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Abstract 
Background T here is no accurate, non-invasive 
measurement to estimate the degree of pulmonary 
oedema in acute respiratory distress syndrome (ARDS). 
We developed the Radiographic Assessment of Lung 
Oedema (RALE) score to evaluate the extent and 
density of alveolar opacities on chest radiographs. 
After first comparing the RALE score to gravimetric 
assessment of pulmonary oedema in organ donors, 
we then evaluated the RALE score in patients with 
ARDS for its relationship to oxygenation and clinical 
outcomes.
Methods  We compared radiographs with excised 
lung weights from 72 organ donors (derivation 
cohort) and radiographs with clinical data from 174 
patients with ARDS in the ARDSNet Fluid and Catheter 
Treatment Trial (validation cohort). To calculate RALE, 
each radiographic quadrant was scored for extent of 
consolidation (0–4) and density of opacification (1–3). 
The product of the consolidation and density scores 
for each of the four quadrants was summed (maximum 
score=48).
Results A greement between two independent 
reviewers for RALE score was excellent (intraclass 
correlation coefficient=0.93, 95% CI 0.91 to 0.95). In 
donors, pre-procurement RALE score correlated with 
height-adjusted total lung weight (ρ=0.59, p<0.001). 
In patients with ARDS, higher RALE scores were 
independently associated with lower PaO2/fractional 
inspired oxygen and worse survival. Conservative fluid 
management significantly decreased RALE score over 3 
days compared with liberal fluid management.
Conclusions T he RALE score can be used to assess 
both the extent of pulmonary oedema and the severity 
of ARDS, by utilising information that is already 
obtained routinely, safely and inexpensively in every 
patient with ARDS. This novel non-invasive measure 
should be useful for assessing ARDS severity and 
monitoring response to therapy.

Introduction
Pulmonary oedema is a key feature of the patho-
genesis and prognosis of acute respiratory distress 
syndrome (ARDS)1 but the severity of pulmonary 
oedema is only indirectly assessed in current defi-
nitions of ARDS by the degree of hypoxaemia.2 
Current methods to quantify the severity of pulmo-
nary oedema are either invasive (eg, pulse index 

contour continuous cardiac output  catheter) or 
require patient transport out of the intensive care 
unit (eg, CT imaging), raising safety concerns. We 
hypothesised that the chest radiograph, already 
used routinely to detect the presence of ARDS, can 
be systematically scored to quantify the severity of 
pulmonary oedema. We further hypothesised that 
the severity of pulmonary oedema as assessed on 
the routine chest radiograph is associated with the 
severity of ARDS and clinical outcomes.

To test these two hypotheses, we developed a 
novel Radiographic Assessment of Lung Oedema 
(RALE) score that assesses both the extent and 
density of alveolar opacities on the chest radio-
graph. After establishing that the RALE score 
correlates with the degree of pulmonary oedema 
by comparing pre-procurement chest radiographs 
in deceased organ donors to gravimetric measure-
ment of pulmonary oedema in excised lungs, 
we then applied the RALE score to radiographs 
from patients with ARDS enrolled in the National 
Heart, Lung, and Blood Institute  (NHLBI) Fluid 
and Catheter Treatment Trial (FACTT).3

Key messages

What is the key question?
►► We asked whether the chest radiograph can be 
systematically scored to quantify the severity 
of pulmonary oedema in acute respiratory 
distress syndrome (ARDS) and whether this 
radiographic score is associated with the 
severity of ARDS and clinical outcomes.

What is the bottom line?
►► The Radiographic Assessment of Lung 
Oedema (RALE) score was independently 
associated with severity of ARDS as assessed 
by oxygenation and clinical outcomes including 
mortality.

Why read on?
►► The RALE score is a simple non-invasive 
measure that can be used to assess the severity 
of ARDS utilising information that is already 
obtained routinely, safely and inexpensively in 
every patient with ARDS.
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Materials and methods
Patient populations
The initial evaluation of the RALE score was done using chest 
radiographs and gravimetric measurements of lung oedema 
from a derivation cohort of donors enrolled in the Beta Agonist 

for Oxygenation in Lung Donors (BOLD) study, a randomised 
clinical trial of nebulised albuterol in deceased organ donors.4 
Following organ resection without perfusion, lungs from 
enrolled donors declined for transplantation were weighed. 
Total lung weights were adjusted for patient height and used as a 
quantitative index of pulmonary oedema.5 Included in the study 
were 72 of 506 donors in BOLD who had matched preprocure-
ment radiographs and lung weights.

To assess clinical utility of RALE, a validation cohort of patients 
from the NHLBI ARDS Network FACTT were studied.3 FACTT 
was a multicenter, randomised trial of conservative versus liberal 
fluid management in 1000 patients with ARDS. Patients (n=174) 
were included from five FACTT sites if enrolment chest radio-
graphs were available for scoring; these patients were previously 
included in a study of vascular pedicle width.6 Patient selection is 
summarised in figure 1. Treatment arm, baseline PaO2/ fractional 
inspired oxygen (FiO2), fluid balance and clinical outcomes 
including ventilator-free days (VFDs) and survival were obtained 
from the trial database.

Radiograph scoring
Details of the RALE score are provided in figure 2. To determine 
the RALE score, each radiograph was divided into quadrants, 
defined vertically by the vertebral column and horizontally by the 
first branch of the left main bronchus. Each quadrant was assigned 
a consolidation score from 0 to 4 to quantify the extent of alveolar 
opacities, based on the percentage of the quadrant with opacifica-
tion and a density score from 1 to 3 to quantify the overall density 
of alveolar opacities, unless the consolidation score for that quad-
rant was 0. The density score (1=hazy, 2=moderate, 3=dense) 
allows for more quantitative assessment of the density of opacifi-
cation by quadrant. To calculate the final RALE score, the product 
of the consolidation and density score for each quadrant were 
summed for a final RALE score ranging from 0 (no infiltrates) to 
48 (dense consolidation in >75% of each quadrant).

Figure 1  Flow diagram of patients included in the baseline (time 
of enrolment) analyses and the day 3 analyses of the RALE score. 
Day 3 analyses were done using chest radiographs from day 3 after 
enrolment when available (n=140). If a chest radiograph was not 
available from day 3, a chest radiograph from the next closest day was 
used with a preference for day 4 if available (day 1, n=1; day 2, n=3; 
day 4, n=14; day 6, n=1). ARDS, acute respiratory distress syndrome; 
CXR, chest radiograph; FACTT, Fluid and Catheter Treatment Trial; RALE, 
Radiographic Assessment of Lung Oedema. 

Figure 2  Consolidation and density scoring in the Radiographic Assessment of Lung Oedema (RALE) score (panel A). Calculation of the RALE score 
(panel B).
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In the organ donors, chest radiographs obtained within 
24 hours of lung procurement were scored for each donor, 
using the radiograph obtained closest to the time of procure-
ment. Radiographs were scored by consensus of two physician 
reviewers without knowledge of clinical data or lung weight. In 
FACTT, each radiograph was scored independently by two physi-
cian reviewers blinded to treatment arm, in order to examine 
interobserver reliability.

Statistical analysis
To determine how well the RALE score quantifies pulmonary 
oedema, we evaluated the association between preprocurement 
RALE score and total excised lung weight in deceased organ 
donors using Spearman’s correlations. A subgroup of 36 donors 
with total lung weight above the median (797 g) was used to 
assess the utility of the RALE score in donors with more pulmo-
nary oedema.

To assess the reliability of RALE score across independent 
reviewers, a two-way mixed consistency, average-measures 
intraclass correlation coefficient (ICC)7 was calculated for base-
line and day 3 RALE scores in the FACTT trial. Bland-Altman 
plots were used to visualise agreement between independent 
reviewers.

The clinical utility of the RALE score was assessed using chest 
radiographs and clinical data from the FACTT trial. To assess 
the association with ARDS severity, RALE scores were compared 
with baseline PaO2/FiO2 using multivariable linear regression. 
Associations between RALE and other clinical outcomes (overall 
survival, 28-day mortality, 60-day mortality and VFDs) were 
also evaluated. For survival, a Cox Proportional Hazard model 
was fit. Kaplan-Meier estimates were computed for groups 
defined by baseline RALE score quartiles. For 28-day mortality 
and 60-day mortality, logistic regression models were used. For 
VFDs, zero-inflated negative binomial models were used to 
account for the high frequency of patients with zero VFDs.

To assess the potential value of change in RALE as a study 
endpoint, we evaluated the association between change in RALE 
from baseline to day  3 and FACTT treatment arm (conserva-
tive or liberal fluid management) in regression models adjusted 
for age, gender, body mass index (BMI) and acute physiology 
and chronic health evaluation III (APACHE III). We also used 
linear regression with fluid balance as the dependent variable 
and RALE, age, gender, BMI and APACHE III as covariates to 
assess the relationship between RALE and fluid balance.

Continuous variables are summarised with median and 
IQR. Categorical variables are summarised as frequencies with 
percentages. Differences between groups were assessed using 
Wilcoxon rank sum (continuous) and Fisher’s exact test (cate-
gorical). For linear regression and Cox proportional hazard 
models, we report the estimated effect associated with a five-
unit change in RALE score. Statistical significance was consid-
ered when p<0.05. Analyses were performed using R V.3.3.1.8

Results
Validation of the RALE score against gravimetric 
measurement of lung oedema
Characteristics of deceased organ donors are given in the 
online supplementary table 1. The preprocurement RALE score 
was significantly correlated with total lung weight (ρ=0.59, 
p<0.001) (online  supplementary figure 1). Because the extent 
of pulmonary oedema in organ donors is typically lower than 
in ARDS, we also evaluated the subgroup with more pulmonary 
oedema, as evidenced by lung weight above the median (n=36); 

the correlation was higher in this subgroup (online supplemen-
tary figure 1) (ρ=0.73, p<0.001).

Association of RALE scoring with clinical outcomes in ARDS
Characteristics of 174 patients from FACTT are given in table 1. 
Baseline RALE score was substantially higher than in BOLD 
(median 27, IQR 18–35 vs 7, IQR 5–15), reflecting the presence 
of ARDS in FACTT patients. The scores of the two reviewers 
are compared in figure  3. ICCs were excellent both at base-
line (ICC=0.93, 95% CI 0.91 to 0.95; figure 3A) and at day 3 
(ICC=0.96, 95% CI 0.94 to 0.97; figure 3B), indicating a high 
degree of agreement (14). Bland-Altman plots (figure  3C, D) 
also showed strong agreement across the range of RALE scores.

Lower baseline RALE score (reflecting less pulmonary oedema) 
was independently associated with better oxygenation as reflected 
by higher PaO2/FiO2 —for every five-point decrease in RALE, the 
baseline PaO2/FiO2 increased by 8.4 mm Hg (95% CI 3.2 to 13.5, 
p=0.002). Adjusting for age, gender and BMI did not attenuate 
the association (β=8.4, 95% CI  3.0 to 13.7, p=0.002,  online 
supplementary table 2). Lower baseline RALE score was also 
independently associated with better survival, in both unad-
justed analysis (p<0.001) and analysis controlling for age, 
gender, BMI and APACHE III—with every five-point decrease 
in RALE score, the adjusted hazard of death decreased by 16% 
(HR 0.84; 95% CI 0.72 to 0.99, p=0.032, online supplemen-
tary table 3). Survival curves (figure 4) show that compared with 
patients with a high baseline RALE score (in third or fourth 
quartiles), those with  a lower baseline RALE score had better 
survival (p<0.001). Lower baseline RALE score was also asso-
ciated with better 28-day mortality (OR 0.76; 95% CI 0.62 to 
0.92, p=0.006) and 60-day mortality (OR 0.74; 95% CI 0.61 
to 0.89, p=0.002), in models controlling for age, gender and 
BMI. These associations were no longer statistically significant 
after adjusting for APACHE III (OR 0.86; 95% CI 0.69 to 1.06, 
p=0.16 for 28-day mortality and OR0.84; 95% CI 0.69 to 1.03, 
p=0.097 for 60-day mortality). For 28-day mortality, the area 
under the curve for mortality association with baseline RALE 

Table 1  Clinical characteristics of patients from Fluid and Catheter 
Treatment Trial (n=174) who were included in the current study by 
treatment arm, compared with those who were not included in the 
current study

Clinical 
characteristics

Included 
conservative fluid 
arm (n=82)

Included 
liberal fluid 
arm (n=92) P values*

Not included 
(n=826)

Age 48 (39, 59) 44 (35, 60) 0.70 49 (39, 61)

Male 44 (54%) 42 (46%) 0.29 448 (54%)

Caucasian 64 (79%) 62 (68%) 0.05 513 (62%)

BMI (kg/m2) 28 (25, 34) 28 (23, 34) 0.59 27 (23, 32)

APACHE III 89 (74, 105) 95 (81, 121) 0.07 91 (69, 117)

60-day mortality 18 (22%) 26 (28%) 0.34 225 (27%)

RALE baseline 28 (17, 35) 26 (20, 34) 0.64 NA

RALE day 3 16 (10, 23) 25 (16, 35) <0.001 NA

Change in RALE† −8 (−1, –16) −1 (−8, 5) <0.001 NA

Data as median and IQR.
*P value is for comparison between patients in the conservative and liberal fluid 
management arms who were included in the current study.
†Change in RALE from baseline radiograph to day 3 radiograph. Negative number 
indicates that the score decreased from baseline to day 3.
APACHE III, acute physiology and chronic health evaluation III; BMI, body mass index; NA, 
not available; RALE, radiographic assessment of lung oedema. 
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score was 0.82 (95% CI 0.74 to 0.90, p<0.001). Baseline RALE 
score was not associated with VFDs (p=0.59).

RALE scores at baseline were not significantly different 
between liberal and conservative fluid arms (table 1). However, 
day 3 RALE score was significantly lower in the conservative 
arm compared with the liberal arm (table 1; p<0.001). From 
baseline to day 3, the RALE score declined significantly more 
in the conservative fluid arm than the liberal arm (table 1 and 
figure 5A). This treatment effect remained significant in multi-
variable analysis (β=6.98, 95% CI  3.73 to 10.22, p<0.001). 
Furthermore, a decrease in RALE score from baseline to day 3 
was associated with lower cumulative fluid balance. Specifically, 
for every five-point decrease in RALE score, cumulative fluid 
balance decreased by 0.85 L (95% CI  0.18 to 1.53, p=0.01) 
(figure 5B).

Discussion
The primary objectives of this study were to determine whether 
the chest radiograph can be systematically scored to quantify the 
severity of pulmonary oedema and to determine whether this 
radiographic scoring is associated with the severity of ARDS and 
clinical outcomes. To this end, we developed the RALE score and 
tested it in deceased organ donors and in patients with ARDS.

In deceased organ donors, preprocurement RALE scores 
correlated with total excised lung weights, evidence that the 
RALE score provides a quantitative index of lung oedema. In 
patients with ARDS, there was a significant, independent correla-
tion between higher baseline RALE score and lower PaO2/FiO2. 
The RALE score was also strongly and independently associated 
with ARDS outcomes including overall survival and 28-day 
mortality and 90-day mortality. Calculation of the score is simple 
and was robustly reproducible when independent readings were 
compared. Taken together, these findings indicate that the RALE 
score provides a clinically significant assessment of the extent of 
pulmonary oedema in patients with ARDS that is reflected both 
by the severity of hypoxaemia and by adverse clinical outcomes. 
Furthermore, the RALE score declined in response to treatment 
targeted at reducing pulmonary oedema (the conservative fluid 
arm of FACTT), suggesting potential value both for assessment 
of therapeutic response and as a radiographic clinical outcome.

There are multiple potential applications for the RALE 
score in patients with ARDS both for patient care and for 
clinical research. RALE scores could be used for clinical 
identification of patients at highest risk of mortality, leading 
to earlier detection, intervention and treatment of high-risk 
patients with ARDS. A similar approach could be used for 

Figure 3  Scatter plots (panels A and B) and Bland-Altmann plots (panels C and D) showing agreement between two independent reviewers for 
Radiographic Assessment of Lung Oedema (RALE) scores at baseline (n=174, panels A and C) and at day 3 after enrolment (n=159, panels B and D) 
for patients in the Fluid and Catheter Treatment Trial. To assess agreement between the two reviewers, intraclass correlation coefficients (ICCs) were 
calculated. ICCs were excellent both at baseline (ICC=0.93, 95% CI 0.91 to 0.95) and at day 3 (ICC=0.96, 95% CI 0.94 to 0.97).
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Figure 4  Kaplan-Meier estimates of acute respiratory distress syndrome (ARDS) survival stratified by the baseline Radiographic Assessment of 
Lung Oedema (RALE) score for patients in Fluid and Catheter Treatment Trial. ARDS survival was significantly lower in patients with baseline RALE 
score above the median (third and fourth quartiles, p<0.001). Quartile 1, Q1; Quartile 2, Q2; Quartile 3, Q3; Quartile 4, Q4.

Figure 5  The change in Radiographic Assessment of Lung Oedema (RALE) score differed by treatment arm in Fluid and Catheter Treatment Trial, 
with a significant drop in score from enrolment to day 3 in the conservative fluid management arm compared with the liberal fluid management arm 
(panel A). This treatment effect remained significant in multivariable analysis (β=6.98, 95% CI 3.73 to 10.22, p<0.001). Independent of the treatment 
arm, the change in RALE score from enrolment to day 3 was significantly associated with fluid balance (panel B). Specifically, for every five-point 
decrease in RALE score, cumulative fluid balance decreased by 0.85 L (95% CI 0.18 to 1.53, p=0.01).

844 Warren MA, et al. Thorax 2018;73:840–846. doi:10.1136/thoraxjnl-2017-211280

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thoraxjnl-2017-211280 on 14 June 2018. D

ow
nloaded from

 

http://thorax.bmj.com/


Critical care

risk stratification for enrolment of patients with ARDS into 
therapeutic clinical trials. Assessment of ARDS severity has 
been recently used with some success to enrich clinical trials 
for the more severely ill,9 10 but the only severity assess-
ment used to date has been the PaO2/FiO2 ratio. Since chest 
radiographs are routinely obtained in patients with ARDS, 
use of RALE for risk stratification would not require addi-
tional testing or cost and could be done without delay in 
all patients, providing additional information about ARDS 
severity beyond that provided by the PaO2/FiO2 ratio. Serial 
assessment of RALE scores could be used to assess response 
to treatment clinically, or as an endpoint in clinical trials.

To our knowledge, apart from a prior study of a radio-
graphic consolidation score that was used as a clinical outcome 
in the BOLD clinical trial in deceased organ donors,11 the 
current study is the only human study that compares a chest 
radiographic score to the quantitative assessment of pulmo-
nary oedema by direct measurement of lung weight. Several 
other studies comparing a simpler radiographic score to 
extravascular lung water (EVLW) measured by single-indi-
cator or double-indicator methods were limited in the ability 
to show reliable correlation, perhaps due to limitations of 
prior radiographic scoring methods.12–14 Both computerised 
axial tomography and ultrasound have been used to assess 
the presence and distribution of lung oedema,15 although 
neither would be as practical as RALE scoring for daily 
assessment. However, it would be potentially valuable in the 
future to compare ultrasound assessments with RALE score 
since like chest radiography, lung ultrasound can be done 
non-invasively at the bedside. The only other semiquantita-
tive score that has been used to assess the severity of pulmo-
nary oedema on the chest radiograph in patients with ARDS 
is the radiographic component of the Murray Lung Injury 
Score (LIS).16 However, the radiographic component of the 
LIS provides very little discrimination, only scoring each 
quadrant for the presence or absence of opacities. In a study 
of the prognostic value of the LIS in ARDS, the radiographic 
component of the LIS provided virtually no discrimination 
of outcomes compared with the other components of the 
LIS.17

This study has several strengths. First, in contrast to prior 
studies that estimated the extent of pulmonary oedema 
by EVLW, we directly quantified the degree of pulmonary 
oedema using total lung weight in donor lungs. Second, in 
FACTT, chest radiographs were independently scored by 
two clinician investigators to assess interobserver reliability. 
The high level of agreement supports the potential applica-
bility of the RALE score for clinicians at the bedside. Third, 
patients from FACTT originated from multiple different 
study sites and had a variety of underlying causes of ARDS, 
supporting broad applicability of the findings.

There are also some limitations. We were only able to study 
a subset of patients from the FACTT trial due to limited avail-
ability of chest radiographs. This limited our power to explore 
some aspects of the association between RALE score and ARDS 
severity and outcomes such as non-linear associations. Despite 
this, we found clinically meaningful associations between RALE 
score and oxygenation, clinical outcomes and fluid management. 
Because the FACTT patients were derived from a clinical trial 
with highly selective inclusion and exclusion criteria, future 
studies of the RALE score in ARDS should include a broader 
population of patients to enhance generalisability. Patients 
with trauma were under-represented in the FACTT cohort, so 
the applicability of the current findings to trauma-associated 

ARDS is uncertain. Also, application of the RALE score may be 
challenging in patients who have extensive atelectasis, pleural 
effusions or morbid obesity. Furthermore, the level of positive 
end-expiratory pressure (PEEP) could affect the RALE score.18 
Although PEEP levels were protocolised in FACTT, this is an 
important area for further study. Finally, it will be important to 
validate the RALE score in other clinical setting and data sets and 
to further investigate the utility of the scoring system in compar-
ison to lung ultrasonography and CT imaging in the assessment 
of the extent of pulmonary oedema.

Conclusions
Radiographic assessment of the extent of pulmonary oedema 
using the RALE score correlates well with direct gravimetric 
assessment of pulmonary oedema. In patients with ARDS, the 
RALE score was independently association with both ARDS 
severity, response to conservative fluid management and clinical 
outcomes. Taken together, these findings suggest that the RALE 
score provides an innovative new method to leverage informa-
tion that is already collected routinely in patients with ARDS to 
non-invasively assess both the extent of pulmonary oedema and 
the severity of ARDS.
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