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We examined the association between receipt of a neuromuscular
blocking agent and in-hospital mortality among mechanically ven-
tilated patients with severe sepsis.

Design: A pharmacoepidemiologic cohort study of patients
with sepsis and a respiratory infection who had been admitted
to intensive care and placed on mechanical ventilation within the
first 2 days of hospitalization. We used propensity score matching
and instrumental variable methods to compare the outcomes of
patients treated with neuromuscular blocking agents within the
first 2 hospital days to those who were not. Sensitivity analysis
was used to model the effects of a hypothetical unmeasured con-
founder.

Setting: Three hundred thirty-nine U.S. hospitals that partici-
pated in the Premier Perspective database between 2004 and
2006.

Patients: Seven thousand eight hundred sixty-four patients met
inclusion criteria, including 1,818 (23%) who were treated with a
neuromuscular blocking agent by hospital day 2.

Interventions: None.

Measurements and Main Results: Patients who received
neuromuscular blocking agents were younger (mean age, 62 vs
68), more likely to be treated with vasopressors (69% vs 65%)
and had a lower in-hospital mortality rate (31.9% vs 38.3%,
p < 0.001). In 3,618 patients matched on the propensity for
treatment, receipt of a neuromuscular blocking agent was associ-
ated with a reduced risk of in-hospital mortality (risk ratio, 0.88;
95% ClI, 0.80, 0.96). An analysis using the hospital neuromus-
cular blocking agent-prescribing rate as an instrumental variable
found receipt of a neuromuscular blocking agent associated with
a4.3% (95% Cl, —11.5%, 1.5%) reduction in in-hospital mortality.
Conclusions: Among mechanically ventilated patients with
severe sepsis and respiratory infection, early treatment with a
neuromuscular blocking agent is associated with lower in-hospital
mortality. (Crit Care Med 2014; 42:90-96)
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espite limited evidence from clinical trials, neuromus-

cular blocking agents are widely used in the manage-

ment of critically ill patients to facilitate intubation,
mechanical ventilation, reduce oxygen consumption, lower
intracranial pressure, and treat muscle spasms associated with
tetanus. When used to facilitate mechanical ventilation, guide-
lines developed by the Society of Critical Care Medicine sug-
gest that neuromuscular blocking agents should be reserved
for those instances in which desired levels of ventilator syn-
chrony have not been achieved despite optimal use of sedative
and analgesic medications, since the potential benefit of these
medications must be weighed against the risk of ICU-acquired
weakness (ICUAW) (1-5).

In the specific setting of the acute respiratory distress syn-
drome (ARDS), small randomized trials have found that a
brief period of paralysis within the first 48 hours of the onset
of ARDS may reduce inflammation, improve oxygenation,
and increase survival (6, 7). Several mechanisms have been
hypothesized to explain these benefits, including a direct anti-
inflammatory effect, improved respiratory compliance, and
the prevention of spontaneous respiratory movements respon-
sible for dyssynchrony and worsening gas exchange, which may
facilitate the optimization of lung-protective ventilation strat-
egy for patients (8-10). It has been estimated that neuromus-
cular blocking agents are now used in as many as 45% of cases
of ARDS (11).

However, among the general population of patients with
severe sepsis requiring mechanical ventilation, the risks and
benefits of neuromuscular blockade are less well understood.
We therefore examined the association between receipt of
a neuromuscular blocking agent and in-hospital mortality
among a large cohort of patients with severe sepsis and a respi-
ratory source of infection who were treated with mechanical
ventilation.

MATERIALS AND METHODS

Setting and Subjects

We conducted a retrospective cohort study of patients admit-
ted between June 1, 2004, and June 30, 2006, to a geographi-
cally and structurally diverse set of hospitals participating in
Perspective (Premier Healthcare Informatics, Charlotte, NC),
a voluntary, fee-supported database for measuring quality and
resource utilization. In addition to information available in
standard hospital discharge files, the Perspective database con-
tains an itemized, date-stamped log of all charges, including
medications, laboratory tests, and diagnostic and therapeutic
services provided to each patient.

Patients were included in our analysis if they were more
than or equal to 18 years old, had a principal or secondary
diagnosis of sepsis as defined by Martin et al (12) (International
Classification of Diseases, 9th Edition, Clinical Modification
[ICD-9-CM] codes: 038, 020.0, 790.7, 117.9, 112.5, 112.81, as
well as 995.92), were admitted to an ICU, placed on a ventila-
tor, underwent blood culture, and were treated with antibiot-
ics all within the first 2 hospital days. The study was limited
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to patients with severe sepsis, evidenced by respiratory fail-
ure, early in the hospitalization so that we could control for
patient differences using information available at admission.
Additionally, we limited the study to medical patients with
a respiratory source of sepsis because pneumonia is a com-
mon source of ARDS. Because the study focus was exposure
to neuromuscular blocking agents during the first 2 hospital
days, patients who died during this time period were excluded
to eliminate the threat of immortal time bias (13). We also
excluded patients transferred from or to another acute care
facility because we could not determine the onset or subse-
quent course of their illness. Permission to conduct the study
was obtained from the institutional review board at Baystate
Medical Center.

Patient and Hospital Information

In addition to patient age, gender, race, ethnicity, marital status,
and primary insurance coverage, we recorded the presence of
up to 29 comorbidities using software provided by the Health-
care Costs and Utilization Project of the Agency for Healthcare
Research and Quality. Using diagnosis codes we assessed the
type of infection (gram positive, gram negative, mixed, anaero-
bic, and fungal). We recorded key characteristics (number of
beds, teaching status, and geographic region) for each hospital
that participated.

Use of Neuromuscular Blocking Agents and Other
Treatments

We reviewed each patient’s pharmacy charge file to determine
whether neuromuscular blocking agents (atracurium, cisatra-
curium, doxacurium, mivacurium, pancuronium, rocuronium,
or vecuronium) were administered on at least 1 day during the
first 2 days of hospitalization. Because its use is generally lim-
ited to induction, succinylcholine was not considered to be a
neuromuscular blocking agent for the purposes of the study;
however, we adjusted for exposure to succinylcholine in the
multivariate analysis. Patients who received neuromuscular
blocking agents beginning on day 3 or later were categorized
in the untreated group because late treatment can be a marker
for clinical deterioration.

To control for differences in severity of illness and the
effects of other therapies, we assessed the use of a wide range
of diagnostic tests, monitoring devices, and pharmacologic
treatments administered within the first 2 days (Supplemental
Table 1, Supplemental Digital Content 1, http://links.lww.com/
CCM/A712).

Outcomes

The primary outcome was in-hospital mortality. Secondary
outcomes included the number of days on mechanical venti-
lation, the number of ventilator-free days within the first 28
days, and the lengths of stay in the ICU and hospital. We also
examined secondary diagnosis codes to assess the development
of ICUAW based on ICD-9-CM codes, and barotrauma, as evi-
denced by insertion of a chest tube after hospital day 2, or a
diagnosis code of pneumothorax.
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Analysis

We calculated summary statistics using frequencies and pro-
portions for categorical data, and means, medians, and inter-
quartile ranges for continuous variables. We compared the
characteristics of patients who received a neuromuscular
blocking agent during the first 2 hospital days with those who
did not using chi-square or z-tests.

We developed a nonparsimonious logistic regression
model to estimate a patient’s propensity for treatment that
included all patient and hospital characteristics and all other
early treatments and diagnostic tests (Supplemental Table 2,
Supplemental Digital Content 1, http://links.lww.com/CCM/
A712) in which receipt of a neuromuscular blocking agent
by day 2 was considered the outcome. Each patient who was
treated with a neuromuscular blocking agent was then matched
with a nontreated patient with a similar treatment propensity
using a Greedy Match algorithm (14). The matched cohort was
evaluated for differences on each covariate (a balance assess-
ment) to ensure that there was no statistical difference in the
covariates between groups (15).

We compared the mortality and secondary outcomes
between treated and untreated patients in this matched cohort
and performed stratified analyses to assess for heterogeneity in
the association between neuromuscular blocking agent treat-
ment and mortality across age categories, the number of organ
supportive therapies, and receipt of vasopressors. The paired
nature of the data (e.g., a paired t test) was taken into account.

In a sensitivity analysis, we restricted the sample to patients
who received at least two consecutive days of neuromuscular
blocking agent treatment, or who on a single day, received a
dose suggestive of continuous infusion (> 100mg atracu-
rium, 40mg cisatracurium, 20mg pancuronium, 100mg
rocuronium, or 20mg vecuronium). As a second sensitiv-
ity analysis, we explored how the presence of a hypothetical
unmeasured confounder might influence the effect estimate
of neuromuscular blocking agent therapy. Given the range
of values we observed among the known confounders in our
study, we estimated that an influential unmeasured confounder
would increase the risk of mortality by 1.25-1.75 times and
might be present in as many as 40% of untreated patients but
absent in those treated with neuromuscular blocking agents.
We then quantified the effect of such an unmeasured con-
founder under these scenarios based on the methods described
by Lin et al (16).

Lastly, to address concerns about residual unmeasured con-
founding, we performed an instrumental variable analysis using
the hospital neuromuscular blocking agent treatment rate as
the instrument. We observed that use of neuromuscular block-
ing agents varied substantially across hospitals (Supplemental
Fig. 1, Supplemental Digital Content 1, http://links.lww.com/
CCM/A712) and that hospital treatment rates were largely
independent of patient characteristics (Supplemental Table 3,
Supplemental Digital Content 1, http://links.lww.com/CCM/
A712), suggesting that this could serve as an effective instru-
mental variable. We created two bivariate probit models for
mortality (since the outcome was binary) in which patients
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were assigned their respective hospital’s neuromuscular block-
ing agents-prescribing rate in place of their actual treatment.
The first model only used the neuromuscular blocking agent
instrumental variable as a predictor and the second used this
instrumental variable and all other predictors in the propensity
score model (but not the propensity score). Cls were derived
via bootstrapping on 500 iterations with replacement (17).

Statistical analyses were carried out using Stata/SE 10.0
(StataCorp, College Station, TX).

RESULTS

Among the 7,864 patients who met our enrollment criteria
(Fig. 1), the mean age was 66 years, 55% were male, 63% were
white, and 2,892 patients (36.8%) died during the hospitaliza-
tion (Supplemental Table 1, Supplemental Digital Content 1,
http://links.lww.com/CCM/A712). When compared with those
who did not receive early neuromuscular blocking agent ther-
apy, 1,818 patients (23%) treated with neuromuscular block-
ing agents within the first 2 hospital days were younger (62 vs
68 yr), more likely to be male (59% vs 54%), to receive vaso-
pressors (69% vs 65%), and to require other organ support-
ive therapies, including bicarbonate administration, dialysis,
and fresh frozen plasma or platelets. Treated patients received
therapy for a mean of 1.5 days and had a mean length of stay of
13.5 days as compared to 14.1 days for untreated patients. Both
groups spent a mean of 7.7 days on mechanical ventilation.
The unadjusted in-hospital mortality rate of patients initially
treated with neuromuscular blocking agents was 31.9% versus
38.3% among those who did not receive therapy.

Results of Propensity-Matched Analyses

Overall, 97% of patients treated with a neuromuscular
blocking agent by hospital day 2 were successfully matched
to a nontreated patient with a similar propensity, achieving
full covariate balance (Supplemental Table 1, Supplemen-
tal Digital Content 1, http://links.lww.com/CCM/A712).
Within this sample, the in-hospital mortality rate was 31.7%
among treated patients and 36.1% in the matched controls
(risk ratio of inhospital mortality, 0.88; 95% CI, 0.80-0.96)
(Table 1) Hospital and ICU lengths of stay were 13.5 and 8.8
days in the treated group and 13.8 and 8.9 in the untreated.
Both groups spent 7.7 days on mechanical ventilation and
both had 20.5 ventilator-free days. ICUAW was documented
in only five patients (0.28%) in the neuromuscular block-
ing agent-treated group and three patients (0.17%) in the
untreated group (p = 0.48). Fewer patients who were treated
with a neuromuscular blocking agent had a chest tube
inserted after the second hospital day; however, the com-
bined prevalence of a diagnosis code for pneumothorax or
chest tube insertion was similar in the two groups. Readmis-
sion rates were similar.

In analyses stratified by the receipt of additional organ
supportive therapies, receipt of vasopressors, and age,
treated patients had lower mortality in all strata. Although
the difference was not statistically significant for subgroups,
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similar to the 4.4% reduction
derived from the propensity-
matched analysis (Table 1).

DISCUSSION

In this large observational

Total after all Inclusion/Exclusion Criteria = 7,864 patients

study, we found that among
mechanically ventilated

patients with severe sepsis

Figure 1. Development of study cohort. ICD-9 CM = International Classification of Diseases, 9th Edition,
Clinical Modification, DSH Pct = disproportionate share hospital percentage.

neuromuscular blocking agent-treated patients retained a
mortality benefit in every subgroup (Fig. 2).

In a sensitivity analysis restricted to patients who received
two consecutive days of neuromuscular blocking agents, or
who exceeded a daily threshold consistent with continuous
infusions dosing, the effect estimate suggested increased risk
of mortality associated with neuromuscular blocking agent
treatment, but the results were nonsignificant (relative risk,
1.10; 95% CI, 0.91-1.33; p = 0.33). In an additional sensitivity

Critical Care Medicine

and a respiratory source of
infection, those prescribed
a neuromuscular blocking
agent early in the hospital course were less likely to die in
hospital than similar patients who did not receive treatment
or in whom treatment commenced later. These findings were
robust to sensitivity analysis and alternative approaches to
effect estimation, including instrumental variable methods.
In the face of limited evidence concerning the benefits of neu-
romuscular blocking agent therapy, surveys have reported sub-
stantial variation in their use by critical care physicians (2, 18,19).
In the treatment of patients with ARDS, there has been growing
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Figure 2. Mortality among patients treated or not treated with neuromuscular blocking agents in the propensity-
matched cohort, stratified by the number of organ supportive therapies, receipt of vasopressors, and age. MV =

mechanical ventilation.

interest in the role that a brief period of paralysis might play in
reducing the risk of ventilator-associated lung injury. A study
of 36 patients found reduced levels of inflammatory biomark-
ers and improved oxygenation among patients receiving low
tidal volume ventilation who were administered cisatracurium
as compared to patients receiving low tidal volume ventilation
alone (6). Additionally, in the ARDS et Curarisation Systematique
(ACURASYS), a multicenter randomized controlled trial that
enrolled 340 patients with severe ARDS, early administration
of cisatracurium combined with a low tidal volume ventilation
strategy was associated with a reduced risk of barotrauma, more
ventilator-free and organ failure-free days, and a 29% mortality
reduction, without increased muscle weakness (7).

In contrast to ACURASYS, our analysis included patients
with sepsis and a respiratory source of infection who were
treated with mechanical ventilation at the time of hospital
admission. Although it is likely that some of these patients had
acute lung injury or ARDS, mortality among the untreated
patients in the propensity-matched sample was lower than
in the untreated patients in ACURASYS, suggesting a lower
average level of severity. Further, the risk ratio estimate for
inpatient mortality associated with neuromuscular blocking
agent therapy in this study (0.88) suggests less benefit from
neuromuscular blockade than the 0.78 relative risk reported
by the ACURASYS investigators. There are several possible
explanations for this discrepancy, including differences in
the populations studied, in the dosing and administration of
neuromuscular blocking agent therapy, and in the delivery of
mechanical ventilation.

In the International Study of Mechanical Ventilation (IMV),
Arroliga et al (1) observed that neuromuscular blocking agents

94 www.ccmjournal.org

responsible for the observed
association between receipt
of neuromuscular blocking
agents and improved survival.
This would be the case if neuromuscular blocking agents were
preferentially prescribed to those patients with a higher pre-
treatment likelihood of survival. We undertook several strate-
gies to minimize these threats and to test the robustness of our
effect estimates. First, we adjusted for a large number of poten-
tial confounders, including patient demographics, other medi-
cal therapies such as sedatives and analgesics, and important
hospital characteristics, using standard regression methods
as well as propensity matching and stratification. Since these
techniques do not directly control for the effects of unmea-
sured confounders, we carried out an instrumental variable
analysis using the hospital rate of neuromuscular blocking
agent use as the instrument, a common econometric tech-
nique increasingly used in comparative effectiveness research
(20-23). We are more confident that the beneficial effect esti-
mates observed in the primary analysis are robust since the
effect estimates obtained using instrumental variable methods
were similar to those derived from the propensity and regres-
sion analyses. Despite these reassurances, our observation of
reduced mortality associated with receipt of neuromuscular
blocking agent therapy was relatively sensitive to the effects of
residual confounding.

A second limitation is that the study is based on highly
detailed billing data, not chart review. However, ICD-9-CM
codes are an acceptable method of identifying patients with
sepsis, and we strengthened our findings by strict inclusion
and exclusion criteria that took into account additional clinical
information. At the same time, if greater heterogeneity of the
patients we studied meant that some groups experienced benefit
while other did not, then extrapolating the benefits of neuro-
muscular blocking agent therapy to all mechanically ventilated
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TABLE 1. Results of Propensity-Matched and Instrumental Variable Analyses

Overall Treated Untreated

n=3,518 n=1,759 n=1,759
Outcome n (%) n (%) n (%)
Mortality 1,192 (33.9) 635 (36.1) 557 (31.7) 0.006
Hospital LOS 136 (9.7) 138 (9.7) 135(9.8) 0.05
ICU LOS 89 (56.9) 89 (56.9) 8.8 (56.8) 0.45
Ventilator-free days 21.1 (4.7) 21.1 (4.6) 21.1 (4.8) 0.84
Method Absolute Difference?® Lower 95% ClI Upper 95% CI
Unadjusted -6.4% -8.9% -3.9%
Instrumental variable bivariate probit —7.5% -13.7% -1.9%

model—percentile-based Cls, 500 bootstraps
but not adjusted for other confounders

Instrumental variable bivariate probit -4.3% -11.5% 1.5%
model—percentile-based Cls, 500 bootstraps,
all other variables in the model

Propensity score method for comparison -4.4% —7.6% -1.3%

LOS = length of stay.
2Lower values reflect a benefit for neuromuscular blocking agents.

patients with respiratory infection could lead to overtreatment.  organ supportive therapies, including vasopressors and dialysis
Similarly, while we did not have direct physiologic measure-  that were useful proxies for severity. To this end, the discrimi-
ments, the rich dataset allowed us to adjust for the receipt of  nation of the mortality model we created was similar to Acute

TABLE 2. Sensitivity Analysis to Quantify the Effects of a Hypothetical Unmeasured
Confounder on Study Results

Increase in the Risk of Hospital Prevalence of the Confounder Among Untreated

Mortality Due to the Confounder Patients When It Is Absent in the Treated Patients (%) Relative Risk (95% CI)
Baseline 0 0.88 (0.80-0.96)
1.25 5 0.89 (0.81-0.97)
1.25 10 0.90 (0.82-0.99)
1.25 20 0.92 (0.84-1.01)®
1.25 30 0.94 (0.86-1.03)
1.25 40 0.97 (0.88-1.06)
1.50 5 0.90 (0.82-0.99)
1.60 10 0.92 (0.84-1.01)®
1.50 20 0.97 (0.88-1.06)¢
1.60 30 1.01 (0.92-1.11)¢
1.50 40 1.05 (0.96-1.15)
1.75 5 0.91 (0.83-1.00)
1.75 10 0.94 (0.86-1.03)
1.75 20 1.01 (0.92-1.11)¢
1.75 30 1.07 (0.98-1.18)
1.75 40 1.14 (1.04-1.25)°

2Not significant.
bSignificant and changed direction.
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Physiology and Chronic Health Evaluation II for patients with
sepsis (24). Also, we note that ICUAW was only assessed via
ICD-9-CM code and the low prevalence is likely due to under-
coding this condition. Another limitation is that we did not have
information about mechanical ventilator practices and settings,
and it is unlikely that many patients received lung-protective
ventilation delivered by strict protocol. If the benefit of neuro-
muscular blocking agent therapy depends on the codelivery of
low tidal volume ventilation, then our results may underesti-
mate the true benefit of therapy. Similarly, we did not have infor-
mation about the circumstances or factors that led physicians to
prescribe neuromuscular blocking agents. Although we adjusted
for differences in the use of sedatives and other analgesic agents
among the treated and untreated patients, we had limited infor-
mation about medication dosing or specific treatment proto-
cols. Fourth, our dataset did not allow us to measure duration of
therapy with any greater resolution than the number of unique
calendar days. The majority of the patients enrolled in this study
received only 1 day of treatment, and it is possible that in many
cases the intention was to facilitate intubation, not to facilitate
mechanical ventilation synchrony. In this regard, a sensitivity
analysis restricted to patients who received 2 or more days of
therapy, or daily doses indicative of infusion, did not show a
benefit associated with treatment. A final limitation is that we
did not have access to long-term outcomes.

CONCLUSIONS

Among critically ill patients with severe sepsis and a respira-
tory source of infection treated with mechanical ventilation,
receipt of neuromuscular blocking agent is associated with
improved inpatient survival. Given the enormous clinical and
economic impact of sepsis, randomized trials are needed to
confirm these benefits.
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