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ABSTRACT

Background and objective: Although recommended for the treatment of acute heart failure (AHF), the use of
intravenous (IV) nitroglycerin (NTG) is supported by scarce and contradicting evidence. In the current analysis,
we have assessed the impact of IV NTG administration by EMS or in emergency department (ED) on outcomes of
AHF patients.

Methods: We analyze AHF patients included by 45 hospitals that were delivered to ED by EMS. Patients were
grouped according to whether treatment with IV NTG was started by EMS before ED admission (preED-NTG),
during the ED stay (ED-NTG) or were untreated with IV NTG (no-NTG, control group). In-hospital, 30-day and
365-day all-cause mortality, prolonged hospitalization (>7 days) and 90-day post-discharge combined adverse
events (ED revisit, hospitalization or death) were compared in EMS-NTG and ED-NTG respect to control group.
Results: We included 8424 patients: preED-NTG = 292 (3.5%), ED-NTG = 1159 (13.8%) and no-NTG = 6973
(82.7%). preED-NTG group had the most severely decompensated cases of AHF (p < 0.001) but it had lower in-
hospital (OR = 0.724, 95%CI = 0.459-1.114), 30-day (HR = 0.818, 0.576-1.163) and 365-day mortality (HR =
0.692, 0.551-0.869) and 90-day post-discharge events (HR = 0.795, 0.643-0.984) than control group. ED-NTG
group had mortalities similar to control group (in-hospital: OR = 1.164, 0.936-1.448; 30-day: HR = 0.980,
0.819-1.174; 365-day: HR = 0.929, 0.830-1.039) but significantly decreased 90-day post-discharge events (HR
= 0.870, 0.780-0.970). Prolonged hospitalization rate did not differ among groups. Five different analyses
confirmed these findings.

Conclusions: Early prehospital IV NTG administration was associated with lower mortality and post-discharge
events, while IV NTG initiated in ED only improved post-discharge event rate. Further studies are needed to

assess the role of early prehospital administration of IV NTG to patients with AHF.

1. Introduction

The use of intravenous (IV) nitrates (nitroglycerine, NTG) for the
treatment of acute heart failure (AHF) has been debated. Initially, a
small study reported improved oxygenation, and reduced need for me-
chanical ventilation and other adverse events in patients with AHF and
significant desaturation when high doses of IV nitrates were adminis-
tered in the prehospital setting [1]. This was followed by a more
generalized recommendation in the guidelines for the treatment of AHF
for the use of IV nitrates for longer periods of time in the in-hospital
setting during the first days of admission for AHF [2,3]. As pointed,
this recommendation was made without significant supporting data [4].
Of recent, a prospective study (GALACTIC) has found no benefit in the
administration of IV nitrates during the first few days of an AHF
admission [5]. However, in the GALACTIC study, nitrates were not
administered intravenously and did not result in reduction of blood
pressure during the first day of administration, hence their dosing may
have been insufficient to affect in significant benefits. In the current
analysis, we have attempted to explore the effects of prehospital
administration of nitrates on mortality and adverse events in the EAHFE
(Epidemiology of AHF in Emergency departments) Spanish registry that
includes patients diagnosed with AHF in emergency department (ED)
consecutively included in sets of 1-2 months cohorts during last 15
years. In addition, we have also explored the effects of IV NTG when this
is started in the ED.

2. Methods
2.1. Setting

The present study is a subanalysis of the EAHFE Registry [6-9]. The
AHF diagnosis was based on the Framingham clinical criteria [10]. The
initial patient inclusion and data recording was made by the attending
emergency physician, and the principal investigator of every center
retrospectively reviewed medical reports and was the responsibly for the
final diagnostic adjudication at local level. They revised every case to
check the compliance criteria of AHF and to confirm diagnosis by
measurement of plasma natriuretic peptide and/or echocardiography
during ED or hospital stay when possible following the current recom-
mendations of the ESC Guidelines [2] and this was available in about
92% of cases. The EAHFE Registry does not include any planned inter-
vention, and the management of patients is entirely based on the
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attending ED physician decisions.

2.2. Ethics

The EAHFE Registry protocol was approved by a central Ethics
Committee at the Hospital Universitario Central de Asturias (Oviedo,
Spain) with the reference numbers 49/2010, 69/2011, 166/13, 160/15
and 205/17. The present study was carried out in strict compliance with
the Declaration of Helsinki principles.

2.3. Design and variables recorded

The present analysis included all patients in whom the form of arrival
to ED was registered (this variable was recorded from the EAHFE-3
registry onwards). Of them, we selected those that were delivered to
the ED by an ambulance provided by emergency medical services (EMS).
Patients were classified into three groups: 1) patients receiving IV NTG
which was started by prehospital EMS, before ED arrival (preED-NTG
Group); 2) patients receiving IV NTG started in ED, after assessment by
the attending physician (ED-NTG Group); and 3) patients that did not
receive IV NTG during the urgent management, neither during pre-
hospital phase by the EMS nor during their stay in the ED (no-NTG
Group, controls). Sublingual or oral NTG administration was not
considered. Doses and time duration of IV NTG used by EMS and in the
ED were not recorded.

Independent variables consisted on baseline and current episode
data prospectively recorded during patients ED stay. Data regarding
clinical characteristics of the current AHF episode consisted on pheno-
type classification according congestion (wet or dry) and perfusion (cold
or warm) [2,8], vitals at ED arrival, laboratory findings and lung
congestion in chest X-ray. In addition, the severity of the current episode
of decompensation was assessed through the MEESSI score, a clinical
score that has demonstrated a very good prediction of the 30-day mor-
tality in patients with AHF using clinical data recorded in the ED [5,6].
The MEESSI score is calculated recorded during the first patient
assessment in the ED.

2.4. Outcomes

Five outcomes were assessed in the present study. Three outcomes
referred to all-cause mortality (in-hospital and at 30 and 365 days). Vital
status of patients was ascertained by consultation of medical records,
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Table 1
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Patients characteristics and comparison among the three groups according to intravenous nitroglycerine was provided by emergency medical services (preED-NTG
Group), by emergency physicians in the emergency department (ED-NTG) or not provided at all (No-NTG Group).

All patients Missing preED-NTG ED-NTG Group No-NTG Group P value
N=8,424 values Group N=1,159 N=6,973
n (%) n (%) N=292 n (%) n (%)
n (%)
PATIENT BASELINE CHARACTERISTICS
Demographic data
Age (in years) (median (IQR)) 84 (78-89) 3(0.0) 80 (72-86) 82 (76-87) 84 (79-89) <0.001
Sex: Male 3,481 (41.3) 18 (0.2) 138 (47.6) 466 (40.2) 2,877 (41.3) 0.07
Comorbidities
Hypertension 7,127 (84.8) 15(0.2) 252 (86.6) 1,010 (87.3) 5,865 (84.3) 0.02
Diabetes mellitus 3,495 (41.6) 17 (0.2) 146 (50.2) 565 (48.9) 2,784 (40.0) <0.001
Coronary artery disease 2,417 (28.7) 15 (0.2) 137 (47.1) 375 (32.4) 1,905 (27.4) <0.001
Chronic kidney failure (creatinine >2 mg/mL) 2,446 (28.7) 15 (0.2) 84 (28.9) 362 (31.3) 2,000 (28.7) 0.20
Cerebrovascular disease 1,175 (14.0) 15 (0.2) 41 (14.1) 165 (14.3) 969 (13.9) 0.95
Atrial fibrillation 4,176 (49.7) 14 (0.2) 104 (35.) 513 (44.3) 3,559 (51.1) <0.001
Peripheral artery disease 820 (9.8) 15 (0.2) 48 (16.5) 162 (14.0) 610 (8.8) <0.001
Heart valve disease 2,141 (25.5) 15 (0.2) 71 (24.4) 310 (26.8) 1,760 (25.3) 0.49
Chronic obstructive pulmonary disease 2,158 (25.7) 17 (0.2) 60 (20.6) 254 (22.0) 1,844 (26.5) 0.001
Dementia 1,304 (15.5) 15 (0.2) 32(11.0) 137 (11.8) 1,135 (16.3) <0.001
Active neoplasia 1,242 (14.8) 18 (0.2) 40 (13.7) 159 (13.8) 1,043 (15.0) 0.48
Previous episodes of acute heart failure 5,221 (63.8) 244 (2.9) 172 (59.7) 685 (60.3) 4,364 (64.6) 0.007
Baseline status
NYHA class III/IV 2,224 (27.6) 380 (4.5) 61 (22.3) 282 (25.1) 1,881 (28.3) 0.01
Left ventricular ejection fraction (LVEF, %) (median (IQR)) 55 (45-64) 3,606 (42.8) 50 (38-60) 55 (42-63) 55 (45-65) <0.001
-LVEF <40% 838 (17.4) 47 (19.3) 131 (19.3) 660 (16.7)
-LVEF 40-49% 645 (13.4) 35(19.3) 96 (14.2) 514 (13.0)
-LVEF >50% 3,335 (69.2) 99 (54.7) 451 (66.6) 2,785 (70.3)
Barthel Index (points)* (median (IQR)) 80 (60-100) 674 (8.0) 90 (65-100) 90 (60-100) 80 (60-100) <0.001
Chronic treatments with disease-modifying drugs at home
Beta-blockers 3,563 (43.2) 169 (2.0) 161 (55.7) 516 (44.9) 2,886 (42.3) <0.001
Renin-angiotensin system inhibitors 4,599 (55.7) 164 (1.9) 183 (63.3) 678 (59.0) 3,738 (54.8) 0.001
Mineralcorticosteroid-receptor blockers 1,245 (15.1) 164 (1.9) 39 (13.5) 145 (12.6) 1,061 (15.6) 0.03
CLINCAL CHARACTERISTICS OF THE ACUTE HEART FAILURE
EPISODE
Clinical phenotype 0(0) <0.001
Warm & wet 6,572 (78.0) 189 (64.7) 833 (71.9) 5,550 (79.6)
Cold & wet 942 (13.5) 83 (28.4) 282 (24.3) 942 (13.5)
Warm & dry 465 (5.5) 14 (4.8) 35(3.0) 416 (6.0)
Cold & dry 80 (0.9) 6(2.1) 9 (0.8) 65 (0.9)
Vitals at ED arrival (median (IQR))
Systolic blood pressure 139 (121-158) 76 (0.9) 159 (134-185) 153 (134-175) 137 (120-154) <0.001
Heart rate 86 (72-103) 170 (2.0) 93 (76-110) 88 (75-108) 85 (71-101) <0.001
Pulse-oxymetry 93 (89-96) 164 (1.9) 93 (87-97) 93 (88-96) 94 (90-96) 0.002
Laboratory findings
Hemoglobin (g/L) (median (IQR)) 119 (106-133) 72 (0.9) 121 (109-137) 119 (105-134) 119 (106-132) 0.009
Creatinine (mg/dL) (median (IQR)) 1.15 (0.88- 105 (1.2) 1.18 (0.92-1.54) 1.17 (0.90- 1.15 (0.87- 0.13
1.59) 1.60) 1.59)
Sodium (mmol/L) 139 (136-141) 200 (2.4) 138 (136-141) 139 (136-141) 139 (136-141) 0.28
Potassium (mmol/L) 4.4 (4.0-4.8) 525 (6.2) 4.3 (3.9-4.8) 4.4 (4.0-4.8) 4.4 (4.0-4.8) 0.88
NT-proBNP (pg/L) (median (IQR)) 4,444 4,196 (49.8) 4,050 4,405 4,456 0.93
(2,089-9,523) (2,167-9,325) (2,070-9,449) (2,088-9,541)
Raised troponin (>99th percentile) 2,602 (56.6) 3,825 (45.4) 145 (60.9) 411 (58.6) 2,046 (55.7) 0.07
Lung congestion in chest X-ray
Interstitial and/or alveolar edema 1,371 (30.2) 3,890 (46.2) 89 (57.4) 231 (52.0) 1,051 (26.7) <0.001
SEVERITY OF THE ACUTE HEART FAILURE EPISODE
MEESSI-AHF risk score 0.004
Predicted 30-day mortality (in %, 95% CI) 8.7 (8.4-9.0) 2,935 (34.8) 11.1 (9.4-13.1) 9.1 (8.4-10.2) 8.5(8.2-8.9)
Low risk category 1,654 (30.2) 51 (24.4) 257 (29.5) 1,349 (30.6)
Intermediate risk category 2,325 (42,4) 82 (39.2) 364 (41.8) 1,876 (42.5)
High risk category 745 (13.6) 38 (18.2) 132 (15.2) 577 (13.1)
Very high risk category 761 (13.9) 38 (18.2) 117 (13.4) 608 (13.8)

Bold p values denote statistical significance (p < 0.05).

" The higher the score, the better the patient functional status (range of the score: 0 to 100 points).

which is electronically accessible in nearly all Spanish communities. In
addition, we contacted with patients when no clear data was present in
the clinical history or access was not possible, as at the time of patient
inclusion into the EAHFE Registry they provide phone numbers and
permission to be called. Death was also ascertained through the Spanish
database of public health insurance, that covers >99% of Spanish pop-
ulation, as every patient dying is immediately retired of such a database
at the exact time point that death occurs. The forth outcome consisted on
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prolonged hospitalization. This outcome was adjudicated when patient
had been hospitalized, discharged alive and length of hospitalization
was longer than 7 days, according to previous studies [7,11]. Patients
directly discharged from the ED and those dying during the index event
were not considered for this outcome. Finally, the fifth outcome referred
to adverse event during the 90 days after discharge from the index event.
We considered as 90-day post-discharge adverse events a combined
variable that included ED revisit due to AHF (with or without
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p=0.007 (log-rank)

Combined adversed event

00 T T T

T T
240 360 60

Follow up time (days after discharge)

90

0 days 10 days 20 days 30 days 0 days 120 days 240 days 365 days 0 days 30 days 60 days 90 days

At risk0 291 276 265 255 291 210 195 173 240 154 52 23

Events 0 15 26 34 0 53 66 80 0 63 81 86

Survival (%) 100 94.8 91.1 89.3 100 81.3 76.2 70.7 100 73.1 60.4 51.9
At risk 1157 1072 1025 1007 1157 813 741 659 929 608 267 166
Events 0 83 129 146 0 253 316 382 0 231 337 365
Survival (%) 100 92.8 88.8 87.4 100 77.6 715 65.1 100 74.5 57.6 50.9
At risk 6966 6476 6230 6050 6966 4463 4041 3593 5179 3234 838 313
Event 0 485 721 882 0 1610 1986 2348 0 1418 1937 2047
Survival (%) 100 93.0 89.6 87.3 100 75.8 69.4 63.2 100 71.9 55.1 44.3

———  preED-NTG Group (iv NITRATES started at PREHOSPITAL by EMS)
ED-NTG Group (iv NITRATES started at HOSPITAL in the ED)
No-NTG Group (iv NITRATES not provided at PREHOSPITAL nor at ED)

Fig. 1. Survival curves for 30-day (left) and 365-day (middle) all-cause mortality and 90-day post-discharge combined adverse event (right) according to intravenous
nitroglycerine was provided by emergency medical services (preED-NTG Group), by emergency physicians in the emergency department (ED-NTG) or not provided at

all (No-NTG Group).

hospitalization), hospitalization due to AHF or death or all-cause death
(whichever happening first). Every event adjudication was performed at
local level by the principal investigator of each hospital.

2.5. Statistical analysis

Continuous variables are expressed as mean and standard deviation
(SD) or median and interquartile range (IQR) if not normally distributed,
and categorical variables as absolute values and percentages. Compar-
ison among the three groups was carried out using one-way ANOVA for
continuous variables (or by Kruskal Wallis non-parametrical test if not
normally distributed) and the chi square test for categorical variables.

For comparison of in-hospital mortality and prolonged hospitaliza-
tion, we used odds ratio (OR) with 95% confidence interval (CI) while
for 30-day and 365-day mortality and 90-day post-discharge combined
adverse event we used survival tables and curves using the Kaplan-Meier
method and compared by log-rank test, and we calculated hazard ratios
(HR) with 95%CI using the Cox regression. In all cases, the no-NTG was
used as control group. We adjusted OR and HR by baseline differences
(by adding age, sex and variables that were unequally distributed among
groups, p < 0.05, with the exception that those variables that are already
included in the MEESSI score) and by the severity of the current AHF
decompensation (using the MEESSI score). Missing values in the vari-
ables included in the adjusted models were replaced using the multiple
imputation technique, generating 5 datasets in which there were no
missing values among all the variables included in the adjustment.

We performed five different sensitivity analyses for every outcome in
the fully adjusted model. In the first one (sensitivity analysis A), we
removed from the group of patients receiving IV NTG started by EMS
those in whom, after assessment by the emergency physician in the ED,
IV NTG was discontinued. In the second and third ones, we eliminated
from the three groups all patients with a first systolic blood pressure
below 100 mmHg (sensitivity analysis B) and 100 mmHg (sensitivity
analysis C), respectively, because they could include, in some extend,
patients in whom IV NTG was incorrectly initiated (in the two groups of
IV NTG treatment) or patients with more advanced forms of cardiomy-
opathy and poorer prognosis (in the group that not received IV NTG). In
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the fourth analysis (sensitivity analysis D), we only included patients
with wet and warm phenotype, as they are those that could potentially
have higher benefit to be treated with IV NTG. Finally, the last one
(sensitivity analysis E) compared groups of patients paired using a
propensity score (PS) matching approach. A PS to be treated with IV
NTG was separately calculated for patients of the preED and ED groups
respect to patients of the No-NTG group. With this purpose, we con-
structed a multivariable model including age, sex, baseline patient
characteristics that significantly differed between groups (except those
variables included in the MEESSI score), as well as the severity of current
AHF episode estimated by the MEESSI score. Finally, patients were
paired (1:1) based on a maximum standardized difference of 0.1% in the
PS.

In the other hand, we carried out a stratified analysis for outcomes in
which statistically significant differences had been detected in the
analysis of the whole cohort of patients. Stratification was performed in
the fully adjusted model according to age (< or > 80 years), sex, coro-
nary artery disease and chronic heart failure as previous comorbidity,
and first systolic blood pressure record (< or > 120 mmHg), and
interaction was assessed.

Statistical significance was accepted if the p value was less than 0.05.
Since this was an exploratory study, a pre-hoc sample size calculation
was not made. All calculations were made using SPSS v24.0 software
(IBM, New Castle, NY, USA).

3. Results

Between EAHFE cohort 3 and cohort 6, 8424 patients who were
delivered to the hospital by the emergency medical services (EMS) were
prospectively enrolled into a registry. Among them, 292 (3.5%) were
treated with IV NTG by EMS before admission to the ED (preED-NTG
Group), 1159 (13.8%) were started treated by IV NTG in the ED (ED-
NTG Group) and 6973 (82,8%) were not treated by nitrates in either the
EMS or during the ED stay (no-NTG Group, controls) (Supplementary
Figure). The baseline characteristics of the patients enrolled in by those
3 groups are presented in Table 1. Patients treated by IV NTG, and
especially preED-NTG Group, were younger, they had more diabetes
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Table 2
Unadjusted and adjusted outcomes.

Unadjusted ratio
(95% CI)

Adjusted ratio*
(95% CI)

In-hospital all-cause mortality (OR)

No-NTG Group 1 (reference) 1 (reference)

ED-NTG Group 1.172 1.164
(0.536-1.254) (0.936-1.448)
preED-NTG Group 0.820 0.724

(0.536-1.254) (0.459-1.114)

Prolonged hospitalization** (OR)
No-NTG Group

1 (reference) 1 (reference)

ED-NTG Group 0.927 0.908
(0.804-1.070) (0.785-1.050)
preED-NTG Group 1.043 0.988

(0.804-1.354) (0.758-1.288)

30-day all-cause mortality (HR)
No-NTG Group

1 (reference) 1 (reference)

ED-NTG Group 1.016 0.980
(0.855-1.208) (0.819-1.174)
preED-NTG Group 0.900 0.818

(0.639-1.268) (0.576-1.163)

365-day all-cause mortality (HR)
No-NTG Group

1 (reference) 1 (reference)

ED-NTG Group 0.938 0.929
(0.842-1.045) (0.830-1.039)
preED-NTG Group 0.759 0.692

(0.607-0.948) (0.551-0.869)
90-day post-discharge combined
endpoint (HR)
No-NTG Group

1 (reference) 1 (reference)

ED-NTG Group 0.867 0.870
(0.779-0.966) (0.780-0.970)
preED-NTG Group 0.814 0.795

(0.659-1.004) (0.643-0.984)

**Covariables included in the adjustment were sex, hypertension, diabetes
mellitus, coronary artery disease, atrial fibrillation, peripheral artery disease,
chronic obstructive pulmonary disease, dementia, previous episodes of acute
heart failure, left ventricular ejection fraction, chronic treatment with renin-
angiotensin system inhibitors and beta-blockers, and MEESSI-AHF risk score.
Age, Barthel index and NYHA class at baseline were not included as covariates as
they form part of the MEESS-AHFI risk score.

**Prolonged hospitalization (>7 days) was only calculated for hospitalized pa-
tients (i.e., patients directly discharged from the emergency department were
not taken into account) who survived to hospitalization (i.e., patients experi-
encing in-hospital mortality were not taken into account).

EMS: emergency medical service; ED: emergency department; NTG: nitroglyc-
erine; OR: odds ratio; HR: hazard ratio; CI: confidence interval.

Bold ORs/HRs denote statistical significance (p < 0.05).

mellitus and coronary artery disease, peripheral vascular disease, but
less atrial fibrillation, lung disease, valvular heart disease and previous
admission for HF. Less were in NYHA class III/IV but their ejection
fraction as lower. Patients who received IV NTG were treated more with
betablockers and RAS inhibitors but less by MRA. The majority of pa-
tients were congestive (wet), and hypoperfusion (cold) was more
frequently observed in patients treated with IV NTG. Pulmonary
congestion was also more severe in patients receiving IV NTG. Similarly,
these patients had higher systolic blood pressure and lower pulse-
oxymetry at ED arrival. Importantly, the MEESSI score, a well vali-
dated prognostic score for patients admitted to the ED with AHF [5,6],
was worst in patients who received IV NTG, and especially worst in
preED-NTG Group.

In-hospital mortality was observed in 845 patients (10.0%). In-
hospital mortality in preED-NTG Group (24 deaths, 8.2%) was not sta-
tistically different from no-NTG Group (689 deaths, 9.9%; p = 0.413),
and the same was observed for in-hospital mortality in ED-NTG group
(132 deaths, 11.4%; p = 0.127). Among patients that were hospitalized
and survived to the index AHF episode, prolonged hospitalization was
observed in 48.1% of cases, with no differences between control group
(48.3%) and preED-NTG group (49.4%, p = 0.752) and ED-NTG group
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(46.4%, p = 0.301). On the other hand, survival curves for 30-day
mortality did not exhibit statistical difference among the three groups
as well, with mortality rates of 10.7%, 12.6% and 12.7% for preED-NTG,
ED-NTG and no-NTG groups, respectively (log-rank test p = 0.812)
(Fig. 1). Conversely, we observed statistically significant differences in
365-day mortality (29.3%, 34.9% and 36.8%, respectively; log-rank test
p = 0.031) and 90-day post-discharge combined event (48.1%, 49.1%
and 55.7%, respectively; log-rank test p = 0.007) curves, with differ-
ences appearing early (by around 30 days from the starting point) and
persisting throughout the follow up period (Fig. 1).

The unadjusted and adjusted associations with outcomes for preED-
NTG and ED-NTG groups respect to no-NTG Group are presented in the
Table 2. Remarkably, we observed that preED-NTG patients persisted
with a lower risk of 365-day mortality than controls even after adjust-
ment for differences in baseline characteristics and severity of AHF
decompensation (HR = 0.692, 95%CI = 0.551-0.869), as well as with a
lower risk for 90-day post-discharge combined events (HR = 0.795, 95%
CI = 0.642-0.984). On the other hand, ED-NTG patients had a lower risk
of 90-day post-discharge combined events (HR = 0.870, 95%CI =
0.780-0.970). The five sensitivity analyses showed very similar results
for all these associations, although in a few cases statistical significance
disappeared (Supplementary Table).

Finally, the subgroup analysis of outcomes for preED-NTG and ED-
NTG groups (respect to controls) showed that associations were not
affected by age (> or < 80 years), sex, presence of previous coronary
artery disease or heart failure, or systolic blood pressure > or < 120
mmHg (Fig. 2). The only exception was the 90-day post-discharge
combined events for preED-NTG Group that was significantly lower if
patients had no previous history of heart failure.

4. Discussion

We found that early starting of IV NTG treatment by EMS was
associated with long-term survival of patients with AHF compared with
patients in whom IV NTG was not used. In addition, post-discharge
adverse events among patients who are discharged alive after decom-
pensation are also lower in those administered IV NTG by EMS. For
patients in whom IV NTG was started in the ED, similar association with
post-discharge events was observed, although there was no association
with survival.

These results have to be put in perspective with the currently
available data respect to nitrates use in patients with AHF. In fact, the
administration of IV nitrates to patients with AHF has been recom-
mended by some authorities and in the guidelines for treatment of AHF
[2,3] despite lack of significant evidence. A Cochrane review published
in 2013 identified only four randomized controlled trials comparing
nitrates with alternative interventions in the management of AHF [12]
and there was no significant difference between nitrate vasodilator
therapy and alternative interventions in the treatment of AHF, with
regard to symptom relief and haemodynamic variables. None of them
reported significant changes in mortality rates. A latter report that
analyzed the impact of NTG administration in the ED to patients with
AHF also did not observe any association with short-term survival [13].
Very recently, to assess the importance of vasodilator therapy in the
management of AHF, the GALACTIC study has been conducted [4]. In
this study 781 patients with AHF were randomized to early intensive and
sustained vasodilatation versus standard of care during hospitalization.
Both groups received loop diuretics, beta-blockers, aldosterone antag-
onists, cardiac devices, and routine follow-up. The primary outcome,
death or AHF rehospitalization at 180 days, occurred at a similar fre-
quency between groups (hazard ratio 1.07, p = 0.59). No benefits were
seen in any of the other secondary study endpoints. However, in the
GALACTIC study, nitrates were not administered IV and there was no
substantial difference in blood pressure between the two arms in the first
day suggesting that the doses of nitrates administered may have not
induced the early desired vasodilation. As suggested in our original
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HR (95% Cl) for 365-day all-cause mortality

0.1 B
ED-NTG group (compared to No-NTG grou
Age
<80years - 0.982
>80 years —G— 0.942
Sex
Female - 0.888
Male —— 0.999
Coronary artery disease
No -« 0.927
es —g— 0.927
Chronic heart failure
No s 0.800
Yes —H— 0.998
Systolic blood pressure
<120 mmHg —ie— 1.084
2120 mmHg —— 0.933
EMS-NTG group (compared to No-NTG group)
e
<80vyears —e— 0.590
280 years — o 0.786
Sex
Female —o—i 0.728
Male — e+ 0.640
Coronary artery disease
No —— 0.618
Yes — 0.762
Chronic heart failure
No —— 0.514
Yes =—o— 0.799
Systolic blood pressure
<120 mmHg ——— 0.772
2120 mmHg o1 0.682
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HR (95% Cl) for 90-day post-discharge combined event

10 0.1 1 10

P (int.) P (int.)

0.730 0.745
0.803-1.202 -9 0.848 0.716-1.004
0.689-1.288 —o+ 0.880 0.667-1.160

0.299 0.950
0.768-1.026 -9 0.871 0.755-1.005
0.767-1.302 —o+ 0.865 0.666-1.124

0.998 0.588
0.810-1.061 - 0.850 0.743-0.974
0.708-1.214 —of 0.906 0.695-1.180

0.063 0.069
0.659-0.971 o 0.748 0.614-0.912
0.737-1.352 —ei— 0.932 0.685-1.270

0.329 0.883
0.821-1.432 — i 0.896 0.639-1.255
0.620-1.405 —e— 0.872 0.534-1.424

0.258 0.202
0.387-0.902 —— 0.682 0.493-0.942
0.409-1.508 — i 0.900 0.528-1.536

0.583 0.272
0.536-0.988 e 0.888 0.671-1.175
0.370-1.107 —e—i 0.698 0.418-1.166

0.364 0.771
0.444-0.861 e 0.772  0.573-1.040
0.435-1.335 —— 0.822 0.490-1.379

0.078 0.025
0.340-0.775 —— 0.555 0.371-0.829
0.421-1.514 —a— 0.951 0.512-1.769

0.702 0.070
0.431-1.381 ———— 0.368 0.152-0.889
0.290-1.606 —o 0.853 0.240-3.028

Fig. 2. Analysis of subgroups and interaction in the fully adjusted model (by baseline characteristics* and MEESSI score) for the association between the admin-
istration of intravenous nitroglycerin by emergency medical services (preED-NTG Group) and by emergency physicians at the emergency department (ED-NTG
Group) and outcomes for which significant differences among groups had been found in the analysis of the whole cohort.

*Baseline covariables included in the adjustment were sex, hypertension, diabetes mellitus, ischemic cardiomyopathy, atrial fibrillation, peripheral artery disease,
chronic obstructive pulmonary disease, dementia, previous episodes of acute heart failure, left ventricular ejection fraction, and chronic treatment with renin-
angiotensin system inhibitors and beta-blockers. Age, Barthel index and NYHA class at baseline were not included as covariates as they form part of the MEESSI

risk score.
Bold p values denote statistical significance (p < 0.05).

manuscript proposing nitrated of treatment in AHF [1], nitrates have
different effects at high and low doses [14]. At low doses, nitrates induce
only venodilatation, while at higher doses, they induce arterial dilata-
tion. Therefore, early administration of high dose of nitrates is likely to
induce significant afterload reduction, while lower doses administered
over time would induce mostly preload reduction, very different effects.
Furthermore, administration of IV nitrates for more than a few hours
would likely result in tachyphylaxis [15,16]. Hence, the strategies uti-
lized in our initial study [1] and that investigated in the GALACTIC trial
[4] were very different. None of the above commented studies evaluated
the role of early administration of NTG, during the prehospital man-
agement. Our results suggest that early administration of IV nitrates may
be of value, and especially in the prehospital arena.

Our results are in line with previous studies emphasizing the
importance of the EMS in the very early treatment of AHF de-
compensations. A Japanese study reported that transportation time of
AHF patients by EMS correlated with risk-adjusted mortality [17], and
the SEMICA-2 study reported that AHF that have received high-intensity
prehospital treatment by EMS teams have a better short-term outcome,
especially during the first 7 days [18]. However, the use of EMS and the
administration of prehospital medication by EMS are low in patients
with AHF [19]. A recent international survey involving 104 EMS teams
from 18 countries showed that difficulty of diagnosing AHF at scene
could be an issue in starting specific medication, as it seems to be
moderate compared with other pre-hospital conditions [20]. Addition-
ally, although the prevalence of AHF protocols in EMS is rather high, the
contents seem to vary from country to country; of note, among thera-
peutic actions included in the protocol, the use of IV NTG was the less
frequent, only present in 57% of protocols, in front of the 93% of sup-
plementary oxygen, 81% of non-invasive ventilation, or 69% of intra-
venous furosemide and opiates [20]. Our results suggest that although
beneficial effects seem to be present from the beginning (OR for in-

hospital mortality of 0.724; HR for 30-day mortality of 0.818), this
benefits only achieved statistical significance in the long term (HR for
365-day mortality of 0.691; HR for 90-day post-discharge adverse events
of 0.795). This could be due to lack of power for early events in this
exploratory study, as the number of patients included in the preED-NTG
Group was small (292). The question of why an early administration of
therapy in the first few hours of presentation would affect decrease in
events, especially mortality over the long run, has not be adequately
answered. Some authors have indeed doubted whether such an outcome
is even possible. However, the current analysis is in line with other
studies showing longer term mortality benefit or potential benefits from
early administration of IV interventions in AHF. Such example includes
the mortality benefit seen with IV serelaxin [21,22] and a recent study
examining a short term intervention relaying on higher doses of IV ni-
trates in which, despite showing no effect on the primary endpoint, has
seen trends towards longer-term mortality benefit in the active arm
[23]. The mechanism for such a benefit, if such a benefit indeed exists,
are not known, although some authors suggested that early IV admin-
istration of some therapies in AHF may reduce the end organ damage
caused during the first hours of an AHF event and by that affect longer
term outcome, due to preservation of longer term organ function [24].

4.1. Limitations

First, as in every observational study, causal relationships cannot be
inferred. Therefore, the results of the current analysis are limited by the
retrospective design and therefore the potential bias by indication.
Similarly, we some key data that could help to better understand the
effects of early administration of IV NTG were not recorded, like
response of systolic blood pressure to vasodilator initiation, sequential
assessment of dyspnea or creatinine to identify patients with worsening
heart failure or renal failure, or relevant outcomes as need of intensive
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care. However, as seen in Table 1, patients administered IV nitrates in
the prehospital phase were at higher risk of adverse outcome as
measured by higher MEESSI score. Second, the preED-NTG Group was
quite limited in size. This could influence the lack of statistical signifi-
cance in some comparisons involving this group and we could have
potentially committed a beta-error. Third, the patients came from a
nationwide cohort with a universal public healthcare system, and
external validation might be needed to confirm their generalizability.
Roles of doctors and nurses in EMS can vary among countries [25]. As
example, advance live support ambulances in Spain are staffed by doc-
tors and nurses and they are allowed to provide IV drugs, but this is not
the case in other countries and healthcare systems. Fourth, in our study
we did not record the doses and duration of IV NTG provided by EMS or
in the EDs, neither the elapsed time between ED arrival and starting of IV
NTG. Fifth, our study included a high percentage of elderly AHF patients
in whom frailty and dependence are frequent, two factors strongly
related to mortality [26,27]. Although stratified analysis did not suggest
differences depending on age, we believe that effects of IV NTG in other
AHF populations should be explored. Sixth, this was real life cohort
without any planned intervention, and differences in physician strate-
gies of diuretic use could exist, not only in terms of route of adminis-
tration, but also in the initial doses and in dose adjustment based on
patient response. Seventh, the diagnosis of AHF was based on clinical
criteria, and the final diagnosis of AHF was not supported in all cases by
natriuretic peptide or echocardiographic results in a number of cases.
Although these two latter limitations could impose caution in the
interpretation of some of our conclusions, this approach makes our
findings more generalizable to the real-world EMS and ED practice.

5. Conclusions

The results of the current analysis suggest that the use of IV nitrates
in patients with AHF should be examined in two different time frames. In
the prehospital setting administration of higher doses of IV nitrates by
inducing arterial dilation may have a beneficial effect on some mid- and
long-term outcomes. This should be reinvestigated in future prospective
studies. On the other hand, administration of IV nitrates during the ED
admission, probably in lower doses for prolonged periods of time, seems
to have a more reduced beneficial effects [4] and should therefore be
reserved for specific indications such as patients with uncontrolled high
blood pressure or ischemic chest pain.
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