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BACKGROUND: Exacerbation of idiopathic interstitial pneumonias (IIPs) requiring mechanical
ventilation is associated with high mortality. However, evidence for the optimal management strat-
egy in patients on mechanical ventilation for exacerbation of IIPs is scarce. This study aimed to
evaluate the association between continuous rocuronium infusion and in-hospital mortality in pa-
tients with exacerbation of IIPs requiring mechanical ventilation. METHODS: The effect of con-
tinuous rocuronium infusion was retrospectively analyzed using data in the Japanese Diagnosis
Procedure Combination in-patient database from July 2010 to March 2016. We compared 28-d
mortality between the continuous rocuronium infusion group (intravenous doses of > 150 mg/d)
and the control group using 1:4 propensity score matching. RESULTS: We enrolled 4,925 subjects.
Propensity score matching yielded 66 subjects in the rocuronium group and 264 subjects in the
control group. There was no significant difference in 28-d mortality (rocuronium vs control, 52%
vs 44%, P � .31) or in-hospital mortality (68% vs 61%, P � .28) between the 2 groups.
CONCLUSIONS: Continuous rocuronium infusion was not significantly associated with decreased
mortality in patients with exacerbation of IIPs requiring mechanical ventilation. Key words: idio-
pathic interstitial pneumonias; neuromuscular nondepolarizing agents; ventilator-induced lung injury;
intensive care unit; positive-pressure respiration; mortality; pneumothorax. [Respir Care 0;0(0):1–•. © 0
Daedalus Enterprises]

Introduction

Idiopathic interstitial pneumonias (IIPs) are a group of
acute and chronic, progressive, diffuse parenchymal lung
diseases with unknown etiology. A multidisciplinary ap-
proach is taken to classify IIPs into 6 major types that
include 2 fibrosing IIPs (idiopathic pulmonary fibrosis and
idiopathic nonspecific interstitial pneumonia), as well as
2 rare IIPs and unclassifiable IIPs. Acute interstitial pneu-

monia and exacerbation of the 2 fibrosing IIPs represent
rapid progression. The pathological findings of rapidly
progressive IIPs involve diffuse alveolar damage, which is
also found in ARDS.1 Exacerbation of idiopathic pulmo-
nary fibrosis requiring mechanical ventilation is associated
with high mortality.2 Therefore, recent guidelines recom-
mend that the majority of these patients should not receive
mechanical ventilation.3

Several ventilation strategies for patients with ARDS
are advocated to avoid ventilation-induced lung injury
(VILI). In particular, adjunct treatment with neuromuscu-
lar blocking agents (NMBAs) in patients with severe ARDS
has been shown to improve oxygenation and survival rate.4,5
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In one study, continuous infusion of cisatracurium for 48 h
improved 90-d survival and decreased the incidence of
barotrauma without increasing ICU-acquired weakness in
subjects with ARDS.4 Recently, NMBAs have been com-
monly used in patients with severe ARDS to alleviate
ventilation asynchrony.6,7

However, there is little evidence regarding mechanical
ventilation strategies for patients with IIPs. The strategies
for ARDS are extrapolated to management of IIPs without
critical evaluation, even though the pathophysiology of IIPs
is different from that of ARDS. Patients with IIPs requiring
mechanical ventilation should be managed cautiously because
VILI is more likely to occur in IIPs than in ARDS. The
respiratory system elastance is generally high in patients with
IIPs, and high alveolar pressure is required during mechani-
cal ventilation.8 NMBAs can possibly control the plateau
pressure to avoid overdistention of alveoli. However, to our
knowledge, there are no published data on the effect of
NMBAs during mechanical ventilation for mortality reduc-
tion in patients with IIPs.

This study aimed to examine the association between
NMBAs and mortality in patients with exacerbation of
IIPs requiring mechanical ventilation using data from a
national in-patient database in Japan.

Methods

Data Source

We conducted a retrospective cohort study using data in
the Japanese Diagnosis Procedure Combination database
from July 1, 2010, to March 31, 2016.9 The database is a
nationwide in-patient administrative claims and discharge
database for all in-patients discharged from � 1,000 par-
ticipating hospitals, representing 50% of acute-care hos-
pitalizations in Japan. The database includes the following
information: age; sex; primary diagnosis, comorbidities on
admission, and post-admission complications encoded with
International Classification of Diseases-10th Revision
(ICD-10) codes10 and written in Japanese; dates of hospital
admission, discharge, surgery, bedside procedures, and
drugs administered; daily dosages of drugs; and discharge
status. All interventional or surgical procedures are coded
with original Japanese codes. The Institutional Review
Board of The University of Tokyo approved this study.
Informed consent was waived because of the anonymous
nature of the data.

Subject Selection

We selected subjects age � 18 y who were diagnosed
with IIPs (ICD-10 codes: J841, J849) and required me-
chanical ventilation (ICD-10 code: J045) in the ICU. The
following patients were excluded: those who were intu-

bated for � 8 d after admission; those who received lung
transplantation during hospitalization; those who were dis-
charged or died within 3 d after initiation of mechanical
ventilation to avoid immortal time bias11; those who had
rheumatic diseases or connective tissue diseases (ICD-10
codes: M05, M06, M30–M36); those who received sur-
gery under general anesthesia before intubation; those who
received cyclophosphamide; and those who received
plasma exchange. We divided the subjects into 2 groups:
subjects who received continuous rocuronium infusion
(rocuronium group) and those who received only a sin-
gle shot of rocuronium at intubation or did not receive
rocuronium (control group). We defined the rocuronium
group as subjects who received intravenous doses of
� 150 mg/d.

Baseline Characteristics and Outcomes

Subject baseline characteristics included age, sex, body
mass index, Charlson comorbidity index, Japan Coma Scale
score, smoking status (never, former, or current smoker),
type of hospital (academic, non-academic), underlying ma-
lignancy, continuous renal replacement therapy, plasma ex-
change, hemoadsorption, extracorporeal membrane oxygen-
ation, pulse steroid, sivelestat, cyclophosphamide, fentanyl,
morphine, midazolam, dexmedetomidine, and propofol. Body
mass index was classified into 4 categories (� 18.5, 18.5–
24.9, 25.0–29.9, and � 30 kg/m2). The Japan Coma Scale
correlates with the Glasgow Coma Scale12,13: 0, alert; 1,
not fully alert but awake without stimulation; 2, aroused
by stimulation; 3, coma. The primary outcome was 28-d
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Current knowledge

Respiratory care professionals may need to intubate
patients with idiopathic interstitial pneumonias when
exacerbated without a definitive diagnosis of idio-
pathic pulmonary fibrosis. Continuous infusion of
neuromuscular blocking agents in patients with se-
vere ARDS was shown to improve oxygenation and
survival rate.

What this paper contributes to our knowledge

In this retrospective cohort study, we evaluated whether
the use of continuous rocuronium infusion may provide
therapeutic benefits in patients mechanically ventilated
for exacerbation of idiopathic interstitial pneumonias.
Continuous rocuronium infusion was not significantly
associated with decreased mortality in these patients
and therefore may not be recommended.
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mortality. The secondary outcomes were in-hospital mor-
tality and occurrence of pneumothorax requiring chest
tube drainage.

Statistical Analysis

We compared subjects’ background characteristics, and
in-hospital treatments, procedures, and outcomes between
the rocuronium and control groups. We performed a pro-
pensity-matched analysis to adjust for measured confound-
ing factors. To estimate the propensity score, a logistic
regression model was used with the baseline independent
variables. The factors that could potentially affect the de-
cision to use continuous rocuronium infusion were included
as independent variables. The covariates introduced in the
logistic regression model were age; sex; Charlson comor-
bidity index; smoking index; body mass index; cancer;
sepsis; and use of pulse methylprednisolone, sivelestat,
fentanyl, morphine, midazolam, dexmedetomidine, propo-
fol, continuous renal replacement therapy, hemoadsorp-
tion, and extracorporeal membrane oxygenation. The C-
statistic for evaluating the discrimination of the model was
calculated. We performed 1:4 propensity-score matching
between those with and without continuous rocuronium
infusion using nearest-neighbor matching with replace-
ment. Propensity scores were matched using a caliper with

a width of 0.25 SD. We examined the balance in baseline
variables using standardized differences, with differences
of � 10% regarded as imbalanced. We estimated the rel-
ative risk using a modified Poisson regression model com-
bined with generalized estimating equations to account for
the correlation of repeated measurements.14 Two-tailed val-
ues of P � .05 were considered significant. The statistical
analyses were performed using IBM SPSS Statistics for
Windows version 23.0 (IBM, Armonk, New York) and
Stata statistical software version 15 (Stata, College Sta-
tion, Texas).

Results

Figure 1 shows the flow chart for subject selection. We
identified 9,059 patients with IIPs in the database. Of these,
4,925 subjects were enrolled (73 in the rocuronium group
and 4,852 controls). We then generated 66 and 264 pro-
pensity score-matched pairs, respectively. The C-statistic
was 0.83.

Table 1 shows the baseline demographics, preexisting
medical conditions, and procedures in the unmatched and
propensity score-matched groups. In the unmatched groups,
subjects were more likely to receive continuous rocuro-
nium infusion if they were younger or male, had a higher
Japan Coma Scale score, were treated at an academic hos-

Mechanically ventilated patients
with idiopathic interstitial pneumonia

9,059

Intubation ≥8 d after admission: 1,646
Lung transplantation during 
hospitalization: 46
Discharge or death within 3 d after 
ventilation: 1,677
History of rheumatic disease: 550
Surgery under general anesthesia before 
intubation: 126
Cyclophosphamide before intubation: 79
Plasma exchange before intubation: 10

Enrolled subjects
4,925

Rocuronium group
73

Propensity-matched
rocuronium group

66

Propensity-matched
control group

264

Control group
4,852

Excluded
4,134

Fig. 1. Flow chart.
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pital, or required more extracorporeal membrane oxygen-
ation, fentanyl, midazolam, dexmedetomidine, or propo-
fol. After 1:4 matching, the baseline subject characteristics
were well balanced between the 2 groups.

In the propensity score-matched groups, the overall 28-d
mortality and in-hospital mortality were 46% (151 of
330 subjects) and 62% (206 of 330 subjects), respectively.
Table 2 shows the 28-day mortality, in-hospital mortality,
and proportion of pneumothorax, as well as the relative
risks. There was no significant difference in 28-d mortality
(rocuronium vs control, 52% vs 44%, P � .31), in-hospital
mortality (68% vs 61%, P � .28), or the proportion of
pneumothorax (7.6% vs 3.4%, P � .23).

Discussion

We did not find any significant difference in 28-d mor-
tality, in-hospital mortality, or proportion of pneumotho-
rax between the continuous rocuronium infusion group
and the control group in subjects with exacerbation of IIPs
in our propensity score analysis using data from a nation-
wide database. To our knowledge, this study is the first to
examine the effects of continuous rocuronium infusion
during invasive mechanical ventilation in patients with
exacerbation of IIPs. In the study, subjects with exacerba-
tion of IIPs requiring mechanical ventilation had high mor-

Table 1. Baseline Characteristics of the Subjects in the Unmatched and Propensity Score-Matched Groups

Unmatched Groups Propensity-Score Matched Groups

Rocuronium Control
Standardized

Difference (%)
Rocuronium Control

Standardized
Difference (%)

Age, mean (SD) 68.6 (12.1) 74.5 (9.5) 5.4 70.0 (11.0) 70.7 (11.6) 5.5
Male, n (%) 59 (81) 3408 (70) 24.7 53 (80) 205 (78) 6.5
Body mass index, n (%)

� 18.5 kg/m2 9 (12) 541 (11) 3.7 7 (11) 27 (10) 1.2
18.5–24.9 kg/m2 35 (48) 2632 (54) 12.3 34 (51) 123 (47) 0.9
25–29.9 kg/m2 13 (18) 794 (16) 3.4 13 (20) 53 (20) 0.9
� 30 kg/m2 5 (6.8) 168 (3.5) 15.4 4 (6.1) 16 (6.1) 0
Missing 11 (15) 717 (15) 0.8 9 (14) 45 (17) 9.5

Charlson comorbidity index, n (%)
0 44 (60) 2460 (51) 18.4 39 (58) 144 (55) 6.1
1 7 (9.6) 591 (12) 8.0 7 (11) 34 (13) 7.1
2 15 (21) 1232 (25) 11.0 15 (23) 67 (25) 6.2
� 3 7 (9.6) 569 (12) 6.5 6 (9.1) 19 (7.2) 6.9

Japan Coma Scale score, n (%)
Alertness 53 (73) 3465 (71) 2.1 48 (71) 189 (72) 0.8
Dizziness 5 (6.8) 845 (17) 32.3 5 (7.6) 25 (9.5) 6.8
Somnolence 2 (2.7) 233 (4.8) 10.6 2 (3) 4 (1.5) 10.2
Coma 13 (18) 309 (6.4) 35.8 12 (18) 46 (17) 2.0

Smoking, n (%)
Nonsmoker 29 (40) 2152 (44) 9.2 28 (42) 117 (44) 3.8
Former or current smoker 26 (36) 1964 (44) 10.1 24 (36) 90 (34) 4.8
Unspecified 18 (25) 736 (15) 23.9 14 (21) 57 (22) 0.9

Academic hospital, n (%) 21 (29) 806 (17) 29.2 16 (24) 52 (20) 10.9
Underlying malignancy, n (%) 6 (8.2) 621 (13) 14.8 6 (9.1) 21 (8.0) 4.1
Sepsis, n (%) 4 (5.5) 186 (3.8) 8.0 3 (4.5) 11 (4.2) 1.8
Continuous renal replacement therapy, n (%) 1 (1.4) 75 (1.5) 1.9 0 (0) 0 (0) 0
Hemoadsorption, n (%) 4 (5.5) 109 (2.2) 15.6 4 (6.1) 12 (4.5) 6.7
Extracorporeal membrane oxygenation, n (%) 7 (9.6) 15 (0.3) 43.8 1 (1.5) 4 (1.5) 0
Pulse steroid, n (%) 23 (32) 1814 (37) 13.4 23 (35) 94 (36) 1.6
Sivelestat, n (%) 23 (32) 1141 (24) 17.4 18 (27) 88 (33) 13.2
Fentanyl, n (%) 31 (43) 871 (18) 54.8 25 (38) 101 (39) 1.6
Midazolam, n (%) 39 (53) 1437 (30) 49.5 37 (55) 138 (53) 3.8
Dexmedetomidine, n (%) 19 (26) 769 (16) 25.3 16 (24) 59 (22) 4.5
Propofol, n (%) 35 (48) 1040 (21) 57.6 29 (44) 122 (46) 3.8

In the unmatched groups, n � 73 subjects received rocuronium, whereas n � 4,852 subjects served as control. In the propensity-score matched groups, n � 66 subjects received rocuronium, whereas
n � 264 subjects served as control.

NEUROMUSCULAR BLOCKADE AND IDIOPATHIC INTERSTITIAL PNEUMONIA

4 RESPIRATORY CARE • ● ● VOL ● NO ●

RESPIRATORY CARE Paper in Press. Published on August 28, 2018 as DOI: 10.4187/respcare.06289 

Copyright (C) 2018 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited 
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE



tality. This finding is consistent with results from a pre-
vious study.15

A previous randomized control trial in subjects with
moderate to severe ARDS revealed that cisatracurium in-
fusion for a 48-h period improved 90-d adjusted mortal-
ity.5 In other randomized control trials, the use of cisatra-
curium had anti-inflammatory effects in subjects with
ARDS.16,17 A recent propensity score-matched analysis
showed that cisatracurium was not associated with a dif-
ference in mortality compared with vecuronium in sub-
jects at risk for and with ARDS.18 Taken together, it re-
mains unknown whether cisatracurium alone is associated
with decreased mortality, or whether aminosteroid NMBAs
such as vecuronium have identical effects to cisatracurium
in ARDS patients in terms of mortality reduction.

Our study revealed that continuous rocuronium infusion
was not associated with reductions in mortality in subjects
with exacerbation of IIPs. Furthermore, the results sug-
gested that continuous rocuronium infusion may not pre-
vent VILI, and there was no significant difference in oc-
currence of pneumothorax between subjects with and
without continuous rocuronium infusion. Occurrence of
pneumothorax can be regarded as an indicator of VILI.
Even if ventilator asynchrony occurs in patients with ex-
acerbation of IIPs, continuous rocuronium infusion may
not be useful for inhibiting VILI. Recent guidelines rec-
ommend maintaining a light, rather than deep, level of
sedation in ICU patients.19 However, deep sedation was
required during continuous rocuronium infusion. The ne-
cessity for deep sedation may have had an effect on the
insignificant association between continuous rocuronium
infusion and mortality.

The strength of our study was the relatively large num-
ber of subjects with IIPs. However, the study has several
limitations. First, it was a retrospective study. Unmeasured
confounders remained even after adjustment for measured
confounders by propensity score-matching analysis. Sec-
ond, the issue of how to identify interstitial lung disease
patients remains a matter of debate. In idiopathic pulmo-
nary fibrosis, exacerbation is defined as acute, clinically
important deterioration of unidentifiable cause in patients
with underlying idiopathic pulmonary fibrosis.20 The clin-
ical course of exacerbation in patients with idiopathic pul-
monary fibrosis may differ from that in patients with other

IIPs. However, we could not obtain detailed information
about preceding clinical conditions, as well as time since
diagnosis of underlying IIPs. In addition, we could not
control for the severity of previous exacerbation states,
such as pulmonary function test and 6-min walk test data.
Third, we could not obtain information on PaO2

/FIO2
ratios,

Acute Physiology and Chronic Health Evaluation scores,
and mechanical ventilation management such as ventilator
settings, fluid management, and other mechanical ventila-
tion strategies.

Conclusions

This study did not show a significant association be-
tween continuous rocuronium infusion and decreased mor-
tality in subjects with IIPs requiring mechanical ventila-
tion. Continuous rocuronium infusion may not be
recommended for these patients.
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