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BACKGROUND: Our Cooling to Help Injured Lungs (CHILL) trial of therapeutic hypothermia in
ARDS includes neuromuscular blockade (NMB) as an inclusion criterion to avoid shivering. NMB
has been used to facilitate mechanical ventilation in ARDS and was shown to reduce mortality in
the ACURASYS trial. To assess the feasibility of a multi-center CHILL trial, we conducted a survey
of academic intensivists about their NMB use in patients with ARDS. METHODS: We distributed
via email a 16-question survey about NMB use in patients with ARDS including frequency, indi-
cations, and dosing strategy. RESULTS: 212 (24.3%) of 871 respondents completed the survey:
94.7% were board-certified in internal medicine, 88% in pulmonary and critical care; 90.3%
practiced in academic medical centers, with 87% working in medical ICUs; 96.6% of respondents
who treat ARDS use NMB, and 39.7% use NMB in > 50% of these patients. Of 4 listed indications
for initiating NMB in ARDS, allowing adherence with lung-protective ventilator strategies and
patient–ventilator synchrony were cited as the most important reasons, followed by the results of
the ACURASYS trial and facilitating prone positioning. CONCLUSIONS: We conclude that NMB
is frequently used by academic intensivists to facilitate mechanical ventilation in patients with
moderate to severe ARDS. Key words: neuromuscular blockade; acute respiratory distress syndrome;
survey; intensivist; ACURASYS trial; lung-protective ventilation; mechanical ventilation. [Respir Care
2020;65(3):362–368. © 2020 Daedalus Enterprises]

Introduction

ARDS remains an important health problem with sub-
stantial mortality and morbidity.1-9 Despite advances in
understanding ARDS pathogenesis,10,11 only 3 interven-
tions have been shown to reduce mortality in phase 3
randomized controlled trials: low tidal-volume ventila-
tion,12 neuromuscular blockade (NMB),13 and prone posi-

tioning.14 Currently, mortality in moderate to severe ARDS
remains �40%.15,16 Based on studies in cell cultures, an-
imal models, and small clinical studies, we developed the
hypothesis that therapeutic hypothermia during the early
stage of ARDS would mitigate lung injury and improve
clinical outcome. However, cooling in critically ill patients
is complicated by shivering and its adverse metabolic con-
sequences,17 which invariably requires pharmacologic sup-
pression, including NMB. Thus, a randomized controlled
trial of therapeutic hypothermia versus usual temperature
management in subjects with ARDS would be confounded
by an unavoidable imbalance in rates of shivering and
anti-shivering drug use between the therapeutic hypother-
mia and control arms. We sought to avoid this pitfall by
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exploiting the increased clinical use of NMB in patients
with moderate to severe ARDS and testing the potential
benefit of therapeutic hypothermia in patients with ARDS
who were already receiving NMB. Our Cooling to Help
Injured Lungs (CHILL) pilot study supported the feasibil-
ity of this strategy.18

However, successful completion of such a clinical trial
depends on the continued practice of using NMB to man-
age patients with ARDS. Although NMB has been used as
ancillary therapy to facilitate mechanical ventilation for
the past 4 decades,19 there is little data available about the
current patterns of NMB administration in patients with
ARDS; specifically, the frequency of NMB use in patients
with ARDS, the duration of administration, and the clin-
ical reasoning for its use. The ACURASYS trial,13 pub-
lished in 2010, was the first (and is currently the only)
phase 3 randomized controlled trial to show a survival
benefit of early NMB administration in moderate to severe
ARDS. In this trial, subjects who were randomized to 48 h
of NMB with a fixed dose of cisatracurium had a hazard
ratio for death of 0.68 (P � .04) compared to the control
arm after adjusting for baseline PaO2

/FIO2
and no increase

in risk of serious adverse events, including myopathy. How-
ever, NMB has been used for the past 3 decades as adju-
vant therapy to manage respiratory failure,20 including in
25–55% of subjects with ARDS in clinical trials published
before 2010.21-24 Several limitations of the ACURASYS
trial have been identified, including its failure to find a
difference in crude mortality rate, the use of low levels of
PEEP, and the fact that ACURASYS13 and the 2 smaller
trials on which it was based were all conducted by the
same research group.25 To resolve these issues, the Na-
tional Heart, Lung, and Blood Institute’s PETAL network
conducted the ROSE trial,26 which sought to confirm the
results of ACURASYS.13 In light of our ongoing studies
of therapeutic hypothermia in ARDS, we sought to under-
stand the current patterns of NMB use in patients with
ARDS and to predict the potential impact of the ROSE
trial26 on the feasibility of a larger, multi-center, random-
ized clinical trial of therapeutic hypothermia in subjects
with ARDS receiving NMB.

We performed a cross-sectional, web-based survey of
academic intensivists about their patterns of NMB use in
patients with ARDS, including frequency of use, duration
of administration, dosing and monitoring, and importantly
the clinical reasoning behind their decisions to use NMB
in ARDS patients.

Methods

Survey Design

The survey was developed based on the CHERRIES
checklist by a survey writing team of 2 pulmonary and

critical care medicine faculty members (CBS, JDH), 3 pul-
monary and critical care medicine fellows (NND, ARD,
DEA), and an internal medicine resident (MR), all from
the University of Maryland.27 The aims of the survey were
to determine the frequency of NMB use in patients with
ARDS, the duration of NMB administration in such pa-
tients, the method for dosing and monitoring NMB drugs,
and the clinical reasoning behind the decision to use NMB
in patients with moderate to severe ARDS. Based on the
inclusion criteria used in the ACURASYS13 and ROSE
trials,26 moderate to severe ARDS in the survey was de-
fined as PaO2

/FIO2
� 150 mm Hg, along with other Berlin

criteria. The survey was approved by the University of
Maryland School of Medicine Institutional Review Board.

The survey writing team generated an initial 16-ques-
tion survey that included 6 demographic questions, 3 ques-
tions about whether the respondent managed patients with
ARDS and whether they used NMB in their management
of such patients, and 7 questions describing their pattern of
NMB use in patients with ARDS (see the supplementary
materials at http://www.rcjournal.com). All questions in-
cluded “Refuse to answer” and “Don’t know” as options.
Only a single answer was permitted per question. A write-in
option was allowed for the 2 questions describing the re-
spondents’ training. The respondents were not required to
fill in an answer to proceed, with the exception that access
to the final 7 questions was conditional on answering “Yes”

QUICK LOOK

Current knowledge

Available observational studies and small surveys sug-
gest that neuromuscular blockade (NMB) is commonly
used to treat patients with ARDS. The ACURASYS trial
demonstrated improved adjusted 90-day survival in pa-
tients with ARDS who received a fixed NMB, but NMB
has been used prior to publication of the ACURASYS
results to facilitate mechanical ventilation.

What this paper contributes to our knowledge

Our web-based survey, completed by participants at
48 academic institutions, showed that a very high pro-
portion of academic intensivists who treat patients with
moderate to severe ARDS frequently use NMB in their
management. The most important consideration in ini-
tiating NMB in patients with ARDS is facilitating lung-
protective mechanical ventilation and maintaining pa-
tient–ventilatory synchrony. The vast majority of
intensivists who use NMB in patients with ARDS ad-
just the dose based on patient response to nerve stim-
ulation or patient-ventilator synchrony, rather than ad-
ministering a fixed dose.
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to questions 8 and 9 about using NMB in patients with
ARDS. The final survey questionnaire incorporated
changes suggested by a statistician with expertise in sur-
vey questionnaire development (CCQ) and by 10 inten-
sivists at the University of Maryland who trialed the sur-
vey. In 4 successive questions using the same general
wording, the respondents were asked about the degree of
importance they placed on each of 4 reasons to use
NMB in patients with moderate to severe ARDS: (1)
promoting synchrony with the mechanical ventilator,
(2) allowing compliance with ARDSNet mechanical ven-
tilation guidelines, (3) facilitating prone positioning, and
(4) the ACURASYS trial.13 The survey was distributed
via email with the Qualtrics Survey platform (Qualtrics
International, Provo, Utah).

Survey Subjects

We identified academic critical care practices within the
United States that had a Fellowship in Pulmonary and
Critical Care Medicine accredited by the Accreditation
Council for Graduate Medical Education to participate in
a cross-sectional survey regarding the use of NMB in mod-
erate to severe ARDS. Institutions participating in the
PETAL network were excluded. We identified critical care
practitioners either from the program website or by con-
tacting the program administrative office. The survey was
sent to 870 intensivists at 53 programs within the United
States, 51 of which were university-based and 2 of which
were large, community-based health systems.

Survey Administration

The survey was deployed on September 12, 2018, fol-
lowed by 3 reminder emails automatically sent by the
Qualtrics Survey platform at 1-week intervals for nonre-
sponders. Participation in the survey was voluntary, and
no incentives were offered. All data were collected with
the Qualtrics platform and downloaded as a spreadsheet.
Emails contained a link to the online survey, and each
recipient received a unique identifier to prevent multiple
submissions.

Statistical Methods

The sum of total answers for subsets of patients may not
equal the number of answers for all patients if the question
used to describe subsets includes blank answers. To de-
termine the rank order of importance placed on each of the
4 potential reasons to initiate NMB in ARDS patients, we
calculated a numerical score for each of the 4 indications
based on assigned numerical values for each answer: 0 for
not at all important, refused to answer, or don’t know; 1
for slightly important; 2 for moderately important; 3 for

very important; and 4 for extremely important. Differences
in patterns of answers between questions and between sub-
groups of respondents were analyzed by Chi-square, with
P � .05 considered significant. Fields that were left blank
were not included in the analysis.

Results

Of the 870 intensivists who were emailed an invitation
to complete the survey, 33 invitations bounced back (i.e.,
undeliverable), 231 individuals (27.2% of delivered emails)
started the survey, and 212 individuals (25.3%) completed
the survey, representing 48 of the 53 institutions included.
Of the 212 respondents who completed the survey, 108 re-
sponded to the initial email, 65 responded after the first
reminder, 34 after the second reminder, and 5 after the
third reminder. A total of 199 of 210 (94.8%) respondents
were board-certified in internal medicine, 183 of 208 (88%)
practiced pulmonary and critical care, 5 of 183 (2.4%)
practiced critical care combined with another subspe-
cialty, and 20 of 183 (9.6%) practiced critical care alone
(Table 1). A total of 187 of 207 (90.3%) respondents prac-
ticed predominantly in an academic medical center,
13 (6.3%) practiced in a Veterans Affairs medical center,
5 (2.4%) practiced in a large community hospital, and
2 (1%) practiced in a small community hospital. A total of
181 of 208 (87%) respondents practiced predominantly in
a medical ICU, and 27 (13%) practiced in a medical-
surgical ICU. Years in practice were evenly distributed
with 66 (31.8%) having 0–5 y intensive care practice ex-
perience, 56 (26.9%) having 6–10 y 41 (19.7%) having
11–19 y and 45 (21.6%) having � 20 y 136 of 208 (65.4%)
of the respondents worked at least 9 weeks per year in an
ICU. Of the 209 respondents who answered, 206 (98.6%)
confirmed that they care for patients with moderate to
severe ARDS, and 127 of 190 (66.8%) care for � 11 such
patients per year. Of the 206 intensivists who care for patients
with moderate to severe ARDS, 198 of 205 answering the
question (96.1%) use NMB agents in these patients, and
75 (39.7%) use NMB in � 50% of these patients (Table 2).
Of the 198 respondents who use NMB in patients with ARDS,
177 (89.4%) answered all questions in the survey. Four of the
respondents who answered “Yes” to questions about caring
for patients with moderate to severe ARDS and using NMB
failed to answer any subsequent survey questions and were
not included in the analysis.

Of the respondents who use NMB to manage patients
with ARDS, 143 of 191 (74.9%) usually administer NMB
agents for 25–48 h and 27 (14.1%) respondents for � 48 h.
The rank order of reported importance of the 4 potential
indications for using NMB in ARDS patients was (1) al-
lowing compliance with ARDSNet mechanical ventilation
guidelines (mean numerical score 3.43); (2) promoting
patient-ventilator synchrony (mean numerical score 2.99);
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(3) the ACURASYS trial results (mean numerical
score 2.69); (4) facilitating prone positioning (mean nu-
merical score 2.41) (P � .001) (Table 3). There was no
difference in the distribution of answers about the reasons
for initiating NMB in patients with ARDS between sub-
groups of respondents based on years of critical care ex-
perience, numbers of patients with ARDS cared for per
year, or type of practice site, and no regional differences in
the frequency or duration of NMB use (see the supple-
mentary materials at http://www.rcjournal.com). In the ab-
sence of information about the individuals who did not
respond to this survey, we estimated the nonresponder bias
by utilizing the late responders as a surrogate for nonre-
sponders as suggested by Lin and Schaeffer.28 Comparing
the survey answers of the early responders, defined as
those who completed the survey within one week of the
initial email, and late responders showed no difference
between the groups in the level and type of training, ARDS
practice patterns, NMB utilization, and distribution of an-
swers regarding reasons for using NMB in patients with

ARDS (see the supplementary materials at http://www.
rcjournal.com).

Of the 198 respondents who use NMB in their manage-
ment of patients with ARDS, 132 (68%) titrate NMB agents
using train-of-four monitoring, 41 (21.1%) titrate to clin-
ical effect, and 19 (9.9%) use a fixed dose.

Discussion

The goal of this study was to understand current pat-
terns of NMB utilization by academic intensivists in pa-
tients with ARDS (PaO2

/FIO2
� 150 mm Hg) with respect

to frequency of use, duration of administration, reasons for
initiating, and method of dosing. The data will be used to
assess study feasibility and help design a multi-center ran-
domized controlled trial of therapeutic hypothermia in
subjects with moderate to severe ARDS who are being
managed with NMB. Because we plan to conduct the multi-
center trial of therapeutic hypothermia in ARDS in aca-

Table 1. Respondent Training and Practice

Number of
Responses (%)

Primary specialty 210 (100)
Internal medicine 199 (94.7)
Neurology 1 (0.5)
Emergency medicine 2 (1.0)
Medicine/Pediatrics 1 (0.5)
Medicine/Emergency medicine 2 (1.0)
Other 5 (2.3)

Type of critical care practice 208 (100)
Pulmonary and critical care 183 (88)
Critical care with another subspecialty 5 (2.4)
Critical care alone 20 (9.6)

Years practicing critical care 208 (100)
0–5 66 (31.8)
6–10 56 (26.9)
11–19 41 (19.7)
� 20 45 (21.6)

Type of primary practice site 207 (100)
Academic medical center 187 (90.3)
Large community hospital (� 250 beds) 5 (2.4)
Small community hospital 2 (1.0)
Veterans Affairs medical center 13 (6.3)

Type of primary ICU site 208 (100)
Medical ICU 181 (87)
Medical/Surgical ICU 27 (13)

Weeks per year in ICU 208 (100)
0–4 19 (9.1)
5–8 53 (25.5)
9–12 88 (42.3)
13–24 42 (20.2)
� 25 6 (2.9)

Table 2. ARDS Practice and NMB Utilization

Number of
Responses (%)

Manage patients with ARDS 209 (100)
Yes 206 (98.6)
No 3 (1.4)

Use NMB for ARDS 205 (100)
Yes 198 (96.6)
No 7 (3.4)

ARDS patients per year, n 190 (100)
0–5 9 (4.7)
6–10 54 (28.4)
11–14 60 (31.6)
� 15 67 (35.3)

% ARDS patients treated with NMB 189 (100)
0–15 20 (10.6)
16–25 32 (16.9)
26–35 30 (15.9)
36–49 32 (16.9)
� 50 75 (39.7)

Usual duration of NMB infusion in ARDS, h 191 (100)
0–12 2 (1.0)
13–24 19 (10)
25–48 143 (74.9)
� 48 27 (14.1)

Usual method of NMB dosing 194 (100)
Fixed dose 10 (5.2)
Fixed dose base on body weight 9 (4.7)
Titrate to mechanical ventilation goals 41 (21.1)
Titrate based on train-of-four monitoring 132 (68)
Refused to answer 2 (1.0)

ARDS was defined as PaO2/FIO2 � 150 mm Hg, along with other Berlin criteria.
NMB � neuromuscular blockade
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demic medical centers, we focused the survey of NMB use
in patients with ARDS in this setting. While 90% of re-
spondents practiced predominantly in academic medical
centers, the answers from the 10% of respondents who
practice in Veterans Administration medical centers or com-
munity hospitals were similar to those who practice in
academic centers. The high proportion of internal medi-
cine and pulmonary critical care board-certified physicians
among the respondents reflected our strategy of targeting
critical care practices associated with accredited pulmo-
nary/critical care programs, but we note that the answers
from the 13% of respondents who predominantly practice
in medical/surgical ICUs were similar to those who pre-
dominantly practice in medical ICUs.

The results of the survey provide clear answers about
how NMB agents are used in patients with ARDS. A very
high proportion (96.6%) of intensivists who treat patients
with moderate to severe ARDS use NMB, and almost 40%
of these respondents use NMB in more than half their
patients with moderate to severe ARDS. These results are
in line with other recent surveys. The LUNG SAFE study,
a prospective study of 459 ICUs in 50 countries conducted
in the winter of 2014, found that 37.8% of subjects with
severe ARDS (PaO2

/FIO2
� 100 mm Hg) received NMB as

part of their management.29 In an observational study of
ARDS management in 23 Canadian and one Saudi Ara-
bian hospital, NMB was used in 42% of 664 subjects with
ARDS defined as PaO2

/FIO2
� 200 mm Hg and in 63% of

subjects with ARDS defined as PaO2
/FIO2

� 100 mm Hg.30

A survey of ICU physicians, fellows, nurse practitioners,
physician assistants, respiratory therapists, and pharma-
cists in 5 academic medical centers about their perceptions
of NMB safety and efficacy in ARDS revealed that 36% of
respondents would use continuously infused NMB in pa-
tients with ARDS (PaO2

/FIO2
�100 mm Hg).31

In our survey, almost three quarters of the intensivists
who use NMB in treating patietns with moderate to severe
ARDS usually administer NMB for 25–48 h, and another
14.1% usually administer NMB for �48 h. These results
are in agreement with other recent surveys. Duan et al30

found that subjects with ARDS treated with NMB received
the agents for a median of 3 days. Alhurani et al32 found
that half of the intensivists surveyed about treating refrac-
tory hypoxemia administer NMB for 24–48 h and 19.7%
administer NMB for �48 h.

Because the results of the ROSE trial,26 which sought to
confirm the results of the ACURASYS trial,13 were ex-
pected to be published during our planned trial of thera-
peutic hypothermia in ARDS, we sought to understand the
relative importance of the original ACURASYS trial13 re-
sults in the decision to initiate NMB treatment in ARDS
patients. We included 4 identically-worded questions ask-
ing the respondents to grade the importance they placed on
each of 4 potential justifications for starting NMB in pa-
tients with moderate to severe ARDS. Based on a mean
weighted score, the most important indication for initiating
NMB in patients with moderate to severe ARDS was to
allow compliance with ARDSNet mechanical ventilation
guidelines, followed by promoting synchrony with me-
chanical ventilation; the results of the ACURASYS trial
ranked third, and facilitating prone positioning fourth of
the 4 possible justifications. A subgroup analysis showed
no difference in the distribution of answers about NMB
justifications across subgroups based on years of critical
care experience, the number of patients with moderate to
severe ARDS cared for per year, or the type of institution
or ICU in which they practiced. The importance placed on
facilitating mechanical ventilation is consistent with the es-
tablished effectiveness of NMB agents as ancillary therapy to
facilitate effective mechanical ventilation in ARDS19 and the

Table 3. Relative Importance of Reasons to Initiate NMB in Patients With ARDS

Degree of Importance
Number (%) of Each Answer About Reasons to Initiate NMB

Patient-Ventilator Synchrony Meet ARDSNet Guidelines Facilitate Proning Results of ACURASYS

Extremely 63 (32.5) 115 (59.3) 43 (22.2) 40 (20.6)
Very 83 (42.8) 54 (27.8) 54 (27.8) 83 (42.8)
Moderately 34 (17.5) 19 (9.8) 51 (26.3) 41 (21.1)
Slightly 12 (6.2) 5 (2.6) 32 (16.5) 17 (8.8)
Not at all 1 (0.5) 1 (0.5) 12 (6.2) 1 (0.5)
Left blank 1 (0.5) 0 (0) 2 (1.0) 12 (6.2)
Total 194 194 194 194
Mean score* 2.99 3.43 2.41 2.69†

ARDS was defined as PaO2/FIO2 � 150 mm Hg, along with other Berlin criteria.
* Based on value of 4 for extremely, 3 for very, 2 for moderately, 1 for slightly, and 0 for not at all or left blank.
† Pattern of answers is different among the 4 questions.
P � .001.
NMB � neuromuscular blockade
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adoption of ARDSNet mechanical ventilator guidelines.12

However, to our knowledge, this is the first survey to address
the relative importance of physiological and clinical consid-
erations and the ACURASYS trial13 results in the decision to
initiate NMB use in ARDS. Furthermore, the low pro-
portion of respondents who used a fixed NMB-dosing
strategy, as was used in the ACURASYS trial and the
ROSE trial,26 is consistent with the lesser importance
placed on the ACURASYS trial results than on the ef-
fectiveness of these agents in facilitating mechanical ven-
tilation.

There are several, largely unavoidable limitations of this
study. Our analysis is based on responses to a survey
rather than on prospective observation. Because the survey
is heavily weighted toward internists practicing critical
care medicine in combination with pulmonary medicine in
academic medical ICUs, the results may not be generaliz-
able to all other types of intensivist practice. The response
rate of 27.2% of delivered email invitations is low by
historical standards,33 but it is within the range of response
rates for external, online physician surveys.34-36 We esti-
mated potential nonresponder bias based on the continuum
of resistance model described by Lin and Schaeffer28 and
found no difference in the pattern of survey responses
between early and late responders. The results of this anal-
ysis reduces but does not eliminate the possibility of sig-
nificant nonresponder bias.

Nevertheless, we believe that the results of this survey
show that intensivists frequently use NMB to manage pa-
tients with moderate to severe ARDS and do so predomi-
nantly to optimize mechanical ventilation. The lesser impor-
tance placed on the ACURASYS trial results in deciding to
initiate NMB in patients with ARDS supported the feasibility
of our planned study of therapeutic hypothermia in patients
with ARDS who were receiving NMB as part of their clinical
management irregardless of the results of the ROSE trial.
Since completion of this paper, the results of the ROSE trial
have been published37 and showed neither harm nor benefit
of NMB for 48h in patients with moderate to severe ARDS.

Conclusions

We conclude that NMB is frequently used by academic
intensivists in patients with moderate to severe ARDS. The
most important consideration in deciding to use NMB in such
patients is to facilitate lung-protective mechanical ventilation
and prevent patient-ventilator asynchrony. Most intensivists
adjust the dose of NMB agent based on monitoring response
to neural stimulation or achieving ventilator synchrony.
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