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Early Neuromuscular Blockade in the Acute Respiratory Distress
Syndrome

The National Heart, Lung, and Blood Institute PETAL Clinical Trials Network*

Abstract

BACKGROUND—The benefits of early continuous neuromuscular blockade in patients with
acute respiratory distress syndrome (ARDS) who are receiving mechanical ventilation remain
unclear.

METHODS—We randomly assigned patients with moderate-to-severe ARDS (defined by a ratio
of the partial pressure of arterial oxygen to the fraction of inspired oxygen of <150 mm Hg with a
positive end-expiratory pressure [PEEP] of =8 cm of water) to a 48-hour continuous infusion of
cisatracurium with concomitant deep sedation (intervention group) or to a usual-care approach
without routine neuromuscular blockade and with lighter sedation targets (control group). The
same mechanical-ventilation strategies were used in both groups, including a strategy involving a
high PEEP. The primary end point was in-hospital death from any cause at 90 days.

RESULTS—The trial was stopped at the second interim analysis for futility. We enrolled 1006
patients early after the onset of moderate-to-severe ARDS (median, 7.6 hours after onset). During
the first 48 hours after randomization, 488 of the 501 patients (97.4%) in the intervention group
started a continuous infusion of cisatracurium (median duration of infusion, 47.8 hours; median
dose, 1807 mg), and 86 of the 505 patients (17.0%) in the control group received a neuromuscular
blocking agent (median dose, 38 mg). At 90 days, 213 patients (42.5%) in the intervention group
and 216 (42.8%) in the control group had died before hospital discharge (between-group
difference, —0.3 percentage points; 95% confidence interval, —6.4 to 5.9; P = 0.93). While in the
hospital, patients in the intervention group were less physically active and had more adverse
cardiovascular events than patients in the control group. There were no consistent between-group
differences in end points assessed at 3, 6, and 12 months.

CONCLUSIONS—Among patients with moderate-to-severe ARDS who were treated with a
strategy involving a high PEEP, there was no significant difference in mortality at 90 days between
patients who received an early and continuous cisatracurium infusion and those who were treated
with a usual-care approach with lighter sedation targets. (Funded by the National Heart, Lung, and
Blood Institute; ROSE Clinical Trials.gov number, .)

*A full list of the investigators in the Reevaluation of Systemic Early Neuromuscular Blockade (ROSE) trial and the Prevention and
Early Treatment of Acute Lung Injury (PETAL) network is provided in the Supplementary Appendix, available at NEJM.org.
Address reprint requests to Dr. Angus at the University of Pittsburgh, 3550 Terrace St., Pittsburgh, PA 15261, or at
angusdc@upmc.edu.

This work does not necessarily represent the views of the Department of Veterans Affairs.

A data sharing statement provided by the authors is available with the full text of this article at NEJM.org.
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THE ACUTE RESPIRATORY DISTRESS SYN-drome (ARDS) is an inflammatory form of
lung injury that results in respiratory failure with hypoxemia, decreased lung compliance,
and bilateral alveolar opacities on chest imaging.® It is well established that the approaches
used for the application of mechanical ventilation in patients with ARDS can affect survival
and outcomes after discharge from the intensive care unit (ICU). For example,
neuromuscular blockade reduces patient—ventilator dyssynchrony, the work of breathing, and
the accumulation of alveolar fluid; patients with ARDS could benefit from these outcomes.2
However, prolonged administration of neuromuscular blocking agents is associated with
subsequent neuromuscular weakness.3# The largest multicenter trial to date (the ARDS et
Curarisation Systematique [ACURASYS] trial)® was conducted a decade ago, and ICU
practices have changed since then. The investigators of that trial reported that the early
administration of a 48-hour infusion of neuromuscular blockade in patients with moderate-
to-severe ARDS (defined by a ratio of the partial pressure of arterial oxygen [Pao,] to the
fraction of inspired oxygen [Fiop] of <150 mm Hg with a positive end-expiratory pressure
[PEEP] of =5 cm of water) resulted in lower mortality than a strategy of deep sedation
without routine neuromuscular blockade.® Despite these encouraging results, early
neuromuscular blockade is not widely adopted and is only weakly recommended in current
guidelines.5- Potential concerns include the lack of research comparing neuromuscular
blockade and deep sedation with current practice (which promotes lighter sedation
targets®10-12) as well as limited data on the effect of neuromuscular blockade on
neuromuscular function and other long-term outcomes.213 In addition, neuromuscular
blockade requires deep sedation, which itself can result in negative outcomes.8:12.14

The Prevention and Early Treatment of Acute Lung Injury (PETAL) Clinical Trials Network
of the National Heart, Lung, and Blood Institute (NHLBI) conducted the Reevaluation of
Systemic Early Neuromuscular Blockade (ROSE) trial — a multicenter, unblinded,
randomized trial of patients with moderate-to-severe ARDS — to determine the efficacy and
safety of early neuromuscular blockade with concomitant heavy sedation as compared with a
strategy of usual care with lighter sedation targets. We hypothe sized that the use of early
neuromuscular blockade would result in lower all-cause in-hospital mortality at 90 days than
usual care.

METHODS

TRIAL DESIGN AND OVERSIGHT

We designed the ROSE trial to be consistent with certain elements of the ACURASYS trial.
515 Similarities included the use of the same neuromuscular blocking agent (cisatracurium)
with the same dosing regimen and duration of treatment. A key difference was our use of
lighter sedation targets in the control group to be consistent with current practice
recommendations.®8:9 To minimize potentially confounding differences in the use of
cointerventions, we specified the approach to mechanical ventilation in the protocol,
including the use of a strategy involving a high PEEP, and we recommended the use of a
conservative fluid strategy.16-18 To capture potential differences in late sequelae, assessors
who were unaware of the group assignment interviewed surviving patients or their proxies at
3, 6, and 12 months after randomization. We published the protocol and submitted the
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statistical analysis plan (available with the full text of this article at NEJM.org) to the
NHLBI before data analysis.1® A central institutional review board and a data and safety
monitoring board appointed by the NHLBI provided oversight. Our coordinating center
gathered and analyzed the data, and the protocol committee wrote the first draft of the
manuscript. We vouch for the accuracy and completeness of the data and for the fidelity of
the trial to the protocol. We obtained written informed consent from representatives of all
patients.

We enrolled patients who were undergoing mechanical ventilation through an endotracheal
tube and had the following criteria present for less than 48 hours: Pao,:Fio, of less than 150
mm Hg with a PEEP of 8 cm or more of water; bilateral pulmonary opacities on chest
radiography or on computed tomography that could not be explained by effusions,
pulmonary collapse, or nodules; and respiratory failure that could not be explained by
cardiac failure or fluid overload. If results of arterial blood gas analysis were unavailable, the
Pao, was inferred from the oxygen saturation as measured by pulse oximetry (Spo,) and was
used to estimate the Pao,: Fio, at a PEEP of 8 cm or more of water.1920 A full list of
exclusion criteria is provided in the Supplementary Methods section in the Supplementary
Appendix, available at NEJM.org.

RANDOMIZATION AND TREATMENTS

We randomly assigned patients in a 1:1 ratio to receive 48 hours of continuous
neuromuscular blockade with concomitant deep sedation (intervention group) or to receive
usual care without routine neuromuscular blockade and with lighter sedation targets (control
group). Patients in the intervention group who were not under deep sedation at baseline were
deeply sedated within 4 hours after randomization. Subsequently, patients in this group
received an intravenous bolus of 15 mg of cisatracurium, followed by a continuous infusion
of 37.5 mg per hour for 48 hours. Although treatment was not administered in a blinded
manner, we chose not to adjust the dose of the neuromuscular blocking agent according to
peripheral nerve stimulation both to replicate the dosing regimen used in the ACURASYS
trial and to facilitate adherence to the trial protocol. Neuromuscular blockade could be
stopped early if the patient met the criteria for freedom from mechanical ventilation (Fio,
<0.40 and PEEP <8 cm of water) for at least 12 hours. We recommended the use of light
sedation in the control group. Light sedation was defined by a score on the Richmond
Agitation—-Sedation Scale of 0 or —1 (scores range from 4 [combative] to =5 [unresponsive],
with a score of 0 indicating that the patient is alert and calm), a score on the Riker Sedation—
Agitation Scale of 3 or 4 (scores range from 1 [unresponsive] to 7 [dangerous agitation],
with a score of 4 indicating that the patient is calm and cooperative), or a score on the
Ramsay Sedation Scale of 2 or 3 (scores range from 1 [anxious, restless] to 6
[unresponsive], with a score of 2 indicating that the patient is cooperative and oriented).21-23

COMMON TRIAL PROCEDURES

All patients were treated with a strategy of low tidal volume ventilation within 2 hours after
randomization and a high PEEP strategy for up to 5 days after randomization.16:24.25 We
allowed a lower PEEP if the clinician suspected that a higher PEEP worsened oxygenation,
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hypotension, high plateau pressures (>30 cm of water), or acidemia (pH <7.15) despite tidal-
volume reductions, fluid boluses, or increases in respiratory rate. Lower PEEP was also
permitted if a pneumothorax developed or if the patient was at high risk for barotrauma. The
use of prone positioning was at the discretion of the clinician, though we recommended that
clinicians wait at least 12 hours after the onset of ARDS, as suggested by current evidence,28
and avoid the automatic use of neuromuscular blockade. We allowed an open-label
intravenous bolus injection of 20 mg of cisatracurium in both groups if patients met
prespecified criteria (see the Additional Methods section in the Supplementary Appendix).
After the 48-hour trial intervention period, decisions regarding further use of neuromuscular
blockade, including the choice of agent, were left to the discretion of the treating clinician.
To facilitate comparison, we report all neuromuscular blockade use as the equivalent
cisatracurium dose.2’

END POINTS

The primary end point was in-hospital death from any cause at 90 days (in-hospital was
defined as the time in the trial hospital plus transfer to another hospital, including the time in
long-term acute care facilities). Secondary end points were organ dysfunction (as assessed
on the basis of the Sequential Organ Failure [SOFA] score?8; scores range from 0 to 4 for
each of six organ systems, with higher scores indicating more severe organ dysfunction), in-
hospital death at day 28, days free of organ dysfunction, days not in the ICU, days free of
mechanical ventilation, and days not in the hospital at day 28. End points assessed at 3, 6,
and 12 months were survival, disability, health-related quality of life, patient-reported health,
pain interference, symptoms resembling those of post-traumatic stress, cognitive function,
and return to work.2%-33 Safety end points included recall of paralysis (assessed with the
modified Brice questionnaire), ICU-acquired weakness up to day 28 (assessed with the
Medical Research Council scale, which includes scores for muscle strength in 6 muscle
groups on each side of the body, for a total of 12 muscle groups; the score for each muscle
group can range from 0 [no movement observed] to 5 [the muscle contracts normally against
full resistance], with the overall score ranging from 0 to 60), limitations on physical activity
(assessed with the ICU Mobility Scale; scores range from 0 [no movement] to 10 [walking
without aid]), new-onset atrial fibrillation or supraventricular tachycardia, barotrauma, and
investigator-reported adverse events.34-38 We could not ensure that the in-hospital assessors
of end points were unaware of treatment group, but all postdischarge end points were
assessed by trial personnel who were unaware of the group assignment.

STATISTICAL ANALYSIS

Under the assumption that 27% of patients in the intervention group and 35% in the control
group would die, we calculated that 1408 patients would need to be enrolled to provide the
trial with 90% power to reject the null hypothesis of no difference between the groups in
treatment effect, at a two-sided alpha level of 0.05.525:39 The trial was designed to be
stopped if superiority of either group was established using symmetric group sequential
flexible stopping boundaries, with no stopping rule for futility.40 We compared the primary
end point between groups with the use of a Wald test for the difference of two proportions.
We performed pre-specified analyses according to severity of ARDS (Pao,: Fiop <120 mm
Hg or 2120 mm Hg) and duration of ARDS (a duration less than or greater than the median
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time from meeting inclusion criteria to randomization) as well as for the potential effect of
excluding patients who had previously received neuromuscular blockade (hospitals were
divided into terciles on the basis of their exclusion rate of patients who had previously
received neuromuscular blockade). We also tested for interactions between treatment group
and sex, race, and ethnic group. All treatment-by-subgroup interactions were analyzed on
the risk difference scale with the use of a generalized linear model with a binomial
distribution function and an identity link function. Secondary end points are reported with
observed differences and 95% confidence intervals. Adverse events were compared between
groups, with the event the unit of analysis and with the use of weighted Poisson regression;
nonserious events were weighted by 1 and serious events were weighted by 2. Mortality at
90 days and at 1 year was compared between the groups with the use of a z-test, which was
based on the point estimates and standard errors of the within-group non-parametric interval-
censored survival functions. All analyses were performed according to the intention-to-treat
principle, without adjustment for multiple comparisons. Two-sided P values of less than 0.05
were considered to indicate statistical significance. Analyses were performed with SAS
software, version 9.4 (SAS Institute).

RESULTS

PATIENTS

From January 2016 through April 2018, we screened 4848 patients at 48 hospitals across the
United States, and 1006 patients were included in the primary analysis (Fig. 1). After the
second interim analysis, the decision to stop the trial for futility was made independently by
the data and safety monitoring board; the decision was endorsed by the NHLBI and accepted
by the PETAL steering committee. The most common reason for exclusion was
improvement in the Pao,: Fio, before enroliment (658 patients). The most common reason
for exclusion after screening was the previous receipt of neuromuscular blockade (655
patients). Of the patients who were enrolled, 501 were randomly assigned to the intervention
group, and 505 to the control group. Baseline characteristics were similar in the two groups
(Table 1, and Table S1 in the Supplementary Appendix). Patients were enrolled a median of
7.6 hours (interquartile range, 3.7 to 15.6) after diagnosis of moderate-to-severe ARDS;
9.3% of the patients (94 patients) were enrolled with a qualifying Spo,: Fio, (Table S2 in the
Supplementary Appendix).

NEUROMUSCULAR BLOCKADE, SEDATION, AND OTHER CARE PROCESSES

In the intervention group, 488 patients (97.4%) received a cisatracurium infusion, beginning
a mean (£SD) of 1.9+1.4 hours after randomization. The median duration of cisatracurium
administration over the 48-hour intervention period was 47.8 hours (interquartile range, 43.8
to 48.0), and the median cumulative dose was 1807 mg (interquartile range, 1706 to 1815).
Overall, the cisatracurium infusion was stopped early in 74 patients (14.8%) because of
clinical improvement. In the control group, 86 patients (17.0%) received a neuromuscular
blocking agent during the first 48 hours at a median cisatracurium (or equivalent) dose of 38
mg (interquartile range, 14 to 200). Additional details on the dosing of neuromuscular
blocking agents are provided in Table S3 in the Supplementary Appendix. Patients in the
intervention group were under deeper sedation than patients in the control group both during
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the 48-hour intervention period and on the third trial day (Fig. 2). During the first 24 hours,
patients in the intervention group had lower PEEP requirements than patients in the control
group (between-group difference, —0.9 cm of water; 95% confidence interval [CI], —-1.5 to
-0.4). During the first and second 24-hour periods, patients in the intervention group also
had lower minute ventilation (the between-group difference on day 1 was —0.7 liters per
minute [95% CI, —1.1 to —0.2], and on day 2, —0.8 liters per minute [95% CI, —1.2 to —0.4]),
lower Fio, requirements (the between-group difference on both day 1 and day 2 was —0.04
[95% CI, —0.06 to —0.02]), and higher driving pressures (the between-group difference on
day 1 was 0.7 cm of water [95% ClI, 0.0 to 1.3], and on day 2, 0.8 cm of water [95% ClI, 0.1
to —1.5]). However, there were no between-group differences in the Pao,: Fio, from day 1
through day 7. Improvement in oxygenation was similar among patients who were enrolled
early and those who were enrolled late after the onset of ARDS. From day 1 through day 7,
there was good adherence to the protocol with respect to PEEP and Fio, recommendations,
and adherence to recommended ventilation guidelines ranged from 80.1 to 87.5% with
respect to low tidal volume ventilation (<6.5 ml per kilogram of predicted body weight) and
85.6 to 90.8% with respect to low plateau pressures (<30 cm of water). The median daily
fluid balance was 327 ml (interquartile range, =951 to 1456) on day 2 and —242 ml
(interquartile range, —1432 to 728) on day 3, and there were no differences between trial
groups. Additional details are provided in Figure S1 and Tables S4 through S8 in the
Supplementary Appendix.

PRIMARY END POINT

At 90 days, in-hospital death from any cause occurred in 213 patients (42.5%) in the
intervention group and in 216 patients (42.8%) in the control group (between-group
difference, —0.3 percentage points; 95% ClI, —6.4 t0 5.9; P = 0.93) (Fig. 3 and Table 2).
Treatment-by-subgroup interactions were not significant with respect to ARDS severity,
ARDS duration, or previous neuromuscular blockade use stratified according to hospital
tercile. Other than the interaction of treatment assignment with ethnic group (P = 0.02 for
interaction), no other interactions were significant (Fig. S2 and Tables S9 through S15 in the
Supplementary Appendix).

SECONDARY END POINTS

At 28 days, there was no between-group difference in hospital mortality, days free of
ventilation, days out of the ICU, or days out of the hospital (Table 2). Cardiovascular SOFA
scores were higher in the intervention group than in the control group on day 1 (between-
group difference, 0.2; 95% CI, 0.1 to 0.4) and day 2 (between-group difference, 0.3; 95% ClI,
0.1 to 0.5). However, there were no differences thereafter, nor were there differences in total
SOFA scores or other organ-specific SOFA scores. The use of adjunctive therapies appeared
to be similar in the two groups during the 48-hour intervention period (between-group
difference, 0.7 percentage points; 95% ClI, —4.0 to 5.5) and through day 28 (between-group
difference, 1.2 percentage points; 95% ClI, —4.2 to 6.6). Overall, prone positioning was used
in 15.8% of patients (159 patients), with similar use in the two groups (between-group
difference, 1.9 percentage points; 95% ClI, —2.6 to 6.4). Most (56% [42 patients]) of the 75
patients who underwent prone positioning in the control group did not receive concomitant
neuromuscular blockade. Glucocorticoid use was also similar in the two groups. The mean
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(xSE) estimated mortality at 1 year was also not different between groups (51.1+2.2% in the
intervention group and 51.1+£2.2% in the control group). Patient-reported outcomes were
similar between the groups at 3, 6, and 12 months, including health-related scores and
health-related limitations with respect to disability, cognitive function, symptoms resembling
those of post-traumatic stress, and pain. Additional information on secondary end points is
provided in Tables S16 through S23 in the Supplementary Appendix.

SAFETY AND ADVERSE EVENTS

Safety and adverse events are summarized in Table 2 and in Tables S24 through S28 in the
Supplementary Appendix. Although mortality was high in both groups, only one death was
considered possibly related to cisatracurium, no deaths were considered probably or
definitely related to cisatracurium, and there were no between-group differences in the
percentage of patients who died during the 48-hour trial intervention period or up to 96
hours. Recall of paralysis was uncommon and did not differ between groups. Patients in the
control group had higher mean levels of physical activity up to day 6. The rates of ICU-
acquired weakness assessed were not different between groups, but many patients (range,
51.2 to 67.5%) could not complete the weekly in-hospital assessments of muscle strength.
More serious cardiovascular events were reported in the intervention group than in the
control group (14 vs. 4 events; P = 0.02), although the rates of new-onset atrial fibrillation
and supraventricular tachycardia did not differ between groups. Rates of pneumothorax and
overall barotrauma also did not differ between groups.

DISCUSSION

In a cohort of critically ill patients identified shortly after the diagnosis of moderate-to-
severe ARDS, the addition of early continuous neuromuscular blockade with concomitant
deep sedation did not result in lower mortality than a usual-care approach to mechanical
ventilation that included lighter sedation targets. This trial had high adherence to the
protocol, including minimal crossover use of neuromuscular blockade and high adherence to
the recommended ventilation and fluid strategy. The results of prespecified subgroup
analyses were consistent with those of the primary analysis across severity and duration of
ARDS and across trial sites with different exclusion rates for previous neuromuscular
blockade use.

Several factors may explain why our findings differed from those of ACURASYS, the
previous multicenter trial that showed a benefit with early continuous neuromuscular
blockade. First, we used a higher PEEP strategy in both groups to test our intervention in the
context of best care and to reduce the likelihood of differential PEEP use across groups.
Higher PEEP may itself reduce mortality among patients with moderate-to-severe ARDS,
thereby blunting the potential treatment effect of early continuous neuromuscular blockade.
16 Second, on the basis of current guideline recommendations and clinical studies,10-12.15
we designed this trial so that the sedation targets used in the control group were lighter than
those used in the ACURASYS trial; deep sedation was used in both the intervention group
and the control group in the ACURASYS trial. In our trial, the higher number of
cardiovascular adverse events in the intervention group than in the control group could be
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the result of deep sedation in the intervention group, which could have induced hypotension,
bradycardia, and other cardiovascular effects. Therefore, the use of the lighter sedation
strategy in our control group may have decreased mortality in that group. Third, prone
positioning reduces the risk of death in patients with ARDS when it is initiated during the
first 12 to 24 hours after the onset of moderate-to-severe ARDS and is administered for at
least 16 hours per day.28 The percentage of patients who underwent prone positioning in our
trial was similar to that observed in a recent international epidemiologic study, but it was
lower than in the ACURASYS trial.>:” Whether early continuous neuromuscular blockade is
more effective with prone positioning is unknown, but it is a possible explanation for the
different results of our trial and the ACURASYSS trial.

Patients in our trial were enrolled earlier after the onset of ARDS than those in the
ACURASYS trial.#2 Consequently, we may have included patients who might not have
survived long enough to be included in the previous trial. Although we excluded patients
whose Pao,: Fio, improved to more than 200 mm Hg before randomization, we may also
have recruited some patients with lung injury that was either rapidly improving or less
established than that observed in the previous trial. However, analyses stratified according to
the time from the onset of ARDS to enrollment did not suggest any between-group
difference in the rate of improvement in oxygenation or treatment effect. The unexpected
interaction between Hispanic ethnic group and treatment may be the result of random
chance.

Our trial has limitations. The most common reason eligible patients were excluded was that
they had previously received neuromuscular blockade. It is possible that treating physicians
were identifying and treating a subset of patients who were more likely to benefit from
neuromuscular blockade use. However, there was no evidence of benefit even when analyses
were restricted to trial sites that rarely excluded those patients. We did not systematically
measure the effect of neuromuscular blockade on ventilator dyssynchrony. However, in
patients with ARDS or at risk for ARDS, neuromuscular blockade essentially eliminates
ventilator dyssynchrony.43 Finally, nurses, physiotherapists, and other health care
professionals were aware of the treatment assignments. This lack of blinding may have
influenced short-term assessments of early neuromuscular function, the level of physical
activity, and the reporting of adverse events. In conclusion, among patients with moderate-
to-severe ARDS who were treated with a higher PEEP strategy, the administration of an
early and continuous infusion of cisatracurium did not result in significantly lower mortality
at 90 days than usual care with lighter sedation targets.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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4848 Patients were assessed for eligibility

3840 Were excluded

658 Had Pao,:F10, >200 mm Hg at time
of randomization

655 Were receiving continuous NMB
at enrollment

394 Declined to participate or had surrogate
who declined

384 Were not expected to survive 24 hr

307 Were withdrawn by physician

270 Did not have surrogate available

245 Had been receiving mechanical ventilation
for >120 hr

237 Had severe chronic liver disease

209 Had inclusion criteria for >48 hr

159 Decided to withhold life-sustaining
treatment

124 Had body weight >1 kg/cm of height

113 Were receiving extracorporeal membrane
oxygenation

109 Were expected to receive mechanical
ventilation for <48 hr

561 Had other reason

1008 Underwent randomization

502 Were assigned to the intervention group

(cisatracurium) 506 Were assigned to the control group

1 Was immediately withdrawn 1 Was immediately withdrawn
from the trial after randomization from the trial after randomization
owing to ineligibility and did owing to ineligibility and did
not receive cisatracurium not receive NMB
488 Received cisatracurium in the first 86 Received any NMB in the first 48-hr

48-hr intervention period intervention period
13 Did not receive cisatracurium in first 48-hr 40 Received any NMB in the second
intervention period 48-hr trial period
3 Were withdrawn before administration

of NMB
1 Was deemed too unstable by physician
2 Died before administration of NMB
1 Did not reach target sedation
6 Had other reasons
419 Did not receive any NMB in the second
48-hr trial period

l

501 Were included in the primary analysis 505 Were included in the primary analysis

Figure 1. Patient Screening, Enrollment, and Follow-up.
Patients may have had more than one reason for exclusion. Two patients were randomly

assigned twice to the control group. No patients were lost to follow-up. NMB denotes
neuromuscular blockade, and Pao2:Fio2 the ratio of the partial pressure of arterial oxygen to
the fraction of inspired oxygen.
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Figure 2. Neuromuscular Blockade and Sedation.
Panel A shows the mean percentage of patients who received continuous neuromuscular

blockade, and Panel B shows the mean percentage of patients who were under light sedation
during the first week of the trial. Light sedation was defined by a score of 0 or —1 on the
Richmond Agitation—Sedation Scale (scores range from 4 [combative] to =5 [unresponsive],
with a score of 0 indicating that the patient is alert and calm), a score of 3 or 4 on the Riker
Sedation—Agitation Scale (scores range from 1 [unresponsive] to 7 [dangerous agitation],
with a score of 4 indicating that the patient is calm and cooperative), or a score of 2 or 3 on
the Ramsay Sedation Scale (scores range from 1 [anxious, restless] to 6 [unresponsive], with

N Engl J Med. Author manuscript; available in PMC 2019 November 23.
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a score of 2 indicating that the patient is cooperative and oriented).21-23 More details are
provided in Tables S3 and S4 in the Supplementary Appendix. | bars indicate standard
errors.
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Figure 3. Patients Who Survived to Hospital Discharge and Were Discharged Home during the
First 90 Days after Randomization.

The period of hospitalization included transfer to other health care facilities.
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