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Abstract

Aims We aimed to assess the long-term effect of a strategy of comprehensive vasodilation versus usual care on
health-related quality of life (HRQL) among patients with acute heart failure (AHF).
Methods and results Health-related quality of life was prospectively assessed by the generic 3-levelled EQ-5D and the
disease-specific Kansas City Cardiomyopathy Questionnaire (KCCQ) among adult AHF patients enrolled in an international,
multicentre, randomised, open-label blinded-end-point trial of a strategy that emphasized early intensive and sustained
vasodilation using maximally tolerated doses of established oral and transdermal vasodilators according to systolic blood
pressure. Changes in EQ-5D and KCCQ from admission to 180 day follow-up were individually compared between the intensive
vasodilatation and the usual care group. Among 666 patients eligible for 180 day follow-up, 284 (43%, median age 79 years,
35% women) and 198 (30%, median age 77 years, 35% women) had completed the EQ-5D and KCCQ at baseline and follow-up,
respectively. There was a significant improvement in HRQL as quantified by both, EQ-5D and KCCQ, from hospitalization to
180 day follow-up, with no significant differences in the change of HRQL between both treatment strategies. For instance,
39 (26%) versus 33 (25%) patients had an improvement by at least one level in at least two categories in the EQ-5D. Median
increase in KCCQ overall summary score (KCCQ-OSS) was 17.6 (IQR 2.0–42.6) in the intervention group versus 18.5 (IQR
3.9–39.3) in the usual care group (P < 0.001 vs. baseline, P = 0.945 between groups).
Conclusions Among patients with AHF, long-term HRQL quantified by EQ-5D and KCCQ improved substantially, with overall
no significant differences between a strategy of comprehensive vasodilation versus usual care.
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Background

Patients requiring hospitalization for acute heart failure (AHF)
continue to have unacceptable high rates of mortality and
morbidity.1,2 There is still no treatment for patients with
AHF proven to be beneficial by a randomized control trial.
Disappointingly, despite promising pilot data, also a recent
randomized controlled multicentre study comparing an early
and comprehensive strategy of aggressive vasodilation versus
usual care reported a neutral effect on mortality and rehospi-
talization for AHF.3,4

In addition to hard clinical endpoints such as death or re-
hospitalization, patient-reported outcomes are increasingly
recognized as providing important incremental insights
regarding the medical value of novel therapies by displaying
their clinical efficacy on the subjective well-being.5,6

Health-related quality of life (HRQL) is of particular impor-
tance in chronic and progressive disorders such as heart fail-
ure (HF).1,2 We therefore aimed to test the hypothesis that
an early and comprehensive strategy of aggressive vasodila-
tion would result in more pronounced improvements in HRQL
quantified by using generic and disease-specific question-
naires versus usual care in patients requiring hospitalization
for AHF.

Methods

Study design and population

Goal Directed Afterload Reduction in Acute Congestive Cardiac
Decompensation Study (GALACTIC) was a multicentre,
randomized, open-label blinded-end-point trial enrolling
adult patients hospitalized due to AHF that emphasized early
intensive and sustained vasodilation using maximally toler-
ated doses of established oral and transdermal vasodilators
according to systolic blood pressure.3 The final diagnosis
was adjudicated by an independent cardiologist who had
access to all patients’ medical records. In situations of
uncertainty about the diagnosis, cases were reviewed and
adjudicated in conjunction with a second cardiologist. Pa-
tients who were concluded to not have AHF were excluded.
Detailed methodology including patient population, random-
ization, and study procedures have been described before.3

The study was carried out according to the principles of the
Declaration of Helsinki and approved by the local ethics
committees.

Assessment of health-related quality of life

After providing written informed consent, patients received
the generic EQ-5D, as well as the disease-specific Kansas City
Cardiomyopathy Questionnaires (KCCQ), and were asked to

complete the self-administered forms without the help of
external interviewers within the next 24 h.7,8 For the
180 day follow-up, HRQL questionnaires were send by mail.
The primary outcomes for this analysis were the changes
from baseline to 180 day follow-up in the five dimensions
of the 3-levelled EQ-5D (no problems/some problems/severe
problems regarding mobility, self-care, usual activity, pain/
discomfort, anxiety/depression), and in the six domains of
the KCCQ as well as on the composite KCCQ overall summary
score (KCCQ-OSS), all ranging from 0 to 100, with lower score
indicating worse HRQL.

Statistical analysis

Continuous variables are presented as median with interquar-
tile range and categorical variables by numbers and percent-
ages. Differences in baseline characteristics of the study
population were assessed using Mann–Whitney U or χ2 test
as appropriate. Changes in the percentages of patients
reporting impairments according to the EQ-5D were plotted
with the use of alluvial diagrams. Differences in the changes
of the KCCQ-scores between both treatment groups were
compared using empirical bootstrap with 1500 samples to es-
timate the 95% confidence interval of the point estimates.9

Stuart–Maxwell and Wilcoxon signed-rank tests were used
to evaluate changes in HRQL from baseline to follow-up for
the ordinal EQ-5D and the continuous KCCQ, respectively.
All hypothesis testing was two-tailed and P-values of less than
0.05 were considered to indicate statistical significance. No
adjustment for multiple testing was performed. Statistical
analysis was operated using SPSS for Windows 26.0 (SPSS
Inc., Chicago, IL) and R Statistical Software Version 4.0.0
(Vienna, Austria).

Results

Among 666 patients enrolled in 10 centres in five countries
eligible for 180 day follow-up (median age 78 years, 36%
women), 284 (43%) and 198 (30%) had completed the
EQ-5D and KCCQ at baseline and follow-up, respectively
(Supporting Information, Figure S1). Patients who did fill
out the HRQL questionnaires had comparable baseline
characteristics to patients who did not (Supporting Informa-
tion, Table S1 and S2). Baseline characteristics including initial
HRQL were comparable among patients randomized to
comprehensive vasodilation versus usual care (Table 1).
In-hospital treatment differed significantly between both
groups with substantially higher doses of nitrates, hydral-
azine, and ACEI/ARB/ARNIs and transiently resulted in
significantly lower blood pressures in the comprehensive
vasodilation group (Supporting Information, Figures S2
and S3).
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Changes in health-related quality of life

Among 284 patients eligible for analysis using EQ-5D, the
number of patients reporting any problems was highest re-
garding usual activities (at admission n = 179 [63%] vs. fol-
low-up n = 146 [51%]), mobility (n = 175 [62%] vs. n = 153
[54%]), and pain/discomfort (n = 168 [59%] vs. n = 164
[58%]). At 180 days, HRQL as assessed by EQ-5D was im-
proved in both groups, with two significant between-group
differences. While patients in the intensive vasodilatation
group stated to have less pain/discomfort, they indicated to
have more depression/anxiety at follow-up than at admis-
sion, inversely to the patients in the usual care group (Tables
2 and 3; Figure 1). Summarized from baseline to follow-up, 39

(26%) versus 33 (25%) patients had an improvement of at
least one level in at least two categories, 27 (18%) versus
23 (17%) patients improved at least one level in one category,
and 32 (21%) versus 40 (30%) patients had a constant level of
impairment according to the EQ-5D in the intensive vasodila-
tation versus usual care group (P-values for comparison
between groups 0.791, 0.854, and 0.100 respectively).

In patients with available KCCQ-scores (n = 198), symptom
frequency (median score 37.5 [IQR 25.0–60.4]), quality of life
(41.7 [IQR 25.0–60.4]), and social limitations (41.7 [IQR 23.4–
68.8]) were the three domains with lowest scores at admis-
sion resulting in a baseline median KCCQ-OSS of 43.5 (IQR
30.2–63.2). Median KCCQ-OSS at baseline was comparable
between patients who survived (41.2 [IQR 27.5–58.3],

Table 1 Baseline characteristics of patients with (A) completed EQ-5D questionnaire and (B) with completed KCCQ

A
All patients with EQ-5D Standard care Intensive vasodilatation P-

value*n = 284 n = 134 n = 150

Age, years 79 [71, 85] 79 [71, 84] 79 [71, 85] 0.805
Female gender 100 (35) 55 (41) 45 (30) 0.069
BMI, kg/m2 27.1 [23.9, 30.5] 27.2 [24.1, 30.8] 27.0 [23.8, 30.4] 0.729
Diabetes 85 (30) 44 (33) 41 (27) 0.378
Hypertension 241 (85) 111 (83) 130 (87) 0.463
Coronary artery disease 163 (57) 77 (57) 86 (57) 1.000
Stroke 50 (18) 25 (19) 25 (17) 0.777
Atrial fibrillation 145 (51) 72 (54) 73 (49) 0.463
Known heart failure 189 (67) 90 (67) 99 (66) 0.935
NT-proBNP, ng/L 5479 [3042, 9307] 5226 [3031, 9517] 5724 [3106, 9134] 0.806
BUN, mmol/L 8.5 [6.5, 12.4] 8.2 [6.1, 12.5] 8.6 [6.6, 12.3] 0.674
eGFR, mL/min/1.73 m2 51 [38, 71] 51 [38.0, 70] 51 [38, 72] 0.924
Sodium, mmol/L 140 [137, 142] 140 [137, 142] 140 [137, 142] 0.914
ACEI/ARB/ARNI 213 (75) 103 (77) 110 (73) 0.583
Beta-blockers 207 (73) 101 (75) 106 (71) 0.449
Diuretics 212 (75) 100 (75) 112 (75) 1.000
EQ-5D Mobility 175 (62) 81 (60) 94 (63) 0.794
EQ-5D Self-Care 86 (30) 40 (30) 46 (31) 0.984
EQ-5D Usual Activity 179 (63) 85 (63) 94 (63) 0.992
EQ-5D Anxiety/Depression 95 (33) 48 (36) 47 (31) 0.5
EQ-5D Pain/Discomfort 168 (59) 76 (57) 92 (61) 0.503

B
All patients with KCCQ Standard care Intensive vasodilatation P-

value*n = 198 n = 94 n = 104

Age, years 77 [70, 84] 76 [68, 83] 79 [72, 84] 0.201
Female gender 69 (35) 40 (43) 29 (28) 0.044
BMI, kg/m2 27.8 [24.0, 30.9] 27.8 [24.1, 31.6] 27.4 [24.0, 30.5] 0.440
Diabetes 62 (31) 30 (32) 32 (31) 0.984
Hypertension 167 (84) 79 (84) 88 (85) 1.000
Coronary artery disease 117 (59) 56 (60) 61 (59) 1.000
Stroke 31 (16) 15 (16) 16 (15) 1.000
Atrial fibrillation 100 (51) 47 (50) 53 (51) 1.000
Known heart failure 126 (64) 59 (63) 67 (64) 0.925
NT-proBNP, ng/L 5298 [3081, 8244] 4698 [2923, 8090] 5783 [3512, 8338] 0.351
BUN, mmol/L 8.5 [6.6, 12.4] 8.6 [6.5, 12.6] 8.5 [6.7, 12.0] 0.818
eGFR, mL/min/1.73 m2 54 [37, 73] 54 [34, 70] 53 [39, 75] 0.441
Sodium, mmol/L 140 [137, 142] 140 [137, 142] 140 [137, 142] 0.830
ACEI/ARB/ARNI 148 (75) 73 (78) 75 (72) 0.464
Beta-blockers 142 (72) 69 (73) 73 (70) 0.732
Diuretics 150 (76) 73 (78) 77 (74) 0.669
KCCQ-OSS 43.5 [30.3, 62.8] 42.6 [31.5, 57.9] 43.8 [27.8, 64.9] 0.897

ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor–neprilysin inhibitor; BMI,
body mass index; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate; KCCQ-OSS, Kansas City Cardiomyopathy Question-
naire overall summary score; NT-proBNP, N-Terminal pro-B-type natriuretic peptide.
*P-value for comparison between two depicted groups.
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n = 365) and who died within the 180 day follow-up (34.8
[27.5–58.3], n = 54, P = 0.076). From baseline to 180 day fol-
low-up, KCCQ-scores increased significantly and to a similar
extent in both treatment groups, e.g. median increase of
KCCQ-OSS was 17.6 (IQR 2.0–42.6) in the intervention group
versus 18.5 (IQR 3.9–39.3) in the usual care group (both
P < 0.001 vs. baseline, Supporting Information, Table S3;
P = 0.943 between groups, Table 2). Highest increase was ob-
served in Symptom Frequency (30.2 [IQR 8.9, 50.0]) and
Symptom Burden (25.0 [IQR 0.0, 41.7]), resulting in median
scores over 70 in all six domains regardless of treatment
strategy. The comparison of the change in HRQL measured
by KCCQ between the two groups is illustrated in Figure 2.

Discussion

This secondary analysis from the international multicentre
study tested the hypothesis that an early and comprehensive
strategy of aggressive vasodilation using commonly available
drugs such as nitrates, hydralazine, and ACEI/ARB/ARNIs
would result in more pronounced improvements in HRQL
quantified using EQ-5D and KCCQ versus usual care in pa-
tients admitted for AHF. We report three main findings: first,
the disease-specific KCCQ, which previously has been shown
to be feasible even in the ED setting, documented very low
scores indicating poor HRQL in symptom frequency, symptom
burden, quality of life and social limitations at the time of
admission.10 With a 5-point change in KCCQ widely consid-
ered to be the minimally noticeable clinical difference

experienced by patients and a 20-point change considered
as a large substantial difference in HRQL, HRQL improved
significantly and substantially from admission to the
180 day follow-up in both randomization groups over all six
domains.11,12 Given the progressive natural history of HF
and recent suggestions that even changes smaller than the
traditional 5-points may be clinically meaningful, this high-
lights the enormous medical value of current HF therapies
and has not been shown in longitudinal data up to 180 days
before.1,2,13 Although sensitive to acute subjective changes
of the health state, the KCCQ assessed early during hospital
admission did not allow to predict 180 day mortality. Second,
the measured improvements in HRQL from admission to
180 day follow-up were smaller when using the generic
EQ-5D. After applying either of both strategies, about 50%
of the patients continued to be impaired in mobility, usual
activities, and/or had pain/discomfort. This might be
explained by the EQ-5D not being a HF specific, but a general
assessment of the health state, which could be substantially
affected by non-cardiac comorbidities. It further highlights
that as a single tool the EQ-5D would not be well suited to
monitor the HRQL in AHF patients. Third, a strategy of
comprehensive vasodilation did not result in a statistically
significant and/or clinically relevant more pronounced
improvement in HRQL at 180 day follow-up as quantified
using EQ-5D and KCCQ versus usual care. The neutral effect
on HRQL at 180 days may at least partly be explained by
three aspects: first, lack of effect of the early and comprehen-
sive vasodilation strategy versus usual care on NT-proBNP
concentration quantifying intracardiac filling pressures at
hospital discharge, second, smaller than expected difference

Table 2 Summarized between-group comparisons of change of HRQL from baseline to 180 day follow-up in patients admitted due to
AHF and randomized to usual care versus intensive vasodilatation

(A) EQ-5D
Overall Standard care Intensive vasodilatation P-

value*n = 284 n = 134 n = 150

Improvement of at least one level
in at least two categories

72 (25) 33 (25) 39 (26) 0.791

Improvement of at least one level
in one category

50 (18) 23 (17) 27 (18) 0.854

Constant average level of
impairment

72 (25) 40 (30) 32 (21) 0.100

Deterioration of at least one level
in at least one category

90 (32) 38 (28) 52 (35) 0.254

(B) KCCQ
Overall Standard care Intensive vasodilatation

*n = 198 n = 94 n = 104

Symptom frequency 30.2 [8.9, 50.0] 29.2 [10.4, 47.4] 33.3 [8.3, 50.5] 0.801
Symptom burden 25.0 [0.0, 41.7] 25.0 [8.3, 47.9] 25.0 [0.0, 41.7] 0.849
Physical limitation 10.0 [�4.2, 33.3] 12.5 [�6.2, 33.3] 9.2 [�4.2, 30.2] 0.956
Social limitation 16.7 [0.0, 41.7] 18.8 [0.0, 41.7] 12.5 [�2.6, 42.2] 0.419
Self-efficacy 12.5 [0.0, 25.0] 12.5 [0.0, 25.0] 12.5 [0.0, 25.0] 0.215
Quality of life 16.7 [8.3, 41.7] 16.7 [8.3, 41.7] 16.7 [8.3, 41.7] 0.983
KCCQ-OSS 18.0 [3.1, 39.3] 17.6 [2.1, 41.0] 18.5 [4.1, 38.8] 0.943

AHF, acute heart failure; HRQL, health-related quality of life; KCCQ-OSS, Kansas City Cardiomyopathy Questionnaire overall summary
score.
*P-value for comparison between two depicted groups.
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in ACEI/ARB/ARNI doses at 180 day follow-up between both
groups, and third, confounding by medical and social factors
occurring during 180 days and not differentially affected by
both treatment strategies.3

These findings corroborate and support the neutral
findings of previous studies regarding intensive preload and
afterload decrement as treatment strategy of patients with
AHF.14–16 Even when applying individualized and aggressive

Figure 1 HRQL at baseline and 180 day follow-up in patients assigned to usual care versus intensive vasodilatation according to the 3-levelled EQ-5D.
Bars indicate percentage of randomized patients (n = 134 in standard care and n = 150 in the intensive vasodilatation) reporting no, some and severe
impairments regarding (A) mobility, (B) self-care, (C) usual activities, (D) pain/discomfort, and (E) anxiety/depression; flow indicates changes from
admission to follow up.

A secondary analysis of the GALACTIC randomised controlled trial 4223

ESC Heart Failure 2021; 8: 4218–4227
DOI: 10.1002/ehf2.13543



dosing strategies as in this trial short-term vasodilatation may
not influence the long-term improvement of AHF patients’ in-
dividually perceived physical and mental health significantly
more than standard treatment according to current
guidelines.5 Nevertheless, whether specific phenotypes of
AHF, e.g. patients with elevated systolic blood pressure at
presentation, might benefit from early intensive vasodilata-
tion remains unexplored.16 Further, it has to be taken into ac-
count that important subjective changes in HRQL might occur
shortly after presentation. A prior randomized controlled trial
in patients presenting with AHF to the ED and comparable
KCCQ-OSS at baseline showed that HRQL increased not line-
arly, but had a more profound increase from baseline to
30 days and a plateau up to 90 days.17 Although another for-
mer trial comparing comprehensive care bundle including the
use of early intravenous nitrates versus usual care in older
AHF patients presenting to the ED resulted in no significant
difference in all-cause mortality and rehospitalization at
30 days, the incremental effect of early comprehensive vaso-
dilation on short-term HRQL remains unknown and should be
addressed in future studies.18

Several limitations merit consideration. First, as in all stud-
ies using self-administered HRQL-questionnaires, selection
bias might have occurred given the relatively low percentage

of patients who had completed the questionnaires at both
timepoints. While the help of an interviewer might have
increased the number of patients completing the question-
naires, particular the more comprehensive KCCQ, it would
have introduced the risk for patients to modify their answers
to present themselves in a more favourable light. It is
important to note that patients who did not fill-out the HRQL
questionnaires during admission had comparable baseline
characteristics to patients who completed the questionnaires.
Second, no specific sample size calculation was performed
for the HRQL analyses. Due to the only moderate number
of patients, this study likely was underpowered for some
comparisons, EQ-5D and KCCQ were analysed individually
and results should be interpreted as exploratory. Third,
these results cannot be generalized to patients with severe
respiratory failure and/or hemodynamic instability requiring
ICU-admission, who were excluded from the GALACTIC study.

Conclusions

Among patients with AHF, long-term HRQL quantified by EQ-
5D and KCCQ improved substantially, with overall no

Figure 2 Differences in changes of HRQL between standard care and intensive vasodilatation group after 180 days of follow-up. HRQL assessed by
KCCQ. Differences in change displayed with bars intersecting vertical line representing no difference in change. Negative values indicating higher HRQL
in intervention group and positive values higher change in usual care group. Calculations of change [95%-confidence interval] was performed using
empirical bootstrap method.
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significant differences between a strategy of comprehensive
vasodilation versus usual care.
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Figure S1. Patient flow chart.
Figure S2. Medication doses in standard care versus early in-
tensive and sustained vasodilatation group. Exemplarily for
patients with completed EQ-5D at baseline and follow-up
(n = 284); comparison assessed using Mann–Whitney-U test.
Bars indicate medians; box bottoms and tops, 25th and
75th percentiles; whiskers, upper and lower adjacent values;
dots, outliers. ns: p-value >0.05; *: p-value < = 0.05; **: p-
value < = 0.01; ***: p-value < = 0.001; ****: p-value < =
0.0001
Furosemide-equivalent dose on day 1 corresponds to intrave-
nous furosemide application and on day 2 through 180-day
follow-up corresponds to prescribed furosemide and/or
torasemide dose × 4.
ACEI: angiotensin-converting enzyme inhibitor; ARB: angio-
tensin receptor blocker; ARNI: angiotensin receptor–
neprilysin inhibitor. Yellow boxes indicate early intensive
and sustained vasodilation; blue boxes, usual care.
Figure S3. Systolic blood pressure in standard care versus
early intensive and sustained vasodilatation group. Exemplar-
ily for patients with completed EQ-5D at baseline and follow-
up (n = 284); comparison assessed using Mann–Whitney-U
test. Bars indicate medians; box bottoms and tops, 25th and
75th percentiles; whiskers, upper and lower adjacent values;
dots, outliers. ns: p-value >0.05; *: p-value < = 0.05; **: p-
value < = 0.01; ***: p-value < = 0.001; ****: p-value < =
0.0001
Table S1. Baseline characteristics of patients with and with-
out completed EQ-5D questionnaire/KCCQ at baseline. In-
cluding patients who died within 180-day follow-up.
Comparisons assessed using Mann–Whitney U or
Chi-squared test as appropriate. Continuous variables repre-
sented as median [interquartile range] and categorical as
number (percent). *p-value for comparison between two
depicted groups
Table S2. Baseline characteristics of patients with and with-
out completed EQ-5D questionnaire/KCCQ at baseline and
180-day follow-up. Comparisons assessed using Mann–Whit-
ney U or Chi-squared test as appropriate. Continuous vari-
ables represented as median [interquartile range] and
categorical as number (percent). *p-value for comparison
between two depicted groups
ACEI: angiotensin converting enzyme inhibitor, ARB: angio-
tensin receptor blocker, ARNI: angiotensin receptor–
neprilysin inhibitor, BMI: body mass index, BUN: blood urea
nitrogen, eGFR: estimated glomerular filtration rate, KCCQ:
Kansas City Cardiomyopathy Questionnaire, NT-proBNP:
N-Terminal pro-B-type natriuretic peptide.
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Table S3. Within-group changes in HRQL from initial
hospitalisation to 180-day follow-up in patients admitted due
to AHF and randomised to usual care versus intensive vasodi-
latation. HRQL displayed by A number of patients reporting
problems according to the EQ-5D and Bmedian score of six do-
mains of the KCCQ. Comparison of changes in HRQL assessed
using Stuart-Maxwell and Wilcoxon signed-rank test for cate-

gorical variables (number [percent]) and continuous variables
(median [interquartile range]), respectively.
*p-value for comparison between baseline and follow-up;
AHF: acute heart failure, AD: Anxiety/Depression, HRQL:
health-related quality of life, KCCQ-OSS: Kansas City Cardiomy-
opathy Questionnaire overall summary score, MO: Mobility,
PD: Pain/Discomfort, SC: Self-Care, UA: Usual Activities.
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