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Abstract
PURPOSE—Cognitive impairment after critical illness is common and debilitating. We
developed a cognitive therapy program for critically ill patients and assessed the feasibility and
safety of administering combined cognitive and physical therapy early during a critical illness.

METHODS—We randomized 87 medical and surgical ICU patients with respiratory failure and/
or shock in a 1:1:2 manner to three groups: usual care, early once-daily physical therapy, or early
once-daily physical therapy plus a novel, progressive, twice-daily cognitive therapy protocol.
Cognitive therapy included orientation, memory, attention, and problem solving exercises, and
other activities. We assessed feasibility outcomes of the early cognitive plus physical therapy
intervention. At 3-months, we also assessed cognitive, functional and health-related quality of life
outcomes. Data are presented as median [interquartile range] or frequency (%).

RESULTS—Early cognitive therapy was a delivered to 41/43 (95%) of cognitive plus physical
therapy patients on 100% [92–100%] of study days beginning 1.0 [1.0–1.0] day following
enrollment. Physical therapy was received by 17/22 (77%) of usual care patients, by 21/22 (95%)
of physical therapy only patients and 42/43 (98%) of cognitive plus physical therapy patients on
17% [10–26%], 67% [46–87%] and 75% [59–88%] of study days, respectively. Cognitive,
functional and health-related quality of life outcomes did not differ between groups at 3-month
follow-up.

CONCLUSIONS—This pilot study demonstrates that early rehabilitation can be extended
beyond physical therapy to include cognitive therapy. Future work to determine optimal patient
selection, intensity of treatment and benefits of cognitive therapy in the critically ill is needed.

Keywords
Delirium; cognitive impairment; brain injury; critical illness; rehabilitation; early ambulation;
barriers

INTRODUCTION
Each year, millions who survive critical illness are left with newly acquired cognitive
impairment and/or functional disability [1–4]. To date, interventional trials have focused on
early physical and occupational therapy with a higher proportion of patients maintaining
baseline functional status, a shortening of delirium duration and a decreased risk of death or
rehospitalization [5–7]. Following discharge from the intensive care unit (ICU) combined
cognitive and physical therapy was associated with improved executive functioning (e.g.,
problem solving, carrying out multi-step tasks) [8]. Cognitive therapy protocols that can be
administered during the earliest stages of a critical illness have not been developed and the
feasibility of initiating cognitive therapy early during critical illness has not previously been
studied.

We hypothesized that combined early cognitive and physical/occupational therapy in
conjunction with outpatient cognitive therapy would be feasible and safe to deliver and
would establish methods for ICU rehabilitation extending beyond conventional early
physical/occupational therapy. Therefore, we first developed a cognitive therapy protocol
that could be implemented early during a critical illness. We then conducted a randomized
controlled trial to establish the feasibility and safety of combining early cognitive therapy
and early physical/occupational therapy with prolonged (up to 12 weeks) outpatient
cognitive therapy in critically ill adult medical and surgical patients. The study protocol has
been previously described [9].

Brummel et al. Page 2

Intensive Care Med. Author manuscript; available in PMC 2015 March 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



METHODS
Setting and Participants

We recruited study participants from the Medical and Surgical Intensive Care Units (MICU
and SICU, respectively) at the Vanderbilt University Medical Center (Nashville, TN). The
institutional review board at Vanderbilt University approved the study and the trial was
registered with clinicaltrials.gov (NCT01270269). Prior to any study interventions, written
consent was obtained from patients or their authorized surrogates (with re-consent obtained,
when indicated, once patients were cognitively able).

Eligibility Criteria
We screened the MICU and SICU censuses daily to identify adult patients (≥18 years old)
being treated for respiratory failure and/or septic, cardiogenic or hemorrhagic shock who
resided within 120 miles of Nashville, TN. We excluded patients who had already been
critically ill for >72 hours since the opportunity to administer early cognitive and physical
therapy had passed, those who had been in the ICU for more than 5 days in the previous 30
days, those were unlikely to benefit from rehabilitation targeting acute declines in cognitive
or functional status due to a moribund state, severe pre-existing dementia or physical
disability in activities of daily living (e.g., bathing, dressing, etc.), or were unlikely to
continue the intervention in the outpatient setting due to active substance abuse, active
psychiatric disorder or homelessness. After obtaining informed consent, but prior to
randomization, patients or their surrogates completed the Short Form of the Informant
Questionnaire of Cognitive Decline in the Elderly (IQCODE) [10] and the Katz Activities of
Daily Living (ADL) questionnaire [11], respectively, to detect pre-existing dementia and
physical disability not evident during the initial screening process. These questionnaires
demonstrate good agreement when completed by either the patient or surrogates [12, 13].
We excluded those scoring >3.3 on the IQCODE or >3 on the Katz ADL.

Study Procedures
We used a computer-generated permuted-block randomization scheme to determine
intervention group allocation, which was printed on tri-folded forms placed in consecutively
numbered, sealed, opaque envelopes that were not opened until after informed consent was
obtained and inclusion and exclusion criteria were verified. We assigned patients in a 1:1:2
manner to one of three groups: usual care, early physical therapy only or early cognitive plus
physical therapy.

Each day, all mechanically ventilated patients were managed with coordinated spontaneous
awakening and spontaneous breathing trials [14]. Twice daily, we assessed each patient’s
level of consciousness using the Richmond Agitation-Sedation Scale (RASS) [15] and
delirium status using the Confusion Assessment Method for the ICU (CAM-ICU) [16].

Usual care patients received physical therapy after it was ordered by the treating clinicians
and per the routine hospital treatment protocol and schedule (typically 1–2 sessions per
week). No cognitive therapy interventions were performed as part of usual care. As
described in detail previously (and in the supplementary appendix), patients in the early
physical therapy only group underwent a once-daily physical therapy session, and patients in
the cognitive plus physical therapy group received twice-daily 20-minute cognitive therapy
sessions along with a once-daily physical therapy session [9].

Inpatient Cognitive Therapy
An interdisciplinary team of critical care physicians, nurses and neuropsychologists
developed the in-hospital cognitive therapy protocol by compiling a series of exercises we
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deemed to be both cognitively challenging and diverse in nature. These exercises focused on
orientation, memory, attention and problem solving (see Figure 1) [9]. The cognitive therapy
protocol was guided by the patient’s RASS assessment immediately preceding the session
and advanced patients through a progressively more difficult series of exercises delivered by
the interdisciplinary study team that included physicians and nurses.

Inpatient Physical and Occupational Therapy
Physical and occupational therapy interventions, modeled after those previously described in
the literature [6, 7, 17] and the existing ICU mobility protocol at our institution (but with an
emphasis on early and more frequent delivery), advanced patients from passive range of
motion exercises to independent ambulation, guided by the patient’s RASS and were titrated
to allow patients to reach their ‘maximal functional milestone’ as rapidly as possible (see
Figure 1) under the guidance of physical and occupational therapists [9].

Outpatient Cognitive Therapy
Patients randomized to cognitive plus physical therapy during the hospitalization who
demonstrated either impaired executive functioning or impaired functional mobility at the
time of hospital discharge were instructed they would continue cognitive therapy on an
outpatient basis in the form of a 12-week, 6-session, in-home, cognitive therapy program
using Goal Management Training (GMT)[18–20] GMT is an established, protocolized
cognitive rehabilitation program that specifically targets executive functioning, a domain of
significant importance for independent functioning [8, 18–21]. Patients who were
discharged to a nursing home or rehabilitation facility received GMT once they returned
home, with ‘make-up’ sessions performed to complete as many of the six in-home GMT
sessions as possible within the 12-week follow-up period.

Feasibility Outcome Assessment
The primary aim of this study was to establish the feasibility of delivering cognitive therapy
early during critical illness. Therefore, we recorded data on the number of patients to whom
the cognitive therapy protocol was delivered, the number of days of cognitive therapy
performed, the timing of initiation of cognitive therapy, exercises performed during each
cognitive therapy session and the duration of each session.

Secondary feasibility outcomes were the number of patients who received physical therapy,
the number of days of physical therapy received, timing of initiation of physical therapy,
exercises performed during each physical therapy session and duration of these sessions.
Finally, we also recorded the number of outpatient GMT sessions performed by eligible
patients who were randomized to the cognitive plus physical therapy group.

Follow-up Outcomes Assessment
While the main purpose of the study was to gather feasibility data, researchers blinded to all
study interventions and details regarding the patient’s hospital course collected data on
cognitive, functional and health-related quality of life (HRQOL) outcome measures at 3
months following hospital discharge. Patients were instructed not to disclose details
regarding study interventions they had received.

Additionally, we collected secondary clinical outcomes data including days free of delirium
and coma, days free of mechanical ventilation, ICU and hospital lengths of stay and
mortality. Finally, we assessed executive functioning, global cognitive status and functional
mobility at the time of hospital discharge.
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Data and Study Management
We collected all study data using an electronic data capture tool hosted at Vanderbilt
University (REDCap, project-redcap.org) [22]. An independent monitoring committee
reviewed safety data following the enrollment of 30 and 60 patients, respectively.

Statistical Analyses
We enrolled participants until 60 had been discharged from the hospital. This sample size
was chosen based on our overarching objective of obtaining feasibility data for both the
inpatient and outpatient interventions as well as the resource availability of the research
team. Thus, the study was not powered to allow determination of the efficacy of the
interventions. Nevertheless, we collected follow-up outcome data to inform future early
cognitive rehabilitation trials. We chose the total achievement score on the Tower Test from
the Delis-Kaplan Executive Function System [23], at 3-month follow-up as the primary
follow-up outcome. Secondary follow-up outcomes included results from a battery of
cognitive, functional and HRQOL outcomes assessed at 3-month follow-up.

We analyzed all data with an intention-to-treat approach. Feasibility outcomes were
analyzed using descriptive statistics. Follow-up outcomes data were analyzed using the
Kruskal-Wallis test or the Pearson chi-square test to compare groups with respect to
cognitive, functional and HRQOL outcomes. Analysis of ICU length of stay, survival and
other time-to-event outcomes were performed using the Kaplan-Meier product limit method
and log-rank testing. We used R (version 2.13, www.r-project.org) for all statistical
analyses. Data are presented as median [interquartile range] unless otherwise noted.

RESULTS
Between February 2011 and April 2012, 931 patients met inclusion criteria, and 844 met at
least one exclusion criteria (Figure 2). We therefore randomized a total of 87 patients: 22 to
usual care, 22 to physical therapy only and 43 to cognitive plus physical therapy.

At baseline, the three treatment groups were similar with regard to age, cognitive status (i.e.,
IQCODE score), functional status (i.e., ADL and IADL status) and admission diagnoses
(Table 1). The usual care group included more female patients than the other treatment
groups, and more patients were enrolled from the MICU in the physical therapy only group.

Feasibility of Cognitive Therapy Protocol
Of the 43 patients randomized to the cognitive plus physical therapy group, 41 (95%)
received cognitive therapy on at least one study day. One patient in this group died prior to
receiving any intervention and one refused participation in cognitive therapy exercises.

A majority of patients received the cognitive therapy protocol on all days while
mechanically ventilated, in the ICU, and in the hospital, respectively (Table 2). The first
cognitive therapy session was delivered 1.0 [1.0–1.0] day after study enrollment and 3.0
[2.0–4.0] days after ICU admission.

We chose three exercises—digit span forward, digit span backwards, and letter-number
sequences—representing the second, fifth and eight exercises in the protocol to illustrate
how patients progressed through the cognitive therapy protocol. At least once during the
study, 34/43 (79%) patients correctly performed at least one forward digit span (i.e.,
repeated four digits in the forward direction), 30/43 (70%) correctly performed at least one
reverse digit span (i.e., repeated three digits in the reverse direction) and 19/43 (44%)
correctly performed at least one letter-number sequence (i.e., repeated a string of two letters
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and numbers arranged in numerical then alphabetical order). These milestones were
achieved 1.5 [1.0–3.0] day, 3.0 [1.2–6.8] days and 5.0 [3.0–9.0] days after enrollment,
respectively, and while they represented significant progress for our patients, they are
regularly achieved by healthy, non-critically ill persons.[24] The proportion of eligible
patients (i.e., those alive, in the hospital and RASS −1 to +1) who achieved each of these
milestones on each of the first 10 days of the study is presented in Figure 3. Patients
performed 20 [20–20] minutes of cognitive therapy during each of the twice-daily sessions.

Feasibility of the Physical and Occupational Therapy Protocol
Though a large majority of patients across all three groups received physical therapy at least
once during their hospitalization, physical therapy was delivered much less often to patients
in the usual care group (Table 2). Usual care patients received physical therapy on roughly
one out of every six days. Conversely, patients in both intervention groups underwent
physical therapy on almost all days while mechanically ventilated, in the ICU and overall
during the study (Table 2). The first physical therapy session was received 3.0 [2.0–6.0]
days after study enrollment in usual care group, 1.0 [1.0–1.0] day after study enrollment in
the physical therapy only group and 1.0 [1.0–1.8] after study enrollment in the cognitive
plus physical therapy group.

Patients in both intervention groups (physical therapy only and cognitive plus physical
therapy) routinely progressed through the physical therapy protocol (e.g., sat at the edge of
the bed, stood and ambulated; see Supplementary Appendix for time to achievement of these
milestones).

During hospitalization, four patients in the cognitive plus physical therapy group withdrew.
Out of the 28 surviving patients in this group who remained enrolled in the study, 26 (82%)
were cognitive impaired or physically disabled at the time of hospital discharge and,
therefore, qualified for in-home cognitive therapy (GMT). During the 12-week outpatient
phase, five additional patients died and three more withdrew. Thus, 18 patients in the
cognitive plus physical therapy group survived and remained in the study during the full 12-
week follow-up period. Of these patients, 17 (94%) received at least one GMT session, with
one patient unable to receive GMT due to a prolonged (>12 weeks) stay at a rehabilitation
facility. Overall, patients received 6 [2–6] out of the possible six in-home GMT sessions.

Tolerability and Safety of Cognitive and Physical Therapy Interventions
Patients completed 613/785 (78%) of possible cognitive therapy sessions. Of the sessions
that were not completed, most were due to patient or family refusal and no cognitive therapy
session was stopped for patient safety concerns (see Table S3). Of the seven patients who
withdrew from the study, all were randomized to cognitive plus physical therapy. No
unifying reason for withdraws, or a specific time point during which withdrawal from the
study occurred, was present (see Table S4).

Combined, patients in the physical therapy only and cognitive plus physical therapy groups
completed 543/651 (83%) of the possible physical therapy sessions. As with the cognitive
therapy sessions, the most common reason for not completing a physical therapy session
was patient or family refusal. Only 21/543 (4%) of the physical therapy sessions were halted
for safety concerns such as hypoxemia or tachycardia. No inadvertent removal of
endotracheal tubes or vascular catheters occurred during the physical therapy sessions. One
adverse event (acute back pain accompanied by hypertensive urgency) occurred during a
physical therapy session, but did not preclude participation in subsequent study
interventions.
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Follow-up Outcomes
At 3-month follow-up, 44 (82%) of the 54 living patients were assessed, including 12 of
(92%) 13 in the usual care group, 14 of (93%) 15 in the physical therapy only group, and 18
of (69%) 26 in the cognitive plus physical therapy group. Follow-up occurred less frequently
in the cognitive plus physical therapy group because of withdrawals.

At the 3-month follow-up, the total achievement score on the Tower Test, the primary
follow-up outcome, was not different between groups (p=0.20, Table 3). Similarly,
secondary follow-up outcome measures of executive functioning, global cognition,
functional mobility, ADL status, IADL status and HRQOL status did not differ between the
three groups at 3-month follow-up (Table 3).

Secondary in-hospital clinical outcomes, including delirium/coma-free days, ventilator-free
days, ICU and hospital lengths of stay, mortality, and cognitive or functional outcomes
assessed at hospital discharge did not differ between groups (see Table S5, Table S6 and
Table S7).

DISCUSSION
Our results demonstrate that administration of a combined interdisciplinary cognitive and
physical therapy intervention beginning during the early stages of a critical illness is feasible
and safe. Nearly all patients were able to undergo cognitive and physical therapy, according
to randomization treatment group assignment, beginning within 72 hours of ICU admission.
Patients were able to undergo cognitive therapy on nearly every study day including while
on mechanical ventilation, while critically ill in the ICU, while on the hospital ward
following ICU discharge and after returning home. Likewise, physical therapy was
administered on a majority of study days, regardless of clinical status. Among 65
intervention patients for a total of 1156 cognitive and physical therapy sessions, we noted no
events that required cessation of cognitive therapy sessions and less than 4% of physical
therapy sessions required early termination for pre-defined safety criteria.

Our study’s overarching aim was to establish the proof-of-concept that combined cognitive
and physical therapy for critically ill patients could be administered. Because our goal was
to evaluate feasibility and safety, our study was not powered to detect meaningful changes in
follow-up outcomes. A post-hoc power analysis revealed that we had only 34% power to
detect a clinically meaningful 1.5-point change (e.g., one-half standard deviation) in the
Tower Test score at 3-month follow-up. Thus the effects of our rehabilitation interventions
on these outcomes remain inconclusive. Building on the idea that combined cognitive and
physical therapy can be feasibly delivered; future studies should focus on efficacy. These
studies will necessarily be larger and should explore key questions related to this type of
early cognitive intervention, including defining the specific types of cognitive therapy that
may be efficacious, the ideal time to initiate cognitive therapy, as well as the duration and
intensity of therapy to facilitate improved long-term cognitive outcomes among survivors of
critical illness.

Cognitive interventions, such as ours, have been studied in outpatient populations of healthy
elderly[25–27], those with mild cognitive impairment [25, 28, 29], those with Alzheimer’s
disease [30–32], and in non-critically ill, hospitalized elderly patients [33, 34]. This study
was the first to examine the feasibility of cognitive therapy in critically ill intensive care unit
patients.

Previously, the RETURN study established the feasibility of post-hospital discharge
cognitive and physical/functional rehabilitation and reported improved executive
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functioning and IADL status following the 3-month intervention [8]. The current ACT-ICU
study extended a cognitive therapy intervention into the ICU using a variety of cognitive
exercises for up to 40 minutes each day and also provided outpatient cognitive
rehabilitation. Although we provided patients with the same outpatient cognitive therapy
intervention (but no physical/functional intervention) in the current ACT-ICU study, we did
not find a similar improvement in executive functioning or IADL status. Nonetheless, the
current study provides additional feasibility data for performing outpatient cognitive therapy
with the GMT program. Future work is needed to determine which components of post-ICU
interventions (e.g., cognitive, physical/functional or combined) may translate to improved
outcomes for survivors of critical illness.

Strengths of the ACT-ICU study included the randomized controlled trial design, inclusion
of both medical and surgical ICU patients, use of standardized sedation and ventilator
management across all three groups, twice-daily delirium monitoring, blinded assessment of
all outcomes, and delivery of interventions by an interdisciplinary team. Limitations include
a small sample size, limiting our ability to draw conclusions regarding this intervention’s
effect on cognitive and functional outcomes, enrollment at a single center, which limits the
generalizability of our findings; inability to blind patients or those performing the
interventions, which may introduce bias into our results; and the inability to provide
cognitive therapy while patients were in rehabilitation facilities or nursing homes, which
reduced the overall dose of the cognitive intervention for these patients.

In conclusion, these data suggest that a combined cognitive and physical therapy
intervention is feasible to deliver and was safe for critically ill patients to undergo during the
earliest stages of ICU care but the long-term effects of this type of intervention remain
inconclusive and are in need of further study. This pilot study provides evidence that
conventional ICU rehabilitation programs can be extended beyond physical and
occupational therapy to include cognitive therapy.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Take Home Message

Cognitive therapy is feasible during the earliest stages of critical illness, yet long-term
effects of this intervention remain inconclusive. Future work is needed to establish the
optimal patient population, intensity of early cognitive therapy and efficacy of cognitive
therapy in the critically ill.
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Figure 1.
Inpatient intervention protocols began within 24 hours of study enrollment and continued
until hospital discharge for the cognitive therapy intervention or until the patient had
independently ambulated more than 200 feet and required no assistance in performing
activities of daily living (ADLs) on two consecutive study days for the physical/
occupational therapy intervention. The study protocol has been described in detail
previously.[9] Briefly, cognitive therapy was delivered in 20-minute sessions, twice each
day. We chose exercises that targeted neurocognitive domains commonly impaired in
survivors of critical illness including orientation (e.g., orientation exercises), memory/
attention (e.g., digit span forward, digit span reverse, noun recall, paragraph recall and letter-
number sequences), delayed memory (e.g., digit span reverse), and problem solving/
processing speed (e.g., matrix puzzles, ‘real world’ exercises and pattern recognition).
Physical therapy was delivered in a single session each day. RASS, Richmond Agitation-
Sedation Scale; ROM, Range of Motion; ADL, Activities of Daily Living
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Figure 2.
Screening, randomization, and participant follow-up
a Unable to physically complete any follow-up testing (i.e., could not move discs for the
Tower Test or hold a pencil to complete MMSE testing)
b CAM-ICU positive on the day of hospital discharge
ICU = intensive care unit
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Figure 3.
Proportion of hospitalized, alert (RASS −1 to +1) patients meeting cognitive therapy
milestones on each of the first 10 days of the study. Each of the shaded areas represent the
proportion of patients who performed at least one problem correctly for each milestone
exercise on a given study day

Brummel et al. Page 15

Intensive Care Med. Author manuscript; available in PMC 2015 March 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Brummel et al. Page 16

Table 1

Baseline Demographics of Study Population

Characteristica Usual Care (n=22) Physical Therapy (n=22) Cognitive + Physical Therapy (n=43)

Age (years) 60 [51–69] 62 [48–67] 62 [54–69]

Sex (% female) 64% (14) 41% (9) 35% (15)

Race (% white) 86% 95% 93%

Education Level (years) 14 [12–14] 12 [11–14] 12 [12–14]

APACHE II b 27.0 [17.5–31.0] 21.5 [20.0–28.8] 25 [19.5–29.5]

SOFA b 10.0 [8.0–11.8] 8.0 [6.0–10.0] 9.0 [6.0–11.0]

Mechanically Ventilated at enrollment 100% (22) 78% (17) 77% (33)

ICU Type (% Medical ICU) 55% (12) 86% (19) 51% (22)

Diagnosis at ICU Admission

Sepsis/ARDS/Pneumonia 50% (11) 55% (12) 67% (29)

Abdominal Surgery 23% (5) 5% (1) 16% (7)

Other Surgery 0% (0) 0% (0) 7% (3)

Airway Protection 14% (3) 23% (5) 0% (0)

Cirrhosis/GI bleeding 0% (0) 5% (1) 7% (3)

CHF/Arrhythmia/Cardiogenic Shock 9% (2) 0% (0) 0% (0)

Other 5% (1) 14% (3) 2% (1)

IQCODE at Enrollment c 3.0 [3.0–3.1] 3.0 [3.0–3.2] 3.0 [3.0–3.1]

Katz ADL at Enrollment d 0 [0-0] 0 [0-0] 0 [0-0]

APACHE II, Acute Physiologic and Chronic Health Evaluation, version II; SOFA, Sequential Organ Failure Assessment; IQCODE, Informant
Questionnaire on Cognitive Decline in the Elderly; ADL, Activities of Daily Living

a
Data are median [interquartile range] for continuous values and % (number) for categorical values.

b
Calculated from data collected around 24-hours of ICU admission

c
Screening tool for cognitive impairment. Patients with an IQCODE score >3.3 were excluded from participation.

d
Screening tool for physical disability. Patients with a Katz ADL score > 3 were excluded from participation.
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Table 2

Feasibility Outcomes

Usual Care (n=22) Physical Therapy (n=22) Cognitive + Physical Therapy (n=43)

Received Cognitive Therapy, n/N(%) a,b

 during mechanical ventilation 32/33 (97%)

 during ICU stay 39/41 (95%)

 during hospitalization 41/43 (95%)

Median percent [IQR] of study days where cognitive therapy was received a,c

 during mechanical ventilation 100% [100–100%]

 during ICU stay 100% [100–100%]

 during hospitalization 100% [92–100%]

Received Physical Therapy, n/N (%)

 during mechanical ventilation 5/17 (29%) 16/17 (94%) 33/33 (100%)

 during ICU stay 10/21 (48%) 18/19 (95%) 40/41 (98%)

 during hospitalization 17/22 (77%) 21/22 (95%) 42/43 (98%)

Median percent [IQR] of study days where physical therapy was received

 during mechanical ventilation 0% [0–13%] 71% [67–100%] 100% [86–100%]

 during ICU stay 0% [0–20%] 96% [63–100%] 89% [60–100%]

 during hospitalization 17% [10–26%] 67% [46–87%] 75% [59–88%]

a
only patients in the Cognitive + Physical Therapy group received cognitive therapy

b
Data indicate the number of patients in each clinical status with ≥1 study day alert enough to receive study interventions. For example, only 33

patients randomized to the Cognitive + Physical Therapy group were mechanically ventilated, all received physical therapy but only 32 received
cognitive therapy

c
Data indicate days where the patient was eligible to receive cognitive therapy protocol (i.e., RASS -3 or more alert for the cognitive therapy

protocol)
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Table 3

3-Month Follow-up Outcomes

Usual Care (n=12) Physical Therapy (n=14)
Cognitive + Physical Therapy
(n=18) P

Primary Follow-up Outcome

 Tower Test (Executive Functioning)a 10.0 [8.8–12.2] 11.0 [11.0–12.0] 10.0 [8.0–11.0] .20

Secondary Follow-up Outcomes

 DEX (Executive Functioning)b 17.5 [8.5–28.8] 10.0 [5.0–17.0] 9.0 [2.0–17.5] .08

 MMSE (Global Cognition)c 28.0 [26.8–29.0] 29.0 [27.0–30.0] 29.0 [27.9–29.8] .64

 TUG (Functional Mobility)d 8.0 [7.5–13.5] 10.0 [8.0–13.0] 11.0 [9.0–13.0] .79

 Katz ADL (Activities of Daily Living)e 0 [0–0] 0 [0–1] 0 [0–2] .69

 FAQ (Instrumental Activities of Daily Living)f 2.5 [0.8–5.5] 2.0 [0.0–4.8] 1.0 [0.0–3.8] .67

 EQ-5D VAS (Health Related Quality of Life)g 75 [61–86] 80 [62–89] 75 [54–80] .44

DEX, Dysexecutive Questionnaire [35]; MMSE, Mini-mental State Exam [36]; TUG, Timed Up-and-Go Test [37]; ADL, Activities of Daily
Living [11]; FAQ, Functional Activities Questionnaire [38]; EQ-5D, European Quality of Life-5 Dimensions Visual Analog Scale [39].

a
Tower achievement score ‘normal’ range is 7–13. Higher scores indicate better functioning

b
Dysexecutive questionnaire scores range from 0 to 80. Lower scores indicate better functioning

c
Mini-mental state scores range from 0–30. Lower scores indicating worse functioning

d
TUG time in seconds. Less than 10 seconds is normal, longer than 20 seconds is indicative of impaired functional mobility and longer than 30

seconds indicates disability. Two patients were unable to complete the TUG secondary to physical weakness and another refused to complete this
portion of the outcomes testing

e
Katz ADL scores range from 0–12, with lower scores indicating better functioning.

f
FAQ scores range from 0–30, with lower scores indicating better functioning

g
EQ-5D visual analog scale score, where 0 indicates the “worst imaginable health state” and 100 indicates “best imaginable health state”

Intensive Care Med. Author manuscript; available in PMC 2015 March 01.


