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Abstract

Aims The randomized clinical trial RELAX-AHF demonstrated a positive effect of vasodilator therapy with serelaxin in the
treatment of AHF patients. The aim of our study was to compare clinical characteristics and outcomes of patients from the
AHEAD registry who met criteria of the RELAX-AHF trial (relax-comparable group) with the same characteristics and outcomes
of patients from the AHEAD registry who did not meet those criteria (relax-non-comparable group), and finally with character-
istics and outcomes of patients from the RELAX-AHF trial.

Methods and results A total of 5856 patients from the AHEAD registry (Czech registry of AHF) were divided into two groups
according to RELAX-AHF criteria: relax-comparable (n = 1361) and relax-non-comparable (n = 4495). As compared with the
relax-non-comparable group, patients in the relax-comparable group were older, had higher levels of systolic and diastolic
blood pressure, lower creatinine clearance, and a higher number of comorbidities. Relax-comparable patients also had signif-
icantly lower short-term as well as long-term mortality rates in comparison to relax-non-comparable patients, but a signifi-
cantly higher mortality rate in comparison to the placebo group of patients from the RELAX-AHF trial. Using AHEAD score,
we have identified higher-risk patients from relax-comparable group who might potentially benefit from new therapeutic ap-
proaches in the future.

Conclusions Only about one in five of all evaluated patients met criteria for the potential treatment with the new vasodilator
serelaxin. AHF patients from the real clinical practice had a higher mortality when compared with patients from the random-
ized clinical trial.
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Introduction

Acute heart failure is still associated with a high hospital
mortality, which ranges between 4.0% and 12.7%.1–4

Emergency physicians, cardiologists, intensivists, nurses, and
other healthcare providers have to cooperate to provide
optimal benefit. However, many treatment decisions are
opinion-based, while relatively few are evidence-based.
According to the consensus paper on acute heart failure
published in 2015, the recommendation for intravenous
vasodilator therapy is that it might be administered as an
initial therapy for a symptomatic relief in cases when systolic
blood pressure (BP) is normal to high (≥110mmHg). Alterna-
tively, sublingual nitrates may be considered.5

Intravenous vasodilators are the second most commonly
used agents in AHF patients. Their use was shown to be
associated with a lower mortality, while a delay in administra-
tion was associated with a higher mortality.6 Randomized
controlled trial (RCT) evidence comparing the clinical out-
comes of intravenous vasodilators (especially nitrates) in
AHF patients is rather limited, and its methodological quality
is relatively low. However, there is a consensus that intrave-
nous vasodilators should be indicated in AHF with rather
normal to high bood presure7 and should not be indicated
in patients with SBP <110mmHg.5

Recent Phases III and IV clinical trials have provided
promising results with respect to potential management of
acute heart failure. These include trials RELAX-AHF
(serelaxin),8 ATOMIC-AHF trial (omecantiv mecarbil),9

PRONTO (clevidipine),10 TRUE-AHF (ularitide)11 and ARTS-HF
(finerenone).12

The aim of the analysis was to compare the mortality rates
of real-world AHF patients from the Czech AHEAD registry1,13

with the published mortality rates of patients from the
RELAX-AHF trial. For the purpose of analysis, we had to divide
the real-world population of Czech AHF patients into two
groups: the relax-comparable group (i.e. population of AHF
patients in the AHEAD registry meeting the RELAX-AHF
criteria8) and the relax-non-comparable group (the remaining
population of AHF patients in the AHEAD registry, not
meeting those criteria). Furthermore, we divided the relax-
comparable group according to a recently published risk
scoring system AHEAD14 in order to demonstrate that this
simple tool can identify high-risk AHF patients who might
potentially benefit from new therapeutic approaches in the
future.

Methods

The study protocol complied with the Declaration of Helsinki
and was approved by the Multicentre Ethics Committee of
University Hospital Brno (Brno, Czech Republic). Written

informed consent was obtained from all subjects to partici-
pate in the study.

The Acute Heart Failure Database (AHEAD) network regis-
try was described previously.1,13 In short, the registry includes
consecutive patients from 10 centres with 24 h catheteriza-
tion laboratory services and a centralized care for patients
with acute coronary syndromes (previously described as
‘AHEAD Main’) and five regional centres without a catheteri-
zation laboratory; nevertheless, the capacity of catheteriza-
tion laboratories is sufficient to cover the entire population
of the Czech Republic (over 10 million inhabitants). The
following inclusion criteria were in accordance with the
European guidelines for AHF issued in 2005: signs and
symptoms of AHF, confirmed left-ventricular dysfunction
(systolic or diastolic) and/or positive response to therapy.15

At the time of analysis, the AHEAD registry included 7318
hospitalizations for AHF; out of which, 6242 were first hospi-
talizations for AHF (for a given patient during the evaluated
period of the AHEAD registry); the dataset of first hospitaliza-
tions for AHF with available key variables for the analysis of
comparability with the RELAX-AHF trial included n = 5856
patients (Figure 1).

RELAX-AHF was an international, double-blind, placebo-
controlled trial, enrolling patients admitted to hospital for
acute heart failure who were randomly assigned to standard
care plus 48 h intravenous infusions of placebo or serelaxin.
All patients had dyspnoea, congestion on chest radiograph,
increased brain natriuretic peptide (BNP) or N-terminal
prohormone of BNP, mild-to-moderate renal insufficiency,
and systolic BP greater than 125mmHg. The 6month mortal-
ity was 7.3% in the serelaxin group and 11.3% in the placebo
group (P = 0.02).8

According to the RELAX-AHF criteria, the evaluated cohort
of 5856 AHF patients from the AHEAD registry was divided
into two groups: the relax-comparable group and the relax-
non-comparable group. Exclusion criteria for the
relax-comparable group included acute coronary syndrome,
specific aetiology of AHF (arrhythmias, severe form of
valvular heart disesase, e.g. mitral or aortal regurgitation
or stenosis, with severe bradycardia without overdose of
beta-blockers, cardiac tamponade, hypertrophic, or
restrictive cardiomyopathy, volume overload in kidney failure
patients, overdose with negatively inotropic/chronotropic
medication, heart failure after cardiac surgery and those
with aortal dissection), systolic BP≤ 125mmHg,
eGFR< 25ml/min/1.73m2, and eGFR> 75ml/min/1.73m2.
Data were collected prospectively and evaluated continu-
ously between September 2006 and October 2012. Mortality
data were obtained from a centralized database of the Minis-
try of Health of the Czech Republic: the 30-day mortality was
13.7%, and the 1-year mortality 32.3%.

In order to identify the subgroup of higher-risk patients in
the relax-comparable group, who might potentially benefit
from new therapeutic approaches in future, we divided this
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group of patients according to AHEAD, a recently published
scoring14 system. This score is based on the presence of
comorbidities that worsen the patient’s prognosis: the
patient obtains one point for the presence of each comorbid-
ity, and the value of AHEAD score can thus range between 0
and 5. These monitored comorbidities are as follows: A—
atrial fibrillation, anaemia (H—haemoglobin level lower than
130 g/L for men and 120 g/L for women), E—elderly (age
≥70 years), A—abnormal renal parameters (creatinine
≥130μmol/L) and D—diabetes mellitus. Standard descriptive
statistics were applied in the analysis: absolute and relative
frequencies were used for categorical variables, median
values supplemented with 5th–95th percentile range (or
mean and standard deviation) were used for continuous
variables. The statistical significance of differences between
data from the AHEAD registry and published data from the
RELAX-AHF trial was computed using t-test for continuous
variables and chi-square test for categorical variables. The
survival of patients was described and visualized using the
Kaplan–Meier methodology. The analysis was performed with
the use of SPSS 22.0.0.1 (IBM Corporation, 2014).

Results

The evaluated cohort (n = 5856) of AHF patients was divided
according to the RELAX-AHF criteria into two groups: the
relax-comparable group and the relax-non-comparable

group. The baseline characteristics of both groups of patients
recorded in the AHEAD registry compared with the published
characteristics of the placebo group of patients from the
RELAX-AHF trial are shown in Table 1.

As compared with the relax-non-comparable group,
patients in the relax-comparable group were older, had
higher systolic, and diastolic blood pressure at admission
and lower calculated creatinine clearance. They had a higher
number of comorbidities in their history, such as hyperten-
sion, stroke, or TIA, peripheral artery disease, COPD, and
diabetes mellitus. At admission, they were more frequently
treated by angiotensin-converting enzyme inhibitors,
angiotensin-2 receptor blockers, beta-blockers, and digoxin.

As compared with the placebo group of patients from the
RELAX-AHF trial (which was comparable with the seralaxin-
treated group8), patients in the relax-comparable group were
older, had higher systolic, and diastolic blood pressure, and
higher heart rate; in terms of medical history, they had less
frequently hypertension and atrial fibrillation but more fre-
quently stroke or TIA, smoking, and COPD. At admission, pa-
tients from the relax-comparable group were less frequently
treated with beta-blockers and spironolactone.

The Kaplan–Meier survival estimation (as shown in Figure 2)
demonstrates a significantly higher mortality of the relax-non-
comparable group as compared with the relax-comparable
group. However, the 180-day mortality of the relax-
comparable group is significantly higher in comparison with
both RELAX-AHF groups (patients treated with seralaxin
and placebo).

Figure 1 Analysis flowchart.
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According to the systolic blood pressure at admission,
patients from both groups of the AHEAD registry were
divided into six groups. In the relax-non-comparable group,
the highest mortality was associated with BP< 110mmHg.
Mortality in the relax-non-comparable group was consistently
higher across all systolic blood pressure categories in compar-
ison with the relax-comparable group (Figure 3).

Overall, 33.8% of patients in the relax-comparable group
were treated with intravenous vasodilators (VD), namely ni-
trates. The hospital mortality of patients without VD therapy
and with VD therapy was 3.1% and 2.9%, respectively, the
1-month mortality was 7.1% and 6.1%, respectively, and the
1-year mortality was 23.9% and 26.1%, respectively (neither
of these differences is statistically significant).

According to the recently published risk scoring system
AHEAD, patients from the relax-comparable group were di-
vided into three groups: low-risk (AHEAD score 0–1),
intermediate-risk (score 2–3), and high-risk (score 4–5). Basic
characteristics of patients are given in Table 2. Figure 4 dem-
onstrates that this simple stratification tool clearly differenti-
ates low-risk patients (AHEAD score 0–1) from patients with a
higher risk of death (AHEAD score 2–3 and 4–5), even within
the first year after the patient’s discharge from hospital.

Discussion

Our results highlight several very important points: (i) only

23% of all consecutive patients hospitalized with AHF met

criteria of the large RELAX-AHF trial; (ii) mortality of

patients who met criteria of the RELAX-AHF trial (relax-com-

parable group) is significantly lower in comparison to the rest

of patients recorded in the AHEAD registry (relax-AHF-non-

comparable group); (iii) mortality of relax-comparable group

of patients from registry of consecutive AHF patients is signif-

icantly higher than mortality of patients in RCT regardless to

study treatment; (iv) systolic BP at hospital admission signifi-

cantly affects the prognosis of AHF patients.
Based on our data, we were not able to confirm a reduction

of mortality associated with the treatment by vasodilators, as

it was previously demonstrated by results from the ALARM

registry, where the treatment by combination of diuretics

and vasodilators led to a lower mortality in comparison to di-

uretics alone (7.6% and 14.2%, respectively, P< 0.001).16 On

the other hand, the ASCEND HF trial also did not confirm

any statistically significant effect of nesiritide-based vasodila-

tor therapy on AHF-related mortality or rehospitalization.17

Furthermore, our results demonstrated two to three times
higher unadjusted mortality of patients with systolic
BP≤ 110mmHg as compared with those with systolic
BP> 110mmHg at admission. Similar results have been
shown by the published data from the OPTIMIZE HF registry,
where a systolic BP lower than 100mmHg was associated with
three times higher hospital mortality rate in patients with nor-
mal (2.6% and 7.5%, respectively) or with decreased renal
functions (5.5% and 16.3%, respectively).18

Finally, mortality analysis in the subgroup relax-
comparable showed that the AHEAD score is a simple tool
that can easily identify higher risk patients who might poten-
tially benefit from new therapeutic approaches in the future.

Figure 2 Mortality of two groups of patients from Acute Heart Failure Database (AHEAD) registry (relax-comparable and relax-non-comparable) com-
pared to mortality in the RELAX-AHF study.
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Our results based on the Czech registry AHEAD are fully
consistent with the recently published results. Miro et al.
demonstrated similar results from the Spanish registry
EAHFE,19 and Wang et al. showed that approximately 2 out
of 10 patients hospitalized because of AHF in the USA, Latin
America, or Asia-Pacific are potentially eligible for the
RELAX-AHF criteria. Even after multivariate adjustement,

RELAX-AHF type of patients had lower mortality rates as com-
pared with non-RELAX-AHF type of patients.20

Two large RCTs with VD therapy—RELAX II and TRUE HF
are currently ongoing. The RELAX II trial is a multicentre,
randomized, double-blind, placebo-controlled Phase III
study to evaluate the efficacy, safety, and tolerability of
serelaxin when added to standard therapy in AHF patients.

Figure 3 Systolic blood pressure as a risk predictor for hospital mortality in Acute Heart Failure Database (AHEAD) registry.

Table 2. Baseline characteristics of relax-comparable group stratified by AHEAD score

Characteristics

AHEAD score

0–1 (n=404) 2–3 (n=806) 4–5 (n=151)

Age (years) 68.0 (12.3) 76.9 (8.9) 79.9 (6.4)
Men 211 (52.2%) 390 (48.4%) 101 (66.9%)
BMI 29.6 (6.1) 29.3 (5.7) 29.7 (5.8)
Systolic BP (mmHg) 164.5 (30.6) 162.2 (28.1) 155.7 (24.3)
Diastolic BP (mmHg) 93.9 (17.6) 91.0 (15.9) 84.4 (13.1)
Heart rate (min�1) 93.8 (24.5) 92.3 (25.0) 85.5 (22.4)
Ejection fraction (%) 35.3 (15.1) 39.7 (14.2) 42.8 (13.4)
Ejection fraction ≤40% 256 (68.3%) 418 (57.9%) 65 (47.4%)
Creatinine clearance ml/min/1.73m2 57.4 (11.0) 49.2 (12.3) 40.2 (10.6)
Medical history
Hypertension 315 (78.0%) 696 (86.4%) 137 (90.7%)
Stroke 71 (17.6%) 206 (25.6%) 44 (29.1%)
Smoking 45 (36.9%) 100 (34.4%) 20 (32.3%)
PAD 53 (13.1%) 147 (18.2%) 35 (23.2%)
Ischaemic heart disease 178 (44.1%) 480 (59.6%) 104 (68.9%)
Atrial fibrillation 32 (7.9%) 306 (38.0%) 101 (66.9%)
COPD 113 (28.0%) 226 (28.0%) 38 (25.2%)
Diabetes mellitus 73 (18.1%) 455 (56.5%) 136 (90.1%)

Medication at admission
ACE inhibitors 204 (51.8%) 444 (55.8%) 88 (59.5%)
ARBs 37 (9.4%) 131 (16.5%) 25 (16.9%)
Beta-blockers 207 (52.5%) 500 (62.9%) 97 (65.5%)
Spironolactone 76 (19.3%) 194 (24.4%) 44 (29.7%)
Digoxin 54 (13.7%) 179 (22.5%) 37 (25.0%)

ACE, angiotension converting enzyme; ARBs, angiotensin-2 receptor blockers; BP, blood pressure; COPD, chronic obstructive pulmonary
disease; PAD, Peripheral arterial disease.
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The TRUE AHF clinical trial has finished enrolment in spring
2015, while the RELAX II trial is supposed to finish enrol-
ment in winter 2015/2016. Results of both trials are ex-
pected to be available in 2016, expectantly bringing the
definitive answer on the role of vasodilators in acute heart
failure treatment.

Our work has several limitations. The AHEAD registry was

originally not designed to assess the treatment with vasodila-

tors. An increased value of the natriuretic peptide level was

one of the important criteria for the enrolment in the

RELAX-AHF trial, as well as for the subsequent RELAX II and

True HF trials. We could not use the natriuretic peptide levels

because of a limited number of patients in which this param-

eter was known at the time of their admission. However, we

can assume that a low value of the natriuretic peptide would

exclude low-risk patients from the relax-comparable group

and that it could lead to an even higher mortality in the

relax-comparable group in comparison to RELAX-AHF patients

than we demonstrated in this study. Moreover, we were not

able to exclude patients with acute infections that could lead

to an acute decompensated heart failure.

Conclusions

According to results from the AHEAD registry, we can expect
that about only 20–25% of patients hospitalized because of

AHF meet the criteria for a potential treatment with new va-
sodilator serelaxin. Significantly, lower mortality rates can be
expected in participants of ongoing randomized clinical trials
in comparison with real-world AHF patients. AHEAD score is a
simple tool that can easily identify higher risk patients who
might potentially benefit from new therapeutic approaches
in the future. The new treatment of AHF patients with con-
traindication for vasodilator therapy remains the challenge
for future research.
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