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Abstract

Background: Physical rehabilitation can benefit critically ill patients during intensive care unit (ICU) admission, but routine
clinical practice remains inconsistent nor examined in prolonged mechanical ventilation patients transferred to a specialist
ventilator weaning unit (VWU). Behavioral mapping is a sampling approach that allows detailed reporting of physical activity
profiles. The objective of this study was to characterize the physical activity profile of critically ill patients in a UK ICU and VWU.
Methods: Single-center, prospective observational study in a university teaching hospital. Patient observations, conducted Monday
through Sunday from 08:30 am to 08:00 pv and for | minute every 10 minutes, included data points of patient location, people in
attendance, and highest level of activity. Descriptive statistics were utilized to analyze and report data. Results: Forty-two ICU and | |
VWU patients were recruited, with 2646 and 693 observations, respectively, recorded. In the ICU, patients spent a median (inter-
quartile range) of 100% (96%-100%) of the day (10.5 [10.0-10.5] hours) located in bed, with minimal/no activity for 99% (96%-100%) of
the day (10.4 [9.7-10.5] hours). Nursing staff were most frequently observed in attendance with patients irrespective of ventilation or
sedation status, although patients still spent approximately two-thirds of the day alone. Bed-to-chair transfer was the highest activity
level observed. In the VWU, patients spent 94% (73%-100%) of the day (9.9 [7.7-10.5] hours) in bed and 56% (43%-60%) of time alone.
Physical activity levels were higher and included ambulation. All physical activities occurred during physical rehabilitation sessions.
Conclusions: These profiles of low physical activity behavior across both patients in the ICU and VWU highlight the need for
targeted strategies to improve levels beyond therapeutic rehabilitation and support for a culture shift toward providing patients
with, and engaging them in, a multidisciplinary, multiprofessional environment that optimizes overall physical activity.

Keywords
critical illness, physical activity, intensive care unit, weaning unit, behavior

"'Lane Fox Clinical Respiratory Physiology Research Centre, London, United
Kingdom

2NIHR Biomedical Research Centre, Guy’s and St. Thomas’ NHS Foundation
Trust and King’s College London, London, United Kingdom

3 Centre for Human and Aerospace Physiological Sciences, King's College
London, London, United Kingdom

Background

Rehabilitation is the cornerstone of management of post critical
illness morbidity' and a mandated component of clinical prac-

tice across the recovery continuum.>* During intensive care
unit (ICU) admission, physical rehabilitation is typically char-
acterized by early mobilization and delivery of interventions
aiming to restore functional ability, with data demonstrating
safety, feasibility, and benefit.*'" Indeed, focusing attention
on delivering therapy at this early stage of the recovery process
has been suggested in light of increasing studies that have
shown no difference in effect from rehabilitation interventions
delivered post ICU discharge.lz'14 However, data from point
prevalence and observational studies have highlighted the dis-
cordant translation of research findings into routine clinical
practice,'>'? an “evidence—reality gap.” Low levels of activity
appear commonplace among these patients, albeit the restric-
tions on data acquisition via these approaches to specific time
or data points means they fail to capture temporal variations in
physical activity levels in patients throughout the day which

“Department of Physiotherapy, The University of Melbourne, Parkville,
Victoria, Australia

®Department of Physiotherapy, King's College London, London, United
Kingdom

¢ Department of Primary Care and Public Health Science, King's College
London, London, United Kingdom

7 Physiotherapy Department, Austin Health, Heidelberg, Victoria, Australia
8Department of Asthma, Allergy and Lung Biology, King's College London,
London, United Kingdom

The Institute of Breathing and Sleep, Austin Health, Heidelberg, Victoria,
Australia

Received March 31, 2017. Received revised May 26, 2017.
Accepted May 31, 2017.

Corresponding Author:

Bronwen A. Connolly, Lane Fox Respiratory Unit, Ground Floor, South Wing,
St. Thomas’ Hospital, Westminster Bridge Rd, London SEI 7EH, United Kingdom.
Email: bronwen.connolly@nhs.net


https://sagepub.com/journals-permissions
https://doi.org/10.1177/0885066617716377
http://journals.sagepub.com/home/jic

Connolly et al

819

may be more informative. The fact that activity levels may
importantly be influenced by clinical factors is also not possi-
ble to explore with these study designs.

Behavioral mapping, involving frequent intermittent sam-
pling throughout a defined duration, is an alternative
method for prospective reporting of physical activity levels
including location, type, and persons present during the
activity. This technique has previously been applied in the
stroke population®>?! and more recently in critically ill
patients where low levels of physical activity were
observed.!® To date, there have been no similar UK beha-
vioral mapping data describing physical activity in the ICU
population. Furthermore, there are no data profiling post-
ICU patients transferred to a ventilator weaning unit (VWU)
with prolonged mechanical ventilation requirements. These
patients may demonstrate greater levels of activity second-
ary to a more stable clinical status and where the emphasis
of management on overall weaning and rehabilitation differs
from that required in the acute stages of ICU admission.*
Such data may be informative for optimizing service deliv-
ery and rehabilitation strategies.

The aims of this study were therefore to prospectively
characterize the physical activity profile of critically ill
patients in both a UK ICU and VWU using behavioral

mapping.

Methods
Study Design and Setting

This was a single-center, prospective, observational study con-
ducted in a university teaching hospital. The study was
confirmed as a service evaluation that did not require ethical
approval (UK Health Research Authority, http://www.hra.nh
s.uk/research-community/before-you-apply/determine-
whether-your-study-is-research/) and was registered with the
local institutional clinical audit department (Guy’s and St.
Thomas’ NHS Foundation Trust Project Number 5309),
with no requirement for participant consent. The study is
reported in accordance with the Strengthening the Reporting
of Observational Studies in Epidemiology statement for the
reporting of observational cohort studies (http://www.strobe-
statement.org).

Behavioral mapping was performed in both the ICU and
VWU (further descriptions of each location are reported in
Online Appendix E1 (“Study locations”). In brief, the adult
ICU is a 30-bed unit, split over 2 floors, of mixed medical and
surgical admissions, and is also a tertiary referral center for
management of severe respiratory failure and delivery of
advanced respiratory support including extracorporeal mem-
brane oxygenation (ECMO). There is no written rehabilitation
protocol in operation on the ICU. Physiotherapy rehabilitation
is determined locally by appropriate sedation scale (Richmond
Agitation and Sedation Scale [RASS], —2 to +2) and autono-
mous clinical reasoning for initiating/continuing physical reha-
bilitation. The adult VWU is a 14-bed tertiary referral weaning

unit for neuromuscular, chronic respiratory, and post-critical
illness patients.

Participants

Patients were included if they had been invasively mechani-
cally ventilated for at least 48 hours during their ICU admission
with the likelihood to remain on the ICU or VWU for the
following 24 hours to allow for observation. Patients were
excluded if they were for palliative treatment, had a severe
neurological injury influencing rehabilitation management, or
if they had previously been observed in the study. Screening for
eligibility occurred daily on the ICU and per new patient
admission (post-critical illness patients only) on the VWU.
At least 3, and at most 6, consecutively eligible patients on any
day were required for mapping to proceed following screening
of ICU admissions according to numerical order of bed
number.

Study Size

A purposive sample size of 41 patients has been deemed rep-
resentative of activity data in an acutely ill cohort® and is in
keeping with previously reported behavioral mapping data in
critically ill patients.'® A pro rata convenience sample size of
10 patients (approximately one-quarter that of the ICU cohort)
was a priori deemed representative for the VWU secondary to
the reduced patient throughput associated with the differing
clinical acuity of this cohort.

Behavioral Mapping Procedure

This was conducted in keeping with a previously reported
methodology adopted in critically ill patients.'® Further details
are reported in Online Appendix E2 (“Behavioral mapping
procedure”). In brief, patients were observed for 1 minute of
every 10 minutes throughout the day (8.30 am to 8.00 pm), with
3 data points recorded during each observation: firstly, location
of the patient (in bed, out of the bed space, off the unit); sec-
ondly, people in attendance (7 categories of alone, nursing
staff, medical staff, physiotherapist, other allied health profes-
sional, family/visitors, or other), where “alone” was defined as
no active interaction occurring with the patient. “Active inter-
action” was defined as any action involving direct communi-
cation, engagement, or exchange with a patient in a therapeutic
rehabilitative context.'®?%?* This was separated from
“indirect” delivery of technical aspects of health care; and
thirdly, the highest level of activity (using an expanded ICU
Mobility Scale,?® Table 1, further classified for intensity of
activity). All observations were performed by 1 researcher
(J.L.M.). Patients were observed on a single day only, and
observation days were not consecutive. A prior pilot observa-
tion was conducted to enable preparation of standardized doc-
umentation, confirmation of activity codes, and classifications
and resolution of any other queries arising from the
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Table |. Expanded ICU Mobility Scale and Intensity Classification.

Level  Descriptor Intensity

0 Nothing/lying in bed No/minimal activity
0a* Purposeful upper limb movement No/minimal activity
I Sitting in bed/exercises in bed No/minimal activity
2 Passively moved to chair No/minimal activity
3 Sitting over the edge of the bed Low intensity

3a° Seated position in chair Low intensity

4 Standing Moderate intensity
5 Transferring bed to chair Moderate intensity
6 Marching on the spot Moderate intensity
7 Walking with assistance of 2 High intensity

8 Walking with assistance of | High intensity

9 Walking independently with an aid High intensity

10 Walking independently with no aid  High intensity

Abbreviation: ICU, intensive care unit.

?Additional levels of 0a and 3a to represent activities that were observed in the
pilot phase of the study but not part of the original ICU Mobility Scale.?®
Intensity classification adopted from Berney et al3

observations. Any subsequent queries regarding observations
throughout the study period were discussed within the study
team.

Clinical Data Collection

Additional demographic and clinical data associated with ICU
or VWU admission and during the observation day were col-
lected including age, sex, ventilation status, admission diagno-
sis, illness acuity, source of referral, premorbid status and prior
receipt of physical rehabilitation, sedation status (RASS>®), and
pharmacotherapy such as sedation, inotropic support, and
neuromuscular-blocking agents. Details of physiotherapy con-
tacts received on the day of observation were documented
including amount and type of interventions delivered.

Statistical Analysis

Data were tested for normality and appropriate parametric and
nonparametric testing applied. Descriptive statistics to analyze
binary variables were reported as counts and proportions and
continuous variables as mean + standard deviation (SD) for
normally distributed data or median (interquartile range [IQR])
for nonparametric data. Aggregate (summation) percentages
were used to analyze individual patient observations for loca-
tion, people present, and activity level. Median and IQRs were
then calculated for the whole group data.

Separate data are presented for subcategories of the whole
data set, including ventilation status, sedation score, ICU
length of stay, and weekdays and weekends. For VWU patients,
due to the small sample size, we did not compare observations
across weekday and weekend day or between day (up to 5.00 pm)
and evening (5.00 pm to 8.00 pm) time.

Time spent in each category was approximated by multi-
plying the aggregate percentages of individual participants by
630 minutes (11.5-hour observation day with 6- x 10-minute

Patients screened (n=226)

Excluded (n=182)

Ventilated <48hrs (n=69)

Previously observed (n=58)

Capacity of 6 patients reached (n=30)
Unlikely to remain on ICU =24hrs (n=13)
Severe neurological injury (n=5)
Palliation (n=4)

<3 patients for observation (n=3)

"
Included (n=44)

>| Discharged Unexpectedly (n=2)

A

Analysed (n=42)

Figure 1. Intensive care unit patient flow through the study.

observer breaks subtracted from the total). For comparison of
binary variables, contingency analysis was used including x>
testing and Fisher exact test. Unpaired nonparametric Mann-
Whitney U testing was used for comparison of continuous
variables. A P value of less than .05 was considered statistically
significant. Statistical analyses were performed using Graph-
Pad Prism version 6.0d (GraphPad Software, La Jolla, Califor-
nia; www.graphpad.com).

Results
Physical Activity in the ICU

Two hundred twenty-six patients were screened for eligibility
between June and July 2015, of whom 44 were included
(Figure 1). Two patients were discharged unexpectedly during
the observation day precluding complete data collection.
Observations from 42 patients were therefore used for analysis.
Baseline characteristics of the cohort are reported in Table 2.
Illness severity (Sequential Organ Failure Score) on the day of
observation was 10.6 4+ 3.9, with 31 (73.8%) patients mechani-
cally ventilated via endotracheal tube. Eleven patients were
receiving inotropic support (minimum-maximum dose range:
0.03-7.28 pg/min). Intensive care unit length of stay prior to
observation was 7.9 (4.3-12.7) days. One patient was restricted
to bed rest on the day of observation due to medical instability.
Prior to observation, 15 (35.7%) patients had received physical
rehabilitation (range: 0-42 sessions). Time to first exercise
therapy session was 7.7 + 5.2 days from ICU admission.
Eight patients had achieved sitting over the edge of the bed,
6 standing, and 1 ambulating away from the bed space.

In total, 2646 observations were recorded over 8 observation
days (6 weekdays and 2 weekend days): 1953 observations in
mechanically ventilated patients (n = 31) and 693 on patients
who no longer required mechanical ventilation (n = 11). One
hundred eighty-eight data points across 17 patients were not
recorded (2.4% of all data; n = 42, curtains closed, n = 146,
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Table 2. Characteristics of Intensive Care and Ventilator Weaning
Unit Patients.?

Intensive Care  Ventilator Weaning

Characteristic Unit (n = 42) Unit (n = I1)
Age (years) 594 + 15.0 645 + 12.9
Sex (M:F) 22:20 74
APACHE I 19.2 + 5.8 -
SOFA (ICU admission) 13.1 + 35 -
MOF (ICU admission) 39 (92.9) -
SOFA 10.6 + 3.9 -
MOF 31 (73.8) -
LOS (days) 7.9 (4.3-12.7) 12.7 (2.8-26.6)
Mechanically ventilated 31 (73.8) 3 (27.3)
Airway
Endotracheal tube 32 (76.2) 0 (0)
Tracheostomy 5(11.9) 9 (81.8)
Own 5(11.9) 2(18.2)
Admission diagnosis
Medical 32 (76.2) 11 (100.0)
Surgical 10 (23.8) 0 (0)
Severe respiratory failure 4 (9.5) -
ECMO 4 (9.5) -
CVVHF 10 (23.8) -
Inotropic support 11 (26.2) -
NMBA 0 (0) -
Richmond Agitation
Sedation Score
0 Alert and calm 8 (19.0) 11 (100)
— | Drowsy 7 (16.7) 0 (0)
—2 Light sedation 9(21.4) 0 (0)
—3 Moderate sedation 9 (21.4) 0 (0)
—4 Deep sedation 7 (16.7) 0 (0)
—5 Unarousable 2 (4.8) 0 (0)
Premorbid Status
Independently mobile 23 (54.7) 6 (54.5)
Requires assistance of 2 (4.8) 0 (0)
| to ambulate
Unknown mobility 17 (40.5) 5 (45.5)
status®

Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation;
CVVHF, continuous venovenous hemofiltration; ECMO, extracorporeal
membrane oxygenation; ICU, intensive care unit; LOS, length of stay; MOF,
multi-organ failure; NMBA, neuromuscular blocking agent; SOFA, Sequential
Organ Failure Assessment score.

’Data are expressed as mean + standard deviation, median (interquartile
range), or n (%).

bMobiIity status was determined through documented reports in the clinical
notes. Where this was not recorded by the clinical team, project status as a
service evaluation precluded acquiring these data through other means, for
example, direct questioning of patients or a family/caregiver representative.

patient off the ICU). Patients with incomplete data sets showed
no characteristic differences (data not presented).

Across all reported observations, patients spent 100% (96%-
100%) of the day (>10 [10.0-10.5] hours) located in bed with
no or minimal activity for 99% (92%-100%) of the day
(approximately 10.4 [9.7-10.5] hours). Table 3 presents find-
ings for observations categorized according to ventilation sta-
tus (mechanically ventilated or nonmechanically ventilated),
sedation status (awake and cooperative RASS —2, —1, 0, +1,

+2 [group A] or heavily sedated and combative RASS —5, —4,
—3, +3, +4 [group B]), and day of observation (weekday or
weekend day).

The proportion of time spent engaged in no/minimal activity
was similar regardless of mechanical ventilation or sedation
status. Overall, ICU patients spent 64% (41%-83%) of the
observation day alone. Nonmechanically ventilated patients
spent proportionately less time alone (41% [35%-73%] vs
67% [46%-83%]) and more time with nursing staff (32%
[19%-43%] vs 11% [5%-24%]) than mechanically ventilated
patients. Heavily sedated patients spent 78% (61%-89%) of
their day alone, which is proportionately higher than patients
who were lightly sedated or awake (54% [39%-72%]). There
were no differences in location, activity level, or people in
attendance between patients observed weekdays and weekend
days (Table 3; all P = not significant and not presented) or
between day (up to 5.00 pm) and evening (5.00 pm to 8.00 pm;
data not presented).

Nonmechanically ventilated and awake patients still spent a
median of 100% (92%-100%) of their time in bed, engaged in
no or minimal activity throughout the majority of the day (99%
[87%-100%]; Table 4). Nursing staff were most frequently
observed in attendance irrespective of the patient’s ventilation
or sedation state (Table 4), although patients still spent approx-
imately two-thirds of the day alone regardless of status. All
ICU patients observed within 72 hours of admission were
nursed in bed (100%) and completed no or minimal activity
(99%). Similarly, there remained minimal activity evident in
patients as length of stay increased (72 hours to 7 days, 98%
[92%-100%], and >7 days, 100% [84%-100%] of time spent
participating in no/minimal activity; Online Appendix E3,
“Activity profile of intensive care unit patients”).

Details of physical therapy sessions delivered on the day of
observation are reported in the Online Appendix E4 (“Physical
therapy sessions delivered to ICU patients on the day of
observation”). Ten patients participated on exercise rehabilita-
tion with activities ranging from sitting over the edge of the bed
to transferring to the chair. No high-intensity activities were
performed, for example, ambulation.

Physical Activity in the VWU

Eleven patients were included between August and December
2015. Characteristics of the cohort are reported in Table 2.
Three patients (27.3%) required mechanical ventilation via
tracheostomy. Length of stay prior to observation was 12.7
(2.8-26.6) days. Of the 11 patients included, none had any
restrictions to physical activity in place on the day of observa-
tion. Nine (81.8%) patients had received exercise therapy
(range: 1-24 sessions) prior to observation, with 3 achieving
a sitting over the edge of the bed, 2 standing, 3 ambulating with
assistance, and 1 independently mobilizing greater than 100 m
with a frame.

In total, 693 observations were recorded over a period of 5
observation days which comprised 3 weekdays and 2 weekend
days, with no missing data points. Across all observations,
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Table 3. Behavioral Mapping Data for ICU Patients.?

All (n=42),% MV (n=31),% Non-MV (n=11),% RASS®Group A (n = 24), % RASS® Group B (n = 18), %

Location
In the bed 100 (96-100) 100 (92-100) 100 (98-100) 100 (97-100) 100 (92-100)
In the bed space 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0
Out of bed space 0 (0-0) 0 0 0 0
Off ward 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-8)
Activity level
No/minimal activity 99 (92-100) 100 (92-100) 98 (92-100) 100 (91-100) 98 (92-100)
Low intensity 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0
Moderate intensity 0 (0-0) 0 0 (0-0) 0 (0-0) 0
High intensity 0 (0-0) 0 0 0 0
Not observed 0 (0-3) 0 (0-3) 0 (0-3) 0 (0-0) 2 (0-8)
People in attendance
Alone 64 (41-83) 67 (46-83) 41 (35-73) 54 (39-73) 78 (61-89)
Nursing staff 13 (6-33) Il (5-24) 32 (19-43) 25 (13-38) 10 (3-12)
Medical staff 2 (0-3) 2 (0-3) 2 (0-6) 2 (0-5) 0 (0-3)
Physiotherapist 2 (0-5) 2 (0-5) 5 (0-5) 3 (0-5) 0 (0-3)
AHP 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0)
Family/visitors 3 (0-30) 2 (0-25) Il (0-37) Il (0-37) 2 (0-20)
Other 0 (0-0) 0 (0-0) 0 0 0 (0-0)
Not observed 0 (0-3) 0 (0-3) 0 (0-3) 0 (0-3) 2 (0-8)

Abbreviations: AHP, allied health professional; ICU, intensive care unit; IQR, interquartile range; MV, mechanically ventilated; RASS, Richmond Agitation Sedation
Scale.

Data are expressed as median (IQR) percentage of aggregate percentages of observations. Where no range is indicated, no observations were made in this
category and there were no data to report.

PRASS score: group A = (—2) light sedation; (— 1) drowsy; (0) alert and calm; (+1) restless; (+2) agitated; group B = (—5) unarousable; (—4) deep sedation; (—3)
moderate sedation; (+3) very agitated; (+4) combative.

Table 4. Behavioral Mapping Data of ICU Patients According to Ventilation and Sedation Status.?

Mechanically Ventilated Nonmechanically Ventilated
RASS Group A RASS Group B RASS Group A RASS® Group B
All (n = 42), % n=14),% n=17),% (n=10),% n=1.,%
Location
In the bed 100 (96-100) 100 (96-100) 100 (92-100) 100 (92-100) 100
In the bed space 0 (0-0) 0 (0-1) 0 0 (0-1) 0
Out of bed space 0 (0-0) 0 0 0 0
Off ward 0 (0-0) 0 (0-0) 0 (0-8) 0 (0-3) 0
Activity level
No/minimal activity 99 (92-100) 100 (88-100) 98 (92-100) 99 (87-100) 98
Low intensity 0 (0-0) 0 (0-0) 0 0 (0-4) 0
Moderate intensity 0 (0-0) 0 0 0 (0-1) 0
High intensity 0 (0-0) 0 0 0 0
Not observed 0 (0-3) 0 (0-0) 2 (0-8) 0 (0-4) 2
People in attendance
Alone 64 (41-83) 60 (44-79) 76 (60-88) 41 (34-69) 78
Nursing staff 14 (9-34) 19 (11-35) 10 (3-12) 33 (18-45) 10
Medical staff 2 (0-3) 2 (0-3) 0 (0-3) 2 (0-6) 0
Physiotherapist 3 (0-5) 3 (0-5) 0 (0-3) 5 (0-5) 0
AHP 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-2) 0
Family/visitors 3 (0-26) 6 (0-26) 2 (0-27) 11 (0-33) 2
Other 0 (0-0) 0 (0-0) 0 (0-0) 0 0
Not observed 0 (0-3) 0 (0-0) 2 (0-8) 0 (0-1) 2

Abbreviations: AHP, allied health professional; ICU, intensive care unit; IQR, interquartile range; RASS, Richmond Agitation Sedation Scale.

?Data are expressed as median (IQR) percentage of aggregate percentages of observations. Where no range is indicated, no observations were made in this
category and there were no data to report.

PRASS score: group A = (—2) light sedation; (— 1) drowsy; (0) alert and calm; (+1) restless; (+2) agitated; Group B = (—5) unarousable; (—4) deep sedation; (—3)
moderate sedation; (+3) very agitated; (+4) combative.

“Too few values to generate median and interquartile range, therefore, absolute percentages recorded.
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Table 5. Behavioral Mapping Data for Ventilator Weaning Unit Patients.?

All (n=11),% Hours (n=11), % MV (n=3),% Non-MV (nh = 8), %
Location
In the bed 94 (73-100) 9.9 (7.7-10.5) 100 (75-100) 88 (47-99)
In the bed space 6 (0-27) 0.6 (0.0-2.8) 0 (0-25) 12.5 (1-53)
Out of bed space 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0)
Off ward 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0)
Activity level
No/minimal activity 92 (73-100) 9.7 (7.7-10.5) 100 (73-100) 87.5 (47-99)
Low intensity 8 (0-27) 0.8 (0.0-2.8) 0 (0-27) I (1-53)
Moderate intensity 0 (0-2) 0.0 (0.0-0.2) 0 (0-0) 0 (0-3)
High intensity 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0)
Not observed 0 - - -
People in attendance
Alone 56 (43-60) 5.9 (4.5-6.3) 60 (46-60) 56 (41-59)
Nursing staff 14 (11-22) 1.5 (1.2-2.3) 6 (6-10) 17 (13-22)
Medical staff 0 (0-2) 0.0 (0.0-0.2) 2 (2-2) 0 (0-4)
Physiotherapist 5 (2-6) 0.5 (0.2-0.6) 3 (3-5) 5 (2-8)
AHP 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0)
Family/visitors 24 (13-30) 2.5 (1.4-3.2) 24 (24-40) 20 (12-29)
HCA 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-2)
Other 0 (0-0) 0 (0-0) 5 (0-5) 0 (0-0)
Not observed 0 - - -

Abbreviations: AHP, allied health professional; Min, minimal activity; IQR, interquartile range; MV, mechanically ventilated; Non-MV, nonmechanically ventilated;

HCA, health care professional.

’Data are expressed as median (IQR) percentage of aggregate percentages of observations. Where no range is indicated, no observations were made in this

category and there were no data to report.

patients spent 94% (73%-100%) of the day (>9.9 [7.7-10.5]
hours) located in bed, with no or minimal activity for 92%
(73%-100%) of the day (approximately 9.7 [7.7-10.5] hours;
Table 5). Nonmechanically ventilated patients spent a similar
proportion of time alone as those mechanically ventilated
patients. However, patients requiring mechanical ventilation
(6% [6%-10%]) were observed to spend proportionately less
time with nursing staff than those not requiring mechanical
ventilation (16.5% [13.3%-21.8%]; Table 5).

The proportion of patients with a tracheostomy (n = 9) and
those without (n = 2) precluded examining differences
between these groups. Furthermore, all VWU patients had pre-
viously spent more than 7 days in an ICU, with a preobserva-
tion length of stay in the weaning unit of nearly 2 weeks; hence,
an analysis of observations according to length of stay was not
considered appropriate. Details of therapy sessions delivered
on the day of observation are reported in the Online Appendix
ES (“Physical therapy sessions delivered to VWU patient on
the day of observation”). Among the 9 patients who partici-
pated in exercise therapy, 2 engaged in high-intensity activity,
mobilizing between 80 and 200 m.

Discussion

Data from this study demonstrate low levels of physical activ-
ity in a representative cohort of critically ill patients in a UK
ICU irrespective of ventilator, sedation status, or day of the
week. Patients spent approximately two-thirds of the day alone
and the whole day in bed. These findings were echoed in a

cohort of longer-term critically ill patients in a VWU, albeit
with a small increase in the proportion of time spent engaging
in activity evident. Physical activity in both patient cohorts
primarily occurred during physiotherapy rehabilitation ses-
sions, with higher-intensity activity achieved by patients on the
weaning unit. These data underscore the urgency of strategies
required to increase the physical activity behavior profile of
critically ill patients during acute and subacute stages of recov-
ery from critical illness.

Clinical Significance of the Findings

The benefits of physical rehabilitation delivered in the ICU
are well established.'® However data from previous observa-
tional point prevalence and observational studies indicate the
reality of clinical practice deviates from the evidence
base,'>!"!%24 resulting in an “evidence—reality” gap. Specif-
ically, our findings mirror those recently published from a
behavioral mapping study conducted in an Australian ICU
of similar construct and involving a patient cohort with sim-
ilar clinical features.'® Physical activity levels in current ICU
patients were minimal regardless of ventilator or sedation
status, with little change observed with increasing duration
of ICU length of stay. Physiotherapeutic interventions repre-
sented the focal point of activity during the observation period
but occurred in only a small number of patients. Active
engagement with patients was also low, with patients classi-
fied as alone for two-thirds of the day.
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So how can these data inform our current understanding
around physical activity and rehabilitation in critically ill
patients? The recent volume of interventional trials of early
mobilization that have failed to show a difference in out-
come'*?7*® might infer skepticism as to the value of early
mobilization-based physical rehabilitation interventions where
there is widespread empirical evidence of clinical value.?
Where benefit has been shown in previous studies, factors such
as premorbid functional status®® and timing of intervention
commencement’' may have selected a patient group more
likely to benefit. Certainly, optimizing features around metho-
dological study design may assist in future investigations and
may have contributed to the findings from “negative” trials
thus far.**3

However, data from this study, and indeed its precedent,16
would support the need for a broader shift in ICU culture
toward providing patients with, and engaging them in, a multi-
disciplinary, multiprofessional environment that enhances
overall physical activity levels. Early mobilization currently
appears discretionary against a backdrop of routinely sedentary
behavior in patients, which could also explain a failure to show
difference if interventional trials involve a “dose” of physical
rehabilitation insufficient to overcome residual inactivity
throughout the remainder of the day. Furthermore, detailed
process evaluation of reporting interventions would elucidate
on the amount of time within a rehabilitation session that
involved patient participation (whether active or passive) as
opposed to “preparatory” time.

Early mobilization can be safely delivered across the spec-
trum of multi-organ support including to patients receiving
ECMO,?’ renal hemofiltration,*® and inotropic/vasopressor
support,®” with consensus criteria to assist in clinical deci-
sion-making.>” While clinical stability is a prerequisite for
commencement, which will vary in time across patients, the
current findings were nonetheless acquired in patients with
reducing illness acuity levels at a median of 8 days admission.
There, therefore, seems significant scope for potentially affect-
ing the degree of activity within the ICU for such patients.

Broadening our interpretation of “rehabilitation” may facil-
itate this. In the rapid expansion of interest in management of
critical illness morbidity, this term may have colloquially
become synonymous with meaning “physical” therapy. Cer-
tainly, exercise-based interventions delivered by physiothera-
pists represent a key component of rehabilitation and
increasing physiotherapy sessions may result in commensurate
increased activity, although a linear relationship between the
two is unlikely, given the optimal “dose” of physical rehabili-
tation for critically ill patients has yet to be determined but
highly individualized. Other domains of occupational, psycho-
logical, and cognitive therapy are also vital. Employment of
strategies related to these aspects may contribute to increasing
the volume of activity and minimizing sedentary behavior for
patients throughout the day, excluding focal periods of phy-
siotherapy, with the potential added benefit to reduced inci-
dence of delirium. Furthermore, the routine of physical
rehabilitation delivery itself may need further adaptation.

Dose-response analyses of very early rehabilitation delivered
to patients with stroke revealed improved odds of favorable
outcome with shorter, more frequent mobilization sessions
focusing on out-of-bed activities.*® Our findings were against
a backdrop of physiotherapy staffing that met UK national
guidelines for ICU? where participation in physiotherapy reha-
bilitation represented the highest activity levels for patients.
Units with lower staffing profiles may find alternative models
of delivering rehabilitation valuable for optimizing resource
utilization and allocation and/or demonstrate the need for
increasing personnel.

We found no difference in levels of physical activity across
weekdays or weekend days. In contrast, addition of a Saturday
service across 2 long-term rehabilitation centers resulted in
higher levels of functional independence at discharge, albeit
these settings did not encompass post-critical illness patients.>
Our patients admitted to a long-term VWU were generally
more active than the acute ICU cohort, although this was again
only evident from the activity undertaken as part of exercise
rehabilitation delivered by physiotherapists. This could be sur-
prising, given that these patients were typically in single-organ
(respiratory) failure and where the emphasis in the setting was
on weaning and rehabilitation. Such data are similarly borne
out in activity data from other chronically critically ill patient
cohorts.>* Again, maximizing multiprofessional interaction
may counter these levels of reduced activity.

Data from the current study suggest a greater role for invol-
vement of families and caregivers in the rehabilitative manage-
ment of patients; certainly, in the VWU, this group was most
frequently observed with patients. Psychosocial morbidity
including stress, anxiety, and depression is common among
ICU caregivers, with the critical care admission period the most
high risk.*’ Engagement with these advocates in the rehabilita-
tion process of patients may benefit both the patients and care-
givers alike.

Critique of the Method

Our study adopted a rigorous behavioral mapping protocol
previously reported in the ICU population,'® allowing for direct
standardization, comparison, and contrast across data sets.
Replication of methodology is a notable strength of the current
study, validating the process and allowing opportunity to cor-
roborate prior published findings in a separate location and
context. Randomized controlled trials are inherently challen-
ging to conduct in critical care rehabilitation due to recruitment
restrictions, attrition, and clinical acuity of patients'*="2%;
hence, demonstrating utility of alternative approaches to inves-
tigating this field is of benefit until elements of randomized
trial design are optimized. A single researcher was responsible
for conducting all observations to maximize robustness of the
data, and data were recorded throughout the entirety of a daily
working shift and across weekdays and weekend days to cap-
ture all potential episodes of physical activity. A standardized
and pragmatic approach to screening was also adopted to deter-
mine sufficient numbers of eligible patients, whereby ICU
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admissions were reviewed in order of bed number each day.
However, we acknowledge the potential for recruitment bias
where eligible patients were not included once the maximum
number (n = 6 due to feasibility of data acquisition) had been
achieved, or conversely the minimum number (n = 3 due to
labor intensity of data acquisition) was not available on any
given day. That said, apart from the 6 designated ECMO beds
contained within a discrete area of the ICU, there are no other
local protocols in place such that only certain diagnostic cate-
gories of patient are admitted to certain beds (notwithstanding
infection control/necessary isolation requirements for side
room usage, but which in itself would not have excluded any
patient).

We classified activity levels according to an internationally
standardized scale with proven psychometric properties,***!
albeit we expanded this scale to include 2 nonvalidated levels
that were identified through the pilot phase of this study. These
levels have been previously reported in the prior mapping study
of ICU patients and were elements of an activity hierarchy
scale developed by expert clinicians.'®

Our definition of being “alone” may have contributed to the
high percentages of patients observed in this category espe-
cially for those in the ICU cohort, albeit our definition was in
keeping with previous studies both in critically ill'® and
stroke”® populations. Active interaction with the patient was
required for an individual to be classified as in attendance with
a patient. For this reason, “indirect” contact associated with the
more “technical” aspect of management and which could be
considered more passive on the part of the patient, for example,
carrying out common clinical activities such as changing med-
ications or taking arterial blood samples, or the presence of the
medical ward round, did not suffice for this, although we accept
that these are necessary aspects of patient care in the ICU in
particular for those patients with greater illness acuity. We
recognize the potential for error in this classification if the
event is unclear in nature and that this method does not capture
data on simple presence of individuals at the bed space. None-
theless, alternatively, determining presence of individuals with
a patient, for example, by way of a geographical boundary
around the bed space, would still not have delineated between
active and indirect forms of contact, which we considered to be
an important consideration.

One key limitation of behavioral mapping is the assumption
that each 1-minute period of observation is representative of
the whole 10-minute unit of time. That minimal activity levels
were observed in the current cohorts from the high volumes of
observations performed throughout the day (including detail of
physiotherapy sessions) and would suggest that higher levels
of activity were not missed. The frequency of observations accu-
mulated through the behavioral mapping approach allows for
detailed characterization of physical activity patterns.'® This is
a more robust design than point prevalence or audit data that
may artificially report high levels of physical activity based on
single data collection points.'>'”'%4> However, by only acquir-
ing data on a single day, this precludes identifying higher activ-
ity levels that may have occurred prior to, or subsequently,

during the ICU admission. In the future, detailed longitudinal
data may assist in further characterizing physical activity levels
during critical illness and, in particular, profiling delivery of
exercise-based rehabilitation to greater reflect local service.*

We acknowledge this is a single-center study limiting the
generalizability of findings to other ICUs or weaning units with
differing case mixes, service models, bed capacity, or local
policy around rehabilitation practice. In particular, a recent
survey of international ICUs on unit structure and mobilization
practice revealed that half of UK sites surveyed (n = 150) had
some form of early mobilization practice in place, and 20%
according to a written protocol.** This variability is important
to consider when interpreting the current findings which are
inherently influenced by the local practice in the study site;
there is no formal, written protocol for rehabilitation in opera-
tion and physiotherapists use autonomous clinical reasoning
based on individual clinical assessment of each patient. This
could have introduced a source of bias into physical activity
findings where other factors such as culture, competence,
knowledge, and attitudes toward rehabilitation (and thereby
physical activity) could have been influential.*’

That said, the labor intensiveness of the behavioral map-
ping approach to data acquisition is likely to preclude the
feasibility of more widespread replication; the strength of this
more qualitative style to data collection is the rich detail of the
resulting data set. These data represent the first of their kind
from a UK ICU, reporting detailed levels of activity under-
taken by critically ill patients and examining a sufficient sam-
ple size to produce robust findings. Furthermore, we
expanded the previous data reported by Berney et al'® by
additionally examining a cohort of longer-term critical illness
patients in a VWU. While the sample size for this cohort of
long-term weaning patients is smaller than may be considered
representative,>> and this precluded certain descriptive anal-
yses, we adopted a pragmatic approach to recruiting this con-
venience sample in light of differing admission rates and
patient profiles in a VWU and felt that these novel data pro-
vide valuable information regarding physical activity in this
particular subgroup of post-critical illness patients. In the
future, these data could be used to support development of a
larger, multisite, multinational study that could account for
institutional- and ICU-level factors, in addition to patient-
level factors, that contribute to outcomes. '’

We acknowledge that the different nurse to patient ratio of
1:2 on the VWU needs to be considered when interpreting
results of frequency of patients being classified as “alone”
when compared to the ICU cohort where the ratio is 1:1. In
addition, we did not prospectively record any physiotherapy
clinical decision-making around delivery of physical rehabili-
tation on the day of observation to explore this as a contributory
factor in activity levels in greater depth nor did we capture the
amount of time patients were actively participating in rehabi-
litation as a proportion of the overall session duration. We
acknowledge some patients may have presented with barriers
to mobilization, although only one had an existing medical
restriction order.
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Conclusion

We aimed to use behavioral mapping to prospectively charac-
terize the physical activity profile of critically ill patients in
both a UK intensive care and VWU. This approach revealed
low levels of activity, further demonstrating the limited appli-
cation of research findings around safety, feasibility, and
potential efficacy of ICU rehabilitation to the clinical environ-
ment, the “evidence—reality gap.” Even in longer-term post-
critical illness patients residing in a VWU with an emphasis
on rehabilitation, scope for increasing physical activity was
clear. In order to achieve this, increasing physical activity lev-
els and minimizing sedentary behavior beyond therapeutic
rehabilitation sessions delivered by physiotherapists appear
essential. More broadly, given the prevalence of international
data sets now reporting similar findings, it is evident a beha-
vioral change toward providing critically ill patients with, and
engaging them in, a multidisciplinary, multiprofessional envi-
ronment that optimizes overall physical activity is warranted to
reduce the gap in knowledge translation of the benefits of
activity in this patient cohort.
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