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High-dose steroid therapy for acute respiratory distress
syndrome lacking common risk factors: predictors of outcome
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Aim: Acute respiratory distress syndrome (ARDS) is a life-threatening lung disease that usually occurs in patients with the underling
risk factors that triggers lung inflammation. We sometimes encounter patients with ARDS lacking common risk factors. Recent studies
have indicated the effectiveness of corticosteroids for this cohort. However, the characteristics of survivors with ARDS who lack com-
mon risk factors, and who received high-dose methylprednisolone pulse therapy (MPPT), are not known.

Methods: We undertook a retrospective study of patients with ARDS lacking common risk factors, who received i.v. MPPT for
3 days. The patients (n = 46) were classified into two groups, survivors (n = 23) and non-survivors (n = 23), based on their survival at
60 days after the initiation of MPPT, and their clinical and radiological parameters were evaluated.

Results: The patient characteristics and disease severity of the two groups were comparable. The percentage of consolidation/(-
ground-glass attenuation [GGA] + consolidation) on the chest computed tomography scans of survivors was significantly lower than
that of non-survivors (survivors, 5.63% [2.31-13.8] versus non-survivors, 27.2% [5.97-41.4]; P = 0.01). In the stratified analysis, the per-
centage of consolidation/(GGA + consolidation) was significantly associated with 60-day survival.

Conclusions: Our results show that the percentage of consolidation/(GGA + consolidation) on the chest CT scans is an independent

prognostic factor for patients with ARDS lacking common risk factors after MPPT.

Key words: Computed tomography, consolidation, diffuse alveolar damage, ground-glass attenuation, high-dose

methylprednisolone pulse therapy

INTRODUCTION

HE ACUTE RESPIRATORY distress syndrome
(ARDS) is a life-threatening inflammatory lung disease
with a mortality rate of 40-50%." Acute respiratory dis-
tress syndrome is defined as acute onset of hypoxemia and
bilateral pulmonary infiltrates not attributed to cardiac fail-
ure or fluid overload with pulmonary or non-pulmonary risk
factors that trigger lung inflammation.' Diffuse alveolar
damage (DAD), which is usually resistant to treatment, is
the accepted histological hallmark of ARDS.'*?
We sometimes encounter patients with ARDS who lack
the common risk factors. A retrospective study showed that
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7.5% of ARDS had no risk factor identified, and they
included four etiological categories: autoimmune (36%),
drug-induced (26%), malignant (14%), and idiopathic
(24%).3 In addition, this cohort may include several
histological types of lung injury other than DAD, such as
non-specific interstitial pneumonia, organizing pneumonia,
diffuse alveolar hemorrhage, hypersensitivity pneumonia,
and eosinophilic pneumonia.* ® The responsiveness of these
patients to corticosteroids differs to that of pure ARDS/
DAD patients.3’6 Corticosteroid therapy for the treatment of
ARDS lacking common risk factors is therefore worthy of
consideration.

Intravenous high-dose methylprednisolone pulse ther-
apy (MPPT) has sometimes been used for the treatment
of patients with the acute pulmonary injury of unknown
cause. Although the effectiveness of corticosteroids in
ARDS patients remains controversial or lacking in
evidence,”” previous studies supported the clinical
responsiveness of corticosteroids to ARDS lacking com-
mon risk factors.>*+68 However, we should be prudent in
the use corticosteroids for lung injury from the
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perspective of complications, including systemic serious
infection, hyperglycemia, hypertension, thrombosis, and
neuromuscular dysfunction.” The aim of the present study
is to identify the characteristics of survivors with ARDS
lacking common risk factors, who received i.v. MPPT.

METHODS

Subjects

E RETROSPECTIVELY REVIEWED the medical
records of consecutive patients with respiratory fail-
ure who were admitted to our department from November
2008 to November 2015. The inclusion criteria specified
patients who: were 18 years of age and older; met the Berlin
definition of ARDS' excluding common risk factors;
received i.v. MPPT (0.5-1 g/day) for 3 days; underwent
chest computed tomography (CT) within 3 calendar days of
MPPT; and whose laboratory profiles were analyzed within
24 h of the initiation of MPPT. In this study, ARDS was
diagnosed according to the Berlin definition based on the
PaO,/F,0, (P/F) ratio with a positive end-expiratory pres-
sure or continuous positive airway pressure of >5 cmH,0."
However, patients who did not receive positive-pressure
mechanical ventilation but who had a P/F ratio of <300 were
included in the present study. If the patient was not sup-
ported by a mechanical ventilator, the F;O, level was calcu-
lated as follows: oxygen flow (L/min) x 0.03 + 0.21.'° The
common risk factors for ARDS were defined as aspiration,
diffuse pulmonary infection, near-drowning, toxic inhala-
tion, lung contusion, non-pulmonary sepsis, severe non-
thoracic trauma, pancreatitis, severe burns, non-cardiogenic
shock, drug overdose, hypertransfusion for emergency
resuscitation, and cardiopulmonary bypass.l’2
The exclusion criteria were as follows: pre-existing inter-
stitial pneumonia; chronic respiratory failure requiring home
oxygen therapy; malignancy that was likely to result in death
within 6 months; or concomitant pneumothorax on admis-
sion. The patients were classified into two groups, survivors
and non-survivors, based on their survival at 60 days after
the initiation of MPPT. The Fukuoka University Hospital
Institutional Review Board (Fukuoka, Japan) approved the
study protocol and waived the requirement for informed
consent (approval number: 16-1-15).

Intravenous high-dose MPPT

In our department, MPPT has sometimes been considered as
a treatment option for patients with acute pulmonary injury,
when they had a P/F ratio of <300 but did not have any
apparent cause. In particular, infectious pneumonia was

ruled out before receiving MPPT to the extent that was pos-
sible. Methylprednisolone pulse therapy was followed by a
tapered dosage of prednisolone in 41/46 (89.1%) patients.
The tapering schedule of prednisolone varied among indi-
viduals.

Clinical characteristics

The following data were abstracted from the medical records:
patient characteristics, oxygenation parameters of the P/F
ratio, scoring systems of Acute Physiology and Chronic
Health Evaluation II (APACHE II) and Sequential Organ Fail-
ure Assessment (SOFA), laboratory profiles, complications,
concurrent therapies, cause of death, and (if available) histocy-
tological appearance. The P/F ratio and the scoring systems of
APACHE II and SOFA were calculated within 24 h of the ini-
tiation of MPPT. In the calculation of the scores, the worst
values for each parameter in the 24-h period were used.

Etiologies of lung injury

The etiologies of ARDS lacking common risk factors were
examined before or after the initiation of MPPT. The diag-
nosis of connective tissue disease-associated interstitial lung
disease (CTD-ILD) was based on the current criteria for
each of the CTDs."'™'® Drug-induced lung injury was diag-
nosed when patients met the definition of probable drug-
induced lung injury according to the criteria proposed by
Dhokarh et al.'® In addition, if the etiologies of lung injury
were not determined at the time of death or during the fol-
low-up, the etiology was evaluated as “unknown”.

Imaging data

If chest CT was carried out several times within 3 calendar
days of MPPT, we evaluated the chest CT that was under-
taken at the nearest time from the initiation of MPPT. Chest
CT scans were independently evaluated by two pulmonolo-
gists (HI and YK), with 22 and 11 years of experience in
chest CT image interpretation, respectively.

The CT variables that were assessed included the extent
of ground-glass attenuation (GGA) and consolidation and
the presence of bronchial dilation, honeycombing, interlobu-
lar septal thickening, and pleural effusion. Each CT finding
was defined according to the Fleischner Society glossary of
terms.'” Pleural effusion was defined based on the presence
of pleural fluid with a thickness of >1 cm from the parietal
pleura. According to the previous methods regarding the
extent of the lung opacity,'® each lung was divided into
upper, middle, and lower zones. The extent of each abnor-
mality was determined in accordance with the visually
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99 patients enrolled for the study

53 patients excluded
Pre-existing IP: 44

a| Chronic respiratory failure: 2

Malignancy: 4

Pneumothorax: 3

46 eligible patients

A 4
Survivors (n = 23) | | Non-survivors (n = 23)

Fig. 1. Flow diagram showing the steps of case selection. IP,
interstitial pneumonia.

estimated percentage (to the nearest 5%) of lung opacity/to-
tal lung area in each zone, and the percentages of lung opac-
ity in each zone were averaged. The extent (as a percentage)
of each lung opacity was averaged between the two obser-
vers. Disagreements regarding the presence of each CT find-
ing were resolved by consensus.

Statistical analysis

Continuous data are shown as the group median (interquar-
tile range), and categorical data are shown as the number
(percentage) in the group. Fisher’s exact test was used to
compare categorical variables. The Mann—Whitney U-test
was used to compare continuous variables between two
groups. A bivariate analysis of the categorical variables was
carried out using a bivariate logistic regression analysis. The
clinically important variables were included in this model
regardless of their P-values. A P-value of <0.05 was consid-
ered to indicate statistical significance. All of the statistical

Table 1. Characteristics of patients with acute respiratory distress syndrome lacking common risk factors who were treated with
high-dose steroid therapy, grouped according to survival at 60 days after initiation of therapy

Variables Survivors Non-survivors P-value
Patients, n 23 23
Age, years 74 (70-81) 74 (71-82) 0.95
Gender, male / female 1716 16/7 1.00
Smoking history 18 (78.2) 14 (60.9) 0.34
Respiratory rate, /min 21 (18.5-24.0) 20 (13-24) 0.46
PaCO,, mmHg 34.8 (31.7-39.4) 36.2 (32.8-40.5) 0.47
P/F ratio 177 (120-200) 166 (126-200) 0.84
APACHE Il score 11 (9-12) 11.5(9.75-13.5) 0.24
SOFA score 3 (3-4) 3(3-4) 0.74
SOFA score except for respiratory parameter 0 (0-1) 0 (0-1) 0.82
Comorbidities
COPD 2 (8.70) 2 (8.70) 1.00
Cancer 10 (43.5) 11 (47.8) 1.00
Diabetes mellitus 3(13.0) 5(21.7) 0.70
Laboratory data
WBC, /uL 10,500 (7,950-14,250) 11,900 (9,100-13,100) 0.85
Neutrophil, /uL 8,050 (5,620-12,700) 9,990 (8,230-11,700) 0.69
KL-6, U/mL (n = 43) 754 (410-1,320) 905 (515-1,590) 0.39
SP-A, ng/mL (n = 20) 120 (91.5-144) 107 (94.8-198) 0.91
SP-D, ng/mL (n = 29) 439 (184-569) 497 (295-689) 0.59
LDH, U/L 382 (328-502) 377 (292-489) 0.37
CRP, mg/dL 12.0 (6.16-16.1) 9.7 (6.70-19.5) 0.97

Data are expressed as the group median (interquartile range) or number (%).
APACHE I, Acute Physiology and Chronic Health Evaluation Il; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; KL-6,

Kerbs von Lungren-6 antigen; LDH, lactate dehydrogenase; P/F, PaO,/FO,; SOFA, Sequential Organ Failure Assessment; SP, surfactant pro-

tein; WBC, white blood cell count.
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analyses were undertaken using R (version 3.2.2; R Founda-
tion for Statistical Computing, Vienna, Austria).

RESULTS

Patient characteristics

TOTAL OF 46 patients were eligible for this study,
and were classified into two groups, survivors
(n = 23) and non-survivors (n = 23) (Fig. 1). The patient
characteristics are summarized in Table 1. In comparison to

Table 2. Treatments given concurrently to patients with
acute respiratory distress syndrome lacking common risk
factors during 60 days after the initiation of high-dose ster-
oid therapy

Variables Survivors  Non-survivors P-value
Patients, n 23 23

Mechanical ventilation 8 (34.8) 12 (51.7) 0.37
Antimicrobial agents 23 (100) 22 (95.7) 1.00
Immunosuppressants 5(21.7) 4(17.4) 1.00
Sivelestat sodium 2 (8.70) 5(21.7) 0.41

hydrate
rh T™M 1(4.35) 3(13.0) 0.61

Data are expressed as number (%).
rh TM, recombinant human soluble thrombomodulin.

non-survivors, survivors showed lower neutrophil counts
and serum Kerbs von Lungren-6 antigen levels, and higher
serum C-reactive protein levels; however, these differences
did not reach statistical significance. The other variables of
the survivors and non-survivors were comparable. The cause
of death in the non-survivors (n = 23) were: respiratory fail-
ure (n = 16), multiple organ failure (n = 5), disseminated
intravascular coagulation (n = 1), and systemic cytomegalo-
virus infection (n = 1).

Concurrent treatments

The concurrent treatments during 60 days after the initiation
of MPPT are summarized in Table 2. The frequency of con-
current therapies did not differ between the survivors and
non-survivors with statistical significance.

Etiology and histocytological appearance

The etiologies of ARDS lacking common risk factors are
listed in Table 3. As shown in Table 3, there were more sur-
vivors than non-survivors in each of the subgroups of CTD-
ILD and drug-induced lung injury; however, the differences
were not statistically significant. Furthermore, although the
non-survivors outnumbered the survivors in the subgroup of
“unknown”, there was no significant difference.

A histocytological diagnosis was established after the initi-
ation of MPPT in 12 patients (26.1%). Four of these patients
were diagnosed with DAD at autopsy, three patients were

Table 3. Etiologies of acute respiratory distress syndrome lacking common risk factors, grouped according to patient survival at

60 days after initiation of high-dose steroid therapy

Variables Total Survivors Non- P-value
survivors

Patients, n 46 23 23

CTD-ILD 7 (15.2) 4(17.4) 3(13.0) 1.00
Rheumatoid arthritis 3 3 0
Polymyositis/dermatomyositis 2 0 2
Sjogren’s syndrome 1 0 1
Microscopic polyarteritis 1 1 0

Drug-induced lung injury 17 (37.0) 10 (43.5) 7 (30.4) 0.54
Cytotoxic anticancer agents 10 6 4
Molecular-targeted drugs 4 1 3
Antibacterial agents 2 2 0
Chinese herbal medicine 1 1 0

Unknown 22 (47.8) 9(39.1) 13 (56.5) 0.38

Data are expressed as number (%).

CTD-ILD, connective tissue disease-associated interstitial lung disease.
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diagnosed with organizing pneumonia, and one patient was
diagnosed with hypersensitivity pneumonia by transbronchial
lung biopsy. Three patients were diagnosed with diffuse alve-
olar hemorrhage and one patient was diagnosed with eosino-
philic pneumonia by a combination of bronchoalveolar
lavage fluid analysis with radiological or laboratory findings.

Chest CT

A summary of the CT findings and the time of CT examina-
tion is shown in Table 4. The time of CT examination was
comparable between the groups. The extent of GGA in the
lungs of survivors was higher than that in non-survivors;
however, the difference did not reach statistical significance.
The extent of consolidation in survivors (2.50% [0.83—
4.75]) was significantly lower than that of non-survivors
(9.17% [2.71-14.0]) but the difference between the two
groups was small (6.67%). Notably, the percentage of con-
solidation/(GGA + consolidation) in survivors was signifi-
cantly lower than that in non-survivors (survivors, 5.63%
[2.31-13.8] versus non-survivors, 27.2% [5.97-41.4];
P = 0.01). Representative CT findings in survivors and non-
survivors are shown in Figure 2.

Predictors of 60-day survival

A summary of the results of the bivariate analysis of prog-
nostic factors for 60-day survival is shown in Table 5. The

percentage of consolidation/(GGA + consolidation) on
chest CT was significantly associated with a 60-day survival
(odds ratio 0.97; 95% confidence interval, 0.93-0.99;
P = 0.042). When stratified by variables of age, P/F ratio,
SOFA score, and APACHE II score, odds ratios of the per-
centage of consolidation/(GGA + consolidation) were sig-
nificant in the adjusted models.

DISCUSSION

URE ARDS /DAD is usually resistant to treatment, but

ARDS lacking common risk factors sometimes shows
responsiveness  to  corticosteroid treatment.* 81920
Although the histological diagnosis of acute pulmonary
injury is therefore quite important,® invasive procedures can-
not be applied in all patients with acute respiratory failure.
Actually, we could only perform antemortem pathological
examinations in 8/46 (17.4%) patients. We found that the
low percentage of consolidation/(GGA + consolidation) on
the chest CT scans was associated with a significant increase
in 60-day survival in patients with ARDS lacking common
risk factors after high-dose steroid therapy.

High-resolution CT is commonly used as an alternative
non-invasive procedure to assist in reaching a histological
diagnosis. However, previous studies showed that consoli-
dation and GGA are not helpful for predicting the specific
underlying histology in diffuse infiltrative lung diseases.?'**
We speculated that the percentage of consolidation/

Table 4. Computed tomography (CT) findings and the time of CT examination in patients with acute respiratory distress syn-
drome (ARDS) lacking common risk factors, grouped according to survival at 60 days after initiation of high-dose methylpred-

nisolone pulse therapy (MPPT)

Variables Total Survivors Non-survivors P-value
Patients, n 46 23 23
Time of CT examination, days
From the onset of ARDS 0(—1to0) 0(—0.5t00) 0(—=1.5t00.5) 0.91
From the start of MPPT 0(—2to0) 0(—1to0) 0(—2to0) 0.54
CT findings
GGA, % 35.4 (18.6-51.0) 37.9 (29.0-57.1) 25.8 (17.1-47.5) 0.17
CO, % 4.07 (1.46-11.7) 2.50 (0.83-4.75) 9.17 (2.71-14.0) 0.02
GGA + CO, % 43.8 (33.3-58.2) 46.7 (32.3-58.8) 37.5(33.3-56.7) 0.69
CO/(GGA + CO), % 10.0 (3.46-28.4) 5.63 (2.31-13.8) 27.2 (5.97-41.4) 0.01
Bronchial dilation 42 (91.3) 20 (87.0) 22 (95.7) 0.61
Honeycombing 4 (8.70) 3(13.0) 1(4.35) 0.61
Interlobular septal thickening 23 (50.0) 13 (56.5) 10 (43.5) 0.56
Pleural effusion 21 (45.7) 10 (43.5) 11 (47.8) 1.00

Data are expressed as the group median (interquartile range) or number (%).

CO, consolidation; GGA, ground-glass attenuation.
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Fig. 2. Representative chest high-resolution computed tomography (CT) images of patients with acute respiratory distress syndrome
lacking common risk factors who were treated with high-dose steroid therapy. A, Chest high-resolution CT in an 81-year-old man alive
60 days after initiation of therapy (survivor) showing ground-glass attenuation predominance. B, Chest high-resolution CT in a 76-
year-old male non-survivor showing consolidation predominance with bronchial dilatation.

(GGA + consolidation) might be helpful to separate histo-
logical DAD pattern of pulmonary injury from non-DAD
pattern of pulmonary injury. Patients with DAD show a mix-
ture of consolidation and diffuse GGA on high-resolution
CT.** Johkoh et al** reported that idiopathic DAD
showed airspace consolidation involving 25 £ 15%

Table 5. Association of the percentage of consolidation/
(ground-glass attenuation + consolidation) with 60-day sur-
vival after initiation of high-dose methylprednisolone pulse
therapy in patients with acute respiratory distress syndrome
lacking common risk factors

Model OR (95% Cl) P-value
Unadjusted 0.97 (0.93-0.99) 0.042
Adjusted for
Age 0.97 (0.94-0.99) 0.042
P/F ratio 0.97 (0.94-1.00) 0.041
SOFA score 0.97 (0.93-0.99) 0.044
APACHE Il score 0.95 (0.91-0.99) 0.011

APACHE Il, Acute Physiology and Chronic Health Evaluation II; Cl,
confidence interval; P/F, PaO,/F0,; OR, odds ratio; SOFA,
Sequential Organ Failure Assessment.

(mean =+ standard deviation) of the lung parenchyma and
GGA involving 53 £ 18% of the lung parenchyma. The
calculated percentage of consolidation/(GGA + consolida-
tion) in the study of Johkoh et al. was obviously higher
(mean 28.4%) than that in our study cohort (median,
10.0%). Although the methodology to evaluate the CT find-
ings in this study was similar to that in the study by Johkoh
et al., the study population was different: mixture of DAD
and non-DAD (our study) versus only DAD (Johkoh et al.).
Therefore, the difference of the percentage of consolidation/
(GGA + consolidation) between the two studies might be
due to the difference in study cohorts.

It can be also speculated that the difference of radio-
logical appearances might simply reflect disease progres-
sion or improvement of lung injury because the findings
of chest CT could change according to the phase of lung
injury in patients with ARDS.>> However, this specula-
tion is also unlikely in this study because the period from
the onset of ARDS to the CT examination was compara-
ble between the groups in the present study. We are
therefore of the opinion that survival might be influenced
not only by disease severity but also by a corticosteroid
sensitivity in this study.

The present study is associated with several limitations.
First, it was a single-center retrospective study and was
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subjected to selection bias. In addition, the small sample
size caused some analyses to be under-powered. Second,
11/23 (47.8%) non-survivors were not treated with
mechanical ventilation. The treatment of these patients
might therefore have been inadequate in some cases.
Third, it is unknown whether MPPT truly led to some
patients’ survival because we could not compare the sur-
vival between MPPT-treated patients and control patients
who did not receive MPPT. Finally, we included patients
who did not receive positive-pressure mechanical ventila-
tion but who had a P/F ratio of <300. The definition of
ARDS recommends examining the P/F ratio under positive
end-expiratory pressure or continuous positive airway
pressure, and the measurement of a P/F ratio without such
mechanical ventilation can be unreliable.

CONCLUSIONS

O THE BEST of the authors’ knowledge, this is the first

study to evaluate the prognostic factors in patients with
ARDS lacking common risk factors after high-dose steroid
therapy. The percentage of the extent of consolidation/
(GGA + consolidation) was significantly associated with
60-day survival of this population.
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