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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 Llorens'?, Patricia Javaloyes', Josep Masip**, Victor GiF’, Pablo Herrero-Puente,
Francisco Javier Martin-Sanchez’, Javier Jacob®, José Manuel Garrido®, Sergio Herrera-Mateo',
Maria Pilar Lopez Diez", Luis Concepcién-Aramendia'?, Oscar Mir6>'* (en representacion

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% Cl, 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 pronéstico de la radiografia de térax obtenida en
urgencias en pacientes con insuficiencia cardiaca aguda

Objetivos. Investigar si la radiografia de térax en pacientes con insuficiencia cardiaca aguda (ICA) puede contribuir a
establecer el prondstico.

Método. Se incluyeron pacientes consecutivos diagnosticados de ICA en urgencias. Se valoré: cardiomegalia radiol6-
gica (CR), derrame pleural (DP) y el patrén parenquimatoso pulmonar (PPP: redistribucién 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 afio, ingreso prolongado (> 7 dias) y evento combinado (reconsulta,
rehospitalizacion o muerte) a 30 dias postalta, para las cuales se calcularon las hazard ratio crudas y ajustadas para las
tres variables radioldgicas y su combinacion entre ellas.

Resultados. Se incluyeron 2.703 pacientes con una edad media de 81 (DE 19) afios; el 54,5% eran mujeres. Se ob-
servd CR en 1.711 casos (76,8%), DP en 992 (36,7%) y todos los pacientes mostraron PPP (redistribucién vascular el
61,9%, edema intersticial el 23,3% y edema alveolar el 14,9%). EI andlisis ajustado mostré que la CR no tuvo valor
prondstico; el DP incrementd un 23% (IC 95% 2-49%) los eventos combinados a los 30 dias postalta; y el PPP edema
alveolar aument6 un 89% (30-177%) la mortalidad intrahospitalaria y un 38% (14-67%) la mortalidad al afio respec-
to al PPP redistribucion vascular (referencia). El estudio de la combinacién de estos tres hallazgos radiolégicos mostré
resultados similares y congruentes con los hallazgos del estudio individualizado.

Conclusiones. La radiografia de térax, ademés de ayudar a establecer el diagndstico de ICA, puede contribuir a esti-
mar el prondstico de eventos adversos. Asi, 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. Radiografia de torax. Prondstico.

Authors’ affiliation:

'Emergency Department, Short
Stay and Home Hospitalisation,
Hospital General de Alicante,
ISABIAL-Fondacién FISABIO,
Alicante, Spain.

“Faculty of Medicine, Miguel
Hernandez University, Elx,
Alicante, Spain.

3Cardiology Department, Hospital
CIMA Sanitas, Barcelona, Spain.
“Intensive Medicine Unit,
Consorci Sanitari Integral,
Barcelona, Spain.

Emergency Research Group:
Processes and Pathologies,
Emergency Department, Hospital
Clinic, IDIBAPS, Barcelona, Spain.
Emergency Department, Hospital
Universitario Central de Asturias,
Oviedo, Asturias, Spain.
’Emergency Department,
Hospital Clinico San Carlos,
Instituto de Investigacion
Sanitaria del Hospital Clinico

San Carlos (IdISSC), Universidad
Complutense, Madrid, Spain.
8Emergency Department, Hospital
Universitario de Bellvitge,
L'Hospitalet de Llobregat,
Barcelona, Spain.

°Emergency Department, Virgen
de la Macarena Hospital, Seville,
Spain.

1%Emergency Department,
Hospital de la Santa Creu i Sant
Pau, Barcelona, Spain.
""Emergency Department,
Hospital Universitario de Burgos,
Burgos, Spain.

"2Radiodiagnosis Department,
Hospital General de Alicante,
Alicante, Spain.

BFaculty of Medicine, University
of Barcelona, Barcelona, Spain.

Corresponding author:

Oscar Mir6

Emergency Department, Hospital
Clinic C/ Villarroel, 170

08036 Barcelona, Spain

E-mail:
omiro@clinic.cat

Article information:
Received: 23-12-2018
Accepted: 16-5-2019
Online: 12-9-2019

Editor in charge:
Agustin Julian Jiménez

318



Llorens P, et al. Emergencias 2019;31:318-326

Introduction

Acute heart failure (AHF) is one of the main causes
of hospitalization in Spain’ and represents one of the
greatest economic and health burdens within the pu-
blic health system?3. It is associated with high in-hos-
pital and post-discharge mortality and high readmis-
sion rates*. 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 ago*. 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 ED>?. 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 criteria®. 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 Cardiology’®.
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
studies® 113,

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.'* and
Tattersfield et al.’®. 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% Cl), 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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Table 1. Definitions of radiological groups
Radiological patterns
Cardiomegaly

Cardiothoracic index equal to or greater than 0,5
Any radiological sign of pleural effusion
(subdiaphragmatic or subpulmonary, free,
localized, atypical or massive), of any occupa-
tion and in any location

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

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

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

Pulmonary edema or  Presence of interstitial edema and alveolar
pulmonary parenchymal edema

pattern

Pleural effusion

Interstitial edema

Alveolar edema

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

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

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

Patients included in 22 hospitals
participating in the RAD-ICA study
N =3,214

<—— |~ 110 radiographs with
no quality to classify

51 patients without
X-ray data

Patients with informed and
classified radiography
N =2,703

Figure 1. Patient inclusion diagram.
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Table 2. Characteristics of the patients included in the study

=2 VI;?::S
" e
Epidemiological data
Age (years) [mean (SD)] 81 (10) 0(0)
Women 1,468 (54,5) 11 (0.4)

Comorbidities

High blood pressure

Diabetes mellitus

Ischemic heart disease

Chronic kidney disease
Cerebrovascular disease

Atrial fibrillation

Valvular heart disease

Peripheral arterial disease

Chronic obstructive pulmonary disease
Previous episodes of heart failure

sharp
Previous chronic treatment
Beta-blocker

System Inhibitors

renin-angiotensin
Recipient antagonists
mineralocorticoids

Digoxin 342 (12.7) 13 (0.5)
Baseline situation
NYHA Class lll/IV
Barthel Index (points) [mean (SD)] 79 (25)
LVEF (%) [mean (SD)] 51 (15)
Vital signs in the emergency department

Systolic blood pressure (mmHg) [mean (SD)] 141 (27) 17 (0.6)

2,290 (84.7)  6(0.2)
1,155 (42.8)  5(0.2)
776 (28.8)  6(0.2)
812(30.1)  5(0.2)
362(13.4)  5(0.2)
1,354 (50.2)  5(0.2)
683(253)  6(0.2)
289(10.7)  6(0.2)
591(21.9)  6(0.2)
1,354 (57.0)  10(0.2)

1,257 (46.8) 15 (0.6)
1,488 (55.3)  12(0.4)

426 (15.8)  12(0.4)

641 (24.5) 83 (3.1)
148 (5.5)
986 (36.5)

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/I) [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 (1V) 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.

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% Cl +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% Cl 1.622-4.483; p < 0.001) and in-hos-
pital during the index episode (adjusted OR 6.993,
95% Cl 2.672-18.302) (adjusted OR 6.993, 95% ClI
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
infarction'®'”. However, the relationship between car-
diomegaly and left ventricular ejection fraction (LVEF),
although intimate, is not always concordant’®.
Furthermore, although sensitive, it is not specific for
identifying dilation of the left ventricle'. 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).

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
events®. DeBiasi and Puchalski?' 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
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Table 4. Magnitude of the crude and adjusted effects of the different radiological characteristics

Events Univariable study Multivariable study
n (%) Ratio (95% Cl) p Ratio (95% Cl) 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 (0.99-1.97) 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% Cl: 95% confidence interval; OR: odds ratio.
Statistically significant p values (p < 0.05) are highlighted in bold.

the quality of life tests - MLHFQ score - and in the
functional class -NYHA-; thus, for each 1 c¢cm reduction
in pleural effusion, 3.2 points were reduced in the
MLHFQ and 1.06 in the NYHA functional class?.

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 edema?. 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 studies®*. 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% Cl 1.040 - 1.940); P = 0.027); tho-
se who had PPP without pulmonary edema, with
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Figure 2. Adjusted survival curves of mortality at one year for the different radiological categories

assessed in the present study.

pleural effusion and without cardiomegaly had a higher
frequency of combined events after 30 days (OR 1.662,
95% Cl 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% Cl 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 survival®.
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 evidence of radiological pulmonary
congestion?.

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
events?'.

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 value?, 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-
ment®?3°, This, together with its universal availability in
the emergency department and its low cost and risk,
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Ratio (confidence interval 95%)

0.1 10.0 Lower Upper |
. | Ratio limit limit | p-value
1 year mortality (hazard ratio) ' !
PE-/LE-/CMG - 1 (ref.) ‘
PE+/LE-/CMG - —— 0.889  0.545 1.451 ‘ 0.639
PE—-/LE+/CMG - —— 0.893  0.629 1.268 | 0.526
PE—/LE—/CMG + — 0972 0779 1.213 | 0.802
PE-/LE+/CMG + —a— 0.977 0.769 1.240 | 0.847
PE+/LE-/CMG + - 1175  0.825 1.675 | 0372
PE+/LE+/CMG + —e— 1.421 1.040 1940 | 0.027
PE+/LE+/CMG - — 2697 1.622 4.483 | < 0.001
Intrahospital mortality (odds ratio) }
EAP -/ LE-/ CMG - 1 (ref.)
EAP -/ LE+/ CMG - —_— 0.616 0.272 1.394 ‘ 0.245
EAP -/ LE-/ CMG + — 0.848 0.517 1.391 ‘ 0.514
EAP -/ LE + / CMG + — 0.938  0.553 1590 | 0812
EAP + / LE + / CMG + - 1.233  0.622 2.441 | 0.549
EAP +/LE-/ CMG + . 1.420 0.694 2906 | 0.337
EAP +/LE—-/ CMG - e E— 1.507 0.622 3.649 | 0.363
EAP +/LE+/CMG - 4-77 6.993 2672 18.302 | < 0.001
Prolonged stay (> 7 days) (odds ratio) }
PE-/LE-/CMG - 1 (ref.) |
PE+/LE+/CMG - —_—— 0.850  0.365 1.979 0.705
PE+/LE+/CMG + — 0.901 0.585 1.386 ‘ 0.635
PE—/LE+/CMG + 0913  0.666 1.252 ‘ 0.574
PE-/LE+/CMG - — 0.970 0.621 1513 | 0783
PE-/LE-/CMG + — 0.959 0712 1.291 | 0.892
PE+/LE-/CMG + —— 1.459 0.925 2304 | 0.105
PE+/LE-/CMG - - 1.479 0.803 2725 | 0.210
Combined event 30 days after discharge (odds ratio) }
PE-/LE-/CMG - 1 (ref.) |
PE+/LE+/CMG - —_— 0.859  0.266 2.770 | 0.799
PE+/LE-/CMG - — 0.866 0.419 1.788 0.697
PE+/LE-/CMG + — 0.983  0.582 1661 | 0950
PE-/LE-/CMG + -— 1.105 0.817 1.495 | 0515
PE-/LE+/CMG + - 1.190  0.857 1.654 | 0299
PE+/LE+/CMG + — 1.627 1.027 2579 | 0.027
PE-/LE+/CMG - — 1.662 1.058 2610 | 0.438

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

means that it continues to be a fundamental test in the
evaluation of these patients.
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