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ORIGINAL ARTICLE

Prognostic value of chest radiographs in patients with 
acute heart failure: the Radiology in Acute Heart Failure 
(RAD-ICA) study

Pere Llorens1,2, Patricia Javaloyes1, Josep Masip3,4, Víctor Gil5, Pablo Herrero-Puente6, 
Francisco Javier Martín-Sánchez7, Javier Jacob8, José Manuel Garrido9, Sergio Herrera-Mateo10, 
María Pilar López Díez11, Luis Concepción-Aramendia12, Òscar Miró5,13 (en representación 
del grupo ICA-SEMES)

Objective. To determine whether chest radiographs can contribute to prognosis in patients with acute heart failure (AHF).

Methods. Consecutive patients with AHF were enrolled by the participating emergency departments. Radiographic 
variables assessed were the presence or absence of evidence of cardiomegaly and pleural effusion and the pulmonary 
parenchymal pattern observed (vascular redistribution, interstitial edema, and/or alveolar edema). We gathered 
variables for the AHF episode and the patient’s baseline state. Outcomes were in-hospital and 1-year mortality; 
hospital stay longer than 7 days, and a composite of events within 30 days of discharge (revisit, rehospitalization, 
and/or death). Crude and adjusted hazard ratios were calculated for the 3 categories of radiographic variables. The 
variables were also studied in combination.

Results. A total of 2703 patients with a mean (SD) age of 81 (19) years were enrolled; 54.5% were women. 
Cardiomegaly was observed in 1711 cases (76.8%) and pleural effusion in 992 (36.7%). A pulmonary parenchymal 
pattern was observed in all cases, as follows: vascular redistribution in 1672 (61.9%), interstitial edema in 629 
(23.3%) and alveolar edema in 402 (14.9%). The adjusted hazard ratios showed that cardiomegaly lacked prognostic 
value. However, the presence of pleural effusion was associated with a 23% (95% CI, 2%–49%) higher rate of the 30-
day composite outcome; in-hospital mortality was 89% (30%–177%) higher in the presence of alveolar edema, and 
1-year mortality was 38% (14%–67%) higher in association with vascular redistribution. The results for the variables 
in combination were consistent with the results for individual variables.

Conclusions. A diagnostic chest radiograph can also contribute to the prediction of adverse events. Pleural effusion is 
associated with a higher rate of events after discharge, and alveolar edema is associated with higher mortality.

Keywords: Acute heart failure. Emergency department. Chest radiograph. Prognosis.

Estudio RAD-ICA: valor pronóstico de la radiografía de tórax obtenida en 
urgencias en pacientes con insuficiencia cardiaca aguda

Objetivos. Investigar si la radiografía de tórax en pacientes con insuficiencia cardiaca aguda (ICA) puede contribuir a 
establecer el pronóstico.

Método. Se incluyeron pacientes consecutivos diagnosticados de ICA en urgencias. Se valoró: cardiomegalia radioló-
gica (CR), derrame pleural (DP) y el patrón parenquimatoso pulmonar (PPP: redistribución vascular, edema intersticial, 
edema alveolar). Se recogieron variables del estado basal del paciente y del episodio. Las variables de resultado eva-
luadas fueron mortalidad intrahospitalaria y al año, ingreso prolongado (> 7 días) y evento combinado (reconsulta, 
rehospitalización o muerte) a 30 días postalta, para las cuales se calcularon las hazard ratio crudas y ajustadas para las 
tres variables radiológicas y su combinación entre ellas.

Resultados. Se incluyeron 2.703 pacientes con una edad media de 81 (DE 19) años; el 54,5% eran mujeres. Se ob-
servó CR en 1.711 casos (76,8%), DP en 992 (36,7%) y todos los pacientes mostraron PPP (redistribución vascular el 
61,9%, edema intersticial el 23,3% y edema alveolar el 14,9%). El análisis ajustado mostró que la CR no tuvo valor 
pronóstico; el DP incrementó un 23% (IC 95% 2-49%) los eventos combinados a los 30 días postalta; y el PPP edema 
alveolar aumentó un 89% (30-177%) la mortalidad intrahospitalaria y un 38% (14-67%) la mortalidad al año respec-
to al PPP redistribución vascular (referencia). El estudio de la combinación de estos tres hallazgos radiológicos mostró 
resultados similares y congruentes con los hallazgos del estudio individualizado.

Conclusiones. La radiografía de tórax, además de ayudar a establecer el diagnóstico de ICA, puede contribuir a esti-
mar el pronóstico de eventos adversos. Así, el DP se asocia a un incremento de eventos adversos postalta y el PPP 
edema alveolar a una mayor mortalidad.

Palabras clave: Insuficiencia cardiaca aguda. Urgencias. Radiografía de tórax. Pronóstico.
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Introduction

Acute heart failure (AHF) is one of the main causes 
of hospitalization in Spain1 and represents one of the 
greatest economic and health burdens within the pu-
blic health system2,3. It is associated with high in-hos-
pital and post-discharge mortality and high readmis-
sion rates4. In Spain, as in many countries with a 
public health system, the vast majority of patients 
with AHF are initially attended in hospital emergency 
departments (EDs). Among the complementary tests 
to determine the diagnosis of AHF, chest radiography 
is one of the most classic and frequently performed in 
EDs. Its diagnostic role is beyond doubt and, in fact, is 
part of the Framingham clinical diagnostic criteria es-
tablished 40 years ago4. However, its role in helping to 
establish the prognosis of patients with AHF has not 
been studied widely. Perhaps this is why it is not part 
of any of the risk stratification scales of patients with 
AHF treated in the ED5-9. In order to study whether 
any of the main findings in chest radiography that can 
be found in the ICA relates to the prognosis of pa-
tients, the study RADiology in the ICA (RAD-ICA) was 
proposed.

Method

Characteristics of the EAHFE Register

The Registry “Epidemiology of Acute Heart Failure 
in Emergency departments” (EAHFE) is a multipurpo-
se cohort of a non-interventional, multicentric, 
analytical nature, with a prospective follow-up, which 
to date has had five inclusive phases of patients in 
which 41 Spanish EDs have participated, representing 
12% of the 339 public hospitals, including university 
hospitals, reference hospitals and county hospitals, 
with 13,791 patients included. The EAHFE Register 
includes consecutive patients diagnosed with AHF in 
the ED according to Framingham clinical criteria4. In 
addition, when possible, this diagnosis is confirmed 
by means of a study of natriuretic peptides or echo-
cardiographic evaluation during the patient’s stay in 
the emergency department or hospital (which was 
performed in approximately 92% of cases), following 
the criteria of the European Society of Cardiology10. 
However, patients with exclusively clinical diagnosis 
are included in the EAHFE Register in order to main-
tain a cohort as close as possible to the clinical reality 
of care. The head researcher of each centre is in 
charge of awarding the final diagnosis of each case. 
The only exclusion criterion in the EAHFE Register is 
that the patient presents an acute coronary syndro-
me with ST segment elevation and concomitant AHF, 
since these patients are often sent directly to the car-
diac haemodynamics laboratory and do not receive 
direct assistance in the ED. Specific details of the 
EAHFE Registry have been published in previous 
studies8,11-13.

Study design

This is an exploratory study conducted during Phase 
5 of the EAHFE Register patient recruitment, which took 
place between January 1 and February 29, 2016 in 32 
EDs, 22 of which participated in the present study. These 
centers collected specific data from chest radiography 
when available and the healthcare physician considered 
that it was of sufficient quality to be interpreted. Three 
fundamental radiological findings were assessed: 1) pre-
sence of radiological cardiomegaly (yes/no), which was 
defined as the presence of a cardiothoracic index greater 
than 0.5; 2) presence of pleural effusion (yes/no), re-
gardless of the amount and uni or bilateral location; and 
3) the pulmonary parenchymal pattern (PPP), which was 
grouped into three fundamental categories: vascular re-
distribution, interstitial edema and alveolar edema, fo-
llowing the classification proposed by Battler et al.14 and 
Tattersfield et al.15. The classification was made by the 
physician in charge of the patient’s care, and was re-
viewed by the head researcher of each center, who was 
in charge of the final allocation to a specific radiological 
category; in case of discrepancy, the evaluation was 
made by a radiologist.

Nineteen variables were collected from the patient’s 
baseline, concerning demographic aspects, comorbidi-
ty, chronic treatment and the patient’s baseline situa-
tion, and 14 referring to the current episode of decom-
pensation (vital signs upon arrival at the emergency 
department, laboratory data, treatment and destina-
tion). The patients were followed for one year, by te-
lephone contact and consultation of the electronic his-
tory of the hospital and primary care. Mortality from 
any cause after one year (from the date of the index 
episode in the emergency department) was defined as 
the main outcome variable, and the following three as 
secondary outcome variables: 1) in-hospital mortality 
from any cause; 2) prolonged hospital stay, which was 
considered when the duration of such stay, from arrival 
at the emergency department until discharge, was 
more than 7 days; and 3) combined event of reconsul-
tation or re-hospitalization due to exacerbation or new 
episode of AHF or death from any cause in the 30 days 
following discharge (which were counted from the time 
the patient was discharged, either from the hospital or 
from the emergency department). All the researchers 
had a list of definitions for these variables and the out-
come variables. A list with the definitions of the radiolo-
gical groups was also provided (Table 1).

Statistical analysis

Qualitative variables are expressed as frequencies 
and percentages, with their 95% confidence interval 
(95% CI), and quantitative variables as mean and stan-
dard deviation (SD) or as median and interquartile ran-
ge (IQR). Comparison between groups was done using 
the chi-square test for qualitative variables and the one-
way ANOVA test for independent samples (Kruskal-
Wallis test if the variable did not have a normal distri-
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bution) for quantitative variables. The relationship 
between the different categories of radiological findings 
studied was calculated by means of the calculation of 
the hazard ratio (HR) using the Cox regression method 
for one year mortality, and by means of the calculation 
of the odds ratio (OR) using logistic regression for 
in-hospital mortality, prolonged admission and the 
combined 30-day postal event. These calculations were 
performed crudely and adjusted for those variables that 
in the univariate study had shown statistically signifi-
cant differences. For this purpose, 10 sets of data were 
created by means of multiple imputation of the values 
requested in the variables that formed part of the mul-
tivariate models, after checking the random pattern of 
losses. In addition, the adjusted analysis of the results 
was repeated by combining the different radiological 
findings. It was accepted that statistical significance 
existed when the p value was lower than 0.05 or when 
the 95% CI of the OR or HR excluded the value 1. The 
analyses were performed with the SPSS 24 program 
(IBM, New Castle, NY, USA).

Ethical principles

The EAHFE Register is conducted in accordance with 
the Helsinki Declaration of Ethical Principles for Medical 
Research Involving Human Subjects, and patients give 
their consent to participate in it. The full protocol of 
the registry used in this study has been approved by 
the Ethics and Clinical Research Committee of the 
Hospital Central de Asturias in Oviedo, which acts as 
the main committee (protocol 160/15), as well as by 
the committees of the other participating hospitals.

Results

Of the 4,713 patients included in the EAHFE 
Register, the RAD-ICA study eventually studied 2,703 
patients (Figure 1). The mean age was 81 (SD 19) 
years, and 54.5% were women. The rest of the charac-

teristics of the sample are presented in Table 2. High 
comorbidity with 85% arterial hypertension, 50% atrial 
fibrillation, 43% diabetes mellitus, 30% chronic renal 
disease, 29% ischemic heart disease, 25% valvular heart 
disease and 22% associated chronic obstructive pulmo-
nary disease. De novo heart failure accounted for 43% 
and 78% of patients were admitted to hospital. In ter-
ms of radiological findings, cardiomegaly was found in 
2,076 cases (76.8%), pleural effusion in 992 (36.7%) 
and pulmonary parenchymal pattern was defined as 
vascular redistribution in 1,672 patients (61.9%), inters-
titial edema in 629 (23.3%) and alveolar edema in 402 
(14.9%). The characteristics of the patients classified in 
each of these subgroups showed some significant diffe-
rences and, thus, patients with and without cardiome-
galy differed in 14 of the 33 characteristics evaluated, 
those with pleural effusion and those that did not differ 
in 10, and the groups of the different pulmonary pa-
renchymal patterns differed in 15 (Table 3).

Considering the total population studied, 859 pa-
tients (31.8%) died after a year (primary event). 
Regarding secondary events, 233 in-hospital deaths 
(8.6%), 978 patients with prolonged stays (36.5%, 25 
cases lost due to lack of discharge date) and 978 pa-
tients (among the 2,470 patients discharged alive from 
the index episode) who had a combined adverse event 
during the 30 days following discharge (26.0%, 28 pa-
tients without reconsultation or readmission data) were 
recorded.

The univariate study showed that radiological car-
diomegaly was not associated with any significant in-
crease in the adverse events studied, pleural effusion 
was associated with an increase in mortality after one 
year and combined events at 30 days, and pulmonary 
parenchymal pattern alveolar edema was associated 
with an increase in mortality at one year, in-hospital 
mortality and prolonged stays (Table 4).

The annual mortality curves for each radiological 

Table 1. Definitions of radiological groups
Radiological patterns
Cardiomegaly Cardiothoracic index equal to or greater than 0,5

Pleural effusion

Any radiological sign of pleural effusion 
(subdiaphragmatic or subpulmonary, free, 
localized, atypical or massive), of any occupa-
tion and in any location

Vascular Redistribution
Larger diameter of the pulmonary vessels in 
the upper quadrants of the chest opposite the 
lower lobes

Interstitial edema
Prominent pulmonary vasculature, blurred 
hilar margins, peribronchial and perivascular 
cuffs, and Kerley's B lines

Alveolar edema

Confluent alveolar infiltrates in both pul-
monary fields or diffuse confluent densities 
with poorly defined borders and perihiliary 
distribution

Pulmonary edema or 
pulmonary parenchymal 
pattern

Presence of interstitial edema and alveolar 
edema

Patients included in the EAHFE-5 Register
N = 4,713

Patients included in 22 hospitals
participating in the RAD-ICA study

N = 3,214

Patients with informed and
classified radiography

N = 2,703

51 patients without
X-ray data

1,649 patients from
10 hospitals who did not
participate in the study

110 radiographs with
no quality to classify

Figure 1. Patient inclusion diagram.
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subgroup are shown in Figure 2. After adjusting for po-
tential confounding variables, there was a significant in-
crease in combined postal events related to the presen-
ce of radiological pleural effusion (+23%; 95% CI +2% 
to +49%; p = 0.03), and a significant increase in morta-
lity per year (+38%); 95% CI +14% to +67%; p = 
0.001) and in-hospital mortality (+89%; CI 95 +30% to 
+177%; p = 0.001) in relation to the pattern of pulmo-
nary edema (compared to vascular redistribution, which 
was the category taken as a reference) (Table 4).

When adverse events were analyzed by combining 
the different radiological categories (Figure 3), the re-
sults were similar and congruent with what was found 

in the individual analysis of each radiological sign. Thus, 
for patients with chest radiography in which there was 
no alveolar edema, no pleural effusion and no cardio-
megaly (control category) in the PPP, those with pul-
monary edema and pleural effusion without cardiome-
galy had a higher mortality rate after a year (adjusted 
HR 2.697, 95% CI 1.622-4.483; p < 0.001) and in-hos-
pital during the index episode (adjusted OR 6.993, 
95% CI 2.672-18.302) (adjusted OR 6.993, 95% CI 
2.672-18.302). Those with pulmonary edema and pleu-
ral effusion without cardiomegaly had increased morta-
lity at one year (adjusted HR 2.697, 95% CI 1.622-
4.483; p < 0.001) and in-hospital during the index 
episode (adjusted OR 6.993, 95% CI 2.672-18.302); p 
< 0.001); those with pulmonary edema, pleural effusion 
and cardiomegaly also had higher mortality at one year 
(adjusted HR 1.421, 95% CI 1.040-1.940; p = 0.027) 
and more combined postal events at 30 days (OR 
1.627, 95% CI 1.027-2.579); P = 0.027) and those 
with pleural effusion without pulmonary edema or car-
diomegaly had a higher frequency of combined postal 
events at 30 days (OR 1.662, 95% CI 1.058-2.610; P = 
0.038).

Discussion

The first relevant finding of the RAD-ICA study is 
that radiological cardiomegaly was not associated with 
any significant increase in the adverse events studied. 
Its presence generally indicates an increase in ventricu-
lar volumes which, in turn, is a powerful predictor of 
adverse events, especially in patients with myocardial 
infarction16,17. However, the relationship between car-
diomegaly and left ventricular ejection fraction (LVEF), 
although intimate, is not always concordant18. 
Furthermore, although sensitive, it is not specific for 
identifying dilation of the left ventricle19. Thus, some 
authors have published that half of patients with left 
ventricular systolic dysfunction present cardiomegaly on 
chest radiography. In different studies, cardiomegaly in 
heart failure behaves as a prognostic factor when asso-
ciated with other variables, such as the existence of a 
reduced LVEF (which is related to an increased risk of 
progression of the functional class and hospitalization) 
or if associated with ventricular arrhythmias (related to 
increased mortality)18.

Second, the presence of radiological pleural effusion 
produces a significant 23% increase in combined 
post-high events. In a previous study of 1,658 patients 
with AHF over 80 years of age, pleural effusion was as-
sociated with a 69% increase in short-term adverse 
events20. DeBiasi and Puchalski21 showed that patients 
with heart failure with pleural effusion undergoing tho-
racentesis had higher mortality at 30 days and one year 
(22 and 53%, respectively). In a recent study, conduc-
ted in outpatients with heart failure, it was shown that 
the presence of pleural effusion was directly related to 
quality of life. And the study found that a reduction in 
pleural effusion was associated with an improvement in 

Table 2. Characteristics of the patients included in the study

N = 2,703
n (%)

Lost 
values 
n (%)

Epidemiological data
Age (years) [mean (SD)] 81 (10) 0 (0)
Women 1,468 (54,5) 11 (0.4)

Comorbidities
High blood pressure 2,290 (84.7) 6 (0.2)
Diabetes mellitus 1,155 (42.8) 5 (0.2)
Ischemic heart disease 776 (28.8) 6 (0.2)
Chronic kidney disease 812 (30.1) 5 (0.2)
Cerebrovascular disease 362 (13.4) 5 (0.2)
Atrial fibrillation 1,354 (50.2) 5 (0.2)
Valvular heart disease 683 (25.3) 6 (0.2)
Peripheral arterial disease 289 (10.7) 6 (0.2)
Chronic obstructive pulmonary disease 591 (21.9) 6 (0.2)
Previous episodes of heart failure 
sharp

1,354 (57.0) 10 (0.2)

Previous chronic treatment
Beta-blocker 1,257 (46.8) 15 (0.6)
System Inhibitors 
renin-angiotensin

1,488 (55.3) 12 (0.4)

Recipient antagonists 
mineralocorticoids

426 (15.8) 12 (0.4)

Digoxin 342 (12.7) 13 (0.5)
Baseline situation
NYHA Class III/IV 641 (24.5) 83 (3.1)
Barthel Index (points) [mean (SD)] 79 (25) 148 (5.5)
LVEF (%) [mean (SD)] 51 (15) 986 (36.5)

Vital signs in the emergency department
Systolic blood pressure (mmHg) [mean (SD)] 141 (27) 17 (0.6)
Heart rate (bpm) [mean (SD)] 88 (23) 28 (1.0)
Basal pulse oximetry (%) [mean (SD)] 92 (7) 56 (2.1)

Laboratory data in the ED
Hemoglobin (g/l) [mean (SD)] 119 (21) 15 (0.6)
Creatinine (mg/dl) [mean (SD)] 1.37 (0.91) 13 (0.5)
Sodium (mmol/l) [mean (SD)] 139 (5) 53 (2.0)
Potassium (mmol/l) [mean (SD)] 4.42 (0.69) 182 (6.7)
NT-proBNP (pg/ml) [mean (IQR)] 4,101 (6422) 1,559 (57.7)
Elevated troponin 861 (61.3) 1,299 (48.1)

Treatment and ED destination 
Morphine (SC/IV) 194 (7.2) 6 (0.2)
Nitroglycerin (IV) 359 (13.3) 6 (0.2)
Inotropes or vasopressors (IV) 46 (1.7) 6 (0.2)
Non-invasive ventilation 199 (7.4) 6 (0.2)
Hospital admission 2,110 (78.1) 0 (0)

SD: standard deviation; LVEF: left ventricular ejection fraction; IV: intra-
venous; NT-proBNP: cerebral N-terminal natriuretic propeptide; NYHA: 
New York Heart Association; IQR: interquartile range; SC: subcutaneous.
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the quality of life tests - MLHFQ score - and in the 
functional class -NYHA-; thus, for each 1 cm reduction 
in pleural effusion, 3.2 points were reduced in the 
MLHFQ and 1.06 in the NYHA functional class22.

Third, a pattern of pulmonary edema causes a signi-
ficant increase of 89% in in-hospital mortality and 38% 
in annual mortality. Pulmonary congestion in AHF is a 
complex pathophysiological process that goes beyond 
fluid overload and hemodynamics. Inflammatory and 
oxidative lung injury causing blood-gas barrier dysfunc-
tion appears to be key to the pathogenesis of pulmo-
nary edema23. Pulmonary edema is associated with pul-
monary vascular disease and overload and dysfunction 
of both ventricles, and has been associated with increa-

sed mortality in different studies24. Hence the importan-
ce of intensive decongestion therapy in AHF to slow the 
progression of pulmonary vascular disease and biventri-
cular heart failure and improve prognosis.

Finally, when adverse events were analysed combi-
ning the different radiological categories, the results 
were similar and consistent with what was found in the 
analysis of each radiological sign individually. Those 
showing PPP with pulmonary edema, pleural effusion 
and cardiomegaly had a greater frequency of combined 
postal events after 30 days (OR 1.627, 95% CI 1.027 - 
2.579; P = 0.027) and mortality after one year (adjus-
ted HR 1.421, 95% CI 1.040 - 1.940); P = 0.027); tho-
se who had PPP without pulmonary edema, with 

Table 4. Magnitude of the crude and adjusted effects of the different radiological characteristics
Events 
n (%)

Univariable study Multivariable study
Ratio (95% CI) p Ratio (95% CI) p

One-year mortality (HR)
Radiological cardiomegaly

No 197 (31.4) 1 (reference) – 1 (reference) –
Yes 662 (31.9) 1.01 (0.86-1.18) 0.95 1.05 (0.83-1.23) 0.56

Pleural effusion
No 512 (29.9) 1 (reference) – 1 (reference) –
Yes 347 (35.0) 1.21 (1.06-1.39) 0.006 1.04 (0.90-1.19) 0.61

Pulmonary parenchymal pattern
Vascular Redistribution 502 (30.0) 1 (reference) – 1 (reference) –
Interstitial edema 201 (32.0) 1.10 (0.93-1.29) 0.26 1.00 (0.84-1.18) 0.99
Pulmonary edema 156 (38.8) 1.44 (1.20-1.72) < 0.001 1.38 (1.14-1.67) 0.001

Intrahospital mortality (OR)
Radiological cardiomegaly

No 62 (9.9) 1 (reference) – 1 (reference) –
Yes 171 (8.2) 0.82 (0.60-1.11) 0.20 0.75 (0.53-1.01) 0.06

Pleural effusion
No 137 (8.0) 1 (reference) – 1 (reference) –
Yes 96 (9.7) 1.23 (0.94-1.62) 0.14 0.98 (0.74-1.30) 0.89

Pulmonary parenchymal pattern
Vascular Redistribution 115 (6.9) 1 (reference) – 1 (reference) –
Interstitial edema 58 (9.2) 1.37 (0.99-1.91) 0.06 1.09 (0.76-1.57) 0.63
Pulmonary edema 60 (14.9) 2.37 (1.70-3.31) < 0.001 1.89 (1.30-2.77) 0.001

Prolonged stay (> 7 days) (OR)
Radiological cardiomegaly

No 218 (35.7) 1 (reference) – 1 (reference) –
Yes 760 (36.8) 1.05 (0.87-1.26) 0.62 0.93 (0.75-1.15) 0.53

Pleural effusion
No 600 (35.5) 1 (reference) – 1 (reference) –
Yes 378 (38.2) 1.12 (0.95 (1.32) 0.16 0.89 (0.74-1.06) 0.19

Pulmonary parenchymal pattern
Vascular Redistribution 569 (34.3) 1 (reference) – 1 (reference) –
Interstitial edema 227 (36.5) 1.10 (0.91-1.33) 0.34 0.94 (0.76-1.16) 0.56
Pulmonary edema 182 (45.6) 1.60 (1.28-2.00) < 0.001 1.17 (0.91-1.50) 0.23

Combined event 30 days postal (OR)
Radiological cardiomegaly

No 142 (25.9) 1 (reference) – 1 (reference) –
Yes 494 (26.1) 1.01 (0.81-1.26) 0.91 1.01 (0.81-1.26) 0.95

Pleural effusion
No 380 (24.5) 1 (reference) – 1 (reference) –
Yes 256 (28.7) 1.24 (1.03-1.49) 0.023 1.23 (1.02-1.49) 0.03

Pulmonary parenchymal pattern
Vascular Redistribution 392 (25.4) 1 (reference) – 1 (reference) –
Interstitial edema 151 (26.8) 1.07 (0.86-1.34) 0.52 1.09 (0.87-1.37) 0.46
Pulmonary edema 93 (27.5) 1.11 (0.85-1.45) 0.43 1.09 (0.82-1.45) 0.57

HR: hazard ratio; 95% CI: 95% confidence interval; OR: odds ratio.
Statistically significant p values (p < 0.05) are highlighted in bold.
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pleural effusion and without cardiomegaly had a higher 
frequency of combined events after 30 days (OR 1.662, 
95% CI 1.058-2.610); p = 0.038) and those with PPP 
pattern with pulmonary edema, pleural effusion and 
absence of cardiomegaly showed an increase in in-hos-
pital mortality (adjusted OR 6.993, 95% CI 2.672-
18.302; p < 0.001) and at one year (adjusted HR 2.697, 
95% CI 1.622-4.483; p < 0.001). Congestion increases 
stress on the left ventricular wall and contributes to 
neurohormonal activation, promotes remodeling and 
contributes to progression. Radiological congestion (cli-
nical congestion) is the reflection of elevated pulmo-
nary capillary pressures (hemodynamic management), 
which are associated with volume overload and correla-
te with more severe symptoms and decreased survival25. 
Our study correlates with others where congestion has 
been defined as one of the main prognostic factors in 
patients with AHF and an important predictor of morbi-
dity and mortality. However, hemodynamic congestion 
precedes clinical congestion over time and, therefore, 
the radiological presence of PPP is not always correlated 
with high pulmonary capillary pressures (PCP). In one 
study, altered PPP was absent in 53% of patients with a 
PCP of 16 to 29 mmHg and in 39% of patients with 
PCP ≥ 30 mmHg, so that the absence of congestion in 
chest radiography should not exclude the presence of 
elevated PCP26. In the study by Mahdyoon et al. only 
7 of 22 patients (32%) with elevated PCP (≥ 25 
mmHg) had moderate-severe pulmonary congestion 

detected by chest x-ray; and in 6 patients (27%) there 
was  no ev idence  o f  rad io log ica l  pu lmonary 
congestion27.

This study has certain limitations. First of all, it has 
been carried out in EDs that were chosen for conve-
nience, because they were part of the EAHFE Registry. 
Secondly, the assignment to each radiological group 
was made by members of the ED itself, and not by a 
single awarding co-committee. Thirdly, there was no 
calculation of sample size as it was an exploratory 
study, so we cannot rule out the possibility of a beta 
error in some estimates. Fourthly, the size of the pleural 
effusion was not quantified and thoracentesis was re-
quired, since in previous studies larger size or the need 
for drainage were associated with greater adverse 
events21.

In conclusion, the RAD-ICA study, conducted at a 
time of great development in advanced imaging techni-
ques, shows that simple chest radiography can still pro-
vide information to the physician attending the patient. 
Beyond its unquestionable diagnostic value28, which the 
present study does not evaluate, the interpretation of 
its findings in patients with AHF in the emergency de-
partment can help to detect those with a higher risk of 
adverse events and contribute to a better selection of 
patients who are subject to admission and those who 
can be discharged directly from the emergency depart-
ment9,29,30. This, together with its universal availability in 
the emergency department and its low cost and risk, 
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assessed in the present study.
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means that it continues to be a fundamental test in the 
evaluation of these patients.

Conflicting interests: The authors declare no conflicts of interest in re-
lation to this article.

Contribution of authors: All authors have confirmed their authorship 
in the author’s responsibilities document, publication agreement and 
transfer of rights to EMERGENCIAS.

Financing: This study was funded in part by the grants PI18/00393, 
PI18/00456, PI15/01019, PI15/00773, PI11/01021 and PI10/01918 
from the Instituto de Salud Carlos III, from the Ministry of Health, Social 
Services and Equality (MSSSI) and the European Regional Development 
Fund (FEDER); the Generalitat de Catalunya grants for Consolidated Re-
search Groups (GRC 2009/1385, 2014/0313 and 2017/1424); and the 
La Marató de TV3 grant. (2015/2510). The ICA-SEMES group has recei-
ved unconditional support from AbbVie, Orion-Pharma, Otsuka and 
Novartis España.

Ethical Responsibilities: All authors confirm in the author’s responsibili-
ties document, publication agreement and assignment of rights to 
EMERGENCIAS that confidentiality and respect for patients’ rights, as 
well as international ethical considerations, have been maintained.

Article not commissioned by the Editorial Board and peer-reviewed 
externally

Acknowledgements: We are grateful for the professionalism of Mrs. 
Alicia Díaz in the handling of the EAHFE registry data.

Addendum

Other researchers of the study and members of the ICA-SE-MES 
group: Marta Fuentes, Cristina Gil (Hospital Universitario de Salamanca), 
Héctor Alonso, Enrique Pérez-Llantada (Hospital Marqués de Valdecilla, de 
Santander), Francisco Javier Martín-Sánchez, Guillermo Llopis García, Mar 
Suárez Cadenas (Hospital Clínico San Carlos, de Madrid), Òscar Miró, 

Víctor Gil, Rosa Escoda, Carolina Xipell, Carolina Sánchez (Hospital Clínic 
de Barcelona), María José Pérez-Durá, Eva Salvo (Hospital Politénic La Fe, 
de Valencia), José Pavón (Hospital Dr. Negrín, from Las Palmas de Gran 
Ca-naria), Antonio Noval (Hospital Insular, from Las Palmas de Gran Ca-
naria), José Manuel Torres (Hospital Reina Sofía, from Córdoba), María 
Luisa López-Grima, Amparo Valero, María Ángeles Juan (Hospital Dr. Pe-
set, Valencia), Alfons Aguirre, Maria Angels Pedragosa, Silvia Mínguez 
Masó (Hospital del Mar, Barcelona), María Isabel Alonso, Francisco Ruiz 
(Hospital de Valme, Seville), José Miguel Franco (Hospital Miguel Ser-vet, 
Zaragoza), Ana Belén Mecina (Hospital de Alcorcón, Madrid), Josep Tost, 
Marta Berenguer, Ruxandra Donea (Consorci Sanitari de Te-rrassa), Susa-
na Sánchez Ramón, Virginia Carbajosa Rodríguez (Hospital Universitario 
Río Hortega, Valladolid), Pascual Piñera, José Andrés Sán-chez Nicolás 
(Hospital Reina Sofía, Murcia), Raquel Torres Garate (Hos-pital Severo 
Ochoa, Madrid), Aitor Alquézar-Arbé, Miguel Alberto Ri-zzi, Sergio Herre-
ra (Hospital de la Santa Creu and Sant Pau, Barcelona), Javier Jacob, Alex 
Roset, Irene Cabello, Antonio Haro (Hospital Universitari de Bellvitge, de 
Barcelona), Fernando Richard, José María Álvarez Pérez, María Pilar López 
Diez (Hospital Universitario de Burgos), Pablo Herrero Puente, Joaquín 
Vázquez Álvarez, Belén Prieto García, María García Gar-cía, Marta Sán-
chez González (Hospital Universitario Central de Asturias), de Oviedo), 
Pere Llorens, Patricia Javaloyes, Víctor Marquina, Inmaculada Jiménez, 
Néstor Hernández , Benjamín Brouzet, Begoña Espinosa, Adriana Gil 
(Hospital General de Alicante), Juan Antonio Andueza (Hospital Gene-ral 
Universitario Gregorio Marañón, de Madrid), Rodolfo Romero (Hospi-tal 
Universitario de Getafe, de Madrid), Martín Ruíz, Roberto Calvache (Hos-
pital del Henares, Madrid), María Teresa Lorca Serralta, Luis Ernes-to Cal-
derón Jave (Hospital del Tajo, Madrid), Beatriz Amores Arriaga, Beatriz 
Sierra Bergua (Hospital Clínico Lozano Blesa, Zaragoza), Enri-que Martín 
Mojarro, Brigitte Silvana Alarcón Jiménez (Hospital Sant Pau i Santa Tecla, 
Tarragona), Lisette Travería Bécquer, Guillermo Burillo (Hospital Universi-
tario de Canarias, de Tenerife), Lluís Llauger García, Ge-rard Corominas 
LaSalle (Hospital Universitari de Vic, de Barcelona), Car-men Agüera Urba-
no, Ana Belén García Soto, Elisa Delgado Padial (Hospi-tal Costa del Sol, 
de Marbella, Málaga), Ester Soy Ferrer, María Adroher Múñoz (Hospital 
Josep Trueta, de Girona). José Manuel Garrido (Hospital Virgen Macarena, 
Seville), Francisco Javier Lucas-Imbernón (Hospital General Universitario 
de Albacete), Rut Gaya (Hospital Juan XXIII, de Ta-rragona), Carlos Bibia-
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Figure 3. Adjusted analysis of the relationship between the combination of radiological findings and 
the adverse events evaluated in the present study.	  
CMG: cardiomegaly; PE: pleural effusion; LE: lung edema
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no, María Mir, Beatriz Rodríguez (Hospital Infanta Leonor, de Madrid), 
José Luis Carballo (Complejo Hospitalario Universita-rio de Ourense), Es-
ther Rodríguez-Adrada, Belén Rodríguez Miranda, Mo-nika Vicente Martín 
(Hospital Rey Juan Carlos de Móstoles, Madrid).
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