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Abstract Purpose: To date, treat-
ment with intravenous (IV) agents such
as vasodilators, diuretics, and inotropes
has shown marginal or mixed benefits
in acute heart failure (AHF) trials. The
aim of this study was to identify the
risks and benefits of IV drugs in patients
hospitalized with acute decompensated
heart failure. Methods: The AHF
global survey of standard treatment
(ALARM-HF) reviewed in-hospital
treatments in eight countries. The
present study was a post hoc analysis of
ALARM-HF data in which propensity
scoring was used to identify groups of
patients who differed by treatment but
had the same multivariate distribution
of covariates. Such propensity match-
ing allowed estimations of the effect of
specific treatments on the outcome of
in-hospital mortality. Results: Unad-
justed analysis showed a lower

in-hospital mortality rate in AHF
patients receiving ‘‘diuretics ? vaso-
dilators’’ (n = 1,805) compared to
those receiving ‘‘diuretics alone’’
(n = 2,362) (7.6 vs. 14.2%,
p \ 0.0001). Propensity-based match-
ing (n = 1,007 matched pairs)
confirmed the lower mortality of AHF
patients receiving diuretics ? vasodi-
lators: 7.8 versus 11.0% (p = 0.016).
Unadjusted analysis showed a much
greater in-hospital mortality rate in
patients receiving IV inotropes (25.9%)
compared to those who did not (5.2%)
(p \ 0.0001). Propensity-based
matching (n = 954 pairs) confirmed
that IV catecholamine use was associ-
ated with 1.5-fold increase for
dopamine or dobutamine use and a
[2.5-fold increase for norepinephrine
or epinephrine use. Conclusions: In
terms of in-hospital survival, a vaso-
dilator in combination with a diuretic
fared better than treatment with only a
diuretic. Catecholamine inotropes
should be used cautiously as it has been
seen that they actually increase the risk
for in-hospital mortality.
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Introduction

Hospitalization for acute decompensation of heart failure
marks a significant turning point in the disease course.
No single or simple treatment protocol can be recom-
mended for acute heart failure (AHF) because of the
large number of available drugs that can be given in
various combinations, including inotropes, vasodilators,
and diuretics [1–3]. The question remains as to what are
the best treatment options in acute worsening heart
failure. The AHF global survey of standard treatment
(ALARM-HF) was developed to closely explore the
safety and efficacy of currently used intravenous (IV)
drugs in various populations. This study is an interna-
tional, observational study of close to 5,000 patients that
provides the unique opportunity to evaluate how patients
admitted with AHF are managed in the ‘‘real-hospital
world’’ setting.

Based on previous observations, we postulated that
the most frequently administered IV inotropic and
vasoactive (vasodilators or vasopressors) agents might
influence short-term outcome. Specifically, we hypothe-
sized, based on preliminary studies carried out in
ALARM-HF, that patients who received early IV vaso-
dilators would be associated with lower in-hospital
mortality rates than those who received no vasodilators
[4–6]. As initial systolic blood pressure (SBP) at
admission is a major independent determinant of short-
term outcome and influences the use of IV vasodilators,
we further explored whether the levels of initial SBP
might impact the beneficial effect of early administration
of IV vasodilators [7].

In addition, we hypothesized that, in the ALARM-
HF study, IV inotropic and/or IV vasopressor agents
might be able to influence short-term outcome. It is
becoming increasingly recognized that inotropes and
vasopressors have detrimental effects on short-term
outcome, but this recognition is almost solely based on
expert opinion as data on the subject are scarce [1, 8–
11]. More importantly, the paucity of controlled clinical
trials led us to consider all inotropes and vasopressors
as being equally harmful regardless of their hemody-
namic effect or the pharmacological class (c-AMP-
dependent catecholamines or calcium-sensitizing agent)
they belong to.

Accordingly, we assessed the impact of early
administration of IV vasodilators, IV inotropes, and/or
IV vasopressors on the short-term outcome of AHF
patients included in the ALARM- HF cohort. The
methods used included multivariable model risk adjust-
ment and propensity-based matching that controls for
overt bias by balancing patient characteristics across
treatment groups.

Methods

ALARM-HF data collection and study

The ALARM-HF global survey collected anonymized
data from 4,953 patients collected from nine countries,
namely, France, Germany, Italy, Spain, the United King-
dom, Greece, Turkey, Australia, and Mexico; 65% of these
patients were hospitalized in teaching hospital and 75% in
intensive care units (ICUs) or coronary care units (CCUs)
[12]. The study was conducted as a retrospective in-hos-
pital observational survey, via a questionnaire, from 666
hospitals. The hospital sample was recruited to be repre-
sentative according to geographic region, hospital size (by
number of beds), sector (public vs. private), and type
(university vs. non-teaching status). The paper-based data
collection was conducted over the period from October
2006–March 2007. At each hospital, patient case report
forms (CRF) were completed based on medical records
and other source documents promptly after approximately
five to eight consecutive patients were discharged with the
final diagnosis of AHF. Overall in-hospital mortality was
12%, and median hospital length of stay (LOS) was 6 days
[inter-quartile range (IQR) 4–10 days].

Unadjusted analysis was first applied on the entire
cohort of 4,953 patients to assess the effects of the three
main classes of IV drugs, namely, diuretics, vasodilators
or inotropes, and/or vasopressors, when administered
during the first 48 h, on in-hospital mortality. Second, due
to the fact that the large majority of the patients were
treated with IV diuretics, the effects of IV vasodilators
were assessed on the 4,167 (84% of the entire cohort)
patients who received IV diuretics by comparing the
1,805 patients who received IV diuretics and IV vasodi-
lator (the ‘‘vasodilators ? diuretics’’ group) and the 2,362
patients who received only IV diuretics and no IV vaso-
dilators (the ‘‘diuretics only’’ group). Third, the effects of
IV inotropes were tested in the entire cohort of ALARM-
HF. The group of patients receiving IV inotropes and/or
IV vasopressors in the first 48 h (n = 1,617) was com-
pared to the group of patients not receiving any inotropes
and/or vasopressors in the first 48 h (n = 3,256). Of note,
the latter group included a few patients (n = 213) who
received IV inotropes and/or IV vasopressors later than
the first 48 h of treatment initiation.

Statistical analysis

For the ALARM-HF observational study, a propensity-
based matching approach was used to create a sample of
patients receiving a specific treatment and a sample of
control patients with similar characteristics, thus allowing
comparisons of treatment with reduced bias [13–17].
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More specifically, two separate analyses were conducted
in AHF patients: one to compare IV diuretic ? IV vaso-
dilator treatment versus IV diuretic alone treatment, and
one to assess inotrope treatment versus no inotrope
treatment. Details on propensity score development and
propensity score matching are given in the Electronic
Supplementary Material (ESM; Appendix).

The main endpoint of the study was all-cause in-hos-
pital mortality. The LOS was computed from the date of
treatment initiation until the date of death, discharge, or
transfer. Patients transferred to the ICU or another hos-
pital were censored at that date. Cumulative incidence of
all-cause in-hospital mortality over time was estimated,
considering alive at discharge as a competing event.
Treatment effects were estimated using Cox proportional
cause-specific hazards models. Analyses were first per-
formed using the original samples, unadjusted or adjusted
for characteristics associated with the outcome and other
treatments. Methods appropriate to analyses of censored
data were therefore used. Details on endpoint analysis are
given in the ESM.

All analyses were performed using R 2.6.2 statistical
software (The R Foundation for Statistical Computing,
Vienna, Austria).

Results

Figure 1 shows the results of the unadjusted analysis
which details the effect of the three main classes of IV
drugs, namely, diuretics, vasodilators, and inotropes, on
in-hospital mortality. In terms of in-hospital mortality,
among the 4,953 patients studied in the ALARM-HF
cohort, the use of IV diuretics had no effect, that of IV
vasodilators had a beneficial effect, and that of IV ino-
tropes and/or vasopressors had a detrimental effect.

Effects of IV vasodilators on in-hospital mortality

Characteristics of the patients who received treatment
with IV diuretics ? vasodilators (n = 1,805) were com-
pared to those that received IV diuretics and no
vasodilators (diuretics alone; n = 2362) (Table 1). IV
diuretics and IV vasodilators were started at a median of
0.5 (IQR 0.0–1.0) and 0.5 (IQR 0.0–2) h, respectively,
after admission. IV vasodilators were quasi-exclusively
nitrates, with 76% of patients receiving nitroglycerine and
19% receiving isosorbite dinitrate.

Unadjusted analysis showed a lower in-hospital mor-
tality rate in patients receiving diuretics ? vasodilators
compared to those receiving diuretics alone (7.6 vs.
14.2%, p \ 0.0001) (Table 1). However, several param-
eters, including the level of SBP at admission, the
existence of comorbidities (hypertension, diabetes,

dyslipidemia), or the incidence of cardiogenic shock or
acute myocardial infarction were different between two
groups of patients (see Table 1 and Fig. S1a in the ESM).
The dose of diuretics in the first 24 h of hospitalization
was also similar in patients receiving diuretics ? vasodi-
lators and those receiving diuretics alone [50 (IQR
40–80) vs. 40 (IQR 40–80) mg, respectively.

Propensity-based matching produced 1,007 matched
pairs with standardized differences in patient character-
istics of less than 10%, indicating a successful balance
between prognostic variables (Table 1). This confirms
that the addition of IV vasodilators to the treatment reg-
imen was associated with an approximate 20% reduction
of in-hospital mortality: 7.8% with vasodilators versus
11.0% with no vasodilators (p = 0.016). Consistent
results were found using a multivariable model adjusted
for other treatments (such as beta-blockers, IV inotropic
agents) on both the whole sample and on the paired-
matched sample (Table 2).

We further investigated the effect of adding IV vaso-
dilator to the therapy according to the level of initial SBP.
Of note, in patients with low SBP, there was, before
matching, a higher incidence of acute coronary syndrome
in patients receiving IV vasodilators (see Table S1 of the
ESM). In the propensity-matched sample (1,007 matched
pairs), the effect of IV vasodilators was found to be dif-
ferent (p = 0.045) in AHF patients admitted with a SBP
\120 mmHg [adjusted hazard ratio (HR) 0.57, 95%
confidence interval (CI) 0.39–0.83)] compared to patients
admitted with a SBP C120 mmHg (HR 1.00, 95% CI
0.54–1.85). Separate propensity scores in each subgroup
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Fig. 1 Effect of the main intravenous (IV) drugs administered
during first 48 h in acute heart failure (AHF) patients on in-hospital
mortality. Whole cohort (n = 4,953), IV diuretics (n = 4,167), IV
vasodilators (mostly nitrates, n = 1,930), IV inotropes and/or IV
vasopressors (n = 1,617)
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Table 1 Baseline characteristics before and after matching for patients who received intravenous (IV) vasodilators and diuretics versus
those receiving IV diuretics alone

Baseline characteristics Before propensity score match After propensity score match

Vasodilators ?
diuretics
(n = 1,805)

Diuretics
alone
(n = 2,362)

Standardized
difference
(%)

Vasodilators ?
diuretics
(n = 1,007)

Diuretics
alone
(n = 1,007)

Standardized
difference
(%)

Age (years)
16–45 49 (2.7) 130 (5.6) 14.6 34 (3.4) 37 (3.7) 1.6
46–60 383 (21.2) 439 (19) 5.6 194 (19.3) 187 (18.6) 1.8
61–70 569 (31.5) 643 (27.8) 8.1 298 (29.6) 298 (29.6) 0.0
71–80 562 (31.2) 694 (30) 2.4 323 (32.1) 327 (32.5) 0.8
[80 241 (13.4) 404 (17.5) 11.5 158 (15.7) 158 (15.7) 0.0

Women 629 (35.5) 898 (38.9) 7.1 374 (37.1) 376 (37.3) 0.4
Weight (kg) 80 (71–89) 78 (69–90) 12.3 80 (71–89) 80 (70–90) 2.2
De novo AHF 681 (37.7) 807 (34.2) 7.4 365 (36.2) 358 (35.6) 1.4
Secondary AHF 366 (20.3) 534 (22.6) 5.7 206 (20.5) 216 (21.4) 2.4
Cardiogenic shock 136 (7.5) 311 (13.2) 18.6 93 (9.2) 83 (8.2) 3.5
Atrial fibrillation/flutter

No 979 (54.3) 1,301 (55.2) 1.8 569 (56.5) 569 (56.5) 0.0
Acute 370 (20.5) 456 (19.4) 2.9 198 (19.7) 200 (19.9) 0.5
Chronic 52 (2.9) 75 (3.2) 1.7 26 (2.6) 29 (2.9) 1.8
Acute and chronic 401 (22.3) 524 (22.2) 0.0 214 (21.3) 209 (20.8) 1.2

Acute myocardial infarction 846 (46.9) 660 (27.9) 40.0 377 (37.4) 374 (37.1) 0.6
Cardiovascular comorbidities

Coronary artery disease 572 (31.8) 692 (29.5) 5.1 334 (33.2) 317 (31.5) 3.6
Chronic heart failure 625 (34.8) 881 (37.5) 5.7 379 (37.6) 377 (37.4) 0.4
Cardiomyopathy 188 (10.5) 355 (15.1) 14.0 109 (10.8) 118 (11.7) 2.8
Peripheral vascular disease 159 (8.9) 217 (9.2) 1.4 89 (8.8) 85 (8.4) 1.4
Heart valve disease 221 (12.3) 382 (16.3) 11.4 138 (13.7) 154 (15.3) 4.5
Obesity 538 (30) 558 (23.8) 14.0 290 (28.8) 301 (29.9) 2.4
Diabetes 942 (52.4) 946 (40.3) 24.5 502 (49.9) 512 (50.8) 2.0
Dyslipidemia 889 (49.5) 900 (38.3) 22.6 475 (47.2) 466 (46.3) 1.8
Hypertension 1,445 (80.5) 1,545 (65.8) 33.5 776 (77.1) 770 (76.5) 1.4

Symptoms and signs
Cold extremities 490 (27.4) 583 (24.8) 5.9 252 (25) 253 (25.1) 0.2
Dyspnoea at rest 1,391 (77.8) 1,730 (73.7) 9.6 762 (75.7) 781 (77.6) 4.5
Fatigue 755 (42.2) 1,088 (46.3) 8.3 437 (43.4) 448 (44.5) 2.2
Orthopnoea 1,172 (65.5) 1,305 (55.6) 20.5 629 (62.5) 630 (62.6) 0.2
Peripheral edema 722 (40.4) 1,117 (47.6) 14.5 450 (44.7) 469 (46.6) 3.8
Jugular venous distension 732 (40.9) 1,008 (42.9) 4.0 429 (42.6) 421 (41.8) 1.6
Rales 1,252 (70) 1,430 (60.9) 19.3 711 (70.6) 683 (67.8) 6.0
Weight gain 396 (22.1) 694 (29.6) 17 281 (27.9) 278 (27.6) 0.7

NYHA functional class
I 21 (1.2) 35 (1.5) 2.8 12 (1.2) 12 (1.2) 0.0
II 106 (5.9) 233 (9.9) 14.9 69 (6.9) 62 (6.2) 2.8
III 657 (36.4) 830 (35.1) 2.6 351 (34.9) 364 (36.1) 2.7
IV 705 (39.1) 856 (36.2) 5.8 407 (40.4) 399 (39.6) 1.6

Not specified or developed
AHF in hospital 316 (17.5) 408 (17.3) 0.6 168 (16.7) 170 (16.9) 0.5
SBP (mmHg) 150 (118–179) 120 (96.2–150) 59.0 140 (110–170) 140 (108.5–165) 2.8
SBP [150 mmHg 896 (50.0) 657 (28.0) 46.3 429 (42.6) 427 (42.4) 0.4

Heart rate (bpm) 110 (96–120) 108 (90–120) 11.7 110 (92–120) 110 (90–120) 0.6
Serum concentrations

Sodium (mmol/l)a 138 (133–140) 137 (132–140) 5.3 137 (132–140) 138 (133–141) 3.8
Creatinine (mg/dl)a 1.3 (1–1.7) 1.2 (0.9–1.7) 3.2 1.2 (0.9–1.7) 1.2 (1–1.7) 3.3
Uric acid (mg/dl)a 5.8 (1.2–7.8) 6.2 (1.5–8) 4.8 6.1 (1.4–7.8) 6.3 (3–8) 8.1

Oxygen saturation (%)a 89 (84–92) 90 (85–93) 15.7 90 (85–92) 90 (85–92) 0.6
LVEF (%) mean (SD)a 38.9 (13.1) 37.4 (15) 10.8 38.8 (13.4) 38.8 (14.3) 0.3
Beta-blockers pre-admission 617 (34.2) 780 (33) 2.5 363 (36) 352 (35) 2.3
ACEI pre-admission 571 (32) 768 (32.8) 1.8 349 (34.7) 339 (33.7) 2.1
IV inotropes

Dopamine 171 (9.5) 294 (12.4) 9.5 95 (9.4) 96 (9.5) 0.3
Dobutamine 308 (17.1) 495 (21) 9.9 174 (17.3) 180 (17.9) 1.6
Epinephrine 27 (1.5) 73 (3.1) 10.7 20 (2) 21 (2.1) 0.7
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(SBP \120 mmHg or C120 mmHg) were then developed
and separate matched samples obtained, resulting in 300
matched pairs with SBP \120 mmHg and 653 matched
pairs with a SBP C120 mmHg, which confirmed that a
beneficial effect of IV vasodilators could be limited to
patients with a low SBP at admission (Table 2). Figure 2
shows that the beneficial effect of IV vasodilators on
survival rate was striking in patients with a low SBP at
admission (\100 mmHg; additional data are presented in
Table S1 and S2 of the ESM).

Effects of IV inotropes and/or IV vasopressors on in-
hospital mortality

The characteristics of patients receiving IV inotropes and/
or IV vasopressors (n = 1,617) and those who did not

(n = 3,256) in the first 48 h are summarized in Table 3.
The median dose of IV inotropes and/or IV vasopressors
and the median delay between admission and drug initi-
ation are presented in Table 4.

Unadjusted analysis showed a much greater in-hospi-
tal mortality rate in patients receiving IV inotropes and/or
IV vasopressors (25.9%) compared to those who did not
receive inotropes and/or vasopressors (5.2%) in the first
48 h (p \ 0.0001). This relationship held true regardless
of the initial SBP (data not shown). Table 3 shows that all
IV inotropes and/or IV vasopressors did not equally affect
in-hospital mortality rates. Indeed, the risk of in-hospital
mortality was greater in patients receiving IV catechola-
mines (dobutamine, dopamine, norepinephrine and
epinephrine) and lower in patients receiving levosimen-
dan, both compared to patients not receiving any inotrope
and/or any vasopressor (Table 5).

Table 2 Outcome analysis for in-hospital mortality in patients who received IV vasodilators and diuretics versus IV diuretics alone

Outcome analysis Whole cohort SBP (mmHg)

\120 mmHg C120 mmHg

Analysis
Unadjusted 0.55 (0.47–0.71) 0.63 (0.47–0.84) 1.23 (0.86–1.78)
Adjusteda 0.73 (0.58–0.92) 0.64 (0.47–0.86) 0.94 (0.64–1.37)

Propensity analysis
Unadjusted 0.70 (0.52–0.93) 0.69 (0.47–0.99) 1.09 (0.63–1.89)
Adjusteda 0.71 (0.51–0.98) 0.70 (0.47–1.04) 0.90 (0.49–1.66)

Data are presented as the hazard ratio (HR) with the 95%CI given
in parenthesis
a Adjusted for other treatments and covariates related to the out-
come. Of note, propensity analyses were performed on 1,007

matched pairs for the whole cohort, 300 matched pairs for
SBP \120 mmHg, and 653 for SBP C120 mmHg

Table 1 continued

Baseline characteristics Before propensity score match After propensity score match

Vasodilators ?
diuretics
(n = 1,805)

Diuretics
alone
(n = 2,362)

Standardized
difference
(%)

Vasodilators ?
diuretics
(n = 1,007)

Diuretics
alone
(n = 1,007)

Standardized
difference
(%)

Norepinephrine 26 (1.4) 113 (4.8) 19.3 21 (2.1) 22 (2.2) 0.7
PDEI 12 (0.7) 32 (1.4) 6.9 9 (0.9) 5 (0.5) 4.8
Levosimendan 121 (6.7) 89 (3.8) 13.2 39 (3.9) 46 (4.6) 3.5

CPAPa 177 (7.5) 215 (9.1) – 136 (13.5) 66 (6.6) –
Outcomea

Discharge 1,391 (77.1) 1,734 (73.4) 793 (78.7) 779 (77.4)
Death 125 (6.9) 303 (12.8) 73 (7.2) 104 (10.3)
Transfer (ICU or other hospital) 289 (16) 325 (13.8) 141 (14.0) 124 (12.3)
In-hospital mortality rate
(95% CI)

7.6 (6.3–8.9) 14.2 (12.7–15.7) 7.8 (6.1–9.5) 11.0 (9.0–13.1)

Data are presented as a number (n) with the percentage in paren-
thesis, or as the median with the inter-quartile range (IQR, Q1–Q3)
in parenthesis, unless specified otherwise
AHF Acute heart failure, NYHA New York Heart Association,
LVEF left ventricular ejection fraction, SBP systolic blood pressure,

ACE angiotensin converting enzyme inhibitors, PDE phosphodi-
esterase inhibitors, CPAP continuous positive airway pressure, ICU
intensive care unit, CI confidence interval
a Not used for propensity score development
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Fig. 2 Effects of IV
vasodilators on in-hospital
mortality of patients with
various levels of systolic blood
pressure (SBP). SBP ranged
from \100 to C160 mmHg.
The number of patients is 318,
334, 668 and 694 for SBP\100,
100–119, 120–159 and
C160 mmHg respectively.
HR Hazard ratio. Value in
parenthesis is the 95%
confidence interval

Table 3 Baseline characteristics before and after matching for patients who received any IV inotropes and/or IV vasopressors in the first
48 h versus other treatments and no inotropes in the first 48 h

Baseline characteristics Before propensity score match
Inotropes/vasopressors

After propensity score match
Inotropes/vasopressors

Yes
(n = 1,617)

No
(n = 3,256)

Standardized
difference
(%)

Yes
(n = 954)

No
(n = 954)

Standardized
difference
(%)

Age (years)
16–45 103 (6.5) 125 (3.9) 12.0 52 (5.5) 62 (6.5) 4.4
46–60 401 (25.4) 575 (17.8) 18.6 237 (24.8) 234 (24.5) 0.7
61–70 485 (30.7) 931 (28.8) 4.2 296 (31.0) 305 (32.0) 2.0
71–80 426 (27) 1,030 (31.9) 10.7 257 (26.9) 257 (26.9) 0.0
[80 163 (10.3) 569 (17.6) 21.1 112 (11.7) 96 (10.1) 5.4

Women 551 (34.9) 1,246 (39) 8.7 328 (34.4) 333 (34.9) 1.1
Weight (kg) 78 (70–88) 79 (70–90) 11.8 78 (70–88) 78 (70–88) 0.5
De novo AHF 640 (39.6) 1,145 (35.2) 9.1 326 (34.2) 323 (33.9) 0.7
Secondary AHF 495 (30.6) 681 (20.9) 22.3 253 (26.5) 249 (26.1) 1.0
Cardiogenic shock 425 (26.3) 149 (4.6) 63.0 133 (13.9) 111 (11.6) 6.9
Atrial fibrillation/flutter

No 920 (57) 1,815 (55.8) 2.4 503 (52.7) 508 (53.2) 1.0
Acute 320 (19.8) 635 (19.5) 0.8 211 (22.1) 211 (22.1) 0.0
Chronic 55 (3.4) 99 (3.0) 2.1 31 (3.2) 31 (3.2) 0.0
Acute and chronic 318 (19.7) 701 (21.6) 4.6 209 (21.9) 204 (21.4) 1.3

Cardiovascular comorbidities
Coronary artery disease 504 (31.4) 983 (30.4) 2.2 287 (30.1) 295 (30.9) 1.8
Chronic heart failure 546 (34) 1,178 (36.4) 5.0 375 (39.3) 368 (38.6) 1.5
Cardiomyopathy 242 (15.1) 374 (11.6) 10.3 135 (14.2) 141 (14.8) 1.8
Peripheral vascular disease 161 (10) 276 (8.5) 5.2 83 (8.7) 96 (10.1) 4.7
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However, several parameters, including the SBP at
admission, the severity of AHF, or the incidence of car-
diogenic shock, were different between patients receiving
inotropes and/or vasopressors and those who did not
receive them. Propensity-based matching produced 954
matched pairs with standardized differences in patient
characteristics of less than 10%, indicating a successful
balance between prognostic variables, with the exception

of left ventricular ejection fraction (LVEF) drugs (Table 3
and Figure S1b of the ESM). LVEF data were missing for
approximately 30% of patients and therefore not used for
propensity score development. However, we did perform
a sensitivity analysis in the subgroup of patients for whom
the LVEF was recorded, as summarized below. Analysis
on the matched pairs confirmed that IV catecholamines
(dobutamine, dopamine, norepinephrine, or epinephrine)

Table 3 continued

Baseline characteristics Before propensity score match
Inotropes/vasopressors

After propensity score match
Inotropes/vasopressors

Yes
(n = 1,617)

No
(n = 3,256)

Standardized
difference
(%)

Yes
(n = 954)

No
(n = 954)

Standardized
difference
(%)

Heart valve disease 210 (13.1) 481 (14.9) 5.2 138 (14.5) 126 (13.2) 3.6
Obesity 424 (26.4) 856 (26.4) 0.1 260 (27.3) 257 (26.9) 0.7
Diabetes 768 (47.8) 1,424 (44.0) 7.7 473 (49.6) 490 (51.4) 3.6
Dyslipidemia 692 (43.1) 1,361 (42.0) 2.1 408 (42.8) 399 (41.8) 1.9
Hypertension 1,084 (67.5) 2,317 (71.6) 8.9 668 (70) 664 (69.6) 0.9

Symptoms and signs
Cold extremities 685 (42.8) 580 (18.0) 56.0 304 (31.9) 318 (33.3) 3.1
Dyspnoea at rest 1,152 (71.9) 2,397 (74.2) 5.1 704 (73.8) 684 (71.7) 4.7
Fatigue 668 (41.7) 1,469 (45.5) 7.6 435 (45.6) 413 (43.3) 4.6
Orthopnoea 889 (55.5) 1,856 (57.4) 3.9 558 (58.5) 553 (58.0) 1.1
Peripheral edema 634 (39.6) 1,461 (45.2) 11.4 411 (43.1) 411 (43.1) 0.0
Jugular venous distension 714 (44.6) 1,270 (39.3) 10.7 425 (44.5) 422 (44.2) 0.6
Rales 1,025 (64) 1,970 (61) 6.2 615 (64.5) 604 (63.3) 2.4
Weight gain 318 (19.9) 900 (27.9) 18.9 225 (23.6) 218 (22.9) 1.7

NYHA functional class
I 31 (1.9) 41 (1.3) 5.3 16 (1.7) 15 (1.6) 0.8
II 110 (6.8) 340 (10.4) 13.0 66 (6.9) 75 (7.9) 3.6
III 437 (27) 1,288 (39.6) 26.8 303 (31.8) 293 (30.7) 2.3
IV 655 (40.5) 1,063 (32.6) 16.4 370 (38.8) 361 (37.8) 1.9

Not specified or developed
AHF in hospital 384 (23.7) 524 (16.1) 19.2 199 (20.9) 210 (22.0) 2.8
Systolic blood pressure (mmHg) 100 (85–140) 140 (110–170) 78.3 120 (100–150) 120 (100–155) 2.8
Heart rate (bpm) 110 (93–125) 105 (90–120) 12.3 110 (90–120) 110 (90–120) 2.5

Serum concentrations
Sodium (mmol/l)a 136 (132–140) 138 (134–140) 8.9 136 (132–140) 137 (132–140) 4.0
Creatinine (mg/dl)a 1.4 (1–1.9) 1.2 (0.9–1.6) 8.1 1.4 (1–1.8) 1.3 (1–1.8) 2.2
Uric acid (mg/dl)a 6 (1.3–7.9) 6 (1.3–8) 5.5 6 (1.3–7.5) 6 (1.4–7.9) 7.7

Oxygen saturation (%)a 89 (83–92) 90 (85–93) 19.4 90 (85–92) 90 (85–92) 0.7
LVEF (%) mean (SD)a 33.9 (14.2) 40.4 (13.9) 46.0 35.1 (14.0) 37.5 (13.9) 17.0
Beta-blockers pre-admission 487 (30.1) 1,149 (35.3) 11.0 318 (33.3) 335 (35.1) 3.8
ACEI pre-admission 372 (23.2) 1,125 (34.9) 26.1 259 (27.1) 252 (26.4) 1.7
IV inotropea

Dopamine 541 (33.5) 0 (0) 319 (33.4) 0 (0)
Dobutamine 926 (57.3) 0 (0) 518 (54.3) 0 (0)
Epinephrine 142 (8.8) 0 (0) 63 (6.6) 0 (0)
Norepinephrine 164 (10.1) 0 (0) 89 (9.3) 0 (0)
PDEI 48 (3.0) 0 (0) 23 (2.4) 0 (0)
Levosimendan 234 (14.5) 0 (0) 156 (16.4) 0 (0)

CPAP 234 (23.4) 242 (7.3) – 145 (15.1) 107 (11.2) –
Outcomea

Discharge 964 (59.6) 2,642 (81.1) 632 (66.2) 760 (79.7)
Death 375 (23.2) 148 (4.5) 177 (18.6) 76 (8.0)
Transfer (ICU or other hospital) 278 (17.2) 466 (14.3) 145 (15.2) 118 (12.4)
In-hospital mortality rate (95% CI) 25.9 (23.5–28.2) 5.2 (4.4–6.1) 20.6 (17.8–23.4) 9.0 (7.0–11.0)

Data are presented as a number (n) with the percentage in parenthesis, or as the median with the inter-quartile range (IQR, Q1–Q3) in
parenthesis, unless specified otherwise
a Not used for propensity score development
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use was associated with a several fold increase in the
mortality rate and in the risk of in-hospital mortality
(Table 5): a 1.5-fold increase for dopamine or dobuta-
mine and a [2.5-fold increase for norepinephrine or
epinephrine; both were compared to patients not receiving
any inotrope and/or vasopressor. By contrast, levosim-
endan was associated with a reduced, although not
statistically significant, risk of in-hospital mortality. Pro-
pensity-based results were further confirmed (1) on the
589 matched pairs obtained when adding LVEF for pro-
pensity score development, which produced well-
balanced groups for LVEF (standardized difference 2.3%)
and (2) when propensity scores were performed on lev-
osimendan use. In the latter analysis, propensity score
matching produced 105 matched pairs of patients treated
with levosimendan (\48 h after initiation of therapy) or
not receiving any inotrope and/or vasopressor; the HR
was 0.64 (95% CI 0.18–2.34). Lastly, a propensity-based
analysis was performed to compare in-hospital mortality
of patients treated only with IV levosimendan versus
those treated only with catecholamine within 24 h of
therapy initiation. Propensity score matching produced

104 matched pairs and showed that the use of levosim-
endan resulted in a significant reduction in the risk of in-
hospital mortality (HR 0.25, 95% CI 0.07–0.85).

Discussion

Our analyses used propensity matching to reveal new risk–
benefit patterns for in-hospital IV treatments for patients
with AHF. We found that a regimen with an IV vasodilator
combined with a diuretic was more favorable than treat-
ment with a diuretic alone. This finding is based on better
in-hospital survival rates, particularly in patients with
normal or low SBP at admission. In contrast, we found that
AHF patients had an 1.5-fold increased risk of in-hospital
death when treated with dopamine or dobutamine and a
greater than 2.5-fold increased risk of in-hospital death
when treated with norepinephrine or epinephrine. A
decreased risk of in-hospital death was, however, found
when patients were treated with levosimendan.

To date, a limited number of studies have been
designed to directly test the efficacy and safety of specific
drug regimens in patients with acute heart failure. Mar-
ginal benefits and mixed outcomes are common findings
among the studies that have been performed [18–28].

IV vasodilators

Three IV vasodilators, namely, nitroglycerin, nitroprus-
side, and nesiritide, are recommended by all national and
international cardiological societies in the early treatment
of AHF in patients with SBP [110 mmHg [1, 3]. These
recommendations are based on level B evidence (single
randomized or large non-randomized studies), largely due
to the fact that there are no large-scale randomized

Table 4 Characteristics of continuous infusion of IV inotropes
and/or vasopressors administered in the first 48 h

IV inotropes
and/or
vasopressors

Dose
(lg/kg/min)

Delay between
admission and
drug initiation (h)

Dopamine 3 (2–7) 1.5 (0.5–7.5)
Dobutamine 10 (5–14) 2 (0.5–6)
Epinephrine 0.5 (0.3–7.0) 2 (0.5–11.5)
Norepinephrine 0.8 (0.6–0.9) 3.5 (1–14)
Levosimendan 0.1 (0.1–0.2) 4 (1–22)

Data are given as the median dose with the IQR (Q1–Q3) in
parenthesis
Data are recorded in more than 87% of the patients

Table 5 Outcome analysis for in-hospital mortality by use of IV inotropes and/or vasopressors during the first 48 h

Outcome analysis Any inotrope/
vasopressor

Individual effect of inotropic and/or vasopressor agents

Dopamine Dobutamine Epinephrine Norepinephrine Levosimendan

Analysis on the whole cohort
Unadjusted 5.34 (4.41–6.46) 2.48 (2.03–3.02) 2.78 (2.33–3.32) 4.16 (3.19–5.41) 2.88 (2.23–3.72) 0.71 (0.46–1.09)
Adjusteda 3.01 (2.39–3.78) 1.62 (1.30–2.02) 2.15 (1.76–2.61) 2.73 (2.04–3.65) 1.74 (1.31–2.29) 0.79 (0.50–1.24)

Propensity analysis Ib

Unadjusted 2.53 (1.98–3.22) 1.48 (1.05–2.07) 1.88 (1.43–2.46) 4.26 (2.61–6.94) 2.84 (1.93–4.16) 0.55 (0.30–1.02)
Adjusteda 2.43 (1.87–3.17) 1.30 (0.92–1.85) 1.84 (1.40–2.41) 3.98 (2.55–6.23) 1.77 (1.15–2.73) 0.86 (0.49–1.52)

Propensity analysis IIb

Unadjusted 2.62 (1.83–3.74) 1.44 (0.91–2.28) 1.79 (1.25–2.56) 3.39 (1.48–7.74) 3.68 (2.23–6.08) 0.61 (0.28–1.36)
Adjusteda 2.48 (1.70–3.60) 1.54 (0.94–2.53) 1.64 (1.09–2.47) 2.84 (1.35–5.98) 2.15 (1.21–3.84) 0.98 (0.43–2.19)

Data are presented as hazard ratios, with the (95% CI in
parenthesis)
a Adjusted for other treatments and all other covariates related to
the outcome

b Propensity analysis I: LVEF and other variables with too many
missing data were not used to construct the propensity score; II:
propensity score using LVEF, in the subset without missing values
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clinical trials of IV vasodilator on short-term outcome in
AHF patients. A few small studies have shown that IV
vasodilators relieve dyspnea and improve arterial oxygen
saturation by reducing both left ventricular preload and
afterload, leading to reduced pulmonary congestion [4–6].
Despite the expected beneficial effects on dyspnea and
oxygen saturation, all IV vasodilators may carry the risk
of hypotension. Nesiritide has also been associated with a
trend for an increased 30-day mortality [18]. However,
propensity analyses of a database with more than 99,000
patients hospitalized patients for AHF showed that neither
nesiritide nor nitroglycerin in sequential use with a
diuretic increased mortality rates when compared to
monotherapy with a diuretic agent (ADHERE National
Registry) [8].

In our study, we noted that the use of an intravenous
vasodilator, mainly nitroglycerine, in a wide spectrum of
propensity score-matched AHF patients was associated
with a 30% decreased risk of in-hospital mortality.
Interestingly, this beneficial effect of IV vasodilator is
also seen in patients with a SBP \100 mmHg at admis-
sion. The latter result may seem contradictory to current
guidelines. Indeed, based on the assumption that IV
vasodilators should achieve the best benefit in AHF
patients, even at the risk of hypotension, they have
been recommended by the European Society of Cardiol-
ogy/European Society of Intensive Care Medicine
(ESC/ESICM) and the American College of Cardiology/
American Heart Association (ACC/AHA) in AHF
patients with SBP [110 mmHg (1, 3, 29). The paradox-
ical beneficial effect of IV vasodilators in patients with
normal or low SBP may be related to a higher mortality
rate in those patients compared patients with SBP
C120 mmHg.

A negative impact of IV vasodilators cannot be
excluded, especially in some patients with severe coro-
nary artery disease [30]. However, our study shows that in
the subgroup of patients with normal or even low SBP at
presentation, the administration of IV vasodilators was
associated with favorable in-hospital outcomes. The
mechanism of the beneficial effect of IV vasodilators,
mostly nitrates, on in-hospital mortality remains to be
elucidated and may include a decrease in dyspnea leading
to a decrease in body oxygen consumption and an
improvement in arterial oxygenation.

Nitrates, as NO-donors, may also have direct beneficial
effects on diastolic properties of the heart and on mito-
chrondial function by opening the KATP channel and
reducing mitochondrial Ca2? loading [31–33]. In our study
group, all patients receiving IV vasodilators also received
IV diuretics. Diuretics have been suspected to have unfa-
vorable effects on renal function and outcome mediated
through the activation of the neuroendocrine system or
extensions of common clinical adverse events, such as
worsening kidney function [35–37]. Another potential
hypothesis in terms of the favorable effect of IV

vasodilators on short-term outcome may therefore be that
IV vasodilators prevent these unfavorable effects of
diuretics, especially in patients with low SBP at admission.

Catecholamines

The ESC/ESICM and ACC/AHA recommend the use of
inotropic agents in AHF patients presenting with signs
of low cardiac output, hypoperfusion, or congestion
[1, 3]. Inotropes, which are used for their short-term
hemodynamic benefits, have been frequently shown to
have little or no effect on clinical outcomes. Indeed,
despite their expected beneficial effect on cardiac output
and/or blood pressure, all inotropes and vasopressors
may carry the risk for increased myocardial ischemia
and arrythmias, leading to a detrimental effect on short-
term outcome [1, 8–11]. However, data are limited, and
the interpretation of findings are often skewed by the
fact that positive inotropes are administered to the most
severe cases of AHF patients who already carry a high
risk of death. Using the propensity score technique in
this study, which addressed selection and residual biases,
we demonstrated that the use of an IV positive inotro-
pic agent was associated with an increased risk of
in-hospital death.

More importantly, our study is the first to compare the
five most commonly used inotropic agents and vaso-
pressors and to show important differences in their effect
on short-term outcome. Based on our results, we have
classified those agents and their effects into three cate-
gories: (1) epinephrine and norepinephrine markedly
worsen the risk of in-hospital death; (2) dopamine and
dobutamine moderately worsen the risk of in-hospital
death; (3) levosimendan had no or a slight beneficial
effect on the risk of in-hospital death, in line with recent
publications [38, 39] and possibly due to the vasodilator
properties of this agent.

Limitations

Our study has several limitations. Propensity score
methodology allowed us to balance groups according to
variables that were recorded in the ALARM-HF study. If
factors associated with the administration of a specific
treatment were unavailable, this could result in a bias in
the estimates of treatment effectiveness. Nevertheless, our
study included factors known to influence the decision to
treat AHF with IV vasodilators, or IV inotropes, and/or IV
vasopressors (SBP, signs of cardiogenic shock). Our data
were retrospectively collected in ALARM-HF, leading to
a potential bias. However, it should be noted that although
this was a retrospective study, the CRF were filled out
immediately after discharge of the patients by the
attending physicians, which was advantageous to data
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collection in terms of accuracy. On this note it cannot be
overlooked that some centers recorded data differently
than the majority of the other centers. However, the
number of patients was limited to five to eight per center,
and centers and countries were accounted for in the pro-
pensity score development. Thus, the impact of any one
particular center should be limited in most cases. Fur-
thermore, the associations were strong and consistent
among the different analyses conducted (unadjusted,
adjusted, and different propensity scores). The use of IV
vasodilators was associated with a decreased risk in in-
hospital mortality in patients with normal or low SBP at
admission. We did not record SBP during the course of
hospitalization and, therefore, no information was avail-
able on the time course of SBP during IV vasodilator
therapy. Furthermore, the effect of IV vasodilator therapy
was tested by comparing diuretic ? vasodilator therapy
versus diuretic alone therapy; it is likely that the results
can be extended to the patients excluded because they did
not receive any IV diuretics.

Conclusions

Our study, based on ALARM-HF data, revealed obser-
vable associations between the use of IV vasodilators,

mostly nitrates, and beneficial effects on in-hospital out-
come in a wide spectrum of AHF patients hospitalized in
nine different countries. This effect was the most striking
in AHF patients with a normal or low SBP. This finding is
based on a non-randomized design, is largely hypothesis
generating, and calls for similar analyses with larger,
multinational databases. Most importantly, these finding
need to be confirmed in the setting of a prospective ran-
domized clinical trial. We also observed associations
between four IV catecholamines, namely, epinephrine,
norepinephrine, dopamine, and dobutamine, and poor in-
hospital outcome in this large multinational AHF cohort.
The use of levosimendan did not incur a higher risk of in-
hospital mortality. This study therefore brings to light the
fact that existing guidelines need to be revisited in order
to bring safety to the treatment of AH patients. Based on
our results, we advocate for a wider use of agents with
vasodilator properties and a very limited use of cate-
cholamines in AHF patients.
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INSERM—UMR-S 717, Paris France by RP and EG.

References

1. Dickstein K, Cohen-Solal A, Filippatos
G, McMurray JJ, Ponikowski P, Poole-
Wilson PA, Stromberg A, van
Veldhuisen DJ, Atar D, Hoes AW,
Keren A, Mebazaa A, Nieminen M,
Priori SG, Swedberg K, Vahanian A,
Camm J, De Caterina R, Dean V,
Dickstein K, Filippatos G, Funck-
Brentano C, Hellemans I, Kristensen
SD, McGregor K, Sechtem U, Silber S,
Tendera M, Widimsky P, Zamorano JL
(2008) ESC Guidelines for the
diagnosis and treatment of acute and
chronic heart failure 2008:the Task
Force for the Diagnosis and Treatment
of Acute and Chronic Heart Failure
2008 of the European Society of
Cardiology. Developed in collaboration
with the Heart Failure Association of
the ESC (HFA) and endorsed by the
European Society of Intensive Care
Medicine (ESICM). Eur Heart J
29:2388–2442

2. Gheorghiade M, Zannad F, Sopko G,
Klein L, Pina IL, Konstam MA, Massie
BM, Roland E, Targum S, Collins SP,
Filippatos G, Tavazzi L (2005) Acute
heart failure syndromes: current state
and framework for future research.
Circulation 112:3958–3968

3. Hunt SA, Abraham WT, Chin MH,
Feldman AM, Francis GS, Ganiats TG,
Jessup M, Konstam MA, Mancini DM,
Michl K, Oates JA, Rahko PS, Silver
MA, Stevenson LW, Yancy CW (2009)
2009 Focused update incorporated into
the ACC/AHA 2005 Guidelines for the
Diagnosis and Management of Heart
Failure in Adults A Report of the
American College of Cardiology
Foundation/American Heart
Association Task Force on Practice
Guidelines Developed in Collaboration
with the International Society for Heart
and Lung Transplantation. J Am Coll
Cardiol 53:e1–e90

4. Cotter G, Metzkor E, Kaluski E,
Faigenberg Z, Miller R, Simovitz A,
Shaham O, Marghitay D, Koren M,
Blatt A, Moshkovitz Y, Zaidenstein R,
Golik A (1998) Randomised trial of
high-dose isosorbide dinitrate plus low-
dose furosemide versus high-dose
furosemide plus low-dose isosorbide
dinitrate in severe pulmonary oedema.
Lancet 351:389–393

5. Sharon A, Shpirer I, Kaluski E,
Moshkovitz Y, Milovanov O, Polak R,
Blatt A, Simovitz A, Shaham O,
Faigenberg Z, Metzger M, Stav D,
Yogev R, Golik A, Krakover R, Vered
Z, Cotter G (2000) High-dose
intravenous isosorbide-dinitrate is safer
and better than Bi-PAP ventilation
combined with conventional treatment
for severe pulmonary edema. J Am Coll
Cardiol 36:832–837

6. Mullens W, Abrahams Z, Francis GS,
Skouri HN, Starling RC, Young JB,
Taylor DO, Tang WH (2008) Sodium
nitroprusside for advanced low-output
heart failure. J Am Coll Cardiol
52:200–207

7. Gheorghiade M, Abraham WT, Albert
NM, Greenberg BH, O’Connor CM,
She L, Stough WG, Yancy CW, Young
JB, Fonarow GC (2006) Systolic blood
pressure at admission, clinical
characteristics, and outcomes in
patients hospitalized with acute heart
failure. JAMA 296:2217–2226

299



8. Costanzo MR, Johannes RS, Pine M,
Gupta V, Saltzberg M, Hay J, Yancy
CW, Fonarow GC (2007) The safety of
intravenous diuretics alone versus
diuretics plus parenteral vasoactive
therapies in hospitalized patients with
acutely decompensated heart failure: a
propensity score and instrumental
variable analysis using the Acutely
Decompensated Heart Failure National
Registry (ADHERE) database. Am
Heart J 154:267–277

9. Abraham WT, Adams KF, Fonarow
GC, Costanzo MR, Berkowitz RL,
LeJemtel TH, Cheng ML, Wynne J
(2005) In-hospital mortality in patients
with acute decompensated heart failure
requiring intravenous vasoactive
medications: an analysis from the Acute
Decompensated Heart Failure National
Registry (ADHERE). J Am Coll
Cardiol 46:57–64

10. Thackray S, Easthaugh J, Freemantle N,
Cleland JG (2002) The effectiveness
and relative effectiveness of
intravenous inotropic drugs acting
through the adrenergic pathway in
patients with heart failure—a meta-
regression analysis. Eur J Heart Fail
4:515–529

11. Singer M (2007) Catecholamine
treatment for shock—equally good or
bad? Lancet 370:636–637

12. Follath F, Yilmaz MB, Delgado JF,
Parissis JT, Porcher R, Gayat E,
Burrows N, Mclean A, Vilas-Boas F,
Mebazaa A (2010) Clinical
presentation, management and
outcomes in the Acute Heart Failure
Global Survey of Standard Treatment
(ALARM-HF). Intensive Care Med (in
press)

13. D’Agostino RB Jr (1998) Propensity
score methods for bias reduction in the
comparison of a treatment to a non-
randomized control group. Stat Med
17:2265–2281

14. RD RosenbaumP (1983) The central
role of the propensity score in
observational studies for causal effects.
Biometrika 70:41–55

15. Gayat E, Pirracchio R, Resche-Rigon
M, Mebazaa A, Mary JY and Porcher R
(2010) Propensity scores in intensive
care and anaesthesiology literature: a
systematic review. Intensive Care Med.
doi:10.1007/s00134-010-1991-5

16. Shah BR, Laupacis A, Hux JE, Austin
PC (2005) Propensity score methods
gave similar results to traditional
regression modeling in observational
studies: a systematic review. J Clin
Epidemiol 58:550–559

17. Austin PC (2008) A critical appraisal of
propensity-score matching in the
medical literature between 1996 and
2003. Stat Med 27:2037–2049

18. Sackner-Bernstein JD, Kowalski M,
Fox M, Aaronson K (2005) Short-term
risk of death after treatment with
nesiritide for decompensated heart
failure: a pooled analysis of randomized
controlled trials. JAMA 293:1900–1905

19. Follath F, Cleland JG, Just H, Papp JG,
Scholz H, Peuhkurinen K, Harjola VP,
Mitrovic V, Abdalla M, Sandell EP,
Lehtonen L (2002) Efficacy and safety
of intravenous levosimendan compared
with dobutamine in severe low-output
heart failure (the LIDO study): a
randomised double-blind trial. Lancet
360:196–202

20. Masip J, Roque M, Sánchez B,
Fernández R, Subirana M, Expósito JA
(2005) Noninvasive ventilation in acute
cardiogenic pulmonary edema:
systematic review and meta-analysis.
JAMA 294:3124–3130

21. De Backer D, Biston P, Devriendt J,
Madl C, Chochrad D, Aldecoa C,
Brasseur A, Defrance P, Gottignies P,
Vincent JL, SOAP II Investigators
(2010) Comparison of dopamine and
norepinephrine in the treatment of
shock. N Engl J Med 362:779–789

22. Breidthardt T, Noveanu M, Potocki M,
Reichlin T, Egli P, Hartwiger S,
Socrates T, Gayat E, Christ M,
Mebazaa A, Mueller C (2010) Impact
of a high-dose nitrate strategy on
cardiac stress in acute heart failure: a
pilot study. J Intern Med 267:322–330

23. Cuffe MS, Califf RM, Adams KF Jr,
Benza R, Bourge R, Colucci WS,
Massie BM, O’Connor CM, Pina I,
Quigg R, Silver MA, Gheorghiade M
(2002) Short-term intravenous
milrinone for acute exacerbation of
chronic heart failure: a randomized
controlled trial. JAMA 287:1541–1547

24. Metra M, Nodari S, D’Aloia A,
Muneretto C, Robertson AD, Bristow
MR, Dei Cas L (2002) Beta-blocker
therapy influences the hemodynamic
response to inotropic agents in patients
with heart failure: a randomized
comparison of dobutamine and
enoximone before and after chronic
treatment with metoprolol or carvedilol.
J Am Coll Cardiol 40:1248–1258

25. Neuberg GW, Miller AB, O’Connor
CM, Belkin RN, Carson PE, Cropp AB,
Frid DJ, Nye RG, Pressler ML,
Wertheimer JH, Packer M (2002)
Diuretic resistance predicts mortality in
patients with advanced heart failure.
Am Heart J 144:31–38

26. Domanski M, Norman J, Pitt B,
Haigney M, Hanlon S, Peyster E (2003)
Diuretic use, progressive heart failure,
and death in patients in the studies of
left ventricular dysfunction (SOLVD).
J Am Coll Cardiol 42:705–708

27. den Uil CA, Caliskan K, Lagrand WK,
van der Ent M, Jewbali LS, van Kuijk
JP, Spronk PE, Simoons ML (2009)
Dose-dependent benefit of nitroglycerin
on microcirculation of patients with
severe heart failure. Intensive Care Med
35:1893–1899

28. Rusterholtz T, Bollaert PE, Feissel M,
Romano-Girard F, Harlay ML,
Zaehringer M, Dusang B, Sauder P
(2008) Continuous positive airway
pressure vs. proportional assist
ventilation for noninvasive ventilation
in acute cardiogenic pulmonary edema.
Intensive Care Med 34:840–846

29. Beohar N, Erdogan AK, Lee DC,
Sabbah HN, Kern MJ, Teerlink J,
Bonow RO, Gheorghiade M (2008)
Acute heart failure syndromes and
coronary perfusion. J Am Coll Cardiol
52:13–16

30. Mebazaa A, Gheorghiade M, Pina IL,
Harjola VP, Hollenberg SM, Follath F,
Rhodes A, Plaisance P, Roland E,
Nieminen M, Komajda M,
Parkhomenko A, Masip J, Zannad F,
Filippatos G (2008) Practical
recommendations for prehospital and
early in-hospital management of
patients presenting with acute heart
failure syndromes. Crit Care Med
36:S129–S139

31. Costa AD, Garlid KD, West IC, Lincoln
TM, Downey JM, Cohen MV, Critz SD
(2005) Protein kinase G transmits the
cardioprotective signal from cytosol to
mitochondria. Circ Res 97:329–336

32. Paulus WJ, Vantrimpont PJ, Shah AM
(1994) Acute effects of nitric oxide on
left ventricular relaxation and diastolic
distensibility in humans. Assessment by
bicoronary sodium nitroprusside
infusion. Circulation 89:2070–2078

33. Sun J, Morgan M, Shen RF,
Steenbergen C, Murphy E (2007)
Preconditioning results in S-
nitrosylation of proteins involved in
regulation of mitochondrial energetics
and calcium transport. Circ Res
101:1155–1163

34. Jaburek M, Costa AD, Burton JR, Costa
CL, Garlid KD (2006) Mitochondrial
PKC epsilon and mitochondrial ATP-
sensitive K? channel copurify and
coreconstitute to form a functioning
signaling module in proteoliposomes.
Circ Res 99:878–883

35. Hasselblad V, Gattis Stough W, Shah
MR, Lokhnygina Y, O’Connor CM,
Califf RM, Adams KF Jr (2007)
Relation between dose of loop diuretics
and outcomes in a heart failure
population: results of the ESCAPE trial.
Eur J Heart Fail 9:1064–1069

300

http://dx.doi.org/10.1007/s00134-010-1991-5


36. Peacock WF, Costanzo MR, De Marco
T, Lopatin M, Wynne J, Mills RM,
Emerman CL (2009) Impact of
intravenous loop diuretics on outcomes
of patients hospitalized with acute
decompensated heart failure: insights
from the ADHERE registry. Cardiology
113:12–19

37. Ahmed A, Husain A, Love TE,
Gambassi G, Dell’Italia LJ, Francis GS,
Gheorghiade M, Allman RM, Meleth S,
Bourge RC (2006) Heart failure,
chronic diuretic use, and increase in
mortality and hospitalization: an
observational study using propensity
score methods. Eur Heart J
27:1431–1439

38. Mebazaa A, Nieminen MS, Filippatos
GS, Cleland JG, Salon JE, Thakkar R,
Padley RJ, Huang B, Cohen-Solal A
(2009) Levosimendan vs. dobutamine:
outcomes for acute heart failure patients
on beta-blockers in SURVIVE. Eur J
Heart Fail 11:304–311

39. Mebazaa A, Nieminen MS, Packer M,
Cohen-Solal A, Kleber FX, Pocock SJ,
Thakkar R, Padley RJ, Poder P, Kivikko
M (2007) Levosimendan vs dobutamine
for patients with acute decompensated
heart failure: the SURVIVE
randomized trial. JAMA
297:1883–1891

301


	Short-term survival by treatment among patients hospitalized with acute heart failure: the global ALARM-HF registry using propensity scoring methods
	Abstract
	Introduction
	Methods
	ALARM-HF data collection and study
	Statistical analysis

	Results
	Effects of IV vasodilators on in-hospital mortality
	Effects of IV inotropes and/or IV vasopressors on in-hospital mortality

	Discussion
	IV vasodilators
	Catecholamines
	Limitations
	Conclusions

	Conflict of interest
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


