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Effect of early mobilisation on long-term cognitive 
impairment in critical illness in the USA: a randomised 
controlled trial 
Bhakti K Patel, Krysta S Wolfe, Shruti B Patel, Karen C Dugan, Cheryl L Esbrook, Amy J Pawlik, Megan Stulberg, Crystal Kemple, Megan Teele, 
Erin Zeleny, Donald Hedeker, Anne S Pohlman, Vineet M Arora, Jesse B Hall, John P Kress

Summary
Background Patients who have received mechanical ventilation can have prolonged cognitive impairment for which 
there is no known treatment. We aimed to establish whether early mobilisation could reduce the rates of cognitive 
impairment and other aspects of disability 1 year after critical illness.

Methods In this single-centre, parallel, randomised controlled trial, patients admitted to the adult medical-surgical 
intensive-care unit (ICU), at the University of Chicago (IL, USA), were recruited. Inclusion criteria were adult patients 
(aged ≥18 years) who were functionally independent and mechanically ventilated at baseline and within the first 96 h 
of mechanical ventilation, and expected to continue for at least 24 h. Patients were randomly assigned (1:1) via 
computer-generated permuted balanced block randomisation to early physical and occupational therapy (early 
mobilisation) or usual care. An investigator designated each assignment in consecutively numbered, sealed, opaque 
envelopes; they had no further involvement in the trial. Only the assessors were masked to group assignment. The 
primary outcome was cognitive impairment 1 year after hospital discharge, measured with a Montreal Cognitive 
Assessment. Patients were assessed for cognitive impairment, neuromuscular weakness, institution-free days, 
functional independence, and quality of life at hospital discharge and 1 year. Analysis was by intention to treat. This 
trial was registered with ClinicalTrials.gov, number NCT01777035, and is now completed.

Findings Between Aug 11, 2011, and Oct 24, 2019, 1222 patients were screened, 200 were enrolled (usual care n=100, 
intervention n=100), and one patient withdrew from the study in each group; thus 99 patients in each group were 
included in the intention-to-treat analysis (113 [57%] men and 85 [43%] women). 65 (88%) of 74 in the usual care 
group and 62 (89%) of 70 in the intervention group underwent testing for cognitive impairment at 1 year. The rate of 
cognitive impairment at 1 year with early mobilisation was 24% (24 of 99 patients) compared with 43% (43 of 99) with 
usual care (absolute difference –19·2%, 95% CI –32·1 to –6·3%; p=0·0043). Cognitive impairment was lower at 
hospital discharge in the intervention group (53 [54%] 99 patients vs 68 [69%] 99 patients; –15·2%, –28·6 to –1·7; 
p=0·029). At 1 year, the intervention group had fewer ICU-acquired weaknesses (none [0%] of 99 patients vs 14 [14%] 
of 99 patients; –14·1%; –21·0 to –7·3; p=0·0001) and higher physical component scores on quality-of-life testing than 
did the usual care group (median 52·4 [IQR 45·3–56·8] vs median 41·1 [31·8–49·4]; p<0·0001). There was no 
difference in the rates of functional independence (64 [65%] of 99 patients vs 61 [62%] of 99 patients; 3%, 
–10·4 to 16·5%; p=0·66) or mental component scores (median 55·9 [50·2–58·9] vs median 55·2 [49·5–59·7]; p=0·98) 
between the intervention and usual care groups at 1 year. Seven adverse events (haemodynamic changes [n=3], arterial 
catheter removal [n=1], rectal tube dislodgement [n=1], and respiratory distress [n=2]) were reported in six (6%) of 
99 patients in the intervention group and in none of the patients in the usual care group (p=0·029).

Interpretation Early mobilisation might be the first known intervention to improve long-term cognitive impairment 
in ICU survivors after mechanical ventilation. These findings clearly emphasise the importance of avoiding delays in 
initiating mobilisation. However, the increased adverse events in the intervention group warrants further investigation 
to replicate these findings.  

Funding None.

Copyright © 2023 Published by Elsevier Ltd. All rights reserved.

Introduction 
Long-term cognitive impairment affects about half of 
critically ill patients with respiratory failure or shock.1–3 
Although the duration of delirium has been associated 
with long-term cognitive dysfunction,4 it remains unclear 
whether it is a cause of this dysfunction. Pharmacological 

treatments for the prevention5–7 or improvement8,9 of 
delirium have been elusive. By contrast, a non-
pharmacological approach for critically ill patients, 
known as early mobilisation, has been shown to be safe 
and feasible, can shorten the duration of delirium 
by 50%,10 and might prevent long-term cognitive 
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impairment. This intervention implements physical and 
occupational therapy within the first days of mechanical 
ventilation during critical illness. Patients engage in 
progressive out-of-bed physical activity and simulate 
functional tasks, such as grooming or dressing during 
the interruption of sedatives.11 The simultaneous 
attention to physiological and functional recovery early in 
the intensive care unit (ICU) course also doubles the 
chances of functional independence of patients at 
hospital discharge.10,12

Despite the short-term neurocognitive and functional 
gains with early mobilisation at hospital discharge, ICU 
trials of physical therapy did not find any enduring 
benefits in physical function in the months after critical 
illness.13–16 These findings question the relevance of the 
muscle–brain crosstalk in the context of critical illness, 
in which physical activity might also improve cognitive 
function.17 However, these clinical studies differed 
substantially in the timing and type of the therapy 
sessions delivered to patients. Therapy was often delayed 
by more than 1 week after mechanical ventilation,13,14 
occurring long after the foundation for cognitive 
dysfunction, and physical impairment was probably 
established. Furthermore, the absence of ICU 
occupational therapy18 might have led to a focus on 
strengthening exercises over functional tasks, such as 
simulation of activities of daily living,14–16,19,20 which might 
not engage the mind enough to preserve thinking and 
processing skills needed to complete complex everyday 
tasks. To date, there have been no clinical trials assessing 

the effects of early mobilisation on cognitive dysfunction 
at 1 year. In functionally independent and mechanically 
ventilated patients admitted to the ICU, we aimed to 
establish whether early mobilisation could reduce the 
rates of cognitive impairment and other aspects of 
disability 1 year after critical illness.

Methods 
Study design 
In this single-centre, parallel, randomised controlled 
trial, consecutive patients admitted to the adult medical-
surgical ICU at the University of Chicago (IL, USA; an 
urban academic hospital), were screened for eligibility. 
The institutional review board provided ethics approval 
in July, 2011. The trial is registered with ClinicalTrials.
gov, NCT01777035; registration occurred in January, 2013, 
due to a clerical error. The trial was erroneously 
considered registered as a previous clinical trial of early 
mobilisation.10 When the error was discovered, a new 
trial registration was created, and no preliminary data 
were evaluated before clinical trial registration.

Patients 
Adult patients (aged ≥18 years) requiring mechanical 
ventilation who were functionally independent at 
baseline, defined as a Barthel Score of more than 70,21,22 
and mechanically ventilated for less than 96 h but 
expected to continue for at least 24 h, were eligible for 
enrolment. Patients were excluded because of rapidly 
changing neurological conditions (large stroke, status 

Research in context

Evidence before this study
There is no known treatment for long-term cognitive 
impairment after mechanical ventilation. Three systematic 
reviews examining the effect of early mobilisation in the 
intensive care unit (ICU) have focused on physical and functional 
outcomes as opposed to cognitive effects, of which a Cochrane 
review was unable to determine any treatment effect due to the 
heterogeneity of interventions and small sample size. One 
systematic review investigated interventions that might reduce 
cognitive impairment in the ICU, which identified seven studies, 
but none had a significant effect on cognitive impairment. 
Between inception and Nov 1, 2022, we searched PubMed using 
the term “cognitive impairment after critical illness” with a 
restriction to human participants and randomised clinical trials, 
resulting in nine citations. Two citations were publications of 
clinical trial protocols with no reported clinical data and another 
two citations did not collect data on long-term cognitive 
impairment. The other publications investigated the effects of 
early cognitive therapy with or without physical activity, high 
dose vitamin D, physostigmine after liver surgery, 3 months of 
in-home cognitive, physical, and functional rehabilitation after 
ICU discharge, or cognitive therapy alone, all of which found no 
long-term effects on cognitive impairment. Another clinical trial 

of early active exercise was published in November, 2022, and 
showed no treatment effect on cognition 6 months after 
discharge.

Added value of this study
To our knowledge, this is the first randomised controlled trial to 
improve long-term cognitive impairment in patients who have 
received mechanical ventilation. Our study shows that early 
physical and occupational therapy within the first 96 h of 
mechanical ventilation is associated with substantial 
improvement in cognitive impairment, neuromuscular 
weakness, and quality of life in the physical health domains.

Implications of all the available evidence
Long-term cognitive impairment affects about half of all 
surviving patients after mechanical ventilation and yet 
strategies to prevent or mitigate this complication have been 
elusive. Our study suggests that implementing complex 
multidisciplinary interventions, such as early mobilisation in 
the acute phase of critical illness, into practice has substantial 
benefits on long-term disability in surviving patients after 
mechanical ventilation. The single-centere design, small sample 
size, and increased risk of adverse events warrants replication of 
these findings in future studies. 
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epilepticus, or intracranial haemorrhage or swelling), 
cardiac arrest, elevated intracranial pressure, pregnancy, 
terminal condition (life expectancy <6 months), severe 
chronic pain syndrome, traumatic brain injury, multiple 
limb fractures, pelvic fractures, or more than one absent 
limb. Sex was self-reported using a surrogate decision 
maker and options were male or female. Written 
informed consent was obtained by an authorised 
surrogate decision maker.

Randomisation and masking 
Patients were randomly assigned 1:1 to early mobilisation 
(physical and occupational therapy) at enrolment 
(intervention) or usual care with physical and 
occupational therapy delivered when ordered by the 
primary team. A computer-generated permuted balanced 
block randomisation scheme with random block sizes 
was used to allocate patients to each group. Only the 
assessors were masked to group assignment. Success of 
masking was not measured directly, but assessors were 
distinct research staff who did not participate in other 
trial activities and had no access to patient records. An 
investigator designated each assignment in consecutively 
numbered, sealed, opaque envelopes; they had no further 
involvement in the trial.

Procedures 
Patients randomly assigned to the intervention group 
received physical and occupational therapy after 
interruption of sedation. Complete details of the therapy 
sessions are described elsewhere.10,23 Patients engaged in 
progressive mobilisation starting with range of motion 
and advancing to bed mobility activities, transferring to 
an upright position, sitting, standing, marching in place, 
and walking, as tolerated. Exercise and cueing (eg, being 
upright when sitting or handing an object to grasp) were 
used to stimulate command following, increase patient 
interaction, and increase strength and range of motion 
for extremities used for functional activities. While 
sitting, patients participated in activities of daily living 
and practiced functional tasks. Progression of activities 
was dependent on patient tolerance and stability. 
Prespecified criteria that precluded the initiation or 
continuation of the therapy session were vital sign 
abnormalities, such as mean arterial blood pressure of 
less than 65 mm Hg or more than 110 mm Hg, or 
systolic blood pressure of more than 200 mm Hg; heart 
rate of less than 40 beats per min or more than 130 beats 
per min; respiratory rate of less than 5 breaths per min 
or more than 40 breaths per min; and pulse oximetry of 
less than 88% or marked ventilator asynchrony, patient 
distress, new arrhythmia, or concern for myocardial 
ischaemia or airway device integrity. Other contra-
indications for initiation of therapy were raised 
intracranial pressure; active gastrointestinal blood loss; 
active myocardial ischaemia; continuing procedures, 
including intermittent haemodialysis (but not including 

continuous ultrafiltration or haemodialysis); patient 
agitation requiring increased sedative administration in 
the previous 30 min; and unsecure airway.

Therapy sessions featured daily cotreatment with a 
physical therapist and an occupational therapist 
throughout hospital treatment until hospital discharge 
or return to baseline level of function. The baseline 
function was measured using the Barthel score before 
enrolment. Session duration ranged from 25 min to 
30 min.23 Therapy was initiated in the usual care group 
at the direction of the primary team or on extubation, 
whichever occurred first. All therapists worked primarily 
in the critical care setting and had previous training and 
extensive experience in ICU therapy practices. Therapists 
who conducted therapy sessions with the intervention 
group were distinct from the usual care group. Patients 
in the intervention and control groups were managed 
with goal-directed sedation to a Richmond Agitation 
Sedation Scale (RASS)24 determined by the primary 
team, had daily interruption of sedation,11 and paired 
awakening and breathing trials25 for weaning from 
mechanical ventilation. Delirium was assessed daily 
using the confusion assessment method for the ICU 
(CAM-ICU)26,27 during interruption of sedation.

All patients underwent cognitive testing, functional 
and strength assessment, and evaluation of quality of life 
at hospital discharge and 1 year by a masked assessor 
during an outpatient visit or home visit, when necessary.

Outcomes 
The primary endpoint was cognitive impairment at 1 year 
defined as a Montreal Cognitive Assessment (MoCA) 
score of less than 26.28 The MoCA is a 30-point screening 
tool that assesses multiple cognitive domains (visuospatial, 
naming, attention, language, verbal memory, orientation), 
has high sensitivity for detecting mild cognitive 
impairment, and is considered a possible screening tool 
for cognitive impairment in the post-ICU population.29–31 
Secondary endpoints were cognitive impairment at 
hospital discharge, ICU-acquired weakness at hospital 
discharge and 1 year, functional independence at hospital 
discharge and 1 year, quality of life at hospital discharge 
and 1 year, and institution-free days at 1 year. All patients 
had a strength and functional assessment completed by a 
physical or occupational therapist masked to study 
allocation using the Medical Research Council (MRC) 
score32 and Functional Independence Measure.33 A 
combined MRC score of less than 48 defined the presence 
of ICU-acquired weakness.34 Functional independence 
was defined as independence in activities of daily living 
and ambulation. Independence in activities of daily living 
was defined as a Functional Independence Measure score 
of 5 or more indicating completion of the activities of daily 
living without physical assistance. Quality of life was 
measured using the Medical Outcomes Study Short 
Form-36 (SF-36),35 which assesses eight domains (physical 
functioning, social functioning, physical role, emotional 
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role, mental health, pain, vitality, and general health) on a 
scale of 0–100 with higher scores indicating better health 
status. Quality-of-life scores were transformed to compare 
with population norms in the USA. Norm-based scores of 
50 or more indicate scores at or above population norms 
and scores of less than 40 in the physical and mental 
components defined quality-of-life scores at least 1 SD 
below population norms. At 1 year after hospital discharge, 
patients were also interviewed to prospectively collect data 
on hospital admissions or other facilities (skilled nursing, 
long-term acute care, and rehabilitation facility 
admissions) corroborated by medical records, to calculate 
the number of health care institution-free days, defined as 

days alive spent living at home. Deaths (safety outcome) 
were also assessed using the Social Security Death Index. 
Adverse events were collected in real-time by study 
personnel for the intervention group or by chart review of 
therapy notes for the usual care group. 

Statistical analysis
Previous research shows that about 50% of patients 
mechanically ventilated in the ICU will be cognitively 
impaired at 12 months.1,36 We aimed to reduce the 
proportion of patients with cognitive impairment by 
20 percentage points to 30% in the intervention group at 
1 year. Sample size was estimated using the difference-
in-proportions test for longitudinal data.37 75 participants 
were required per group to detect a true difference of this 
magnitude with 80% power, an α value of 0·05, and an 
intraclass correlation coefficient of 0·6.38 We estimated 
an 18% in-hospital mortality rate in our cohort10 and an 
additional 10·5% death rate by 1 year.25,39,40 With this 
attrition rate, we estimated that we would need to enrol 
200 patients (100 per treatment group).

Usual care group 
(n=99)

Intervention group 
(n=99)

Age, years 54·5 (41·9–64·7) 57·9 (42·3–66·8)

Sex

Female 44 (44%) 41 (41%)

Male 55 (56%) 58 (59%)

Race

African American 72 (73%) 68 (69%)

White, non-Hispanic 21 (21%) 26 (26%)

White, Hispanic 4 (4%) 4 (4%)

Asian 2 (2%) 1 (1%)

Barthel Index Score 100 (100–100) 100 (100–100)

BMI, kg/m² 29·8 (24·2–35·2) 28·2 (23·7–33·1)

Level of education

High school education or 
higher 

91 (92%) 91 (92%)

Less than high school 
education

8 (7%) 8 (7%)

APACHE II score 23 (16–27) 23 (18–29)

Sepsis* 56 (57%) 63 (64%)

Diabetes 26 (26%) 23 (23%)

Primary diagnosis for ICU admission

Acute hypoxaemic respiratory 
failure

35 (35%) 44 (44%)

Acute ventilatory failure 24 (24%) 17 (17%)

Threatened airway 21 (21%) 19 (19%)

Sepsis* 12 (12%) 14 (14%)

Liver failure 3 (3%) 1 (1%)

Gastrointestinal 
haemorrhage

1 (1%) 2 (2%)

Other 3 (3%) 2 (2%)

Data are n (%) or median (IQR). ICU=intensive care unit. *Sepsis  includes sepsis 
and septic shock defined using the Sepsis-3 definition.

Table 1: Baseline characteristics 

100 assigned to usual care

23 did not complete MoCA at hospital
discharge

1 withdrew
11 died

5 unable to complete MoCA
6 missing data

77 completed MoCA at hospital discharge 

65 completed MoCA at 1 year*

99 included in intention-to-treat
analysis†

23 did not complete MoCA at 1 year
14 died

6 missing data
3 unable to complete MoCA

1222 patients assessed for eligibility

200 enrolled

200 randomised

1022 excluded 
406 post cardiac arrest 
185 rapidly changing neurological status
207 life expectancy <6 months
105 logistics

74 declined consent
21 fractures or open wounds
11 high intracranial pressure

6 >1 absent limb
6 pregnancy
1 severe chronic pain syndrome

100 assigned to early mobilisation

24 did not complete MoCA at hospital
discharge

1 withdrew
14 died

5 unable to complete MoCA
4 missing data

76 completed MoCA at hospital discharge 

62 completed MoCA at 1 year*

99 included in intention-to-treat
analysis†

23 did not complete MoCA at 1 year
15 died

2 refused MoCA testing
6 missing data

Figure 1: Trial profile
MoCA=Montreal Cognitive Assessment. *Incudes participants who were unable to complete MoCA at hospital 
discharge and those who had missing data at hospital discharge. †The intention-to-treat analysis excludes one 
patient who withdrew. 
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All analyses were performed on the basis of an 
intention-to-treat approach. We used the χ² test or 
Fisher’s exact test as appropriate to compare categorical 
outcomes between groups. A Wilcoxon-Mann-Whitney 
two-sample rank-sum test was used to compare 
continuous outcomes. A modified Poisson generalised 
estimating equation model using cluster-robust SEs was 
used to evaluate the average effect of the intervention on 
cognitive impairment.41 To assess the effect of missing 
data, which were unlikely to be missing at random, a 
sensitivity analysis was performed using a pattern 
mixture model.42 In this analysis, we assessed the degree 
to which the time, treatment group, and their interaction 
varied by study completion. In a competing risk analysis, 
the effect of the intervention on cognitive impairment 
with death as a competing risk was estimated using a 
Cox-proportional hazards model.43,44

To evaluate the effect of the intervention on 1-year 
survival after randomisation, we used the Kaplan-Meier 
procedure in this post-hoc analysis to estimate survival 
distributions in each group, with the effect of the 
intervention compared between groups using the 
log-rank test. All reported p values are two-sided and 
were not adjusted for multiple testing. Significant 
differences between groups or across time were reported 
as p value of less than 0·05 or more. We used STATA 
(StataCorp MP, version 17.0). This trial was registered 
with ClinicalTrials.gov, number NCT01777035.

Role of the funding source
There was no funder for this study. 

Results
Between Aug 11, 2011, and Oct 24, 2019, 1222 patients 
were assessed for eligibility, of whom 200 (16·4%) were 
randomly assigned to usual care (n=100) or early 
mobilisation (n=100; figure 1). One patient withdrew 
from each group, thus 99 patients per group were 
included in the intention-to-treat analysis. 11 (11%) of 
99 patients in the usual care group and 14 (14%) of 
99 patients in the intervention group died before 
hospital discharge. Baseline characteristics did not 
significantly differ between groups (table 1; appendix 
p 2). At 1 year, 144 participants were alive (74 [75%] of 
99 in the usual care group, and 70 [71%] of 99 in the 
intervention group; figure 2), of whom 65 (88%) of 74 in 
the usual care group and 62 (89%) of 70 in the 
intervention group underwent follow-up testing for 
cognitive impairment. Three (5%) of 65 patients in the 
usual care group were unable to complete the cognitive 
evaluation due to non-verbal status. Two (3%) of 
62 patients in the intervention group refused to 
complete cognitive testing. Six (6%) patients in each 
group were lost to follow-up. Follow-up rates for 
secondary outcomes, including quality of life, neuro-
muscular, and functional outcomes, were similar and 
are reported in the appendix (p 3).

Patients randomly assigned to the intervention group 
had a median of 1·1 days (IQR 0·8–2·0) from intubation 
to their first therapy session compared with a median of 
4·7 days (3·3–6·8) in the usual care group (p<0·0001; 
table 2). 93 (94%) of 99 patients in the intervention group 
had a therapy session during mechanical ventilation 
within 96 h of mechanical ventilation. Among the 
six patients who did not receive mobilisation during 
mechanical ventilation, the three most common reasons 
for deferring therapy were due to paralysis, hypotension, 
and transition to comfort care. Patients in the intervention 
group had a higher median number of therapy sessions 
while mechanically ventilated, in the ICU, and overall, 
during hospitalisation than the usual care group. Six (6%) 
of 99 patients in the usual care group had therapy occur 
during mechanical ventilation and all were able to at least 
sit at the edge of the bed in the first session. Additionally, 
48 (48%) patients in the usual care group received at least 
one therapy session in the ICU. There was a shorter time 
from intubation to sitting, standing, and walking in the 
intervention group than in the usual care group 
(appendix p 4). The duration of delirium was low overall; 
however, patients in the intervention group had fewer 
median ICU days in delirium than the usual care group 
(table 2). There was no significant difference in ventilator-
free days or duration of ICU or length of hospital stay 
(pre-specified outcomes). More than half (51 [52%] of 99) 
of patients in the intervention group were discharged 
home without any need for additional therapy services 
compared with more than a third (36 [36%] of 99) in the 
usual care group (absolute difference 15·2%, 95% CI 
1·5–28·8; p=0·032).

43 (43%) of 99 patients in the usual care group and 
24 (24%) of 99 in the intervention group had cognitive 
impairments at 1 year (absolute difference –19·2%, 
95% CI –32·1 to –6·3; p=0·0043; table 3). The median 
MoCA score at 1 year was higher in the intervention 
group than in the usual care group (26 [IQR 24–28] vs 
23 [21–26]; p=0·0001). Correspondingly, on hospital 

See Online for appendix
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Figure 2: Kaplan-Meier plot of survival
Probability of survival from randomisation to 1 year. 
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discharge, fewer patients in the intervention group had 
cognitive impairment (53 [54%] of 99 patients vs 
68 [69%] of 99 patients; –15·2%, –28·6 to –1·7; p=0·029). 
Using the modified Poisson regression model, the 
intervention improved the risk of cognitive impairment 
by 19% (risk ratio [RR] 0·81, 95% CI 0·68–0·96; 
p=0·014). In 1 year, the risk of cognitive impairment 
improved in both groups by 2% a month (0·98, 
0·97–0·99; p=0·0010) but to a greater degree in the 
intervention group (group-by-time interaction 0·97, 
95% CI 0·95–0·99; p=0·037).

In terms of neuromuscular outcomes, fewer patients 
in the intervention group had ICU-acquired weakness 
than those in the usual care group at hospital discharge 
and at 1 year. The proportion of patients with functional 
independence was higher in the intervention group than 
the usual care group at hospital discharge but was not 

statistically different from the usual care group at 1 year. 
Quality-of-life scores in the physical and mental health 
domains were not significantly different at hospital 
discharge. At 1 year, the physical component score was 
higher in the intervention group than the usual care 
group; however, mental component scores at 1 year were 
not significantly different between groups. The median 
number of institution-free days was not significantly 
different between groups (335 days [IQR 121–356] vs 
338 days [111–355]; p=0·88; table 3).

Of 696 therapy sessions delivered to the intervention 
group, there were seven (<1%) adverse events. There was 
one arterial catheter removal and one rectal tube 
dislodgement and therapy had to be discontinued on 
five occasions (three times for haemodynamic changes 
and twice for respiratory distress; table 4). Of the 
38 therapy sessions that occurred in the usual care group, 
there were no adverse events. At least one adverse event 
was reported in six (6%) of 99 patients in the intervention 
group and in none of the patients in the usual care group 
(p=0·029).

Using the pattern mixture model, dropout before 
completion of the 1-year assessment did not alter the 
effect of time or intervention on the MoCA score 
(appendix p 4). In a competing risk analysis of time to 
first cognitive test showing impairment, based on the 
cause-specific hazard ratio (HR; with death as the 
competing risk), the unadjusted Cox-proportional 
hazards model showed that the HR for the intervention 
was 0·66 (95% CI 0·47–0·93; p=0·019). When adjusting 
for the APACHE II score, the HR was 0·69 (95% CI 
0·49–0·98; p=0·040) for the intervention and 0·97 
(0·95–0·99; p=0·010) for the APACHE II score.

Discussion
In this randomised controlled trial, early mobilisation 
was shown to be the first known intervention to 
improve long-term cognitive impairment 1 year after 
patients were mechanically ventilated. Although there 
was no difference in functional independence between 
groups at 1 year, other aspects of long-term disability, 
including neuromuscular weakness and quality of life 
related to physical health, were improved with early 
mobilisation. This study is novel since it is the first to 
show that an intervention can improve long-term 
cognitive impairment in ICU survivors. The early 
intervention and multidisciplinary nature (ie, physical 
and occupational therapy teams working together at the 
same time) of this study are another aspect of its 
novelty.

The findings highlight the importance of the timing 
and type of intervention required to improve long-term 
cognitive dysfunction in patients requiring mechanical 
ventilation. Usual care in this study had improved over 
time, such that patients received a therapy session 
about 5 days after intubation, which is earlier than 
described in intervention groups of other clinical trials 

Usual care group 
(n=99)

Intervention group 
(n=99)

p value

Time from intubation to first PT or OT 
session (days)

4·7 (3·3–6·8) 1·1 (0·8–2·0) <0·0001

Number of daily therapy sessions

Mechanical ventilation 0 (0–0) 2 (1–3) <0·0001

ICU admission 0 (0–1) 4 (2–6) <0·001 

During hospitalisation 2 (1–4) 5 (3–9) <0·0001

Delirium duration in ICU (days) 1 (0–3) 0 (0–2) 0·0050

Proportion of ICU days in delirium 25% (0–55·6) 0% (0–28·6) 0·0011

Coma duration in ICU (days) 0 (0–1) 0 (0–0) 0·62

Proportion of ICU days in coma 0% (0–6·3) 0% (0–0) 0·67

Sedation and analgesia

Patients with propofol infusion 71 (72%) 69 (70%) 0·75

Propofol dose, mg/day 1872·4 (915·2–2803·0) 1259·9 (550·1–2615·0) 0·093

Patients with dexmedetomidine infusion 48 (49%) 48 (49%) 1·00 

Dexmedetomidine dose, µg per day 417·8 (99·9–1452·1) 441·7 (221·9–1030·3) 0·97

Patients with benzodiazepine infusion 9 (9%) 12 (12%) 0·49

Benzodiazepine dose, mg per day 21·6 (7·8–39·9) 22·3 (8·1–38·1) 1·00 

Patients with opiate infusion 84 (85%) 77 (78%) 0·20

Fentanyl dose, µg per day 1647·2 (652·2–2448·2) 1084·1 (531·1–2404·1) 0·32

Ventilator free days* 24·6 (20·8–26·1) 25·2 (22·9–26·4) 0·18

Duration of mechanical ventilation (days) 3·4 (1·9–6·0) 2·7 (1·6–4·5) 0·11

ICU length of stay (days) 5·6 (2·9–9·8) 4·7 (3·0–8·9) 0·51

Hospital length of stay (days) 9·5 (6·0–17·3) 9·7 (5·9–16·8) 0·70

Discharge destination

Death 11 (11%) 14 (14%) ··

Hospice 2 (2%) 2 (2%) ··

Outside hospital 4 (4%) 1 (1%) ··

Long-term acute care 7 (7%) 4 (4%) ··

Subacute rehabilitation 10 (10%) 4 (4%) ··

Acute rehabilitation 12 (12%) 12 (12) ··

Home with outpatient therapy 17 (17%) 11 (11%) ··

Home 36 (36%) 51 (52%) 0·032†

Data are median (IQR) or n (%), unless otherwise stated. ICU=intensive care unit. OT=occupational therapy. PT=physical 
therapy. *Days 1–28. †Home discharge without need for services versus all other discharge possibilities. 

Table 2: Therapy details and hospital outcomes
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of ICU therapy.14–16 Specifically, Moss and colleagues14 
mobilised patients a median of 8 days after intubation 
and Wright and colleagues16 randomly assigned patients 
to groups on the fourth day of mechanical ventilation 
but delivered physical therapy 3 days later. Despite a 
shorter time to therapy than in these older trials, 
patients in the usual care group still had similar rates of 
cognitive dysfunction at 1 year to patients requiring 
mechanical ventilation as previously described.2,3 This 
finding suggests that the foundation for cognitive 
impairment, similar to physical impairment, is set 
early and requires the intervention to occur during 
mechanical ventilation. Perhaps the early timing of 
mobilisation indirectly affects cognition by sparing 
patients of potentially excessive sedation45 or social 
isolation, due to human interaction and engagement 
within the first 48 h of critical illness.

Although these findings are encouraging, they should 
be met with caution. The single-centre design and small 
sample size of this trial restricts the generalisability of 
our findings and necessitates replication. Future 
investigations should consider the increased risk of 
adverse events in the intervention group. Although this 
observation might be due to undersurveillance of adverse 
events in the control group, the increased mortality, 
although not significant, seen in the intervention group 
and in other trials of early mobilisation12,14,16 should be a 
cause for concern. Future clinical trials investigating the 
early timing of therapy should invest in real-time 
surveillance of adverse events in intervention and usual 
care groups to understand whether there is excess harm. 
Finally, although the cognitive benefits are striking, there 
was no effect of early mobilisation on other important 
outcomes, such as ventilator-free days, length of stay, 
institution-free days, or mental component scores on 
quality-of-life testing. The lack of congruence of the 
benefits of early mobilisation on cognition but not on 
mental component scores could suggest that 
improvements in cognitive scores are not completely 
explained by prevention of psychiatric complications, 
which are known to alter cognition.

A large, multicentre, multinational clinical trial of early 
mobilisation (TEAM study) was unable to show any long-
term benefits of the intervention, including cognitive 
impairment at 6 months.46 Although that clinical trial 
had many strengths, key differences in its implementation 
might explain our disparate findings. First, the time to 
intervention was longer in the TEAM study intervention 
group than in our intervention group (median 3 days 
after randomisation vs median 2·25 h; appendix p 5), 
with a lower proportion of the TEAM intervention group 
ambulated in the ICU (176 [47%] of 371 patients vs 
85 [86%] of 99 patients; appendix p 4). Second, the 
intervention in the TEAM study did not incorporate 
occupational therapy, which might have had some 
cognitive benefits compared with physical therapy alone. 
Third, the follow-up rate was lower for the assessment of 

long-term cognitive impairment in the TEAM study than 
in our study. Last, despite the stated goal to minimise 
sedation, a third to a half of patients in the TEAM study 

Usual care group 
(n=99)

Intervention 
group (n=99)

Absolute difference p value

Primary outcome 

Cognitive impairment at 
1 year

43 (43%) 24 (24%) –19·2%(–32·1 to –6.3) 0·0043

MoCA* score at 1 year 23 (21–26) 26 (24–28) 3 (1 to 4) 0·0001

Hospital discharge outcome

Cognitive impairment 68 (69%) 53 (54%) –15·2% (–28·6 to –1·7) 0·029

MoCA score 20 (16–23) 23 (19–27) 3 (2 to 5) 0·0004

ICU-acquired weakness† 38 (38%) 21 (21%) –17·1% (–29·7 to –4·7) 0·0083

Total MRC score 49 (44–56) 56 (48–60) 7 (1 to 9) 0·0017

Functional independence 46 (47%) 66 (67%) 20·2% (6·7 to 33·7) 0·0041

Quality of life

SF-36 physical component 
score

39·6 (31·8–48·5) 45·7 (29·7–55·6) 4·1 (–0·53 to 8·4) 0·081

Impaired physical health‡ 39 (39%) 29 (29%) –10·1% (–23·3 to 3·1) 0·13

SF-36 mental component 
score

47·6 (38·3–55·3) 53·3 (44·3–57·2) 5·7 (–0·16 to 6·9) 0·061

Impaired mental health 22 (22%) 13 (13%) –9·1% (–19·6% to 1·5) 0·094

1-year follow-up

ICU-acquired weakness 14 (14%) 0 –14·1% (–21·0 to –7·3) 0·0001

Total MRC score 56 (49–60) 58 (56–60) 2 (0 to 4) 0·0073

Functional independence 61 (62%) 64 (65%) 3·0% (–10·4 to 16·5) 0·66

Quality of life

SF-36 physical component 
score

41·1 (31·8–49·4) 52·4 (45·3–56·8) 11·3 (6·3 to 13·8) <0·0001

Impaired physical health 30 (30%) 8 (8%) –22·2% (–32·7 to –11·7) 0·0001

SF-36 mental component 
score

55·2 (49·5–59·7) 55·9 (50·2–58·9) 0·7 (–2·7 to 2·3) 0·98

Impaired mental health 9 (9%) 7 (7%) –2·0% (–9·6 to 5·6) 0·60

Institution-free days 335 (121–356) 338 (111–355) 3 (–8 to 5) 0·88

Data are n (%) or median (IQR), unless otherwise specified. ICU=intensive care unit. MoCA=Montreal Cognitive 
Assessment. MRC=Medical Research Council. SF-36=Medical Outcomes Study Short Form-36 *MoCA score of less than 
26 defined cognitive impairment. †ICU-acquired weakness defined as a combined MRC score of less than 48. ‡At least 
1SD below population norms (ie, <40).  

Table 3: Primary and secondary outcomes 

Usual care 
group (n=99)

Intervention 
group (n=99)

p value

At least one AE due to 
mobilisation

0 (0%) 6 (6%) 0·029

Type of AE

Tachycardia 0 (0%) 2 (2%) 1·00

Hypotension 0 (0%) 1 (1%) 1·00

Tachypnoea 0 (0%) 1 (1%) 1·00

Oxygen desaturation 0 (0%) 1 (1%) 1·00

Arterial catheter removal 0 (0%) 1 (1%) 1·00

Rectal tube removal 0 (0%) 1 (1%) 1·00

Data are n (%). More than one adverse event (AE) occurs in one patient. 

Table 4: Adverse events
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had a minimum RASS score of –4 or –5 indicating deep 
sedation in the first 5 days of the study. As a result, 
sedation was the most commonly cited barrier to 
mobilisation in the first 13 days of the TEAM study. 
Correspondingly, rates of delirium by study day varied 
from 25% to 40% in the intervention group. Thus, the 
high rates of delirium, coupled with deep sedation 
practices and delay of therapy in the TEAM study might 
have confounded any treatment effect that early 
mobilisation could have had on cognitive impairment.

In a landmark study of the largest description of 
cognitive outcomes after mechanical ventilation, 
Pandharipande and colleagues showed that the duration 
of delirium might be a possible mediator of cognitive 
impairment.2 In our study, the overall duration of ICU 
delirium was low in both groups, albeit shorter in 
patients who received early mobilisation; however, the 
burden of cognitive impairment in the usual care group 
was substantial. This finding suggests that other 
mechanisms could exist that confer cognitive resilience 
in patients who receive early mobilisation. Physical 
activity has anti-inflammatory effects47 and might 
enhance myokine secretion, which can regulate 
metabolism and possibly brain function.48 The addition 
of occupational therapy in treatment sessions could also 
have a role. Occupational therapy emphasises functional 
cognition, which incorporates executive function, motor 
skills, and performance patterns (eg, habits or routines) 
to complete activities of daily living.49 This approach in 
the context of other memory disorders, such as dementia, 
could maintain cognition and functionality in the short 
term.50 Linking physical activity to task completion 
engages the mind in a way that passive range of motion 
or resistive exercises alone might not. For example, 
previous ICU therapy trials that relied primarily on 
physical therapy, but not occupational therapy, were 
unable to show any change in long-term cognition19 or 
quality of life.14,20

Despite the important findings, this study has several 
limitations. First, due to its large effect size and modest 
sample size, it warrants replication in future work. We 
aimed for such a large effect size in the sample size 
calculation since this resource-intensive intervention had 
no established long-term benefit14,16 and it was challenging 
to implement on a large scale. Thus, to incentivise the 
adoption of this practice, we chose an effect size that 
would be commensurate to the investment necessary for 
successful implementation of early mobilisation. 
Another limitation was the low rate of mobilisation in 
the control group. Despite our experience with early 
mobilisation in the ICU,10 shifting therapy to routinely 
occur in the early days of mechanical ventilation 
remained challenging in the usual care group. This 
observation emphasises that although the necessary 
components to build an early mobilisation programme 
were present (eg, dedicated personnel, a favourable ICU 
culture, and adoption of evidence-based sedation 

practices), they might still be insufficient. The care 
coordination required to align the intervention with 
awakening trials during windows of opportunity among 
other procedures, imaging, haemodynamic changes, and 
changing workflow of staff was managed by research 
personnel on a consistent basis for the intervention 
group but was absent for the patients in the usual care 
group. Early mobilisation might be considered standard 
of care,51 but the poor adoption of this evidence-based 
practice in the usual care group is not dissimilar to the 
usual care described in ICUs worldwide52–54 and 
underscores the potential generalisability of these 
findings. Thus, implementation science investigations 
are warranted to evaluate how best to bring the evidence 
base to everyday clinical practice.

The screening tool for cognitive function might 
overestimate the prevalence of impairment; however, the 
high sensitivity of the MoCA test28 correspondingly 
indicates that the false negative rate is also comparatively 
low. Given the high bar used to define normal cognition 
with this tool, the observed effects of early mobilisation 
are especially striking. Furthermore, consensus groups 
have suggested that the MoCA test has potential as a 
screening tool for cognitive impairment in survivors of 
critical illness.29,30 However, in-depth neurocognitive 
testing and assessment of ability to return to work to 
confirm the presence, degree of severity, and effect of 
cognitive dysfunction are warranted. The premorbid 
cognitive function of this cohort was not known. The 
nature of the intervention makes masking of group 
assignment impossible. The single-centre design limits 
generalisability. Specifically, the relatively low rates of 
coma and delirium reported in this study are not common 
among most ICUs.55 However, there is a role for testing 
complex, multidisciplinary, collaborative, time-sensitive 
interven tions, such as early mobilisation, in this setting 
to ensure that the intervention is delivered with high 
fidelity when investigating efficacy. Regardless, these 
findings warrant replication in a multicentre clinical trial 
with ICUs where delirium and coma are more common; 
less than 20% of the screened population were eligible for 
inclusion as patients were required to be functionally 
independent at baseline, which suggests limited 
applicability of this intervention. However, these criteria 
were necessary to ensure that patients had function to 
lose due to their critical illness event. Although 127 (88%) 
of 144 survivors underwent evaluation at 1 year, this 
represents only 64% (127 of 198) of the original clinical 
trial cohort. Therefore, the missing data due to loss 
to follow-up could bias these findings. Additionally, 
post-randomisation treatments, such as continued 
rehabilitation services, cognitive therapy, or receipt of 
psychoactive medications, were not measured and could 
alter these findings. There was also no adjustment for 
multiple testing. Finally, the small proportion of patients 
in the intervention group who did not receive early 
mobilisation, coupled with the loss to follow-up, could 
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introduce measurement bias and random confounding 
despite the intention-to-treat analysis.

Implementation of early mobilisation has been 
incorporated in ICU care bundles,51,52,56 and yet is poorly 
applied in everyday practice. Less than 10% of 
mechanically ventilated patients perform any out-of-bed 
activity.53 In fact, the presence of an endotracheal tube is a 
negative prognostic indicator for any physical activity.54 
Even clinical trials seeking to establish the long-term 
benefits of physical therapy in the ICU were unable to 
deliver the intervention within 72 h of mechanical 
ventilation, which might have led to inconclusive 
results.14,16,46 However, previous studies have shown that 
incorporation of early mobilisation in ICU care bundles 
is necessary to realise improved clinical outcomes.57 Our 
study also reaffirms the value added of early mobilisation, 
even when the incorporation of best practices, such as 
interruption of sedation,11 restricting sedation,58 and 
paired awakening and breathing trials,25 have substantially 
decreased the duration of mechanical ventilation and 
delirium. The COVID-19 pandemic has increased the 
numbers of community-dwelling, previously independent 
patients in need of invasive mechanical ventilation, but 
has also prevented the implementation of early 
mobilisation.59,60 Given concerns related to prolonged 
cognitive impairment, physical disability, and poor quality 
of life after critical illness,61 the effect of early mobilisation 
on the constellation of these sequelae warrants further 
investment.

To our knowledge, early mobilisation is the first 
intervention shown to improve long-term cognitive 
impairment, quality of life, and neuromuscular weakness 
in patients receiving mechanical ventilation. Further 
investigations to validate these findings and investigate 
implementation strategies are warranted.
Contributors
All authors had full access to all of the data in the study. BKP, KSW, DH, 
and JPK verified the data and take responsibility for the integrity of the 
data and accuracy of the data analysis. BKP, KSW, CLE, AJP, ASP, JBH, 
and JPK participated in the conception and design of the study. BKP, 
KSW, SBP, KCD, CLE, AJP, MS, CK, MT, EZ, ASP, and JPK recruited 
patients, performed patient assessments, or collected data, or both. BKP, 
DH, VMA, and JPK contributed to the methodology. BKP, KSW, DH, 
and JPK analysed the data. BKP drafted the manuscript. All authors 
participated in the interpretation of the results and revised and approved 
the final version of the manuscript. All authors had final responsibility 
for the decision to submit for publication.

Declaration of interests
We declare no competing interests.

Data sharing
A complete de-identified patient data set will be available to 
researchers who provide a methodologically sound proposal for the 
purposes of achieving specific aims outlined in that proposal. 
Proposals should be directed to the corresponding author via email 
(jkress@bsd.uchicago.edu) and will be reviewed by the University of 
Chicago Critical Care Outcomes Group. Requests to access data to 
undertake hypothesis-driven research will not be unreasonably 
withheld. To gain access, data requesters will need to sign a data access 
agreement and to confirm that data will only be used for the agreed 
purpose for which access was granted. Access to the dataset will be 
available 3 years after article publication.

Acknowledgments
We thank the multidisciplinary team of nurses, respiratory therapists, 
physical and occupational therapists, house staff, and faculty at the 
University of Chicago for supporting this clinical trial. BKP has been 
supported by funding from the National Institutes of Health/The 
National Heart, Lung, and Blood Institute (NIH/NHLBI; K23 HL148387) 
and the Parker B Francis Foundation (FP062541). BKP, KSW, SBP, and 
KCD were also supported by the NIH/NHLBI (T32 HL007605) to 
complete this work. VMA was supported by NIH/NHLBI, number 
K24HL136859.

References
1 Hopkins RO, Weaver LK, Pope D, Orme JF Jr, Bigler ED, 

Larson-LOHR V. Neuropsychological sequelae and impaired health 
status in survivors of severe acute respiratory distress syndrome. 
Am J Respir Crit Care Med 1999; 160: 50–56.

2 Pandharipande PP, Girard TD, Jackson JC, et al. Long-term 
cognitive impairment after critical illness. N Engl J Med 2013; 
369: 1306–16.

3 Girard TD, Jackson JC, Pandharipande PP, et al. Delirium as a 
predictor of long-term cognitive impairment in survivors of critical 
illness. Crit Care Med 2010; 38: 1513–20.

4 Girard TD, Thompson JL, Pandharipande PP, et al. Clinical 
phenotypes of delirium during critical illness and severity of 
subsequent long-term cognitive impairment: a prospective cohort 
study. Lancet Respir Med 2018; 6: 213–22.

5 Girard TD, Pandharipande PP, Carson SS, et al. Feasibility, efficacy, 
and safety of antipsychotics for intensive care unit delirium: the 
MIND randomized, placebo-controlled trial. Crit Care Med 2010; 
38: 428–37.

6 Page VJ, Ely EW, Gates S, et al. Effect of intravenous haloperidol on 
the duration of delirium and coma in critically ill patients 
(Hope-ICU): a randomised, double-blind, placebo-controlled trial. 
Lancet Respir Med 2013; 1: 515–23.

7 van den Boogaard M, Slooter AJC, Brüggemann RJM, et al. Effect of 
haloperidol on survival among critically ill adults with a high risk of 
delirium: the REDUCE randomized clinical trial. JAMA 2018; 
319: 680–90.

8 Skrobik YK, Bergeron N, Dumont M, Gottfried SB. Olanzapine vs 
haloperidol: treating delirium in a critical care setting. 
Intensive Care Med 2004; 30: 444–49.

9 van Eijk MM, Roes KC, Honing ML, et al. Effect of rivastigmine 
as an adjunct to usual care with haloperidol on duration of 
delirium and mortality in critically ill patients: a multicentre, 
double-blind, placebo-controlled randomised trial. Lancet 2010; 
376: 1829–37.

10 Schweickert WD, Pohlman MC, Pohlman AS, et al. Early physical 
and occupational therapy in mechanically ventilated, critically ill 
patients: a randomised controlled trial. Lancet 2009; 373: 1874–82.

11 Kress JP, Pohlman AS, O’Connor MF, Hall JB. Daily interruption of 
sedative infusions in critically ill patients undergoing mechanical 
ventilation. N Engl J Med 2000; 342: 1471–77.

12 Schaller SJ, Anstey M, Blobner M, et al. Early, goal-directed 
mobilisation in the surgical intensive care unit: a randomised 
controlled trial. Lancet 2016; 388: 1377–88.

13 Walsh TS, Salisbury LG, Merriweather JL, et al. Increased hospital-
based physical rehabilitation and information provision after 
intensive care unit discharge: the RECOVER randomized clinical 
trial. JAMA Intern Med 2015; 175: 901–10.

14 Moss M, Nordon-Craft A, Malone D, et al. A randomized trial of an 
intensive physical therapy program for patients with acute 
respiratory failure. Am J Respir Crit Care Med 2016; 193: 1101–10.

15 Denehy L, Skinner EH, Edbrooke L, et al. Exercise rehabilitation for 
patients with critical illness: a randomized controlled trial with 
12 months of follow-up. Crit Care 2013; 17: R156.

16 Wright SE, Thomas K, Watson G, et al. Intensive versus standard 
physical rehabilitation therapy in the critically ill (EPICC): 
a multicentre, parallel-group, randomised controlled trial. Thorax 
2018; 73: 213–21.

17 Pedersen BK. Physical activity and muscle-brain crosstalk. 
Nat Rev Endocrinol 2019; 15: 383–92.

18 Costigan FA, Duffett M, Harris JE, Baptiste S, Kho ME. 
Occupational therapy in the ICU: a scoping review of 
221 documents. Crit Care Med 2019; 47: e1014–21.

Downloaded for Anonymous User (n/a) at VANDERBILT UNIVERSITY from ClinicalKey.com by Elsevier on February 13, 
2023. For personal use only. No other uses without permission. Copyright ©2023. Elsevier Inc. All rights reserved.



Articles

10 www.thelancet.com/respiratory   Published online January 21, 2023   https://doi.org/10.1016/S2213-2600(22)00489-1

19 Morris PE, Berry MJ, Files DC, et al. Standardized rehabilitation 
and hospital length of stay among patients with acute respiratory 
failure: a randomized clinical trial. JAMA 2016; 315: 2694–702.

20 Fossat G, Baudin F, Courtes L, et al. Effect of in-bed leg cycling and 
electrical stimulation of the quadriceps on global muscle strength 
in critically ill adults: a randomized clinical trial. JAMA 2018; 
320: 368–78.

21 Collin C, Wade DT, Davies S, Horne V. The Barthel ADL Index: a 
reliability study. Int Disabil Stud 1988; 10: 61–63.

22 Mahoney FI, Barthel DW. Functional Evaluation: The Barthel Index. 
Md State Med J 1965; 14: 61–65.

23 Pohlman MC, Schweickert WD, Pohlman AS, et al. Feasibility of 
physical and occupational therapy beginning from initiation of 
mechanical ventilation. Crit Care Med 2010; 38: 2089–94.

24 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.

25 Girard TD, Kress JP, Fuchs BD, et al. Efficacy and safety of a paired 
sedation and ventilator weaning protocol for mechanically ventilated 
patients in intensive care (Awakening and Breathing Controlled 
trial): a randomised controlled trial. Lancet 2008; 371: 126–34.

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

27 Ely EW, Margolin R, Francis J, et al. Evaluation of delirium in 
critically ill patients: validation of the Confusion Assessment 
Method for the Intensive Care Unit (CAM-ICU). Crit Care Med 
2001; 29: 1370–79.

28 Nasreddine ZS, Phillips NA, Bédirian V, et al. The Montreal 
Cognitive Assessment, MoCA: a brief screening tool for mild 
cognitive impairment. J Am Geriatr Soc 2005; 53: 695–99.

29 Needham DM, Sepulveda KA, Dinglas VD, et al. Core outcome 
measures for clinical research in acute respiratory failure survivors: 
an international modified Delphi consensus study. 
Am J Respir Crit Care Med 2017; 196: 1122–30.

30 Mikkelsen ME, Still M, Anderson BJ, et al. Society of Critical Care 
Medicine’s International Consensus Conference on prediction and 
identification of long-term impairments after critical illness. 
Crit Care Med 2020; 48: 1670–79.

31 Brown SM, Collingridge DS, Wilson EL, et al. Preliminary 
validation of the Montreal Cognitive Assessment Tool among sepsis 
survivors: a prospective pilot study. Ann Am Thorac Soc 2018; 
15: 1108–10.

32 Kleyweg RP, van der Meché FG, Schmitz PI. Interobserver 
agreement in the assessment of muscle strength and functional 
abilities in Guillain-Barré syndrome. Muscle Nerve 1991; 14: 1103–09.

33 Keith RA, Granger CV, Hamilton BB, Sherwin FS. The functional 
independence measure: a new tool for rehabilitation. 
Adv Clin Rehabil 1987; 1: 6–18.

34 De Jonghe B, Sharshar T, Lefaucheur JP, et al. Paresis acquired in 
the intensive care unit: a prospective multicenter study. JAMA 2002; 
288: 2859–67.

35 Ware JE Jr, Sherbourne CD. The MOS 36-item short-form health 
survey (SF-36). I. Conceptual framework and item selection. 
Med Care 1992; 30: 473–83.

36 Jackson JC, Gordon SM, Ely EW, Burger C, Hopkins RO. Research 
issues in the evaluation of cognitive impairment in intensive care 
unit survivors. Intensive Care Med 2004; 30: 2009–16.

37 Diggle P, Heagerty P, Liang K-Y, et al. Analysis of longitudinal data, 
2nd edn. Oxford, NY: Oxford University Press, 2002: 379. 

38 Hedeker DR, Gibbons RD. Longitudinal data analysis. Hoboken, 
NJ: Wiley–Interscience, 2006: 337. 

39 Herridge MS, Cheung AM, Tansey CM, et al. One-year outcomes in 
survivors of the acute respiratory distress syndrome. N Engl J Med 
2003; 348: 683–93.

40 Mikkelsen ME, Christie JD, Lanken PN, et al. The adult respiratory 
distress syndrome cognitive outcomes study: long-term 
neuropsychological function in survivors of acute lung injury. 
Am J Respir Crit Care Med 2012; 185: 1307–15.

41 Zou GY, Donner A. Extension of the modified Poisson regression 
model to prospective studies with correlated binary data. 
Stat Methods Med Res 2013; 22: 661–70.

42 Hedeker D, Gibbons RD. Application of random-effects pattern-
mixture models for missing data in longitudinal studies. 
Psychol Methods 1997; 2: 64–78.

43 Dignam JJ, Zhang Q, Kocherginsky M. The use and interpretation 
of competing risks regression models. Clin Cancer Res 2012; 
18: 2301–08.

44 Austin PC, Fine JP. Practical recommendations for reporting Fine-
Gray model analyses for competing risk data. Stat Med 2017; 
36: 4391–400.

45 Pandharipande PP, Pun BT, Herr DL, et al. Effect of sedation with 
dexmedetomidine vs lorazepam on acute brain dysfunction in 
mechanically ventilated patients: the MENDS randomized 
controlled trial. JAMA 2007; 298: 2644–53.

46 Hodgson CL, Bailey M, Bellomo R, et al. Early active mobilization 
during mechanical ventilation in the ICU. N Engl J Med 2022; 
387: 1747–58.

47 Petersen AM, Pedersen BK. The anti-inflammatory effect of 
exercise. J Appl Physiol (1985) 2005; 98: 1154–62.

48 Kim S, Choi JY, Moon S, Park DH, Kwak HB, Kang JH. Roles of 
myokines in exercise-induced improvement of neuropsychiatric 
function. Pflugers Arch 2019; 471: 491–505.

49 Giles GM, Edwards DF, Baum C, Furniss J, Skidmore E, Wolf T, 
et al. Making functional cognition a professional priority. 
Am J Occup Ther 2020; published online Jan 28. 
https://doi.org/10.5014/ajot.2020.741002.

50 Pimouguet C, Le Goff M, Wittwer J, Dartigues JF, Helmer C. 
Benefits of occupational therapy in dementia patients: findings from 
a real-world observational study. J Alzheimers Dis 2017; 56: 509–17.

51 Ely EW. The ABCDEF Bundle: science and philosophy of how ICU 
liberation serves patients and families. Crit Care Med 2017; 
45: 321–30.

52 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.

53 Nydahl P, Ruhl AP, Bartoszek G, et al. Early mobilization of 
mechanically ventilated patients: a 1-day point-prevalence study in 
Germany. Crit Care Med 2014; 42: 1178–86.

54 Jolley SE, Moss M, Needham DM, et al. Point prevalence study of 
mobilization practices for acute respiratory failure patients in the 
United States. Crit Care Med 2017; 45: 205–15.

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

56 Barnes-Daly MA, Phillips G, Ely EW. Improving hospital survival 
and reducing brain dysfunction at seven California community 
hospitals: implementing PAD Guidelines via the ABCDEF Bundle 
in 6064 patients. Crit Care Med 2017; 45: 171–78.

57 Hsieh SJ, Otusanya O, Gershengorn HB, et al. Staged 
implementation of awakening and breathing, coordination, 
delirium monitoring and management, and early mobilization 
bundle improves patient outcomes and reduces hospital costs. 
Crit Care Med 2019; 47: 885–93.

58 Devlin JW, Skrobik Y, Gélinas C, et al. Clinical practice guidelines 
for the prevention and management of pain, agitation/sedation, 
delirium, immobility, and sleep disruption in adult patients in the 
ICU. Crit Care Med 2018; 46: e825–73.

59 Liu K, Nakamura K, Katsukawa H, et al. ABCDEF Bundle and 
supportive ICU practices for patients with coronavirus disease 2019 
infection: an international point prevalence study. Crit Care Explor 
2021; 3: e0353.

60 Liu K, Nakamura K, Katsukawa H, et al. Implementation of the 
ABCDEF Bundle for critically ill ICU patients during the COVID-19 
pandemic: a multi-national 1-day point prevalence study. 
Front Med (Lausanne) 2021; 8: 735860.

61 Needham DM, Davidson J, Cohen H, et al. Improving long-term 
outcomes after discharge from intensive care unit: report from a 
stakeholders’ conference. Crit Care Med 2012; 40: 502–09.

Downloaded for Anonymous User (n/a) at VANDERBILT UNIVERSITY from ClinicalKey.com by Elsevier on February 13, 
2023. For personal use only. No other uses without permission. Copyright ©2023. Elsevier Inc. All rights reserved.


