address
potential biases. Future investigations should explore the ef-
fectiveness of the checklist in different HF phenotypes and
its long-term impact on patient outcomes to optimize its
implementation in clinical practice.

KEY MESSAGE

1. The implementation of the discharge checklist was
associated with enhancements in the prescription
of GDMT.

2. The checklist group showed a significantly lower
rate of the primary outcome (composite of all-
cause mortality and readmission due to wors-
ening of HF within 6 months) compared to the
non-checklist group (27.4% vs. 36.4%, p = 0.036).

3. The impact of the checklist was more significant
in patients with HF with reduced ejection fraction,
while there was no statistical difference observed
in patients with HF with mildly-reduced or pre-
served ejection fraction.
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Supplementary Figure 1. Kaplan-Meier curve for the all-cause death of (A) all HF patients, (B) HFrEF patients, and (C) HFpEF and HFm-
rEF patients. Kaplan—Meier curve for the rehospitalization of (D) all HF patients, (E) HFrEF patients, and (F) HFpEF and HFmrEF patients. HF,
heart failure; HFrEF, heart failure with reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFmrEF, heart failure

with mildly reduced ejection fraction.

https://doi.org/10.3904/kjim.2024.088

www.kjim.org


www.kjim.org

KJIM™

Discharge checklist

De novo/worsening of HF
Diuretics therapy

RAS inhibitors

LV ejection fraction
Atrial fibrillation

Body mass index

ICD/CRT implantation

www.kjim.org

The Korean Journal of Internal Medicine Vol. 39, No. 6, November 2024

74.4

80

100

Supplementary Figure 2. Variable
selection by a bootstrap resampling
procedure based on Cox regression.
Relative frequency (%) with which each
candidate variable was selected using
forced entry model selection in 1,000
bootstrap samples drawn from the HF
discharge checklist cohort. HF, heart
failure; RAS, renin-angiotensin system;
LV, left ventricular; ICD/CRT, implant-
able cardioverter defibrillator/cardiac
resynchronization therapy.
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Supplementary Table 1. GDMT adequacy scores

KJIM™

Variable Score Variable Score
Adequacy score type 1 >5mg 3
ACEl or ARB 1-3 ARNI
Beta-blockers (heart rate-based) 1-3 ARNI dose (twice daily)
MRA 2 <50 mg 3
ARNI 3-5 50-99.9 mg 4
Maximum score of type 1 10 > 100 mg 5
Adequacy score type 2 Beta-blockers (heart rate-based for type 1 adequacy score)
ACEl or ARB 1-3 Heart rate/minute (sinus rhythm)
Beta-blockers (dose-based) 1-2 >80 1
MRA 2 60-79 2
ARNI 3-5 <60 3
Maximum score of type 2 9 Heart rate/minute (atrial fibrillation)
ARB >100 1
Losartan dose (once daily) 80-99 2
<50 mg 1 <80 3
50-99 mg 2 Beta-blockers (dose-based for type 2 adequacy score)
> 100 mg 3 Beta-blockers
Candesartan dose (once daily) None 0
<8mg 1 < 50% target dose 1
8-15.9 mg 2 > 50% target dose 2
> 16 mg 3 Bisoprolol
Valsartan dose (twice daily) None 0
<80mg 1 < 5 mg once daily 1
80-159 mg 2 > 5 mg once daily 2
> 160 mg 3 Carvedilol
Fimasartan prescription (once daily) 1 None 0
Telmisartan prescription (once daily) 1 < 12.5 mg once daily 1
Olmesartan prescription (once daily) 1 > 12.5 mg once daily 2
ACEI Nebivolol
Ramipril dose (twice daily) None 0
<5mg 1 < 5 mg once daily 1
5-9.9 mg 2 >5 mg once daily 2
>10mg GDMT, guideline-directed medical therapy; ACEI, angioten-
Enalapril dose (twice daily) sin-converting enzyme inhibitor; ARB, angiotensin-receptor
<10mg 1 blocker; MRA, mineralocorticoid receptor antagonist; ARNI,
10-19.9 g - angigtlensin rec.eptpr—nepril.ysin inhibitor.
Modified from initial, median, and target dose based on 2021
220 mg 3 ESC guidelines for the diagnosis and treatment of acute and
Perindopril dose (once daily) chronic heart failure.
<2mg 1
2-4.9 mg 2
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Supplementary Table 2. Clinical outcomes at 6 months

Outcomes Checklist group (n = 537) Non-checklist group (n = 187) p value
Primary outcome? 148 (27.6) 68 (36.4) 0.026
Secondary outcomes
All cause of death 44 (8.2) 22 (11.8) 0.143
Rehospitalization 115 (21.4) 49 (26.2) 0.188
Heart failure medications
RAAS inhibitors 316 (58.8) 83 (44.4) 0.001
ACEIi/ARBs 214(39.9) 64 (34.2) 0.191
ARNI 103 (19.2) 9(10.2) 0.004
SGLT2 inhibitors 137 (25.7) 29 (15.6) 0.005
Beta blockers 365 (68.0) 103 (55.1) 0.002
MRA 229 (42.6) 66 (35.3) 0.084
Diuretics 341 (66.9) 122 (65.2) 0.718
ICD or CRT 53(10.1) 5(8.7) 0.660
Herat rate score 0.007
0 175 (32.6) 85 (45.5)
1 68 (12.7) 24(12.8)
2 188 (35.1) 56 (29.9)
3 105 (19.6) 22 (11.8)
No. of GDMT <0.001
0 51 (9.5) 39 (20.9)
1 123 (22.9) 58 (31.0)
>2 363 (67.6) 90 (48.1)
GDMT adequacy score 1 < 0.001
0 58 (10.8) 42 (22.5)
1 33 (6.1) 9(4.8)
2 98 (18.2) 48 (25.7)
>3 348 (64.8) 78 (41.7)
GDMT adequacy score 2 < 0.001
0 57 (10.6) 42 (22.5)
1 78 (14.5) 34(18.2)
2 106 (19.7) 41(21.9)
>3 296 (55.1) 70 (37.4)
Vital signs at discharge
SBP (mmHg) 117.4 £ 17.9 121.2 £ 215 0.002
DBP (mmHg) 69.9 £ 10.2 720+ 1.3 0.019

Values are presented as number (%) or mean + standard deviation.

RAAS, renin-angiotensin aldosterone system; ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker;
ARNI, angiotensin receptor neprilysin inhibitor; SGLT2i, sodium-glucose cotransporter-2 inhibitors; MRA, mineralocorticoid receptor
antagonist; ICD, implantable cardioverter defibrillator; CRT, cardiac resynchronization therapy; GDMT, guideline-directed medical
therapy; SBP, systolic blood pressure; DBP, diastolic blood pressure.

APrimary outcome is defined as a composite of all-causes of death or rehospitalization for heart failure

Heart rate score was assessed using the same criteria as the evaluation of GDMT adequacy score in Supplementary Table 1.
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