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Background: Although acute respiratory distress syndrome (ARDS) reportedly shows various clinical
phenotypes with different risk and prognostic factors, few studies have assessed the clinical features and
prognosis of pulmonary and extrapulmonary ARDS. The aim of the present study was to investigate clinical
differences between pulmonary and extrapulmonary ARDS.

Methods: In total, 200 patients who met the Berlin criteria and were diagnosed with ARDS between
October 2004 and September 2017 were included. We classified the patients into pulmonary and
extrapulmonary ARDS groups. Both groups were assessed for 60-day mortality, duration of ventilation, and
other clinical features.

Results: There were 150 and 50 patients in the pulmonary and extrapulmonary ARDS groups, respectively.
The two groups showed no significant differences in any assessment parameters except the serum lactate
dehydrogenase (LDH) level, which was higher in the extrapulmonary ARDS group (P=0.01). After
adjustment for potentially confounding covariates, there were no significant differences in 60-day mortality
(P=0.99) and the duration of ventilation (P=0.45) between the two groups. Mortality was significantly
associated with the disseminated intravascular coagulation (DIC) score, high-resolution computed
tomography (HHRCT) score, and serum LDH level in the pulmonary ARDS group and the DIC score and
HRCT score in the extrapulmonary ARDS group.

Conclusions: Pulmonary and extrapulmonary ARDS may be comparable in terms of the prognosis and
duration of ventilation. DIC and HRCT scores may be common clinical predictors of mortality with ARDS.

Keywords: Acute respiratory distress syndrome (ARDS); adult; disseminated intravascular coagulation (DIC);
high-resolution computed tomography (HRCT)
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Introduction

Acute respiratory distress syndrome (ARDS) is a life-threatening
condition with a poor prognosis. ARDS reportedly
exhibits various clinical phenotypes with different risk and
prognostic factors (1,2). Recently, a retrospective study
reported that, although patients with pulmonary ARDS
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and those with extrapulmonary ARDS exhibited similar
mortality, they showed significantly different mortality
predictors (3). However, few studies have evaluated these
different phenotypes since publication of the Berlin
definition of ARDS in 2012 (4). The objectives of the present

study were to determine the characteristics of pulmonary

7 Thorac Dis 2018;10(10):5796-5803



Journal of Thoracic Disease, Vol 10, No 10 October 2018

228 (53%) excluded

131 (57%) had chronic interstitial lung
diseases including pulmonary fibrosis

428 patients met criteria 30 (13%) were diagnosed of

drug-associated ARDS

26 (11%) had vasculitis or alveolar
hemorrhage

13 (6%) were diagnosed of acute
organizing pneumonia

5 (2%) were diagnosed of acute
hypersensitivity pneumonitis

200 (47%) enrolled

2 (1%) were diagnosed of acute
eosinophilic pneumonia

21 (9%) missed the data

50 extrapulmonary
ARDS group

150 pulmonary
ARDS group

Figure 1 Study flowchart. ARDS, acute respiratory distress
syndrome.

and extrapulmonary ARDS and explore differences in
prognostic factors between the two phenotypes.

Methods
Patients

This single-center study involved the retrospective analysis
of data collected during an ongoing prospective cohort
study assessing ARDS with high-resolution computed
tomography (HRCT), some of which have been previously
published (5-8). In total, 200 Japanese patients with ARDS
were admitted to our hospital between October 2004 and
September 2017. Our hospital is an urban acute medicine
teaching hospital with a capacity of 400 beds. ARDS was
diagnosed according to the Berlin definition (4). We also
reviewed cases diagnosed before publication of the Berlin
definition and assessed whether they met the diagnostic
criteria. The patients were classified into pulmonary and
extrapulmonary ARDS groups according to the underlying
risk factors. Patients with pneumonia and aspiration as
risk factors and those with pulmonary sepsis were assigned
to the pulmonary ARDS group, whereas those with
non-pulmonary sepsis and other risk factors (e.g., trauma,
pancreatitis, massive blood transfusion) were assigned to the
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extrapulmonary ARDS group.

Written informed consent was obtained from all
patients or their families. The study was approved by our
institutional review board (approval number, 238), and
the study was conducted in accordance with the ethical
standards of the Declaration of Helsinki. Figure I shows
the study flowchart. Patients with drug-associated ARDS;
chronic interstitial lung disease, including idiopathic
pulmonary fibrosis, vasculitis, and alveolar hemorrhage;
acute organizing pneumonia; hypersensitivity pneumonitis;
and/or acute eosinophilic pneumonia were excluded.

Treatment

Mechanical ventilation and weaning from ventilation were
implemented according to evidence-based guidelines,
with reference to the lower tidal volume (V) strategy and
predicted body weight (PBW) (6< V. <10 mL/kg PBW)
in the ARDS Clinical Trial (9), and guidelines for weaning
and discontinuing ventilatory support published by the
American College of Chest Physicians (10). PBW was
calculated as 49.9+0.91 [height (cm)—152.4] for men
and 45.4+0.91 [height (cm)—152.4] for women (9). The
plateau pressure was limited to <30 emH,O, with a positive
end-expiratory pressure (PEEP) of 8-12 ¢cmH,O. PEEP,
peak inspiratory pressure (PIP), and Vi were recorded
on the first hospitalization day. High-dose corticosteroid
therapy was defined when a dose of >2 mg/kg/day was
administered. Two patients with pulmonary ARDS received
extracorporeal membrane oxygenation.

Comparison of prognostic factors and outcome measures

The pulmonary and extrapulmonary ARDS groups were
compared for the patient age, sex, 60-day mortality, the
duration of mechanical ventilation, Acute Physiology and
Chronic Health Evaluation (APACHE) II scores, sequential
organ failure assessment (SOFA) scores, HRCT scores
(extent of fibroproliferation), disseminated intravascular
coagulation (DIC) scores, arterial oxygen tension (PaO,)/
fractional inspired oxygen (FiO,), and blood test findings.
As previously published (11), the HRCT score was assigned
on a 6-point scale: (I) normal attenuation; (II) ground-glass
attenuation; (III) consolidation; (IV) ground-glass
attenuation with traction bronchiolectasis or bronchiectasis;
(V) consolidation with traction bronchiolectasis or
bronchiectasis; and (VI) honeycombing. The presence of
each of these six abnormalities in the upper, middle, and
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lower segments of each lung was independently assessed.
The extent of each abnormality was determined by visually
estimating the percentage of the affected lung parenchyma
in each segment. Each abnormality score was calculated by
multiplying the percentage area by each score. Scores for
the six segments were averaged to determine the total score
for each abnormality. The overall HRCT score was derived
by adding the six abnormality scores. This visual estimation
method was further validated (5). Additionally, in the study
of acute exacerbation of idiopathic pulmonary fibrosis, this
score reportedly predicted mortality (12). The DIC score
was calculated in accordance with the diagnostic criteria
by the Japanese Association of Acute Medicine (13). The
primary and secondary outcomes were 60-day mortality and
the duration of mechanical ventilation, respectively.

Statistical analysis

Continuous variables are expressed as medians and
interquartile ranges (IQRs). In univariate analysis for the
two groups, categorical variables were compared using
the %’ test or Fisher’s exact test, while continuous variables
were compared using the Mann-Whitney U test. For
assessing 60-day mortality and the duration of mechanical
ventilation, multivariate analysis was performed using a
Cox proportional hazard model with Akaike’s Information
Criterion. Subsequently, we simultaneously added
pulmonary or extrapulmonary ARDS to the model. Variables
with an r value of >0.4 in the factor analysis were excluded
from multivariate analysis. Unadjusted and adjusted survival
curves were plotted using the Kaplan-Meier method.
Log-rank tests were used to compare differences in survival.
The time to successful discontinuation of mechanical
ventilation was also evaluated as previously described (14).
We also estimated adjusted relationships between pulmonary
ARDS and outcomes using a Cox proportional hazards
regression model via inverse probability of treatment
weighting (IPTW) with a propensity score. The propensity
score model for pulmonary ARDS versus extrapulmonary
ARDS was constructed using a logistic regression model
including age, sex, white blood cell (WBC) counts, C-reactive
protein levels, serum lactate dehydrogenase (LDH) levels,
albumin levels, APACHE II scores, SOFA scores, HRCT
scores, DIC scores, and PaO,/FiO, as the main variables. For
analysis of the predictors of 60-day mortality in both groups,
we performed univariate analysis using a Cox proportional
hazards regression model. Then, WBC counts, serum LDH
levels, and PaO,/FiO, were converted from continuous
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variables to categorical variables using cut-off values based
on median values. We used the EZR software (Saitama
Medical center, Jichi Medical University, Saitama, Japan),
which is a graphical user interface for R VV.3.2.2 (The R
Foundation for Statistical Computing, Vienna, Austria), for
all statistical analyses (15) and SPSS software (V.22.0) for the
factor analysis. A P value of <0.05 was considered statistically
significant.

Results

There were 150 and 50 patients in the pulmonary and
extrapulmonary ARDS groups, respectively. Table 1 shows the
etiologies and clinical characteristics of patients in both groups.

Prognostic implications

Death within 60 days was recorded for 58 (39%) and
25 (50%) patients in the pulmonary and extrapulmonary
ARDS groups, respectively. Figure 24 shows Kaplan-Meier
survival curves plotted at 60 days for both groups. There
was no significant difference in 60-day mortality between
groups 39% vs. 50%, P=0.17). The duration of ventilation
was also comparable between groups (21.5 vs. 28 days,
P=0.11; Figure 2B). Both APACHE II and DIC scores
correlated with SOFA scores (r=0.53 and 0.45, respectively).
Therefore, we excluded the SOFA score from multivariate
analysis, which revealed that APACHE II [hazard ratio
(HR), 1.06; 95% CI, 1.01-1.11; P=0.02], HRCT (HR, 1.23;
95% CI, 1.09-1.35; P<0.01), and DIC (HR, 1.18; 95% CI,
1.04-1.34; P=0.01) scores were independently associated
with 60-day mortality (1able 2).

Further, pulmonary or extrapulmonary ARDS was not
associated with mortality (adjusted HR, 1.00; 95% CI,
0.61-1.64; P=0.99; Figure 3A4) and the duration of ventilation
(adjusted HR, 1.21; 95% CI, 0.74-1.99; P=0.45; Figure 3B).
IPTW estimators with propensity score adjustment also
showed that pulmonary or extrapulmonary ARDS was not
associated with mortality (HR, 0.75; 95% CI, 0.46-1.24;
P=0.30) and the duration of mechanical ventilation (HR, 1.63;
95% CI, 0.79-3.37; P=0.22). The area under the curve for the
calculated propensity score was 0.68 (95% CI, 0.60-0.77).

Comparison of prognostic factors

There was no significant difference in any parameter
except the serum LDH level, which was higher in the
extrapulmonary ARDS group (298 vs. 364 IU/mL, P=0.01).
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Table 1 Clinical characteristics of patients with pulmonary ARDS and those with extrapulmonary ARDS
Variable Pulmonary ARDS [n=150; 75%)] Extrapulmonary ARDS [n=50; 25%)] P value
Causes Pneumonia: 110 [73%]; Non-pulmonary sepsis: 43 [86%];

aspiration: 40 [27 %] others: 7 [14%]

Age [years] 76.5 [67.0-83.0] 75.5 [67.0-81.8] 0.77
Sex [male/female] 94 [63]/56 [37] 37 [74)/13 [26] 0.17
White blood cell count [per mm®| 9,800 [5,325-14,575] 11,100 [6,450-14,725] 0.58
C-reactive protein [mg/dL] 18.0[9.1-25.4] 13.5[8.2-23.4] 0.11
Lactate dehydrogenase [IU/L] 298 [235-424] 364 [282-454] 0.01
Albumin [g/dL] 2.9[2.4-3.3] 2.7[2.3-3.1] 0.10
DIC score 3.0 [2.0-4.0] 3.0 [2.0-5.0] 0.14
PEEP [cmH,0] 8.0 [7.0-10.0] 10.0 [8.0-12.0] 0.17
PIP [cmH,O]® 21.0[17.0-24.0] 22.0[20.0-25.0] 0.23
Tidal volume [mL]* 400 [350-480] 445 [375-500] 0.35
APACHE Il score 22.0[18.0-25.0] 23.0[19.0-26.0] 0.36
SOFA score 7.0 [5.0-10.0] 9.0 [5.0-11.8] 0.20
HRCT score 209.2 [179.9-271.5] 208.4 [188.8-287.8] 0.39
PaO,/FiO, 102.9 [72.8-134.3] 104.0 [84.3-150.3] 0.45
Severity [mild/moderate/severe] 12 [8]/67 [45)/71 [47] 4 [8]/23 [46]/23 [46] 0.97
Ventilator-free days 6.5 [0-19.9] 0[0-16.5] 0.11*
60-day mortality 58.0 [39.0] 25.0 [50.0] 0.17*

Continuous variables are reported as medians and interquartile ranges and compared using the Mann-Whitney U test. Categorical
variables are reported as numbers (percentages) and compared using the j° test or Fisher’s exact test. $, pulmonary ARDS group (n=108),
extrapulmonary ARDS group (n=37); ¥, pulmonary ARDS group (n=98), extrapulmonary ARDS group (n=34); *, calculated using log-rank
tests. ARDS, acute respiratory distress syndrome; DIC, disseminated intravascular coagulation; PEEP, positive end-expiratory pressure;
PIP, peak inspiratory pressure; APACHE II: Acute Physiology and Chronic Health Evaluation Il; SOFA, sequential organ failure assessment;
HRCT, high-resolution computed tomography; PaO, arterial oxygen tension; FiO,, fractional inspired oxygen.
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Figure 2 Kaplan-Meier survival curves comparing pulmonary and extrapulmonary ARDS. (A) Unadjusted Kaplan-Meier survival curves

showing the 60-day mortality for patients with pulmonary (n=150, solid line) and extrapulmonary (n=50, dotted line) ARDS (log-rank test,

P=0.17); (B) unadjusted Kaplan-Meier curves showing the distribution of ventilator-free days for patients with pulmonary (n=150, solid line)

and extrapulmonary ARDS (n=50, dotted line) (log-rank test, P=0.11). ARDS, acute respiratory distress syndrome.
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Univariate analysis for the predictors of 60-day mortality
in both groups revealed that HRCT and DIC scores were
significant predictors in both groups, whereas the serum
LDH level was a predictor only in the pulmonary ARDS
group (1able 3).

Anan et al. Pulmonary and extrapulmonary ARDS

ventilation, and there were no significant differences in
60-day mortality or duration of mechanical ventilation
between groups. In the present study, serum LDH level was
significantly higher in the extrapulmonary ARDS group than
pulmonary ARDS group. Although HRCT score, which

indicates fibroproliferative lesions, was not significantly

different between the two groups, lung damage may have

been slightly worse in the extrapulmonary ARDS group.
APACHE II, HRCT, and DIC scores were associated

with 60-day mortality and a shorter duration of mechanical

Discussion

This single-center cohort study investigated clinical
differences between pulmonary and extrapulmonary ARDS.
ventilation. HRCT and DIC scores were associated with
60-day mortality in both groups. Both APACHE II and
DIC scores correlated with the SOFA score, which is one of
the most common organ dysfunction scoring system.
Clinically, older ARDS patients show higher morbidity

rates, require prolonged mechanical ventilation, and show a

There were no significant differences between groups about
corticosteroid therapy (P=0.84) and variables of mechanical

Table 2 Multivariate analysis for the association between 60-day
mortality and various outcome measures

poorer prognosis than do younger patients (16). Age-related

Variable HR (95% CI) P value

differences in mortality and outcomes have been attributed
APACHE Il score 1.06 (1.01-1.11) 0.02 . Cqele .

to a higher number of comorbidities and a higher frequency
HRCT score 1.23 (1.09-1.39)" <0.01 of non-pulmonary organ system failure in older patients.
DIC score 1.18 (1.04-1.34) 0.01 Although aging reportedly increases the susceptibility to
Serurn LDH level 1,00 (1.00-1.00) 0.06 lung injury and pulmonary ﬁbroprohfer.atlo.n via a potential

redox imbalance (17), further investigation of younger
Age 1.02 (1.00-1.04) 0.07

patients with ARDS should validate our study results.
Studies conducted before publication of the Berlin
definition reported no differences in mortality between
pulmonary and extrapulmonary acute lung injury/
ARDS (18-20). A recent retrospective cohort study reported

*, expressed as the mortality change per 10% increase in the
attenuation area for traction bronchiectasis on HRCT. HR,
hazard ratio; APACHE II, Acute Physiology and Chronic Health
Evaluation Il; HRCT, high-resolution computed tomography;
DIC, disseminated intravascular coagulation; LDH, lactate

dehydrogenase. that, although the mortality rate was similar, the clinical
A B 1.0
Q
T 087
o — 5
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S 8
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Figure 3 Survival curves for the association between pulmonary ARDS and multiple factors. (A) Survival curves for the association between
pulmonary ARDS and 60-day mortality assessed using a Cox proportional hazards model adjusted for APACHE II scores, HRCT scores,
DIC scores, serum LDH levels, and age; (B) survival curves for the association between pulmonary ARDS and successful discontinuation
of mechanical ventilation at 28 days, as assessed using a Cox proportional hazards model adjusted for APACHE II scores, HRCT scores,
DIC scores, serum LDH levels, and age. ARDS, acute respiratory distress syndrome; APACHE II, Acute Physiology and Chronic Health
Evaluation IT; HRCT, high-resolution computed tomography; DIC, disseminated intravascular coagulation; LDH, lactate dehydrogenase.
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Table 3 Univariate analysis for the determination of prognostic factors for pulmonary and extrapulmonary ARDS
Pulmonary ARDS Extrapulmonary ARDS
Variable
HR 95% Cl P value HR 95% ClI P value

Age (years) 1.01 0.99-1.03 0.30 1.03 0.99-1.07 0.11
Sex (male) 1.52 0.86-2.67 0.15 0.46 0.20-1.05 0.06
WBC count (per mm®) >10,000 1.27 0.75-2.12 0.37 0.66 0.30-1.45 0.30
C-reactive protein (mg/dL) 1.01 0.98-1.03 0.52 1.02 0.99-1.06 0.20
Serum lactate dehydrogenase (IU/L) >350 1.88 1.12-3.15 0.02 1.58 0.68-3.66 0.29
Albumin (g/dL) 0.65 0.42-1.00 0.05 0.82 0.40-1.69 0.60
DIC score 1.17 1.02-1.34 0.03 1.25 1.02-1.53 0.03
APACHE I score 1.04 0.99-1.10 0.10 1.03 0.96-1.11 0.39
SOFA score 1.06 0.98-1.15 0.15 1.07 0.97-1.18 0.20
HRCT score 1.23* 1.09-1.35 <0.01 1.20* 1.00-1.43 0.04
PaO,/FiO, <100 1.48 0.88-2.48 0.14 0.86 0.39-1.92 0.71

*, expressed as the mortality change per 10% increase in the attenuation area for traction bronchiectasis on HRCT. ARDS, acute
respiratory distress syndrome; HR, hazard ratio; Cl, confidence interval; WBC, white blood cell; DIC, disseminated intravascular
coagulation; APACHE II, Acute Physiology and Chronic Health Evaluation Il; SOFA, sequential organ failure assessment; HRCT,
high-resolution computed tomography; PaO, arterial oxygen tension; FiO, fractional inspired oxygen.

predictors of hospital mortality differed between pulmonary
and extrapulmonary ARDS (3); hospital mortality was
associated with age, the lung injury score, and the number
of failed organs in patients with pulmonary ARDS and only
the number of failed organs in patients with extrapulmonary
ARDS. In the present study, as expected, there was no
significant difference in mortality between pulmonary and
extrapulmonary ARDS groups. Moreover, our findings were
consistent with those in Luo’s study (3), where 60-day mortality
was associated with the HRCT score and serum LDH level,
which suggest the degree of lung injury, in the pulmonary
ARDS group, and the DIC score, which suggests multiorgan
failure, in the pulmonary and extrapulmonary ARDS
groups. The HRCT score was also associated with 60-day
mortality in the extrapulmonary ARDS group in our study.
DIC involves the systematic activation of blood
coagulation, which results in fibrin formation and
composition. Minute thrombin generation causes organ
ischemia in various organs and often leads to multiorgan
failure. The Japanese Association for Acute Medicine
proposed the DIC scoring system, which reportedly has
eminent value as a predictor of multiple organ dysfunction
syndrome and a poor prognosis in patients with severe
sepsis (21). In the present study, the DIC score was useful
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to assess the prognosis of patients with pulmonary or
extrapulmonary ARDS, consistent with findings in a
previous study reporting that the number of failed organs
was associated with hospital mortality in these patients (3).
These findings suggest that the DIC score is a very
important prognostic factor for ARDS.

HRCT findings correlate with the pathological stage
of diffuse alveolar damage. Ichikado et a/. reported that
HRCT scores were associated with not only a poor
prognosis and prolonged mechanical ventilation but also
multiorgan failure and ventilator-associated complication
(barotrauma and ventilator-associated pneumonia) (5). In
the present study, the HRCT score was useful to assess
prognosis with pulmonary or extrapulmonary ARDS.
This score was associated with mortality in the pulmonary
ARDS group, consistent with the finding in a previous
study reporting that the lung injury score was associated
with hospital mortality in the pulmonary ARDS group (3).
That study also reported that the HRCT score, but not the
lung injury score, was associated with hospital mortality in
the extrapulmonary ARDS group. A possible reason for the
association in the extrapulmonary ARDS group could be
that the HRCT score correlates with not only the degree
of lung injury but also fibroproliferation changes. These
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findings suggest that the HRCT score is a very important
prognostic factor for ARDS.

LDH is easily measured and used for biomarker of
lung damage. Recently it was reported that LDH was
independent predictor of 180-day mortality for acute
exacerbation of idiopathic pulmonary fibrosis (22).

Collectively, the above findings suggest that the degree
of lung damage and multiorgan failure may affect the
prognosis in patients with ARDS, whether pulmonary or
extrapulmonary. To our knowledge, this is the first report
documenting HRCT and DIC scores as prognostic factors
for pulmonary and extrapulmonary ARDS. Considering their
importance, both factors should be evaluated in the treatment
of ARDS, particularly that induced by infectious diseases.

The strengths of our study included the prospective
collection of data as part of an ongoing ARDS study,
incorporation of multiple potential confounding factors,
performance of sensitivity analyses with different methods
of confounding adjustment using standard regression, and
use of propensity score-based IPTW.

This study also has some limitations. First, it was
a single-center retrospective analysis of prospectively
collected data, which could have biased the results.
Moreover, multiple unmeasured variables may have
affected the outcomes. However, these problems may be
minimized relative to those encountered with a typical
retrospective design. Second, it was a single-center study,
and the patient number in the extrapulmonary ARDS
group was relatively small. Therefore, we used methods
such as IPTW to compensate for the small patient number.
Third, the extended length of the study period may have
improved patient outcomes based on supportive care that
directly affected such outcomes, and could limit the validity
of the study. However, over the past 20 years, there has
been little evidence to support these suppositions. Fourth,
it only included Japanese patients, and ethnic differences
need to be considered. Fifth, we excluded patients with
drug-associated ARDS. However, we recently reported
that clinical characteristics and mortality differ between
drug-associated ARDS and nondrug-associated ARDS (8).
The results of the present study do not preclude the
requirement for an etiology-focused analysis of ARDS in
future studies. Moreover, ARDS was induced by infectious
diseases in several patients in the present study. Therefore,
we cannot generalize our results to all ARDS patients.
Finally, the few cases of trauma, pancreatitis, and massive
blood transfusion in the extrapulmonary ARDS group could

have resulted in selection bias.
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Conclusions

Our findings suggest that pulmonary and extrapulmonary
ARDS may be comparable in terms of the prognosis and
duration of ventilation, and that DIC and HRCT scores
may be common clinical predictors of mortality with ARDS.
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