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ABSTRACT

BACKGROUND
Guidelines currently recommend targeting light sedation with dexmedetomidine
or propofol for adults receiving mechanical ventilation. Differences exist between
these sedatives in arousability, immunity, and inflammation. Whether they affect
outcomes differentially in mechanically ventilated adults with sepsis undergoing
light sedation is unknown.

METHODS

In a multicenter, double-blind trial, we randomly assigned mechanically ventilated
adults with sepsis to receive dexmedetomidine (0.2 to 1.5 ug per kilogram of body
weight per hour) or propofol (5 to 50 ug per kilogram per minute), with doses
adjusted by bedside nurses to achieve target sedation goals set by clinicians ac-
cording to the Richmond Agitation Sedation Scale (RASS, on which scores range
from -5 [unresponsive] to +4 [combative]). The primary end point was days alive
without delirium or coma during the 14-day intervention period. Secondary end
points were ventilator-free days at 28 days, death at 90 days, and age-adjusted total
score on the Telephone Interview for Cognitive Status questionnaire (TICS-T; scores
range from 0 to 100, with a mean of 5010 and lower scores indicating worse
cognition) at 6 months.

RESULTS
Of 432 patients who underwent randomization, 422 were assigned to receive a trial
drug and were included in the analyses 214 patients received dexmedetomidine at
a median dose of 0.27 ug per kilogram per hour, and 208 received propofol at a
median dose of 10.21 ug per kilogram per minute. The median duration of receipt
of the trial drugs was 3.0 days (interquartile range, 2.0 to 6.0), and the median
RASS score was —2.0 (interquartile range, —3.0 to —1.0). We found no difference
between dexmedetomidine and propofol in the number of days alive without delirium
or coma (adjusted median, 10.7 vs. 10.8 days; odds ratio, 0.96; 95% confidence interval
[CI], 0.74 to 1.26), ventilator-free days (adjusted median, 23.7 vs. 24.0 days; odds ratio,
0.98; 95% CI, 0.63 to 1.51), death at 90 days (38% vs. 39%; hazard ratio, 1.06; 95% CI,
0.74 to 1.52), or TICS-T score at 6 months (adjusted median score, 40.9 vs. 41.4; odds
ratio, 0.94; 95% CI, 0.66 to 1.33). Safety end points were similar in the two groups.

CONCLUSIONS
Among mechanically ventilated adults with sepsis who were being treated with rec-
ommended light-sedation approaches, outcomes in patients who received dexmed-
etomidine did not differ from outcomes in those who received propofol. (Funded
by the National Institutes of Health; ClinicalTrials.gov number, NCT01739933.)
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SEDATION IN MECHANICALLY VENTILATED ADULTS WITH SEPSIS

ORLDWIDE, AT LEAST 20 MILLION

patients each year have sepsis with

severe organ dysfunction,! with over
20% receiving mechanical ventilation.* Sedative
medications are frequently used for patient com-
fort and safety but may potentiate acute brain
dysfunction (e.g., delirium or coma) and long-
term cognitive impairment.** Basic and transla-
tional studies show that among the recommended
sedatives, dexmedetomidine (an alpha, receptor
agonist) has antiinflammatory and bacterial clear-
ance properties that are superior to those of
gamma-aminobutyric acid (GABA) agonists, such
as benzodiazepines and propofol, and also reduces
neuronal apoptosis and promotes biomimetic
sleep  all of which could improve clinical out-
comes." Trials comparing dexmedetomidine
with benzodiazepines in adults have shown that
the use of dexmedetomidine results in improve-
ment in outcomes such as delirium, coma, and
time receiving mechanical ventilation.’®° Patients
treated with dexmedetomidine had a lower inci-
dence of subsequent infection,” and the benefi-
cial effects of dexmedetomidine, including lower
28-day mortality, were more pronounced in pa-
tients with sepsis.’®%

A noninferiority trial comparing dexmedeto-
midine with propofol in critically ill patients,
about half of whom had sepsis, showed that
patients who received dexmedetomidine were
more interactive, but the choice of sedation did
not affect the duration of mechanical ventila-
tion, the length of stay in the intensive care unit
(ICU) or hospital, or short-term mortality.?* The
differences between the sedatives with respect to
the risk of acute brain dysfunction or cognitive
impairment and mortality months after critical
illness were unclear. Subsequent open-label tri-
als with dexmedetomidine as the primary seda-
tive did not show a reduction in acute brain
dysfunction, a greater number of ventilator-free
days, or lower mortality at 180 days than was
shown with control sedative regimens (primarily
propofol), although concomitant nontrial seda-
tives were frequently used and few patients were
maintained at light sedation.?>?

The Society of Critical Care Medicine* recom-
mends sedation with either dexmedetomidine or
propofol targeted to light levels of sedation for
adults receiving mechanical ventilation and con-
tinuous sedation. Given the superior immuno-
modulatory effects of dexmedetomidine and its
benefit in patients with sepsis as compared with
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benzodiazepines, we designed the MENDS?2 trial
(Maximizing the Efficacy of Sedation and Re-
ducing Neurological Dysfunction and Mortality
in Septic Patients with Acute Respiratory Failure)
to test whether dexmedetomidine leads to better
short-term and long-term outcomes than propofol
in mechanically ventilated adults with sepsis.

METHODS

TRIAL DESIGN AND OVERSIGHT
We conducted a double-blind, randomized, con-
trolled trial at 13 medical centers in the United
States. The institutional review board at each cen-
ter approved the protocol (available with the full
text of this article at NEJM.org). Patients or their
surrogates provided written informed consent
before enrollment. The trial was designed by the
authors, who gathered and analyzed the data, at-
test to the accuracy and completeness of the data,
vouch for the fidelity of the trial to the protocol,
and wrote and agreed to submit the manuscript
for publication. An independent data and safety
monitoring board provided oversight of the trial.
Pfizer supplied the dexmedetomidine trial drug
but had no role in the design or conduct of the
trial, analysis of the data, or writing of the manu-
script. The Food and Drug Administration ap-
proved an Investigational New Drug application
for dexmedetomidine administered for more than
24 hours and for doses up to 1.5 ug per kilogram
per hour (see the Supplementary Appendix, avail-
able at NEJM.org). We registered the trial at
ClinicalTrials.gov before enrollment began. Before
group assignments were unmasked, we registered
the statistical analysis plan at Open Science
Framework (https://osf.io/dfyxh/) in January 2019
(with publication in March 2020).%

PATIENT SELECTION AND RANDOMIZATION
We included adults who were sequentially admit-
ted to a medical or surgical ICU, had suspected
or known infection, and were treated with con-
tinuous sedation for invasive mechanical ventila-
tion. Patients were excluded if they had baseline
severe cognitive impairment; were pregnant or
breast-feeding; were blind, deaf, or unable to un-
derstand approved languages; had second-degree
or third-degree heart block or persistent brady-
cardia requiring intervention; had an allergy to
dexmedetomidine or propofol; had an indication
for benzodiazepines; were anticipated to have im-
mediate discontinuation of mechanical ventila-
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tion; were expected to have neuromuscular block-
ade for more than 48 hours; were in a moribund
state; or had received mechanical ventilation for
more than 96 hours before meeting all inclusion
criteria. Additional details on exclusion and in-
clusion criteria are provided in Section S1 in the
Supplementary Appendix. We randomly assigned
patients to receive dexmedetomidine or propofol
in a 1:1 ratio using computer-generated per-
muted blocks stratified by enrollment site and age
(<65 years vs. >65 years). Researchers, clinicians
(except bedside nurses), patients, and families were
unaware of the group assignments.

TRIAL INTERVENTIONS AND MEASUREMENTS
Investigational pharmacists prepared dexmedeto-
midine (5 ug per milliliter) and propofol (10 mg
per milliliter) in identical intravenous fluid bags
covered with opaque plastic bags to be adminis-
tered in units of milliliters per hour to maintain
study masking (Sections S2 and S3). Bedside
nurses covered intravenous tubing with opaque
coverings and verified that covers were in place
before study personnel or clinicians entered pa-
tients rooms. The trial drug was initially infused
at a dose corresponding to the same sedative
dosing that the patient was receiving immedi-
ately before randomization. Bedside nurses used
a weight-based dosing guideline (0.15 to 1.5 ug
per kilogram of actual body weight per hour for
dexmedetomidine and 5 to 50 wg per kilogram
of actual body weight per minute for propofol)
to adjust the trial drug every 10 minutes to target
sedation goals set by the clinical team and docu-
mented each adjustment and the rationale for it.
The clinical team used the Richmond Agitation
Sedation Scale (RASS, on which scores range
from -5 [unresponsive] to +4 [combative]),® to
set the sedation goal, which was primarily light
sedation (RASS score 0 to —2).

Administration of the trial drug was temporar-
ily held in the event of hypotension, bradycardia,
sedation deeper than the target level, spontane-
ous awakening trials, or surgery. The trial drug
was permanently discontinued if the patient had
persistent symptomatic bradycardia, new onset
second- or third-degree heart block, serious aller-
gic reactions, suspected propofol-related infusion
syndrome (refractory shock, rhabdomyolysis, aci-
dosis, and kidney failure related to high propofol
exposure), or any serious adverse event related to
the intervention. The trial drug was discontinued
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after the 14-day intervention period, extubation,
or discharge from the ICU, whichever came first.
Patients whose trachea was extubated and reintu-
bated within the 14-day intervention period re-
sumed the trial drug if sedation was indicated.

We treated pain with intermittent opioid bo-
luses or fentanyl infusion (see Section S4 for
details regarding rescue sedation, neuromuscu-
lar blockade, and treatment of agitated delirium).
Additional patient care practices (e.g., adminis-
tration of fluids, vasopressors, or antibiotics and
extubation criteria) were based on international
guideline recommendations.**

All centers performed, and investigators re-
inforced, the ABCDE (awakening and breathing
coordination, choice of sedation, delirium mon-
itoring and management, and early mobility)
bundle,®®* with daily adherence recorded. In
addition to care assessments made by nurses,
trained research personnel assessed patients with
the use of RASS for level of arousal,® Confusion
Assessment Method for the ICU (CAM-ICU)* for
delirium, and the Critical Care Pain Observation
Tool®* for pain; assessments were made twice
daily in the ICU and then once daily after trans-
fer from the ICU for up to 14 days or until dis-
charge from the hospital or death. We strived to
conduct delirium assessments when the patient
was maximally awake. A RASS score of —4 or
-5 indicated coma, and a positive CAM-ICU score
indicated delirium.

Six months after randomization, research
personnel assessed patients cognition with the
Telephone Interview for Cognitive Status (TICS)
questionnaire® and a validated telephone cog-
nitive battery, functional status with the Katz
Activities of Daily Living (ADL) scale** and the
Functional Activities Questionnaire (FAQ),® and
quality of life with the European Quality of Life 5
Dimensions (EQ-5D) survey (Section S5).3

TRIAL END POINTS
The primary efficacy end point was the number
of calendar days alive without delirium or coma
during the 14-day intervention period. Secondary
efficacy end points included ventilator-free days at
28 days, death at 90 days, and global cognition at
6 months using the age-adjusted TICS total score
(TICS-T score). Additional details regarding ef-
ficacy, adherence, and safety end points are pro-
vided in Section S5, along with a list of additional
end points not reported here.

NEJM.ORG APRIL 15, 2021

The New England Journal of Medicine

Downloaded from nejm.org by MATTHEW HENDRICKSON on May 17, 2021. For personal use only. No other uses without permission.

Copyright © 2021 Massachusetts Medical Society. All rights reserved.
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STATISTICAL ANALYSIS
Owing to enrollment that was slower than an-
ticipated, the data and safety monitoring board
and the National Institutes of Health approved a
protocol amendment in March 2017 to lower the
enrollment target from 530 patients to 420 patients
receiving the trial drug to provide 85% power to
detect a 1.5-day difference in days alive without
delirium or coma between groups and 80% power
to detect a 12 percentage-point absolute difference
in mortality at 90 days, assuming an expected
mortality of 30% in the propofol group. We had
at least 80% power to detect a 3.9-point differ-
ence in age-adjusted TICS-T scores between groups,
with a 5-point difference considered to be clini-
cally important.

We analyzed data in the modified intention-
to-treat population, which was prespecified as all
patients who underwent randomization and re-
ceived a trial drug. We analyzed primary and
secondary end points using both univariate meth-
ods and multivariable regression models and con-
sidered adjusted analyses to be the primary analy-
ses. We analyzed days alive without delirium and
coma, ventilator-free days, and age-adjusted TICS-T
scores at 6 months using proportional-odds lo-
gistic regression and analyzed death at 90 days
using Cox proportional-hazards regression (ad-
justed for covariates listed in Section S5).

We adjusted the level of statistical significance
for the primary end point analysis to P<0.044 to
account for one prespecified planned interim
analysis. The level of statistical significance for
all other end points was P<0.05. Simple imputa-
tion was used for missing in-hospital variables
and multiple imputation for partially available
long-term end points to avoid bias owing to miss-
ing variables. We did not adjust for multiple com-
parisons in the analysis of secondary end points.
We used Research Electronic Data Capture soft-
ware (REDCap, Vanderbilt University) for data
management and R, version 3.6.2 (R Founda-
tion for Statistical Computing), for statistical
analyses.

RESULTS

PATIENTS
From May 2013 through December 2018, we
screened 4840 patients, 4402 (91%) of whom met
at least one exclusion criterion (Fig. 1). Of 438
patients enrolled, 6 were subsequently found to
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be ineligible, 432 patients underwent randomiza-
tion, and 422 began receiving dexmedetomidine
(214 patients) or propofol (208 patients). The de-
mographic and in-hospital characteristics of the
patients are shown in Table 1 and Table S1.

TRIAL INTERVENTIONS
Details of trial drug dosing, dose adjustment, and
sedation regimen are shown in Table 2 and Ta-
ble S2. The median RASS score as assessed by
the research team was —2 (interquartile range,
—-3.00 to —1.00) while patients were receiving a
trial drug (median days of administration, 3.0 [in-
terquartile range, 2.0 to 6.0]), indicating light se-
dation and ability of patients to make eye contact
with only verbal stimulation (Fig. S1). The over-
all time spent at the target sedation was close to
60% in both groups (Fig. S2). Bedside nurses
adjusted the trial drug infusion a median of 10
times (interquartile range, 5 to 21) over the dura-
tion of administration. Common reasons for ad-
justment of the infusion included undersedation,
oversedation, and hypotension. The trial drug
was temporarily held in approximately one quar-
ter of all patients. Rescue midazolam was used
in about half the patients, most often for proce-
dural sedation or during neuromuscular block-
ade, and the median daily exposure on days it
was administered was 4 mg (interquartile range,
2 to 11). The use of open-label propofol (received
by 13% in the dexmedetomidine group and 8% in
the propofol group) and dexmedetomidine (4% in
the dexmedetomidine group and 3% in the pro-
pofol group) was infrequent and doses were low,
indicating high adherence to the protocol. Over-
all, 42% of the patients received an antipsychotic
medication. Soft wrist restraints during receipt
of mechanical ventilation were the standard of
care in our trial ICUs; thus, 96% of patients had
restraints in place for a median of 3 days (inter-
quartile range, 2 to 5). Neuromuscular blockade
infusion was used in 17% of patients for a median
of 1 day (interquartile range, 1 to 2) at some
point while they were receiving the trial drug.
Pain was well controlled in both groups accord-
ing to Critical Care Pain Observation Tool scoring,
and we noted high adherence to all components
of the ABCDE bundle. We proactively assessed for
unblinding among clinicians and research staff
and found an episode of unblinding in 58 pa-
tients (14%), with a similar frequency in the two
groups.
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4840 Patients were assessed for eligibility

4402 Were excluded
911 Had received previous mechanical ventilation
for >96 hr
771 Had preexisting severe cognitive disease
537 Declined or had surrogate decline
participation
471 Had medical team decline participation
391 Had rapidly resolving organ failure
361 Were moribund at screening
297 Had alcohol or benzodiazepine
dependency
267 Did not have an available surrogate
266 Had seizures requiring benzodiazepine
141 Were blind, deaf, or had language
barrier
119 Had second- or third-degree heart block
93 Had neuromuscular blockade >48 hr
64 Were participating in conflicting study
81 Had other reasons (incarceration,
pregnancy, allergy, etc.)

438 Were enrolled

6 Were ineligible to undergo randomization
1 Withdrew
1 Was no longer receiving sedation
1 Had immediate extubation
1 Had preexisting severe cognitive disease
1 Had prolonged neuromuscular blockade
1 Had medical team decline participation

432 Underwent randomization

: :

216 Were assigned to receive
dexmedetomidine

216 Were assigned to receive
propofol

2 Were rapidly weaned from
mechanical ventilation
without receiving trial drug

8 Were rapidly weaned from
mechanical ventilation
without receiving trial drug

214 Received dexmedetomidine

208 Received propofol

66 Died in hospital
8 Withdrew in hospital

54 Died in hospital
7 Withdrew in hospital

140 Were discharged from hospital

and eligible for follow-up

147 Were discharged from hospital

and eligible for follow-up

23 Died before evaluation
3 Were lost to follow-up
4 Did not speak English
2 Withdrew before

evaluation

32 Died before evaluation
10 Were lost to follow-up
3 Did not speak English
1 Withdrew before
evaluation

108 (97% of those eligible) Underwent

6-mo evaluation

101 (91% of those eligible) Und
6-mo evaluation

erwent
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Figure 1 (facing page). Screening, Randomization,
Follow-up, and Analysis.

The number of patients excluded for each criterion to-
tal more than the total number of patients excluded
because some patients met more than one exclusion
criterion.

EFFICACY END POINTS

The adjusted number of days alive without deliri-
um or coma over the 14-day intervention period
was not significantly different between the dex-
medetomidine group (adjusted median, 10.7 days;
95% confidence interval [CI], 8.5 to 12.5) and
the propofol group (adjusted median, 10.8 days;
95% CI, 8.7 to 12.6) (odds ratio, 0.96; 95% CI,
0.74 to 1.26; P=0.79). Similarly, we found no
significant differences between the dexmedeto-
midine and propofol groups in the number of
ventilator-free days at 28 days (adjusted median,
23.7 vs. 24.0 days; odds ratio, 0.98; 95% CI, 0.63
to 1.51) or in death at 90 days (81 patients [38%]
vs. 82 patients [39%]; hazard ratio, 1.06; 95% CI,
0.74 to 1.52). Results of primary and secondary
efficacy end point analyses are shown in Ta-
ble 3, Figure 2, and Figure S3.

We assessed more than 90% of eligible pa-
tients at 6 months after randomization (Fig. 1).
Approximately 25% in each group had age-adjust-
ed TICS-T scores that were 2 standard deviations
below population norms (i.e., a score of <30, at
a level consistent with impairment), which sug-
gests clinically important cognitive dysfunction
6 months after critical illness. We observed no
significant differences between the dexmedeto-
midine and propofol groups in age-adjusted TICS-T
scores at 6 months (adjusted median score, 40.9
vs. 41.4; odds ratio, 0.94; 95% CI, 0.66 to 1.33).
There were no clinically meaningful differences
between groups in median cognitive, functional,
and quality-of-life assessment scores at 6 months
(Table S4).

Results of sensitivity analyses that included
the 10 patients who underwent randomization but
never received a trial drug (Table S5) were quali-
tatively similar to the results of the main analyses.
Results of differential effects of the study treat-
ment on end points according to age at enroll-
ment, baseline cognition, and medical as com-
pared with surgical hospitalization show that the
clinical importance of these interactions appeared
to be minimal (Figs. S4 through S9); however,
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the trial may not have been adequately powered
to draw conclusions about these or other sub-
groups.

SAFETY END POINTS
Data on organ dysfunction and safety end points
by group are shown in Tables S6 and S7, respec-
tively. The proportions of patients who had organ
dysfunction, hypotension, or severe lactic acido-
sis after randomization were similar in the two
groups. Symptomatic bradycardia requiring dis-
continuation of the trial drug was similar in the
two groups (Table S2). Fewer patients in the
dexmedetomidine group had acute respiratory
distress syndrome (ARDS) or signs of trial drug
withdrawal, and fewer patients in the propofol
group extubated themselves. Median plasma
triglyceride levels and the proportion of patients
with severely elevated levels of trigliceride (>500
mg per deciliter) were quantitatively higher in
the propofol group than in the dexmedetomi-
dine group on days 7 and 14, although these
differences are unlikely to be clinically relevant.
Similarly, median plasma cortisol levels at day
14 were slightly lower in the dexmedetomidine
group than in the propofol group, including a
higher proportion of patients with low cortisol
(<20 ug per deciliter). Clinicians had access to
these results without indication of group assign-
ment and discontinued the trial drug in eight
patients owing to hypertriglyceridemia. One pa-
tient had suspected propofol-related infusion
syndrome (later disproved) and had the propofol
discontinued.

DISCUSSION

In this multicenter, double-blind, randomized,
controlled trial involving mechanically ventilated
adults with sepsis who were being treated with
recommended light-sedation approaches, we did
not find evidence that sedation with dexmedeto-
midine led to more days alive without acute
brain dysfunction than propofol. Furthermore,
we found no difference in ventilator-free days at
28 days, death at 90 days, or global cognition (as
assessed with the use of age-adjusted TICS-T
scores) at 6 months between the dexmedetomi-
dine and propofol groups. Safety end points
were also similar in the two groups.

Although recent data suggest that many criti-
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Table 1. Baseline Characteristics of the Patients.*

Characteristic
Median age (IQR)  yr
Female sex  no. (%)
Median body-mass index (IQR)
Race or ethnic group  no. (%)
White
Black
Latinx
Multiple or other
Median IQCODE-SF score (IQR)
Median Charlson Comorbidities Index score (IQR)
Admitted to surgical ICU  no. (%)
Median APACHE Il score at ICU admission (IQR)|
Median days from ICU admission to trial enrollment (IQR)
Median days of mechanical ventilation before trial enrollment (IQR)
Median total SOFA score at trial enrollment (IQR)**
Shock, receiving vasopressor, at enrollment  no. (%)
Known or suspected source of infection  no. (%)
Blood
Lung
Abdomen
Urinary tract
Skin or wound
Stool
Other
Infection status  no. (%)
Infection confirmed by culture
Infection suspected but not confirmed by culture
Infection ruled out
Dexmedetomidine before enrollment  no. (%)
Propofol before enrollment  no. (%)
Benzodiazepine before enrollment  no. (%)
Opioid before enrollment  no. (%)
Antipsychotic agent before enrollment  no. (%)
Delirium at enrollment  no. (%)
Level of arousal closest to the time of randomization  no. (%)
Coma: RASS -5 or -4
Deep sedation: RASS -3
Light sedation: RASS -2 or -1
Awake and calm: RASS 0
Agitated: RASS +1 to +4

Dexmedetomidine
(N=214)
59 (48 68)
93 (43)
30 (25 38)

188(
(
2(
(
3.06 (3.00 3.23)
2(1 4
76 (36)

27 (21 32)
1.21 (0.67 1.95)
(
(
(

0.98 (0.58 1.36)

119 (56)

Propofol
(N=208)
60 (50 68)
88 (42)
29 (25 37)

177 (85)
(11)
8(9)
(4)

3.00 (3.00 3.25)

2(1 4

(35)

7 (22 32)
1.17 (0 68 1.94)
0.97 (0.61 1.54)
(
(

102 (49)

*

Percentages may not total 100 because of rounding. Summary statistics are reported for nonmissing values. ICU de-

notes intensive care unit, and IQR interquartile range.

The body-mass index is the weight in kilograms divided by the square of the height in meters.
Race or ethnic group was reported by the patient or determined by the treating physicians.

The Informant Questionnaire on Cognitive Decline in the Elderly short form (IQCODE-SF)*” was used to determine
preexisting dementia; scores range from 1.0 to 5.0, with higher scores indicating more severe cognitive impairment.
Scores on the Charlson Comorbidity Index range from 0 to 33, with higher scores indicating a higher risk of death

from a coexisting illness.

The Acute Physiology and Chronic Health Evaluation (APACHE Il) assesses the risk of death on a scale from 0 to 71,

with higher scores indicating a higher risk of death.

with higher scores indicating greater severity of illness.

* The Sequential Organ Failure Assessment (SOFA) is used to track organ failure in the ICU; scores range from 0 to 24,

Delirium was deemed to be present when the Confusion Assessment Method for the Intensive Care Unit (CAM-ICU,

which scores delirium as either present [positive] or not present [negative]), was positive.

The Richmond Agitation Sedation Scale (RASS) measures levels of consciousness on a scale from -5 (unresponsive)

to +4 (combative).
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Table 2. Adherence and Sedation Regimen.

Outcome

Median hours from randomization to drug initiation (IQR)
Trial drug administration
Median days of receipt of drug (IQR)

Median daily volume on days administered (IQR)  ml
Median daily dose on days administered (IQR)

Median total no. of drug adjustments per patient (IQR)

Drug temporarily held  no. (%)*

Median no. of times drug temporarily held per patient (IQR)

Drug permanently discontinued  no. (%)

Trial or clinical team aware of the drug used  no. (%)
Withdrawal from trial during hospitalization  no. (%)
Median RASS score while receiving drug (IQR)
Percent time at target sedation level while receiving drug
Median CPOT score while receiving drug (IQR)
Percent of days with adherence to ABCDE bundle

Spontaneous awakening trial

Spontaneous breathing trial

Coordination of awakening and breathing trials

Nondrug delirium interventions

Early mobilization
Median daily fentanyl dose on days administered (IQR)  pg/hr
Midazolam exposure

Everused  no. (%)

Median days among users (IQR)

Median daily dose on days administered (IQR)  mg per day
Antipsychotic exposure

Everused  no. (%)

Median days among users (IQR)

Median daily dose on days administered (IQR)  mg
Open-label propofol exposure

Everused  no. (%)

Median days among users (IQR)

Median daily dose on days administered (IQR)  pg/kg/min
Open-label dexmedetomidine exposure

Everused  no. (%)

Median days among users (IQR)

Median daily dose on days administered (IQR)  pg/kg/hr

Median hours from meeting inclusion criteria to drug initiation (IQR)

Median days from first meeting trial criteria to initiation of drug (IQR)

Dexmedetomidine

N=214

22.4 (13.4 31.3)

13 (0.9 2.2)

3.0 (2.0 5.0)
1.00 (0.00 1.00)
119 (46 243)

0.27 pg/kg/hr
(0.11 0.61)

9(5 15.8)
60 (28)
111
25 (12)
27 (13)
10 (

5)

-2.00 (-3.00to -1.00)

57
0.33 (0.00 0.83)

98
93
86
99
91
68 (28 119)

114 (53)
2.0 (1.0 4.0)
3.8 (2.0 10.9)

90 (42)
5.0 (2.0 7.8)
2.2 (1.0 6.4)

27 (13)
2.0 (1.0 3.0)
10.8 (4.9 17.4)

9 (4)
1.0 (1.0 2.0)
0.24 (0.04 0.30)

Propofol
N=208
22.1 (12.8 33.7)
1.3 (0.8 2.1)

4.0 (2.0 6.0)
1.00 (0.00 1.00)
131 (67 229)

10.2 pg/kg/min
(5.5 18.4)

11.5 (5.8 25)
27)
12
11)
)

(
12
(

@1s

(

(

57
1
23
31
9 (4
-1.95 (-

60
0.31 (0.00 0.87)

98
95
84
99
92
56 (20 95)

90 (43)
1.0 (1.0 2.0)
4.0 (2.0 10.8)

87 (42)
4.0 (2.0 8.0)
3.6 (1.0 6.3)

16 (8)
1.5 (1.0 2.0)
48 (3.4 6.6)

6 (3)
1.0 (1.0 3.2)
0.26 (0.07 0.7)

)
3.03 to -0.98)

* The reasons for temporary holding of the drug included oversedation, hypotension, or bradycardia; spontaneous awak-
ening trials or times during which patients were not being sedated, were not receiving mechanical ventilation, or were

in the operating room are not included.

The Critical Care Pain Observation Tool (CPOT) is used to assess for pain by evaluating facial expression, body move-
ment, muscle tension, and adherence to use of the ventilator if intubated or vocalization if extubated. Total scores

range from 0 to 8, with scores higher than 2 indicating the presence of pain.

The ABCDE bundle includes evaluations for awakening and breathing coordination, choice of sedation, delirium moni-

toring and management, and early mobility.
Values shown are in intravenous haloperidol equivalents.
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Table 3. Primary and Secondary Efficacy End Points.*

End Point

Primary end point

Days alive without delirium or coma at 14 days
Unadjusted no. of days  median (IQR)
Adjusted no. of days ~ median (95% Cl)
Adjusted odds ratio (95% Cl)

Secondary end points

Ventilator-free days at 28 days
Unadjusted no. of days  median (IQR)
Adjusted no. days  median (95% Cl)
Adjusted odds ratio (95% Cl)

Death at 90 days
Unadjusted no. of patients (%)
Adjusted hazard ratio (95% Cl)

TICS-T score at 6 mo
Unadjusted score  median (IQR)
Adjusted score  median (95% Cl)
Adjusted odds ratio (95% Cl)

Dexmedetomidine

(N=214)

8.0 (1.0 12.8)
10.7 (8.5 12.5)
0.96 (0.74 1.26)

20.9 (0.0 26.1)
23.7 (205 25.4)
0.98 (0.63 1.51)

81 (38)
1.06 (0.74 1.52)

39 (28 48)
40.9 (33.6 47.1)
0.94 (0.66 1.33)

Propofol
(N=208)

7.5 (1.8 11.2)
10.8 (8.7 12.6)

Reference

19.9 (4.2 24.9)
24.0 (20.9 25.4)

Reference

82 (39)

Reference

38 (30 46)
41.4 (34.0 47.3)

Reference

* Variables in adjusted analyses, except for analysis of death at 90 days, included the following: age at trial enroliment;
education; baseline cognitive function as determined according to the IQCODE-SF; preexisting coexisting conditions
according to the Charlson Comorbidities Index; SOFA assessment on the day of enrollment (excluding central nervous
system component); level of arousal at randomization according to the RASS score closest to the time of randomization;
exposure to propofol, dexmedetomidine, benzodiazepines, opioids, and antipsychotics between the time of ICU admis-
sion and midnight before enrollment; medical (vs. surgical) patient; and infection type. Variables in adjusted analyses
for death at 90 days included the following: age at trial enrollment, baseline cognitive function as determined according
to the IQCODE-SF, preexisting coexisting conditions according to the Charlson Comorbidities Index, SOFA assessment
on the day of enrollment (excluding central nervous system component), medical (vs. surgical) patient, and infection

type.

Age-adjusted total scores on the Telephone Interview for Cognitive Status questionnaire (TICS-T) range from 0 to 100
with a mean of 50£10; lower scores indicate worse cognition, and a score of 35 or less indicates cognitive impairment.

cally ill adults receiving mechanical ventilation
may not require sedative infusions,*?* our trial
specifically enrolled adults with sepsis who had
a high severity of illness, a greater risk for ARDS,
and a higher requirement for continuous sedation.
It was important to better characterize the effect
of greater arousability, analgesic properties, and
lack of respiratory depression observed with
dexmedetomidine as compared with GABAergic
sedatives in this population. Data indicate mean-
ingful differences between dexmedetomidine and
GABAergic sedatives with respect to innate im-
munity and risk of infection, including evidence
that dexmedetomidine may offer superior anti-
inflammatory effects.”?” Despite these theoreti-
cal benefits and studies supporting the use of

dexmedetomidine, the choice between dexmed-
etomidine and propofol alone does not appear
to substantially affect patient outcomes in the
complex milieu of critical illness with sepsis. Our
findings, therefore, strongly reinforce current
guidelines* that recommend the use of either
dexmedetomidine or propofol for light sedation
when continuous sedation is needed for adults
with or without sepsis who require mechanical
ventilation.

Our trial builds on other trials that have com-
pared dexmedetomidine with propofol,?24° with
important methodologic advances that include a
higher degree of sedative trial drug blinding, a
better separation between groups with regard to
sedative exposure, and stricter adherence to light
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100+
754
£
= o
=
g 50
0
=
]
>
o
25+
Dexmedetomidine
Propofol
0 T T T T T 1
0 15 30 45 60 75 90
Days
No. at Risk (Cumulative No.
of Deaths)
Dexmedetomidine 214 (0) 152 (62) 140 (74) 138 (76) 135 (79) 135 (79) 133 (81)
Propofol 208 (0) 167 (41) 150 (57) 138 (69) 132 (75) 126 (81) 125 (82)
Figure 2. Effects of Dexmedetomidine and Propofol on 90-Day Survival.
The Kaplan Meier method was used to estimate the probability of survival. In the adjusted analyses, there was no
significant difference between the trial groups with respect to death at 90 days (hazard ratio with dexmedetomidine
vs. propofol, 1.06; 95% confidence interval [Cl], 0.74 to 1.52). Results have not been adjusted for multiple compari-
sons. The shading indicates 95% confidence intervals.

sedation approaches, with high compliance with
a standardized, multicomponent sedation man-
agement bundle (i.e., the ABCDE bundle)®®% that
has been shown to reduce mortality and improve
other important outcomes. One study by Kawazoe
et al.”? randomly assigned 201 patients with sep-
sis who required mechanical ventilation to open-
label sedation with dexmedetomidine (up to 0.7 ug
per kilogram per hour) or sedation without
dexmedetomidine (infusions of propofol or mida-
zolam or both) for up to 7 days. On 1 or more
study days, 29% of the dexmedetomidine group
received propofol (nearly three times the cross-
over rate of our study) and up to 21% received
midazolam. The authors found no significant dif-
ference in the number of days without delirium
or coma, the number of ventilator-free days, or
mortality at 28 days with dexmedetomidine use,
although the trial was probably underpowered to
measure a difference in mortality.

More recently, Shehabi et al.”® performed a land-
mark open-label, randomized trial of dexmedeto-
midine (up to 1.5 ug per kilogram per hour) as
compared with usual care (infusions of propofol

N ENGL ) MED 384,15

or midazolam or both) for up to 28 days in more
than 3900 patients with critical illness. The au-
thors did not find a significant difference be-
tween the groups in the number of days without
delirium or coma at 28 days, the number of
ventilator-free days at 28 days, death at 90 days
(including in subgroup analyses of 806 patients
with suspected or confirmed sepsis), or death at
180 days. Most patients (86%) in the dexmedeto-
midine group received concomitant propofol for
a median of 2.0 days, and 23% received midazolam
for a median of 0.5 days; this lack of separation
between groups limits the interpretation of the
results. Despite an unmasking episode in 14% of
patients and crossover in about 10% of patients
in the present study, we believe that our meth-
odologic rigor allows a more definitive conclu-
sion that dexmedetomidine and propofol have
similar efficacy with regard to acute brain dys-
function, mechanical ventilation requirement,
and mortality when light sedation goals and the
ABCDE bundle are used to care for critically ill
mechanically ventilated adults with sepsis. Bio-
logically, patients with sepsis should derive im-
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portant benefits from dexmedetomidine because
of its immunomodulatory and antiinflammatory
properties; thus, it is highly unlikely that patients
without sepsis would have outcomes with dex-
medetomidine substantially different from those
we report.

An expanding area of interest in the care of
critically ill patients is the prevention of cogni-
tive impairment, functional impairment, and de-
cline in quality of life after hospital discharge.
The study by Shehabi et al.”® showed similar
scores in cognition (as assessed with the Infor-
mant Questionnaire on Cognitive Decline in the
Elderly [IQCODE]) and quality of life (as assessed
with the EQ-5D) at 180 days in the dexmedeto-
midine and control groups. Using a more robust
cognitive assessment battery, we found clinically
important cognitive dysfunction in approximate-
ly 25% of patients after sepsis and critical illness
even with light sedation approaches, and the use
of dexmedetomidine as compared with propofol
did not alter this finding. Considering our high
follow-up rates and use of a robust assessment
battery, it appears that sedation choice does not
affect survivorship outcomes when currently rec-
ommended sedation approaches are used.

Our trial has a number of strengths but also
some notable limitations. We made every effort
to mask the delivery of propofol and dexmedeto-
midine considering their different physical prop-
erties. Although an episode of unmasking of the
group assignment to a clinician or research team
member occurred in 14% of patients, adherence
to blinding in our trial was higher than that
reported in similar clinical trials of propofol and
dexmedetomidine. We allowed clinicians to set
sedation targets, achieved good separation be-
tween groups regarding sedative exposure, and
had robust follow-up. In general, patients had
light levels of sedation with low doses of sedative
medications and concomitant opioid analgesia.

This may reflect changing sedation strategies con-
forming to recommended practices or the need for
lower sedative doses in patients with sepsis. We
had some cross-contamination of sedative use,
although substantially less than that in similar
sedation studies, and had a rescue protocol that
included the use of low-dose antipsychotic med-
ications. The trial drug was started a median of
22 hours after the patient met all inclusion cri-
teria, which may have limited our ability to af-
fect outcomes. We had slower-than-anticipated
enrollment, which required an adjustment of
the sample size, yet had adequate power to
study the questions of interest. Some exclusions
were the result of clinicians not having equi-
poise regarding sedation for a given patient or
were due to patients (or their surrogates) deci-
sion not to agree to enrollment in the trial, fac-
tors that may affect generalizability. Overall, we
believe that we studied a representative popula-
tion of patients with sepsis in centers across the
United States and provide more definitive evi-
dence regarding the choice of sedation in criti-
cally ill patients with sepsis who require mechani-
cal ventilation.

Our trial showed that among critically ill
adults with sepsis who were receiving mechani-
cal ventilation and for whom recommended light-
sedation approaches were used, dexmedetomidine
did not lead to better outcomes than propofol
with respect to days alive without acute brain
dysfunction, ventilator-free days, death at 90 days,
or cognition at 6 months.

Supported by a grant (HL111111) from the National Institutes
of Health (NIH), a grant (TR000445) from the NIH for the use
of REDCap, grants from the NIH to Dr. Duprey (1F31AG066460)
and to Dr. Girard (HL135144), and a grant from the National
Heart Lung and Blood Institute to Dr. Pun (HL14678-01). Dex-
medetomidine was provided by Pfizer (previously by Hospira).

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.

A data sharing statement provided by the authors is available
with the full text of this article at NEJM.org.

APPENDIX

The authors full names and academic degrees are as follows: Christopher G. Hughes, M.D., M.S.C.R., Patrick T. Mailloux, D.O.,
John W. Devlin, Pharm.D., Joshua T. Swan, Pharm.D., M.P.H., Robert D. Sanders, M.D., Antonio Anzueto, M.D., James C. Jackson,
Psy.D., Aimee S. Hoskins, B.S.N., R.N., Brenda T. Pun, D.N.P., R.N., Onur M. Orun, M.S., Rameela Raman, Ph.D., Joanna L. Stollings,
Pharm.D., Amy L. Kiehl, M.A., Matthew S. Duprey, Pharm.D., Ph.D., Lan N. Bui, Pharm.D., M.P.H., Hollis R. O Neal, Jr., M.D., Allison
Snyder, M.S.N., A.P.R.N., Michael A. Gropper, M.D., Ph.D., Kalpalatha K. Guntupalli, M.D., Gregg J. Stashenko, M.D., Mayur B. Patel,
M.D., M.P.H., Nathan E. Brummel, M.D., M.S.C.L., Timothy D. Girard, M.D., M.S.C.1., Robert S. Dittus, M.D., M.P.H., Gordon R.
Bernard, M.D., E. Wesley Ely, M.D., M.P.H., and Pratik P. Pandharipande, M.D., M.S.C.L.

The authors affiliations are as follows: the Critical Illness, Brain Dysfunction, and Survivorship Center (C.G.H., J.CJ., A.S.H., B.T.P.,
0.M.0., R.R,, J.L.S., A.L.K, M.B.P., N.E.B., T.D.G., R.S.D., G.R.B., E.W.E., D.D.P.), the Center for Health Services Research (C.G.H.,
J.CJ., R.R., M.B.P,, T.D.G., R.S.D., E.W.E., P.P.P.), the Division of Anesthesiology Critical Care Medicine, Department of Anesthesiol-

N ENGL ) MED 384,15

NEJM.ORG APRIL 15, 2021

The New England Journal of Medicine

Downloaded from nejm.org by MATTHEW HENDRICKSON on May 17, 2021. For personal use only. No other uses without permission.

Copyright © 2021 Massachusetts Medical Society. All rights reserved.



SEDATION IN MECHANICALLY VENTILATED ADULTS WITH SEPSIS

ogy (C.G.H., P.P.P.), the Division of Allergy, Pulmonary, and Critical Care Medicine (J.C.J., B.T.P., G.R.B., E.W.E.), and the Division of
General Internal Medicine and Public Health (R.S.D.), Department of Medicine, the Departments of Biostatistics (0.M.O., R.R.) and
Pharmaceutical Services (J.L.S.), and Division of Trauma and Surgical Critical Care, Department of Surgery (M.B.P.), Vanderbilt Univer-
sity Medical Center, and the Anesthesia Service (C.G.H., P.P.P.), Research Service (J.C.J.), Surgical Service (M.B.P.), and Geriatric Re-
search, Education and Clinical Center (R.S.D., E.W.E.), Department of Veterans Affairs Medical Center, Tennessee Valley Healthcare
System  both in Nashville; the Neuroscience Institute and Department of Critical Care Medicine, Maine Medical Center, Portland
(P.T.M.); the Department of Pharmacy and Health Systems Sciences, Bouve College of Health Sciences, Northeastern University, Boston
(J.W.D., M.S.D.); the Departments of Pharmacy (J.T.S., L.N.B.) and Surgery (J.T.S.) and the Center for Outcomes Research (J.T.S.),
Houston Methodist, and the Pulmonary, Critical Care and Sleep Medicine Section, Ben Taub Hospital, Baylor College of Medicine
(K.K.G.), Houston; the Division of Pulmonary/Critical Care Medicine, University of Texas Health, and the South Texas Veterans Health
Care System, San Antonio (A.A.); and Texas Health Harris Methodist Hospital Fort Worth, Fort Worth (A.S.)  all in Texas; the Uni-
versity of Sydney, and the Department of Anaesthetics, Royal Prince Alfred Hospital, Sydney, and the Department of Anesthesiology,
University of Wisconsin, Madison (R.D.S.); Pulmonary and Critical Care Medicine, Baton Rouge General Medical Center and Our Lady
of the Lake Regional Medical Center, Baton Rouge, LA (H.R.O.); the Department of Anesthesia and Perioperative Care, University of
California, San Francisco, San Francisco (M.A.G.); Pulmonary and Critical Care, Mission Hospital, Asheville, NC (G.J.S.); the Division
of Pulmonary, Critical Care and Sleep Medicine, Department of Internal Medicine, Ohio State University Wexner Medical Center, Co-
lumbus (N.E.B.); and Clinical Research, Investigation, and Systems Modeling of Acute Illness Center, Department of Critical Care

Medicine, University of Pittsburgh School of Medicine, Pittsburgh (T.D.G.).

REFERENCES

1. Fleischmann C, Scherag A, Adhikari
NK, et al. Assessment of global incidence
and mortality of hospital-treated sepsis:
current estimates and limitations. Am J
Respir Crit Care Med 2016;193:259-72.

2. Dhital R, Basnet S, Poudel DR. Predic-
tors and outcome of invasive mechanical
ventilation in hospitalized patients with
sepsis: data from National Inpatient Sam-
ple. J Community Hosp Intern Med Per-
spect 2018;8:49-52.

3. Vincent J-L, Marshall JC, Namendys-
Silva SA, et al. Assessment of the world-
wide burden of critical illness: the Inten-
sive Care Over Nations (ICON) audit. Lancet
Respir Med 2014;2:380-6.

4. Inouye SK, Westendorp RG, Saczynski
JS. Delirium in elderly people. Lancet 2014;
383:911-22.

5. Ely EW, Shintani A, Truman B, et al.
Delirium as a predictor of mortality in me-
chanically ventilated patients in the inten-
sive care unit. JAMA 2004;291:1753-62.

6. Shehabi Y, Riker RR, Bokesch PM,
Wisemandle W, Shintani A, Ely EW. De-
lirium duration and mortality in lightly
sedated, mechanically ventilated inten-
sive care patients. Crit Care Med 2010;38:
2311-8.

7. DPisani MA, Kong SYJ, Kasl SV, Murphy
TE, Araujo KLB, Van Ness PH. Days of de-
lirium are associated with 1-year mortality
in an older intensive care unit population.
Am J Respir Crit Care Med 2009;180:1092-7.
8. Schuler A, Wulf DA, Lu Y, et al. The
impact of acute organ dysfunction on long-
term survival in sepsis. Crit Care Med 2018;
46:843-9.

9. Pandharipande PP, Girard TD, Jack-
son JC, et al. Long-term cognitive impair-
ment after critical illness. N Engl J] Med
2013;369:1306-16.

10. SaczynskiJS, Marcantonio ER, Quach
L, et al. Cognitive trajectories after post-
operative delirium. N Engl ] Med 2012;
367:30-9.

11. Helmy SA, Al-Attiyah RJ. The immu-

nomodulatory effects of prolonged intra-
venous infusion of propofol versus mid-
azolam in critically ill surgical patients.
Anaesthesia 2001;56:4-8.

12. Wang X, Cheng Y, Liu X, Yang J, Mu-
noz D, Zhang C. Unexpected pro-injury
effect of propofol on vascular smooth mus-
cle cells with increased oxidative stress. Crit
Care Med 2011;39:738-45.

13. Kelbel I, Koch T, Weber A, Schiefer
HG, van Ackern K, Neuhof H. Alterations
of bacterial clearance induced by propofol.
Acta Anaesthesiol Scand 1999;43:71-6.
14. Memis D, Hekimoglu S, Vatan I, Yan-
dim T, Y ksel M, S t N. Effects of mid-
azolam and dexmedetomidine on inflam-
matory responses and gastric intramucosal
PH to sepsis, in critically ill patients. Br J
Anaesth 2007;98:550-2.

15. Venn RM, Bryant A, Hall GM, Grounds
RM. Effects of dexmedetomidine on adre-
nocortical function, and the cardiovascu-
lar, endocrine and inflammatory responses
in post-operative patients needing sedation
in the intensive care unit. BrJ Anaesth 2001;
86:650-6.

16. Qiao H, Sanders RD, Ma D, Wu X,
Maze M. Sedation improves early out-
come in severely septic Sprague Dawley
rats. Crit Care 2009;13:R136.

17. Nishina K, Akamatsu H, Mikawa K, et
al. The effects of clonidine and dexmed-
etomidine on human neutrophil func-
tions. Anesth Analg 1999;88:452-8.

18. Pandharipande PP, Pun BT, Herr DL,
et al. Effect of sedation with dexmedeto-
midine vs lorazepam on acute brain dys-
function in mechanically ventilated pa-
tients: the MENDS randomized controlled
trial. JAMA 2007;298:2644-53.

19. Riker RR, Shehabi Y, Bokesch PM, et al.
Dexmedetomidine vs midazolam for se-
dation of critically ill patients: a random-
ized trial. JAMA 2009;301:489-99.

20. Pandharipande PP, Sanders RD, Girard
TD, et al. Effect of dexmedetomidine ver-
sus lorazepam on outcome in patients

with sepsis: an a priori-designed analysis
of the MENDS randomized controlled
trial. Crit Care 2010;14:R38.

21. Jakob SM, Ruokonen E, Grounds RM,
et al. Dexmedetomidine vs midazolam or
propofol for sedation during prolonged
mechanical ventilation: two randomized
controlled trials. JAMA 2012;307:1151-
60.

22. Kawazoe Y, Miyamoto K, Morimoto T,
et al. Effect of dexmedetomidine on mor-
tality and ventilator-free days in patients
requiring mechanical ventilation with
sepsis: a randomized clinical trial. JAMA
2017;317:1321-8.

23. Shehabi Y, Howe BD, Bellomo R, et al.
Early sedation with dexmedetomidine in
critically ill patients. N Engl J] Med 2019;
380:2506-17.

24. Devlin JW, Skrobik Y, G linas C, et al.
Clinical practice guidelines for the pre-
vention and management of pain, agita-
tion/sedation, delirium, immobility, and
sleep disruption in adult patients in the
ICU. Crit Care Med 2018;46(9):e825-e873.
25. Chandrasekhar R, Hughes CG, Pun
BT, Orun OM, Ely EW, Pandharipande PP.
Statistical analysis plan for the Maximiz-
ing the Efficacy of Sedation and Reducing
Neurological Dysfunction and Mortality
in Septic Patients with Acute Respiratory
Failure trial. Crit Care Resusc 2020;22:63-
71.

26. Sessler CN, Gosnell MS, Grap MJ, et al.
The Richmond Agitation-Sedation Scale:
validity and reliability in adult intensive
care unit patients. Am J Respir Crit Care
Med 2002;166:1338-44.

27. Rhodes A, Evans LE, Alhazzani W, et
al. Surviving Sepsis Campaign: internation-
al guidelines for management of sepsis and
septic shock: 2016. Crit Care Med 2017;45:
486-552.

28. Barnes-Daly MA, Phillips G, Ely EW.
Improving hospital survival and reduc-
ing brain dysfunction at seven California
community hospitals: implementing PAD

N ENGLJ MED 384;15 NEJM.ORG APRIL 15, 2021 1435

The New England Journal of Medicine
Downloaded from nejm.org by MATTHEW HENDRICKSON on May 17, 2021. For personal use only. No other uses without permission.
Copyright © 2021 Massachusetts Medical Society. All rights reserved.



1436

SEDATION IN MECHANICALLY VENTILATED ADULTS WITH SEPSIS

guidelines via the ABCDEF bundle in 6,064
patients. Crit Care Med 2017;45:171-8.
29. Pun BT, Balas MC, Barnes-Daly MA,
et al. Caring for critically ill patients with
the ABCDEF bundle: results of the ICU
Liberation Collaborative in over 15,000
adults. Crit Care Med 2019;47:3-14.

30. Ely EW, Inouye SK, Bernard GR, et al.
Delirium in mechanically ventilated pa-
tients: validity and reliability of the confu-
sion assessment method for the intensive
care unit (CAM-ICU). JAMA 2001;286:
2703-10.

31. G linas C, Fillion L, Puntillo KA, Viens
C, Fortier M. Validation of the Critical-
Care Pain Observation Tool in adult pa-
tients. Am J Crit Care 2006;15:420-7.

32. BrandtJ, Spencer M, Folstein MF. The
telephone interview for cognitive status.

Neuropsychiatry Neuropsychol Behav Neu-
rol 1988;1:111-7.

33. Christie JD, Plotkin Biester RC, Taich-
man DB, et al. Formation and validation
of a telephone battery to assess cognitive
function in acute respiratory distress syn-
drome survivors. J Crit Care 2006;21:125-32.
34. Katz S, Ford AB, Moskowitz RW, Jack-
son BA, Jaffe MW. Studies of illness in the
aged  the Index of Adl: a standardized
measure of biological and psychosocial
function. JAMA 1963;185:914-9.

35. Pfeffer RI, Kurosaki TT, Harrah CH
Jr, Chance JM, Filos S. Measurement of
functional activities in older adults in the
community. ] Gerontol 1982;37:323-9.

36. Rabin R, de Charro F. EQ-5D: a mea-
sure of health status from the EuroQol
Group. Ann Med 2001;33:337-43.

37. Jorm AF. A short form of the Infor-
mant Questionnaire on Cognitive Decline
in the Elderly IQCODE): development and
cross-validation. Psychol Med 1994;24:
145-53.

38. Str m T, Martinussen T, Toft D. A
protocol of no sedation for critically ill
patients receiving mechanical ventilation:
a randomised trial. Lancet 2010;375:475-80.
39. Olsen HT, Nedergaard HK, Str m T,
et al. Nonsedation or light sedation in
critically ill, mechanically ventilated pa-
tients. N Engl ] Med 2020;382:1103-11.
40. Djaiani G, Silverton N, Fedorko L, et
al. Dexmedetomidine versus propofol se-
dation reduces delirium after cardiac sur-
gery: a randomized controlled trial. Anes-
thesiology 2016;124:362-8.

Copyright © 2021 Massachusetts Medical Society.

RECEIVE IMMEDIATE NOTIFICATION WHEN AN ARTICLE

IS PUBLISHED ONLINE FIRST

To be notified by email when Journal articles
are published online first, sign up at NEJM.org.

N ENGL ) MED 384;15 NEJM.ORG APRIL 15, 2021

The New England Journal of Medicine
Downloaded from nejm.org by MATTHEW HENDRICKSON on May 17, 2021. For personal use only. No other uses without permission.
Copyright © 2021 Massachusetts Medical Society. All rights reserved.





