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1.1 Introduction 
 
The total number of adults admitted to an adult general critical care unit in 

England, Wales and Northern Ireland is reported to be 175,500 admissions 

between 1st April 2018 to 31st March 2019 [ICNARC – Summary Statistics, 

2020].  Intensive care, also known as critical care, is a multidisciplinary and 

interprofessional speciality dedicated to the comprehensive management of 

patients having, or at risk of developing, acute, life-threatening organ 

dysfunction [Marshall et al.,2017]. Critical care is provided within the 

continuum of primary, secondary and tertiary care, with the majority of 

services delivered in the secondary-care setting [Faculty of Intensive Care 

Medicine, 2020]. The comprehensive critical care report [Wales.nhs.uk, 

2020] recommends implementation of a classification system that focuses 

on the level of dependency that patients need, regardless of location. An 

intensive care unit utilises a multiplicity of technologies that cater to patients 

with failing organ systems, including the respiratory, cardiovascular and renal 

systems.   The primary aim of intensive care is to prevent further 

deterioration, while the current medical complication is treated and resolved. 

 
As a direct result of patients admitted to the ICU, post-ICU patients are 

susceptible to high levels of physical inactivity, as well as reductions in 

physical function, exercise capacity and health-related quality of life (HRQoL) 

that can contribute to a prolonged recovery period that may last for several 

months or years in some patients [Denehy et al., 2012; Borges et al., 2015; 

McNelly et al., 2016; Pfoh et al., 2016; Kayambu et al., 2015; Hopkins and 

Jackson, 2016; Rawal et al., 2017]. 

 

Reductions in physical and functional capabilities present significant 

challenges with completing simple activities of daily living, i.e., bathing, 

dressing, and feeding [Vest et al., 2011], as well as engaging in physical 

activity. Low levels of physical activity throughout the recovery trajectory 

following critical illness, i.e., during ICU stay, during ward stay and following 

post-hospital discharge have been reported [Beach et al., 2017; Estrup et al., 

2019; McNelly et al., 2016]. Poor recovery of physical outcomes is 

associated with reduced health status, reduced HRQoL and increased 

healthcare utilisation following post-hospital discharge [Pfoh et al., 2016; 

Cuthbertson et al., 2013; Williams et al., 2010]. 
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The publication of ‘Rehabilitation after Critical Illness: Clinical Guideline 83 

[Rehabilitation after Critical Illness in Adults, 2009] emphasises the 

importance of regular assessments throughout the recovery trajectory, i.e., 

during critical care stay, before discharge from critical care, during ward-

based care and following post-hospital discharge to help reduce the physical 

and functional impairments associated with critical illness. However, these 

NICE guidelines have been poorly implemented or not implemented at all 

following hospital discharge. 

Follow-up provision following critical illness has evolved in different ways 

around the UK. The availability of these healthcare and support services 

following critical illness throughout the UK have been reported to play a 

valuable role in the recovery of physical, emotional and psychological 

recovery following discharge from the intensive care unit [Prinjha et al., 

2009]. 

Currently in Northern Ireland there are no organised rehabilitation services 

offered to patients after discharge home after critical illness. This provided 

an opportunity to study the natural recovery, including physical activity and 

physical function up to 1-year following hospital discharge from the intensive 

care unit.   

Over the past decade, the role of physical activity and  physical function 

outcome measures to address the  physical and functional impairments 

associated with critical illness has recently gained momentum during ICU 

stay [Bailey et al., 2007; Morris et al., 2008 ; Needham, 2008;  Schweickert 

et al., 2009 ], during ward stay [Hopkins et al., 2012; Walsh et al., 2015; 

Gruther et al., 2017; Berney et al., 2012] and following post-hospital 

discharge [Cuthbertson et al., 2009; Elliott et al., 2011B; Batterham et al., 

2014; McDowell et al. 2016;  Battle et al., 2019].   

 

This research includes advancing objective outcome measures that include 

physical activity instruments [Anderson et al., 2019; Beach et al. 2017; 

McNelly et al., 2016; Denehy et al., 2012], paper-based questionnaires and 

exercise testing [McDowell et al., 2016; Solverson et al., 2016; Denehy et al., 

2013; Elliott et al., 2011B]. Trials of rehabilitation interventions in the post-

ICU population have collectively demonstrated discordant results [Connolly 
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et al., 2016]. It is uncertain whether these results are due to variation in the 

outcome measures utilised, or the methodological uncertainty on how to 

assess physical activity and physical function accurately in the post-ICU 

population following hospital discharge.  

 

Previous critical care literature has raised concerns with regards to the wide 

variety of clinical outcome measures used to assess physical activity and 

physical function in the post-ICU population [Parry et al., 2017A; Aitken and 

Marshall, 2015; Elliott et al., 2011A].  Subsequently, it is difficult for clinicians 

and researchers to compare and contrast between clinical research studies 

or conduct meta-analyses of outcomes following critical illness. For example, 

respondents of the National Survey of rehabilitation after critical illness 

survey [Berry et al., 2013] were unable to cite tools currently used in practice 

to track patient progression from critical care into the community. 

 

Stage 1 of a recent modified Delphi consensus study has explored and 

established a core set of outcome measures for research in recovery 

following critical illness [Connolly et al., 2019]. The National Survey of 

rehabilitation after critical illness survey and the recent modified Delphi 

consensus have started to explore appropriate outcome measures for the 

critical care population following hospital discharge, and this may help 

towards reaching some consensus about a core outcome set for physical 

activity and physical function following post-hospital discharge. 

 

The NICE guidelines lack clarity with regards to suitable outcome measures 

and agreed time points to measure short, medium and long-terms changes 

in physical and functional outcomes following post-hospital discharge 

[Rehabilitation after Critical Illness in Adults, 2009]. This uncertainty is 

reflected in recent post-ICU literature, i.e., assessing physical function as 

measured by the Six-Minute Walk Test at ICU discharge, three, six and 

twelve-months following post-ICU discharge [Denehy et al., 2013] or using 

the Short Form-36 Physical Function subscale at six-weeks following post-

hospital discharge [McDowell et al., 2016]. 

 

Research has explored medium and long-term recovery following ICU stay 

[Borges et al., 2015, Elliott et al., 2011B; Jackson et al., 2012; Walsh et al., 

2015; Jones et al., 2003]. There is a paucity of research exploring outcomes 
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specifically related to physical activity and physical function in the post-ICU 

population; previous post-ICU studies have predominately focused on short-

term recovery trajectories (< 6 months) [McDowell et al., 2016; Borges et al., 

2015, Elliott et al., 2011B; Walsh et al., 2015]. There is a need to explore 

longer-term natural patterns of physical activity and physical function 

recovery to help inform patient recovery, the timing of follow-up 

assessments, and to help identify patients who may have further 

rehabilitation needs. 

 
Assessment of healthcare service use for the post-ICU population has shown 

increased healthcare utilisation and costs following hospital discharge [Lone 

et al., 2016; Hill et al., 2016; Ruhl et al., 2017]. Previous post-ICU studies 

exploring healthcare costs for the post-ICU population have predominately 

focused on costs incurred during intensive care and hospital stay 

[Falkenstien et al., 2020; Gruthher et al., 2017; Wright et al., 2017]. 

Moreover, the exploration of healthcare service use in the post-ICU 

population following post-hospital discharge has predominately included 

American, Australian, Canadian, French, German populations [Hirshberg et 

al., 2019, Williams et al., 2010; Hill et al., 2016; Garland et al., 2014; Jouan 

et al., 2019; Kosilek et al., 2019].  

Consequently, there is a lack of understanding with regards to healthcare 

service use within a Northern Irish population, and uncertainty remains with 

regards to healthcare services utilised or changes in healthcare service use 

across 1-year following post-hospital discharge in the Northern Irish post-

ICU population. While research has explored some aspects of what 

education and information patients might find helpful following critical illness 

[McDowell et al., 2013], there is limited data regarding what patients felt 

facilitated their physical and functional recovery up to 1-year following 

discharge from the intensive care unit. This information would also help to 

identify at what time points patients would benefit most from a physical 

rehabilitation intervention during recovery from critical illness. The findings of 

this study will therefore help in the future development of services for this 

population in Northern Ireland.  

At a public health level, knowledge and understanding of healthcare service 

use and cost for the post-ICU population could help to identify and 

understand analysis of healthcare interventions and support needs that may 
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facilitate physical and functional outcomes for the post-ICU population 

following hospital discharge from an economic perspective. 

 

Before developing or suggesting physical and functional interventions for the 

post-ICU population. It is necessary to further explore patterns of physical 

activity and functional recovery, investigate outcome measures available, 

and understand more about healthcare utilisation in the first year following a 

stay in intensive care; this may help to inform the design of future research 

for the post-ICU population. 

 
1.2 Aims and Organisation of Thesis 
 
1.2.1 Aim of thesis 

 
This thesis focuses on survivors of critical illness following hospital discharge 

from the ICU. It has several aims: (1) to explore the recovery including 

physical activity and function up to 1-year following hospital discharge from 

ICU, (2) to describe the patient experience of recovery over a year following 

hospital discharge from ICU, (3) to explore healthcare utilisation in patient’s 

post-ICU discharge, and (4) to compare physical activity and healthcare 

utilisation of the post-ICU population to the healthy population. 

 
1.2.2 Organisation of The Thesis  

 
Chapter 2 explores the current use of physical activity instruments to 

objectively measure physical activity levels during and following critical 

illness. This review also describes the different types of physical activity 

instruments, study setting, and duration of physical activity monitoring used 

to measure physical activity levels in the critical care population. 

 

Chapter 3 describes the common methods used within the prospective 

studies in Chapter 5 and Chapter 7 of this thesis. This includes a description 

of the general procedures for administering the outcome measures 

(ActiGraph physical activity monitor and the Modified Shuttle Walk Test 

(MSWT) and questionnaires). 

 

Chapter 4 describes the procedures relating to the development of the 

clinical record form (CRF) and electronic clinical record form (e-CRF) for the 
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Physical Activity and Function after ICU study (Chapter 5). This enabled 

comprehensive data collection for the study across four different time points. 

 

Chapter 5 is a prospective longitudinal cohort study exploring patterns in 

physical activity and function in survivors of critical illness for a period of up 

to 1-year following discharge from the ICU. Outcome measures include 

measures of physical activity, physical function, cognitive function, health-

related quality of life and healthcare utilisation across four different time 

points. Correlations between baseline clinical frailty and physical activity and 

function, physical activity and function, and physical activity and physical 

function and health-related quality of life at six-months following ICU 

discharge are also explored. 

 

Chapter 6 describes the qualitative component of the Physical Activity and 

Function after ICU study (Chapter 5). This chapter explores patient views 

about factors that may have contributed or hindered the recovery of physical 

activity, physical function and cognitive function after critical illness at six and 

twelve-months following post-hospital discharge. 

 

Chapter 7 describes the exploration of physical activity, healthcare utilisation 

in a healthy population compared to the post-ICU population (Chapter 5).  

The data uses similar outcome measures to the Physical Activity and 

Function after ICU Study (Chapter 3) and enables comparisons of a range of 

outcome measures and healthcare utilisation between a healthy population 

and the post-ICU population from Chapter 5. 

 
Chapter 8 involved a comprehensive review of identifying studies that have 

performed economic evaluations of rehabilitation and exercise programs for 

survivors of critical illness. This review also describes the different types of 

economic evaluations, and costs included for economic evaluations that are 

used to calculate the cost-effectiveness of rehabilitation and exercise 

programs for survivors of critical illness. 

 

Chapter 9 summaries the key findings from the studies in this thesis. The 

clinical implications and recommendations for future research are also 

included. 
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1.3 Roles of The PhD Student and Financial Support 
 
NG had a key role in contributing to the overall design, conduct and analysis 

of the studies included in this programme of research; this is detailed chapter 

by chapter. The Department of Employment and Learning (DEL) and Seed 

Funding from the Northern Ireland Clinical Research Facility (NICRF) 

provided NG’s funding during the PhD studentship.  
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2 Chapter 2:  The Use and Measurement of Physical 
Activity Instruments in Patients During and 
Following Critical Illness: A Review 
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2.1 Chapter Overview  
 
The use and measurement of physical activity instruments in patients during 

and following critical illness: A review aimed to explore the current use of 

physical activity instruments to objectively measure physical activity levels 

during and following critical illness. This chapter summarises the methods 

used in this study, the results of the literature review searches and results. 

The role of each of the study team members involved in the study is outlined 

in Table 2.1. 

 
Table 2. 1 - Steps involved and contribution by NG and other research 
team members.  

The use and measurement of physical activity instruments in patients 
following critical illness: A review study protocol 

(NG, JB, DMcA, BB, BO’N and FM) 
Conducted literature review searches 

(NG) 
Data extraction and analysis of results 

(NG) 
Quality checks of results 

(RMcL) 
Completed write up of chapter  

(NG) 
Contributed to the interpretation of the analysis of results and chapter 

write up  
(JB, BB and BO’N) 

 
2.2 Introduction  
Previous research suggests that lack of mobilisation poses a risk to critically 

ill patients [Parry and Puthucheary, 2015]. Lack of mobilisation plays a 

crucial role in the development of neuromuscular weakness; as a 

consequence of physical inactivity, post-ICU patients will often experience 

long-term complications associated with physical function [Herridge et al., 

2011] and quality of life [Hermans et al., 2014]. To diminish the physical 

impairment and onset of muscle weakness as a consequence of a patient 

admitted to ICU, recent attention has focused on the implementation of 

physical activity during ICU stay and continuing throughout the recovery 

trajectory. Physical activity (PA) is defined as “bodily movement produced by 

skeletal muscles that result in energy expenditure” [Caspersen et al., 1985]. 

Physical activity refers to all movement including during leisure time, for 

transport to get to and from places, or as part of a person’s work; popular 

ways to be active include walking, cycling, wheeling, sports, active recreation 
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and play, and can be done at any level of skill and for enjoyment by 

everybody [WHO | Physical Activity, 2021]. 

 

Physical activity appears to have a beneficial effect on the dynamics of 

physical functioning [Ip et al., 2013]. Physical functioning refers to the ability 

to perform activities of daily living such as bathing, dressing or climbing 

stairs. Although there is no common definition of physical function, the 

term functioning is addressed by the WHO's International Classification of 

Functioning, Disability and Health (ICF) [ WHO International Classification of 

Functioning, Disability and Health, 2001]. The ICF is structured around three 

broad components: body function and structure, activities (related to tasks 

and actions undertaken by an individual and participation – involvement in a 

life situation) and information on severity and environment.  The ICF can 

provide a reference framework to help classify and describe patient 

functioning. 

 

Previous research has demonstrated that early physical activity is feasible, 

safe and effective at reducing some of the adverse effects of surviving critical 

illness [Bailey et al., 2007]. Although there is no gold standard method for 

measuring physical activity in epidemiological research, direct methods such 

as the use of accelerometers or pedometers are often preferred for optimal 

accuracy [Ainsworth, 2008]. 

 

The use of physical activity instruments such as accelerometers are 

validated in chronic disease populations such as Chronic Obstructive 

Pulmonary Disease (COPD) [Gore et al., 2018] and Cancer [Su et al., 2013].  

In contrast, the true accuracy of objectively measuring physical activity in the 

post-ICU population is unknown. The lack of evidence may be a result of 

limited research exploring physical activity levels, or methodological 

limitations on how to measure physical activity in the critical care population. 

 

There is a need for researchers to accurately assess physical activity levels 

in the critical care population to evaluate the prevalence of physical activity 

engagement, identify current physical activity levels and understand the 

relationship between physical activity and other health outcomes. Exploring 

physical activity levels within the critical care population during their inpatient 

and post-discharge course will potentially provide new information in terms 
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of current physical activity patterns and capabilities. Identifying suitable 

physical activity instruments, specifically the use of objective markers 

including, but not limited to pedometers, accelerometers or smartphones 

could help determine whether physical activity monitoring is an appropriate 

outcome measure for assessing physical activity levels within the critical care 

population. 

 

2.3 Global Aim 
The aim of this review was to explore the current use and measurement of 

physical activity instruments to objectively measure physical activity during 

and following critical illness. 

 
2.4 Subsidiary Aims  
 

I. To identify studies that have included objective physical activity 

instruments to measure physical activity during and following critical 

illness. 

II. To provide a key summary of methods implemented for measuring 

physical activity in the critical care population (including the objective 

physical activity instruments used, the population included, stage of 

recovery) 

III. Extract physical activity parameter data (including daily step count, 

active time, inactive time, distance walked, total activity counts and 

movements) from studies and explore physical activity patterns 

during the recovery stages (e.g., during ICU, on the ward and post-

hospital discharge) 

IV. To provide a summary of any other health and clinical outcome 

measures included (e.g., health-related quality of life, physiological). 

 
2.5 Methods  
 
2.5.1 Study Design 

A comprehensive literature review format enabled identification, examination 

and exploration of the use and measurement of physical activity instruments 

in patients during and following critical illness. 
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2.5.2 Search Strategy  

 
A structured literature search was undertaken on relevant electronic 

databases (Embase, Medline, PubMed and CINAHL) during February 2019 

and an updated search of the literature was conducted in May 2020. The 

following search terms were used to retrieve relevant studies (“ICU” OR 

“intensive care” OR “critical care” OR “survivors of critical illness” OR “ICU 

discharge” OR “post-ICU discharge”) AND (“physical activity” OR “physical 

activity measurement” OR “ambulatory monitoring” OR “ActiGraph” OR 

“ActiGraphy” OR “pedometer” OR “physical activity monitoring” OR 

“accelerometers” OR “accelerometer”). Results were limited by human 

research, English language, randomised control trial, observational study, 

and comparative study. 

 
2.5.3 Study Inclusion Criteria  

 
The review included studies published in English if they fulfilled the following 

criteria: 

 

I. Adult patients admitted to an ICU (>18 years old). 

II. Patients who have been mechanically ventilated in an ICU. 

III. Critically ill patients admitted to an ICU for medical, surgical, 

neurological, cardiac and trauma diagnoses etc. 

IV. Physical activity monitoring that was commenced during ICU stay, 

post-ICU discharge (on the ward) or post-hospital discharge. 

V. Included some form of objective physical activity measurement used 

to assess “physical activity”, including but not limited to 

accelerometers, pedometers, activPAL, ActiGraph etc. 

 
2.5.4 Study Exclusion Criteria  

 
Studies were excluded if they: 1) were review papers; 2) mentioned 

“palliative” or end-of-life care” in patients after critical illness; 3) involved the 

study of paediatrics; 4) only investigated a specific population of patients, for 

example, burns or transplant patient; 5) or if the study was associated with a 

particular physical activity rehabilitation programme.   
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2.5.5 Data Analysis and Quality Check  

 
One author (NG) independently screened the titles and abstracts of the 

selected research papers, screened the full articles against the inclusion 

criteria and extracted data from all included studies. NG extracted data using 

a standardised paper form that included information on study design and 

setting. Following independent data extraction, NG met with a second 

reviewer (RMcL) to clarify any issues and address concerns regarding data 

extraction through discussion and consultation. RMcL was also responsible 

for checking data extraction forms, this ensured all of the captured 

information was collected and inputted accurately (e.g., type of physical 

activity monitor, setting and duration of physical activity monitoring). RMcL 

double-checked the data extraction and arbitration by a third review author 

was not required. 

 

2.6 Results  

 

2.6.1 Search Results 

 
From the initial search, a total of 1,622 potentially relevant publications were 

identified. 1,602 were found not relevant based on the title keys words and 

abstract. The use of objective physical activity instruments to measure 

physical activity in patients after critical illness were identified in 20 studies. 

A total of 6 duplicates were removed, and a review on the remaining 14 

studies was reviewed. Figure 2.1 presents the flow diagram detailing the 

study screening and selection. 
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Figure 2. 1 - Study Flow Diagram 

2.6.2 Target Settings, Populations, Study Design 

 
The use of physical activity instruments to objectively measure physical 

activity was reported in fourteen studies. Table 2.2 details the study 

characteristics. Studies were conducted between 2005 and 2020. The 

fourteen studies were conducted across four continents; Australia 4/14 

(28.5%), Europe 4/14 (28.5%), North and South America 5/14 (35.7%), and 

one study (7.1%) failed to provide any information with regards to location 

[Mistraletti et al., 2009]. Eleven (78.5%) of the fourteen studies were 

observational and three (21.4%) studies were a combination of correlational, 

outcome and exploratory studies. Half of the studies took place during ICU 

stay 7/14 (50%).  
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Table 2. 2 - Country, Study Design, Setting and Population 

Authors, Year Country Study Design Setting ICU admission diagnosis  Control Group 
Anderson et 

al. [2019] 
United 

Kingdom  
Observational 

study 
Ward NR -  

Beach et al. 
[2017] 

Australia Observational 
Study 

ICU stay Medical, Surgical and 
Trauma 

- 

Borges et al. 
[2015] 

Brazil Observational 
study 

ICU 
discharge 
and post-
hospital 

discharge 

Sepsis  Healthy Controls 
(n=50) People 

who were visiting 
their families in 
hospital with the 

same sexes, ages 
(±6 years), and 
BMIs (±2 kg/m2) 

Denehy et al. 
[2012] 

Australia Observational 
study 

Post-hospital 
discharge 

Sepsis and chronic disease - 

Edbrooke et 
al. [2012] 

Australia Observational 
study 

Ward Post-operative, respiratory, 
trauma and cardiovascular 

Young healthy 
adults (n=15) 

Estrup et al. 
[2019] 

Denmark Observational 
study 

Ward  Medical and Surgical - 

Gluck et al. 
[2017] 

Australia Observational 
study 

Pre-hospital 
admission 

Post-operative, medical, 
and neurological 

- 

Grap et al. 
[2005] 

United States 
of America 

Correlational 
study 

ICU stay Cardiovascular and 
respiratory 

- 

Gupta et al. 
[2020] 

United States 
of America 

Observational 
study 

ICU stay Respiratory, sepsis, 
cardiovascular and 

gastrointestinal  

- 

Kamdar et al. 
[2017] 

United States 
of America 

Observational 
study 

ICU stay Respiratory, sepsis, 
cardiovascular, 

gastrointestinal and 
endocrine 

- 

McNelly et al. 
[2016] 

United 
Kingdom 

Outcome study Post-hospital 
discharge 

Sepsis, trauma, central 
nervous system, 
gastrointestinal, 
cardiovascular 

Non-morbid 
controls (n=30), 
age-and gender-
matched to the 
ICU survivors 

Mistraletti et 
al. [2009] 

NR Observational 
study 

ICU stay Post-operative, respiratory 
and gastrointestinal 

- 

Osse et al. 
[2008] 

Netherlands Observational 
study 

ICU stay Cardiovascular Non-delirious 
group (n= 32) 

Winkleman et 
al. [2005] 

United States 
of America 

Exploratory study ICU stay NR - 

 
2.6.3 Physical Activity Instruments  

 
This review identified a variety of physical activity instruments used to 

objectively measure physical activity levels in the critical care population 

(Table 2.3). Thirteen out of fourteen (92.8%) studies used an accelerometer 

to objectively measure physical activity levels, which were predominately 

worn on the patients’ wrist 7/14 (50%), followed by ankle 3/14 (21.4 %), upper 

arm 2/14 (14.2%), thigh 1/14 (7.1%) and lower back 1/14 (7.1 %). The 

remaining study used a smart-phone health app to objectively measure 

physical activity by recording daily step counts [Gluck et al., 2017]. The 

duration of physical activity monitoring varied throughout the fourteen 

studies. Two out of fourteen (14.2%) studies included a 7-day wear period 

[Denenhy et al., 2012; Estrup et al., 2019], 1/14 (7.1%) included a 6-day 

wear period [Osse et al., 2008], 2/14 (14.2%) included a 5-day wear period 

[Beach et al., 2017; McNelly et al., 2016], 1/14 (7.1%) included a 3-day wear 

period [Mistraletti et al., 2009], 3/14 (21.4%) included a 2-day wear period 
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[Borges et al., 2015; Gupta et al., 2020; Kamdar et al., 2017], 2/14 (14.2 %) 

included specific block periods [Grap et al., 2005, Winkleman et al., 2005], 

2/14 (14.2 %) monitored physical activity under testing conditions [Anderson 

et al., 2019; Edbrooke et al., 2012] and 1/14 (7.1%) collected physical activity 

data from a previous 28-day period [Gluck et al., 2017].  

 

Table 2. 3 – Type of accelerometer, location worn and setting and 
duration of monitoring  

Authors, Year Type of accelerometer Location Worn Setting and duration of 
monitoring 

Anderson et al. 
[2019] 

ActiGraph GT3X 
(tri-axial) 

 

Thigh and Ankle Ward 
 

Worn during testing 
conditions: Walking until the 
participant decided to stop 

Beach et al. 
[2017] 

SWA-MF armband motion sensor 
device (tri-axial) 

Upper Arm ICU Stay 
 

24hr a day for 5 days 
Borges et al. 
[2015] 

Dynaport Minimod 
(tri-axial) 

Lower back ICU discharge: 12h per day 
(from 8 a.m. to 8 p.m.) for 2 

consecutive days 
 

Three months post-hospital 
discharge: 2 days excluding 

the weekend days 
Denehy et al. 
[2012] 

AMP 331 
(tri-axial) 

Ankle 2 months post-hospital 
discharge 

 
7 days during waking hours  

Edbrooke et al. 
[2012] 

AMP 331 
(tri-axial) 

Ankle Post-ICU discharge 
 

Worn during testing 
conditions walking 5, 10, 25 

and 50m with each walk 
repeated twice 

Estrup et al. 
[2019] 

Micro Sleep Watch 
(tri-axial) 

Wrist ICU discharge 
 

7 days  
Gluck et al. 
[2017] 

Smartphone – Health App  NR Pre-hospital admission 
(previous 28-day period) 

Grap et al. 
[2005] 

ActiWatch 16 
(Uni-axial) 

Wrist and Ankle ICU Stay 
15-minute period (8 periods 

for a total of  
2 hours) 

Gupta et al. 
[2020] 

Actiwatch Spectrum Pro 
(MEMS-based accelerometer) 

Wrist ICU Stay 
2 days (48 hours) 

Kamdar et al. 
[2017] 

Actiwatch Spectrum 
(Uni-axial) 

Wrist ICU Stay 
2 days 48hours) 

McNelly et al. 
[2016] 

SenseWear  
(Bi-axial) 

Upper Arm Post-hospital discharge 
 

18 months post-hospital 
discharge: 5 days  

Mistraletti et al. 
[2009] 

BioTrainer-Pro Activity monitor 
(Bi-axial) 

Wrist ICU Stay 
 

3 days  
Osse et al. 
[2008]  

Actiwatch 
(Uni-axial) 

Wrist ICU Stay 
 

24hrs for 6 days 
Winkleman et 
al. [2005] 

Motionlogger 
(tri-axial) 

Wrist ICU Stay 

24hrs (4-bour blocks of time 
over different days of the 

week and at different times 
of day) 
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2.6.4 Physical Activity Parameters  

 
The objective physical activity measurements captured in the fourteen 

studies varied (Table 2.4). Six out of fourteen (42.8 %) studies used daily 

step counts [Anderson et al., 2019; Beach et al., 2017; Denenhy et al., 2012; 

Edbrooke et al., 2012; Gluck et al., 2017; McNelly et al., 2016]. Five out of 

fourteen (35.7%) studies extracted physical activity ActiGraph data (i.e., 

activity counts, ActigGraph movements, epochs) [Estrup et al., 2019; Grap 

et al., 2005; Gupta et al., 2020; Kamdar et al., 2017; Mistraletti et al., 2009] 

and three out of fourteen (21.4%) measured physical activity levels by 

quantifying active time [Borges et al., 2015; Osse et al., 2008; Winkleman et 

al. 2005]. 
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Table 2. 4 - Objective Physical Activity Parameters Captured 

 
Authors, Year ActiGraph Parameters (total activity 

count/movements) 
Active Time Inactive Time Daily Step Count Distance Walked Other physical activity 

parameters captured 
Anderson et al. [2019] NR NR 

 
 
 
 

NR Ankle: Mean difference (95% limits of agreement) 
–0.84 steps (–3.88 to 2.2) 

 
ICC (95% CI) 

0.99 (0.99 to 1.0) 
 

Thigh: Mean difference (95% limits of agreement) 
-17.7 steps (–40.63 to 5.23) 

 
ICC (95% CI) 

0.46 (-0.10 to 0.78) 

NR Observed step count: 
45.87 ±19.72 (range 15–90)  

 

Beach et al. [2017] NR  Physical activity duration 
(cumulative time spent at >1 
metabolic equivalent (METS) 

Participants performed a median of 
16.8 [0.6–152.4] minutes of PA (> 

1.0 METs) 
 

No differences in the amount of 
physical activity (mins) undertaken 

by sedated and non-sedated 
participants on day 3 

(U=270.0, p=0.08, r=−0.2) 
 

Day 5 non-sedated participants 
undertook significantly more PA; a 

median of 55 min Vs 
sedated participants who performed a 

median of 0 min of PA 
(U = 86.5, p = 0.03, r = −0.4) 

NR  Median of 4 [1.2–7.0] steps per Day. NR NR 

Borges et al. [2015] NR Walking time per Day (%) 
 

ICU discharge 
 

Septic patients: 
1.9 ± 1.6 vs Healthy subjects:  10.1 ± 

4.4 %, p<0.05  
 

Post-hospital discharge 3 months 
later 

 
Septic patients: 6.3 ± 3.0 vs Healthy 

subjects: 10.1 ± 4.4 %, p<0.05) 

Time spent sitting or lying  
 

ICU discharge 
Patients spent 82% of their 

time sitting or lying   
 

Post-hospital discharge 3 
months later 

Patients spent 58% of their 
time sitting or lying 

NR 
 

NR Movement intensity (m/s2) 
 

Post-hospital discharge 3 
months later 

 
Sepsis patients: 

2.1 ± 0.3 Vs Healthy 
subjects:  2.5 ± 0.4 m/s2, 

p<0.05  
 

Denehy et al. [2012] 
 

NR Active Time 
(Hours: Minutes) 

00:57± 00:34 
 

Locomotion Time 
(Hours: Minutes), 

Median (IQR) 
 

00:26 
[00:10–00:36] 

Inactive Time 
(Hours: Minutes) 

12:17 ± 1:33 

4,894 ± 3,070 steps per day Distance walked 
per Day (km):   

1.69 [0.69–2.89] 

PASE Questionnaire -  
evaluated lifestyle physical 

activity 
 

Mean total PASE score: 
97.4 ± 56.7, 

Range = 5.0 –242 

Edbrooke et al. 
[2012] 

 

NR NR NR Walk 1  
(Mean 95% CI) 

0.93 (0.39 to 1.48) 
 

Walk 2 Mean (95%CI) 
0.92 (0.44 to 1.40) 

Distance Walked 
(m) 

 
Walk 1 (Mean 

95% CI) 
-3.11 (-3.99 to -

2.22) 
 

Walk 2 Mean 
(Mean 95% CI) 

Speed (cm·s-1) 
 

Walk 1 (Mean 95% CI) 
-21.94 (-29.32 to -14.55) 

 
Walk 2 Mean (95%CI) 

-28.87 (-34.94 to -22.80) 
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0.92 (0.44 to 1.40) 
Estrup et al. [2019] Mean Activity count per Day 

Median: 104 634 (IQR 65,569‐165,624 
 

Mean activity per hour during Daytime  
Median: 43,699 (IQR 23,206 ‐ 631,60) 

Mean difference between day and night 
Median: 1,353 (IQR 348 ‐ 2,860) 

 
Maximum activity Day 2  

Median: 9,438 (IQR 7,028 ‐ 11,576) 
 

Total activity Day 2  
Median: 120,246 (IQR 81,761 ‐ 154,100) 

NR NR  NR  NR  NR  

Gluck et al. [2017] NR  NR NR Prior to hospital admission: Median of 3,540 
steps/d (32–12,604 steps/Day). 

 
28–18 Days prior to admission: Median of 3,539 

steps/d [28–21,245 steps/day] 
 

10–1 Days prior to admission:  2,960 steps/d [2–
15,798 steps/day] 

 
Only 2 days 

were recorded as zero steps 

NR Subjective estimates of 
physical activity 

 
Patient estimates n=50 
Distance walked prior to 
resting (m) 1,400 (35–

20,000) 
 

Time walked prior to resting 
(min) 40 (1–720) 

 
Mean daily step-count 6,000 

(100–20,000) 
 

Three-point scale (%) 
 

Active 27 (55) 
Less active than ideal 20 

(41) 
Sedentary 2 (4) 

 
Surrogate-decision-maker 

estimates n= 49 
Distance walked prior to 

resting (m) 2,000 (2–20,000) 
 

Time walked prior to resting 
(min) 30 (1–360) 

 
Mean daily step-count 4,500 

(5–25,000) 
 

Three-point scale (%) 
 

Active 28 (57) 
Less active than ideal 15 

(31) 
Sedentary 6 (12) 

Grap et al. [2005] Total activity count 
 

Wrist: 418± 591.7, [Range, 0 – 2903], 
Median: 157.5, [IQR, 11.3,571.3] 

 
Ankle: 147± 387.3, [Range, 0 – 3593], 

Median: 38, [IQR,3, 132.3] 
 

Wrist actigraphy data 
correlated with ankle actigraphy (r = 0.69; p 

< .001) 
 

Wrist actigraphy measurements were 
consistently 

higher (t=5.77; p<.001) 

NR NR NR  NR NR 

Gupta et al. [2020] Non-Zero Epochs 
122,865 (65%) epochs had zero activity. 

NR NR NR NR NR 
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 61% zeroes (56,022 epochs out of 
189,595) during normal waking hours 

(06:00 to 21:59).  
Kamdar et al. [2017] Activity Counts 

 
Wrist: 19.6 ± 17.2 Vs Ankle:  5.1 ± 6.0 

Maximum levels 
Wrist: 1418 Vs Ankle: 1922 units 

 
Wrist activity levels exceeded ankle levels 

58 911 (32%) times  
 

Ankle activity levels exceeded wrist levels 
14 745 (8%) times 

 

NR NR NR NR  NR  

McNelly et al. [2016] NR  NR NR ICU survivors: 5,803 [95% CI, 4,792–6,813] Vs 
Previously reported healthy controls: 11,735 

[95% CI, 10,928–12,542]; p < 0.001). 
 

Previously Healthy ICU survivors:  7,737 [95% CI, 
4,907–10,567] Vs ICU survivors with preadmission 

comorbidities: 2,989 [95% CI, 776–5,201]; 
p = 0.013 

 
Previously Healthy ICU survivors: 7,737 [95% CI, 

4,907– 
10,567] Vs Previously reported healthy 

controls:11,735 [95% CI, 10,928–12,542]; p = 0.014 
 

Step variability 
 assessed by standard deviation, highly correlated 

with 
daily steps (r2 = 0.67, p < 0.01) 

 

NR NR  

Mistraletti et al. [2009] Actigraphy movements/hour 
Days (14h): 33.3 [20.3-49.0] Vs Nights 

(10h): 8.5 [4.4-13.8], p<.001 

NR NR NR NR  NR  

Winkelman et al. 
[2005] 

 

NR  Activity per minute 
 

Non-delirious: 
Night 1 – Median: 5 (Minimum: 0, 

Maximum: 47) 
 

Day 1 - Median: 32 (Minimum: 9, 
Maximum: 92) 

 
Delirious 

Night 1 – Median: 2 (Minimum: 0, 
Maximum: 80) 

 
Day 1 - Median: 25 (Minimum: 3, 

Maximum: 200) 
 
Night -1 Non-delirious V delirious: Z-

value: -1.97; p-value 0.05  
Day -1 Non-delirious V delirious: Z-

value: -1.77; p-value 0.08 
 

Mean activity of the 5 h with the 
lowest activity within the first 24 h 

 
Non-delirious: 

 Median: 172 (Minimum: 0, Maximum: 
2431) 

 
Delirious: 

 Median: 14 (Minimum: 0, Maximum: 
2523) 

 

Number of minutes 
immobile 

 
Non-delirious: 

Night 1 – Median: 371 
(Minimum:  

222, Maximum: 420) 
 

Day 1 - Median: 632 
(Minimum: 239, Maximum: 

863) 
 

Delirious 
Night 1 – Median: 395 

(Minimum: 22, Maximum: 
420) 

 
Day 1 - Median: 732 

(Minimum: 50, Maximum: 
925) 

 
Night -1 Non-delirious V 

delirious: Z-value: -1.97; p-
value 0.05  

 
Day -1 Non-delirious V 

delirious: Z-value: -1.61; p-
value NS 

 

NR NR Restlessness Index (the 
addition of the percentage 
of time spent moving and 
the percentage immobility 

phases of 1 min). 
 

Non-delirious: 
Night 1 – Median: 25 

(Minimum: 0, Maximum: 82 
 

Day 1 - Median: 73 
(Minimum: 33, Maximum: 

130) 
 

Delirious 
Night 1 – Median: 21 

(Minimum: 0, Maximum: 162) 
 

Day 1 - Median: 53 
(Minimum: 11, Maximum: 

125) 
 

Night -1 Non-delirious V 
delirious: Z-value: -1.07; p-

value ns  
 

Day -1 Non-delirious V 
delirious: Z-value: -2.13; p-

value 0.03 
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Mean activity of the 10 h with the 
highest activity within the first 24 h 

 
Non-delirious: 

 Median: 2065 (Minimum: 549, 
Maximum: 6969) 

 
Delirious: 

Median: 1712 (Minimum: 226, 
Maximum: 5498) 

Winkleman et al.  
 [2005] 

NR  Activity time (minutes) 
A mean of 64 mins of activity per 

participant over 8 hours 

NR NR NR  NR 
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2.7 Physical activity levels during and following critical illness  
 
The collection of physical activity data throughout the recovery trajectory 

varied. One of the fourteen studies collected average daily step data prior to 

pre-hospital admission [Gluck et al. 2017]. This collection of daily step data 

was retrieved from the patient’s smartphone. Seven out of the fourteen 

studies collected physical activity data during ICU stay [Beach et al., 2017; 

Grap et al., 2005; Gupta et al., 2020; Kamadar et al., 2017; Mistrealetti et al., 

2009; Osee et al., 2009; Winkleman et al., 2005] and the remaining four 

studies collected physical activity during ICU discharge and post-hospital 

discharge [Borges et al., 2015, on the ward [Anderson et al., 2020; Estrup et 

al., 2019; Edbrook et al. 2012] and following post-hospital discharge [Denehy 

et al. 2012; McNelly et a;l. 2016]. All fourteen studies demonstrated low 

levels of physical activity as measured by either daily step counts, activity 

counts, movements, activity per minute or exercise intensity. 

  
2.7.1 Pre-Hospital Admission 

 
Gluck et al. [2017] reported low step counts prior to hospital admission; 

participants (n=13) took a median of 3,540 steps/day (32–12,604 steps/day). 

In the period 28–18 days before admission, participants took a median of 

3,539 steps/d (28–21,245 steps/day), and in the period 10–1 day before 

hospital admission, they took 2,960 steps/day (2–15,798 steps/d), yet this 

was not statistically different (median reduction 376 [–8,734 to 17,869], p= 

0.581).   

 

2.7.2 ICU Stay 

 
Seven out of fourteen (50%) studies reported low physical activity during ICU 

stay [Beach et al., 2017; Grap et al., 2005; Gupta et al., 2020; Kamdar et al., 

2017; Mistrealetti et al., 2009, Osse et al., 2008; Winkleman et al., 2005]. 

Gupta et al. [2020] reported low physical activity levels during ICU stay, 

overall, 122,865 (65%) of epochs reported zero activity throughout a 48-hour 

monitoring period. During the first five days of ICU stay, Beach et al. [2017] 

reported n= 55 patients took a median of 4 [1.2- 7.0] steps per day. Grap et 

al. [2005] reported low levels of physical activity for wrist and ankle activity 

counts during ICU stay (n=20), 418 ± 591.7 Vs 147 ± 387.3, respectively. 
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Similarly, Mistrealetti et al. [2009] also reported low levels of physical activity 

for wrist movements during ICU stay (n=13) (Days 14 hour, 33.3 [20.3-49.0] 

and Nights 10 hour, 8.5 [4.4-13.8], p<.001). Moreover, Kamdar et al. [2017] 

also reported low levels of physical levels for wrist and ankle movements 

during ICU Stay (n=34), 19.6 ± 17.2 Vs 5.1 ± 6.0, receptively. Finally, Osse et 

al. [2008] and Winkleman et al. [2005] reported low activity per minute during 

ICU stay. Osse et al. [2008] reported low activity per minute for delirious and 

non-delirious patients. Delirious patients (n=38) spent a median of 2 minutes 

(0, 80) active during the night and median of 25 minutes (3,200) active during 

the day. In contrast, non-delirious patients (n=32) spent a median of 5 

minutes (0, 47) active during the night and a median of 32 minutes (9, 92) 

active during the day. Winkleman et al. [2005] reported a mean of 64 minutes 

of activity per participant for 24 hours during ICU stay (n=20).  

 

2.7.3 ICU Discharge and Post-Hospital Discharge  

 
Borges et al. [2015] reported low physical activity at ICU discharge and post-

hospital discharge. Seventy-two patients predominantly spent 82% of their 

time sitting or lying during hospitalisation, at 3-months post-hospital 

discharge physical inactivity was partially reduced to 58 ± 20 % of patient’s 

daily time (n=51).   

 

2.7.4 Ward Stay 

 
Estrup et al. [2019] reported low physical activity levels during the first week 

after discharge from the ICU, patients (n=41) spent 60% of their time 

sedentary and 39% of their time participating in physical activity at a low 

intensity. Edbrooke et al. [2012] and Anderson et al. [2019] investigated the 

validity of the ActiGraph GT3X and AMP331 accelerometer on the ward. The 

ActiGraph GT3X and AMP331 accelerometer demonstrated good validity in 

the quantification of step count with observed step count (ActiGraph GT3X: 

ICC 0.99 (95%CI 0.99 - 1.0), AMP331: ICC 0.99 (95% CI 0.98 – 0.99) 

[Anderson et al., 2019; Edbrooke et al., 2012].  
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2.7.5 Post-Hospital Discharge 

 
At 2-months post-hospital discharge, Denehy et al. [2012] reported a mean 

of 4,894 ± 3,070 steps per day over seven days for 49 patients, 39/49 (80%) 

took fewer than 7,550 steps per day and 3/49 (6%) walked 10,000 or more 

steps per day. McNelly et al. [2016] reported a reduced daily step count of 

5,803 (n=27) [95% CI, 4,792–6,813] vs. 11,735 (n=16) [95% CI, 10,928–

12,542]; p < 0.001 at 18 months post-ICU discharge over the course of five 

days.  

 

2.8 Other Health and Clinical Outcomes Captured  
 
Twelve out of fourteen (85.7%) studies explored various other health and 

clinical outcomes. (Table 2.5). The outcome measures in the studies 

reviewed were selected according to the respective aims and objective of 

each study and therefore specific outcome measures varied.  

 

2.8.1 Exercise Capacity 

 
Two out of fourteen (14.2%) studies included measures of exercise capacity 

[Denehy et al., 2012; Borges et al., 2015]. Borges et al. [2015] included the 

six-minute walking distance (6MWD), and Denehy et al. [2012] used the six-

minute walk test (6MWT). Borges et al. [2015] reported mean values of 45.9 

± 25.9 (m) at ICU discharge (n=72), with increased mean values of 69.0 ± 

30.3 (m) at three months post-hospital discharge (n=51). Denehy et al. [2012] 

compared the accelerometer group (n=49) with the total sample (n=150) at 

10 weeks following ICU discharge. The accelerometer group performed 

significantly better, clinically and statistically, 439.1 ± 102.0 Vs 383.2 (142.8), 

p<0.05. 

 

2.8.2 Physical Function 

 
Three out of fourteen (21.4%) studies included measures of physical function 

[Beach et al., 2017; Estrup et al., 2019; Gluck et al. 2017]. A variety of 

objective assessments were used to measure physical function; measures 

included Physical Function in Intensive Care test-scored (PFIT-s), The 

Chelsea Critical Care Physical Assessment Tool (CPAx) and Functional 
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Independence Measures (FIM). Beach et al. [2017] noted statistical and 

clinically significant improvements in mean PFIT-s between awakening 

(n=60) (4.9 ± 2.3) and ICU discharge (n=51) 6.5 ± 2.1, p<0.001. Estrup et 

al. [2019] reported a mean value of 31 ± 10 (CPAx score) during ICU 

discharge (n=41), with an increased mean value of 46 ± 3 (CPAx score) at 

three months post-hospital discharge (n=19), p<0.001. Gluck et al. [2017] 

reported strong associations between FIMs from surrogate-decision makers 

(n=49) and patients (n=50) (motor: r = 0.87, p < 0.001; cognitive: r = 

0.43, p = 0.002; and overall: r = 0.84, p < 0.001). Motor, cognitive and overall 

scores were relatively similar between surrogate-decision makers and 

patients, with differences of 0 (–28 to 3) in the motor score, 0 (–7 to 5) in the 

cognitive score and 0 (–27 to 5) for overall scores. Furthermore, 38 patients 

(78%) and surrogate-decision makers both scored FIMS at the maximal 

score. 

 

2.8.3 Muscle Strength 

 
Four out of fourteen (28.5%) studies included measures of muscle strength 

[Beach et al., 2017; Borges et al., 2015; Denehy et al., 2012; Estrup et al., 

2019]. A variety of objective assessments were used to measure muscle 

strength; measures included Medical Research Council sum-score (MRC-

SS) and hand dynamometry [Gilbertson and Barber-Lomax,1994]. 

 

Beach et al. [2017] noted an increase in MRC-SS scores between awakening 

(n=60) 48.5 [35.0–54.0] and ICU discharge (n=51) 53.0[48.0–58.0] (p 

<0.001). Denehy et al. [2012] reported MRC-SS scores 7 days after 

wakening, with a median value of 52 (46.8–56.3) for the accelerometer group 

(n=49) and 52 (46.8-56.3) for the total sample (n=150). Borges et al. [2015] 

reported mean values of 54.6 ± 20 (Kg) in handgrip strength assessments at 

ICU discharge (n=72), with increased mean values of 66.5 ± 23.9 (kg) at 

three months post-hospital discharge (n=51). Estrup et al. [2019] reported 

increases in mean grip strength bilaterally, right-handed strength increased 

from 21 ±. 11 (kg) during ICU discharge (n=41) to 31 ±12 (kg) three months 

post-hospital discharge (n=19) p<0.001. Left-handed strength increased 

from 19 ± 10 (kg) during ICU discharge to 27 ± 10 (kg) three months post-

hospital discharge p<0.001. 
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2.8.4 Mobility 

 
Two out of fourteen (14.2%) studies included measures of mobility [Beach et 

al., 2017; Denehy et al., 2012]. A variety of objective assessments were used 

to measure mobility; measures included ICU Mobility scale (IMS) and Timed 

“Up & Go” Test (TUG). Beach et al. [2017] reported 24/41 (59%) on day 5 of 

ICU stay and 14/51 (27%) on day of ICU discharge, participants undertook 

no mobility according to the IMS. Denehy et al. [2012] reported the 

accelerometer group (n=49) performing significantly better, clinically and 

statistically as measured by the TUG, 8.2 ± 1.9 Vs 11.9 ± 10.6 seconds, 

p<.05 10 weeks after ICU discharge compared with the total sample (n=150) 

after ICU discharge.   

 

2.8.5 Sleep 

 
Two out of fourteen (14.2%) studies assessed the number of sleep hours 

during ICU stay [Kamdar et al., 2017; Mistraletti et al., 2009]. Measures 

included ActiGraphy and sleep hours observed by nurses. Kamdar et 

al. [2017] logged the amount of estimated sleep using wrist and ankle 

ActiGraphy (n=34). The wrist ActiGraph logged a mean of 33.4 ± 8.8, and 

the ankle ActiGraph recorded a mean of 43.2 ± 4.1 hours, accounting for 

72% ± 19% and 93% ± 7% of each patient’s total recording time respectively. 

During the night-time (10 pm to 6 am) sleep accounted for 80% ± 14% and 

95± 6% hours of estimated sleep for the wrist and ankle.  Mistraletti et 

al. [2009] logged a median of 33.3 (IQR 20.3-49.0) ActiGraph movements 

per hour during the day (14 hours) and 8.5 (IQR 4.4- 13.8) ActiGraph 

movements per hour during the night (hour) (n=13). In contrast, the nurses 

observed a total of 16.4% sleeping time during the day (14 hours) (minimum: 

0- maximum: 63) and 52.7% sleeping time during the night (minimum: 0- 

maximum: 100). 
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Table 2. 5 - Other Health and Clinical Outcome Measures Captured 

Authors, Year Energy 
Expenditure  

Exercise 
Capacity  

Clinical Frailty  Health-related 
quality of life  

Muscle Strength Mobility Physical 
Function 

Sedation/Agitation Sleep Observations Other  

Anderson et 
al. [2019] 

NR NR NR NR NR NR NR NR NR NR 
 
 

NR 

Beach et al. 
[2017] 

Indirect 
calorimetry 

 
Mean difference 
in measures of 

resting 
energy 

expenditure of 
79.9, 95% CI 
[772.1- 881.9 

kcal] 
 

NR NR NR Medical Research 
Council sum-
score, MRCSS 

 
Awakening:  48.5 

[35.0–54.0] Vs ICU 
discharge: 

53.0[48.0–58.0], 
p<0.001 

Highest level of 
mobility (IMS) 

 
On day 5, 24 

(59%) and on day 
of 

ICU discharge, 14 
(27%) of the 
participants 

undertook no 
mobility  

Physical 
Function in ICU 

test-scored, 
PFIT-s 

 
Awakening: 4.9 ± 

2.3 Vs ICU 
discharge:  

6.5± 2.1, p<0.001 
 
 
 

NR NR NR NR 

Borges et al. 
[2015] 

NR 6-min walking 
distance (6MWD) 

 
Baseline: 45.9 ± 

25.9 Vs 3 months 
post-hospital 

discharge: 69.0 ± 
30.3, p<0.05 

 

NR NR Muscle strength 
of upper limbs 

(handgrip 
strength of the 
dominant hand 

with a 
dynamometer) 
Baseline: 63.7 ± 

32.1 %, Vs 3 
months post 

hospital-discharge 
72.0 ± 26.5 %, 

p<0.05 
 

Quadriceps 
muscle strength 

(digital 
dynamometer) 
Baseline: 50.9 ± 

22.3 Vs 3 months 
post-hospital 

discharge: 68.5 ± 
24.9, p<0.05 

 
Inspiratory 

muscle strength 
(maximal 

inspiratory 
pressure (MIP) 

 
Baseline: 54.6 ± 

20.9 Vs 3 months 
post-hospital 

discharge: 66.5 ± 
23.9, p<0.05 

NR NR NR NR NR NR 

Denehy et al. 
[2012] 

NR Six-Minute Walk 
Test (6MWT) (m) 

Accelerometer 
group (n=49): 

439.1 ± 102.0 Vs 
Total sample 

group (n=150): 
383.2 ± 142.8 

 
 

NR NR Manually graded 
in 6 muscle 

groups 
 

Accelerometer 
group (n=49):  

54 [47.8–57.0] Vs 
Total sample group 
(n=150): 52 [46.8–

56.3] 

Timed “Up & Go” 
Test (TUG) (s) 

 
 

Accelerometer 
group (n=49): 8.2 

± 1.9 Vs Total 
sample group 
(n=150): 11.9 

±10.6 

NR NR NR NR NR 

Edbrooke et 
al. [2012] 

NR NR NR NR NR NR NR NR NR NR NR 

Estrup et al. 
[2019] 

NR NR NR NR Handgrip strength 
of the dominant 

hand with a 
dynamometer (kg) 

NR CPAx tool 
ICU discharge: 31 

[IQR 23-41] Vs 
Follow-up: 47 [IQR 
44-49], p< 0.0001 

NR NR NR NR 
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Authors, Year Energy 
Expenditure  

Exercise 
Capacity  

Clinical Frailty  Health-related 
quality of life  

Muscle Strength Mobility Physical 
Function 

Sedation/Agitation Sleep Observations Other  

Right hand ICU 
discharge: 21 ± 11 
Vs Follow-up: 31 ± 

12, p<0.0001 
 

Left hand 
ICU discharge: 19 ± 
10 Vs Follow-up: 27 

± 10, p<0.0001 
Gluck et al. 

[2017] 
NR NR NR NR NR NR Functional 

Independence 
Measures (FIM) - 

Subjective 
estimates of 

activity  
Patient estimates 

(n=50): Motor 
91[49-91], 

Cognitive 35 [30-
35], Total 126 [84-
126] Vs Surrogate-

decision-maker 
estimates (n=49): 
Motor 91[49-91], 
Cognitive 35 [26-

35], Total 126 [84-
126]  

 
Strong 

associations 
between FIMs 

from surrogate-
decision makers 

and patients 
(motor: r = 0.87, p 
< 0.001; cognitive: 

r = 0.43, p = 
0.002; and overall: 

r = 0.84, p < 
0.001) 

NR NR NR NR 

Grap et al. 
[2005] 

NR NR NR NR NR NR Richmond 
sedation-

agitation scale – 
RASS score: -

1.26 ± 2.05, 
(Range: -5 to +3), 
Median -2.0 [IQR: 

-2,1] 

NR NR  A coinvestigator 
visually observed 
and documented 

all patients’ 
activity: 

 
 0.7 ± 3.7, (Range: 
2 to 20), Median 
9.5 [IQR: -7,12.3] 

 

Comfort 
Scale: 18.4 ± 
4.3, (Range 

10-25), 
Median: 19 
[IQR 15,22] 
Heart Rate: 
85.5 ± 15.6, 
(Range: 51 -

115), Median: 
85.7 [IQR 

72.6,101.7] 
Blood 

Pressure 
Systolic: 

121.7 ± 26.2, 
(Range 83- 

182), Median: 
114 [IQR 

100.5, 145]  
Blood 

Pressure 
Diastolic 63.3 

± 26.2, 
(Range 22 - 

108), Median: 
60 [IQR 51, 

75] 
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Authors, Year Energy 
Expenditure  

Exercise 
Capacity  

Clinical Frailty  Health-related 
quality of life  

Muscle Strength Mobility Physical 
Function 

Sedation/Agitation Sleep Observations Other  

Gupta et al. 
[2020] 

NR NR NR NR NR NR NR NR NR NR NR 

Kamdar et al. 
[2017] 

NR NR NR NR NR NR NR NR Sleep 
Recordings 
– ActiGraph 

(%) 
Estimated 

hours sleep 
(%) – Wrist 
33.4 ± 8.8 
Vs Ankle 

43.2 ± (4.1) 
 

Accounting 
for 72% 

(19%) and 
93% (7%) of 

each 
patient’s 

total 
recording 

time 
 

10 pm to 
6am 

nighttime 
period: sleep 

accounted 
for 80% 

(14%) and 
95% (6%) 

for the wrist 
and ankle 

NR NR 

McNelly et al. 
[2016] 

NR NR Clinical Frailty 
Scale (CFS)  

 
ICU survivors: 

(4.0; 
[interquartile 

range (IQR) = 
3.0; upper 

quartile [Q3] = 
5.0; lower 
quartile 

[Q1] = 2.0] Vs 
Controls: 2.0 

[IQR = 1.0; Q3 = 
2.0; Q1 = 1.0]) 

 
Previously 

healthy ICU 
survivors: (2.0 

[IQR = 2.8; Q3 = 
4.8]) 

Q1 = 2.0] Vs ICU 
survivors with 

chronic disease: 
5.0 [IQR 3.0; Q3 
= 7.0; Q1 = 4.0] 

 
 
 
 

Health-related 
quality of life (36-
item short form 
health survey - 

SF-36 
Questionnaire 

 
Physical 

component score: 
 ICU survivors: 41 
± 12 vs Controls: 
50 ± 10; p<0.001 

 
Physical function 

score ICU 
survivors 52 ± 36 
vs Controls 88 ± 

20; p < 0.001 
 

Physical 
component score 
Previously healthy 

ICU survivors: 
(46.0 [95% 

CI, 39.9–52.0] Vs 
ICU survivors with 
chronic disease: 

34.0 [95% CI, 
28.0–40.0]; p = 

0.007) 
 

Physical function 
score 

Previously healthy 
ICU survivors: 

NR NR NR NR NR NR NR 
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Authors, Year Energy 
Expenditure  

Exercise 
Capacity  

Clinical Frailty  Health-related 
quality of life  

Muscle Strength Mobility Physical 
Function 

Sedation/Agitation Sleep Observations Other  

(68.4 [95% CI, 
50.1–86.8] 

Vs ICU survivors 
with chronic 

disease: 29.1[95% 
CI, 12.4–45.7], p = 

0.003 
Mistraletti et 

al. [2009] 
NR NR NR NR NR NR NR Nurse-observed agitation 

hours 
 

Days (14h): 88 ± 53.3Vs 
Nights (10h): 82 ± 49.7 

 
Richmond sedation-

agitation scale – RASS 
score 

 
Days (14h): 128 ± 77.6 Vs 
Nights (10h): 104 ± 63.0 

Number of 
sleep hours 
ActiGraphy: 

 
Days (14h): 
128 ± 77.6 
Vs Nights 

(10h): 123 ± 
88 

 
Nurse-

observed 
sleep hours: 

 
Days (14h): 
83 ± 50.3 Vs 
Nights (10h): 

88 ± 53.3 
 

 NR Pain verbal 
numeric 

rating (VNR) 
 

Days (14h): 
139 ± 84.2 Vs 
Nights (10h): 
104 ± 63.0 

 
Anxiety 
verbal 

numeric 
rating (VNR) 

 
Days (14h): 

135 ± 81.8 Vs 
Nights (10h): 

93 ± 56.4 

Osse et al. 
[2008] 

NR NR NR NR NR NR NR NR NR NR NR 

Winkleman et 
al.  [2005] 

NR NR NR NR NR NR NR NR NR Observation log - 
recorded 

changes in body 
position and 

body movement  
Total Time 

observed (mins): 
788.5 

 
Turning: 193.5 

(mins) 
 

Range of Motion 
(mins): 130 

 
Sitting in chair 

(n=2) (mins): 464 
 

Dangle (mins): 0 
 

Ambulation (mins): 
0 
 

Standing (mins): 0 

NR 
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2.9 Correlates of Physical Activity and Other Health Outcome Measures  
 
Twelve out of fourteen (85.7%) studies correlated physical activity with other health and 

clinical outcome measures [Anderson et al., 2019; Beach et al., 2017; Borges et al., 

2015; Denehy et al., 2012; Edbrooke et al., 2012; Estrup et al., 2019; Gluck et al., 2017; 

Grap et al., 2005; Kamdar et al., 2017; McNelly et al., 2016; Mistraletti et al., 2009; 

Winkleman et al., 2005]. 

 
2.10 Objective Physical Activity Vs. Self-reported Physical Activity  
 
Denehy et al. 2012 and Gluck et al. 2017 correlated objectively measured physical 

activity with self-reported physical activity. Denehy et al. [2012] correlated average daily 

step counts and distance walked with total PASE scores (Physical Activity Scale for the 

Elderly). The PASE scores reported fair correlations with average steps per day 

(rho=.332), and the average distance walked per day (rho=313, p =.05).  

 

Gluck et al. [2017] compared smartphone obtained step counts data with patient-self 

reported step-counts, the authors reported a median difference of -3,257 steps (-9,029 

to 2,376 steps) and found no association ρ= 0.30, p=0.317. Smartphone obtained step 

counts were also compared with surrogate-decision makers estimates of daily-step 

counts; the authors reported a median difference of -3,454 (-21,558 to 2,376) with a 

moderate association ρ= 0.56, p=0.049. 

 

2.11 Objective Physical Activity Vs. Observed Physical Activity  
 
Anderson et al. [2019] and Winkleman et al. [2005] correlated objectively measured 

physical activity with the amount of physical activity observed and logged by a member 

of the research study team.   

 

Anderson et al. [2019] correlated steps count as measured by the ActiGraph GTSX with 

direction observations during walking. Intraclass correlation coefficients (95% 

confidence intervals) of 0.99 (0.99 to 1.0) and 0.46 (–0.1 to 0.78) were determined for 

the ankle and thigh. The ankle mounted ActiGraph GT3X accelerometer demonstrated 

validity in the quantification of step count with observed step count within the critical care 

population during ward-based recovery. 

 



 33 

Winkleman et al. [2005] correlated the frequency of activity with the total number of 

logged activities. An average of 39 minutes of activity over 8 hours per subject observed 

was compared to a mean of 64 minutes of activity per subject recorded by the 

Motionlogger. The agreement between the two methods for time spent in therapeutic 

activity was 66% (range 40-80%). The differences in time spent in physical activity 

between the two measures averaged 33.7 minutes with the ActiGraph recording more 

time spent in physical activity. Physical activity measured by the Motionlogger and 

observed activity demonstrated acceptable agreement between the two measures of 

activity for both frequency and duration of therapeutic but not for the type of activity. 

Edbrooke et al. [2012] was the only study to assess the test re-test reliability of physical 

activity parameters (distance and step count) objectively measured by an accelerometer 

(AMP 331) between manually measured parameters. The AMP 331 demonstrated a high 

level of reliability for the manually measured distance and step count for walk 1 and walk 

2, with a combined ICC of 0.99 (95% CI 0.98 – 0.99) and 0.99 (95% CI 0.99 – 1.00). 

 

2.12 Objective Physical Activity Vs. Physical Function  
 
Beach et al. 2017 and Estrup et al. 2019 correlated objectively measured physical activity 

with physical function. Beach et al. [2017] reported a fair to moderate correlation between 

physical activity duration (minutes), and physical function scores (PFIT-s) at ICU 

discharge, r= 0.40 (p=0.01). 

 

 Estrup et al. [2019] examined correlations related to physical activity (mean activity 

counts per day) and physical function using the CPAx tool at ICU discharge. Significant 

correlations were found for mean daily activity (R2= 0.12, p = 0.030), maximum activity 

on the second day (R2=0.18, p = 0.0058), and total activity in the daytime on day 2 (R2= 

0.18, p=0.0058), confirming a relationship between physical activity and physical 

function as measured by the CPAx tool. At three months post-hospital discharge, the 

authors examined correlations related to the level of activity and physical function during 

the 7-day post-ICU period. Correlations were as follows: mean activity per day for the 

first week with CAPx at ICU discharge, R2 = 0.12, p=0.14; CPAx at 3 months, R2= 0.20, 

p = 0.0058; Mean CPAx (ICU discharge to 3 months), R2= 0.25, p= 0.028. The mean 

activity level during the daytime was significantly correlated to CPAx at 3 months, R2 = 

0.21, p = 0.047, but not to CPAx at ICU discharge or mean CPAx. 
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2.13 Objective Physical Activity Vs. Health-Related Quality of Life  
 

McNelly et al. [2016] correlated daily step counts with HRQoL as measured by the 36-

item short form health survey (SF-36 Questionnaire). Daily step count correlated well 

with the physical aspects of health-related quality of life (R2=0.51, p= <0.01) and clinical 

frailty (R2= 0.55, p= <0.01), respectively. 

 

2.14 Objective Physical Activity Vs. Sleep Hours  
 
Kamadar et al. 2017 and Mistraletti et al.  2009 correlated objectively measured physical 

activity with the number of sleep hours logged. Kamdar et al. [2017] reported weak 

correlations between wrist-versus-ankle correlations of activity counts and sleep at low, 

medium, and high thresholds, the κ statistic for the agreement of wrist and ankle ranged 

from 0.12 to 0.34.  

 

In contrast, Mistraletti et al. [2009] reported significant associations between the total 

number of ActiGraph recorded movements adjusted for hours with sleep hours (p= 

0.410, p=<.001). 

 

2.15 Objective Physical Activity Vs. Sedation 
 
Grap et al. 2005 and Mistrraletti et al. 2009 correlated objectively measured physical 

activity (ActiGraph recorded movements/counts) with sedation as measured by the 

RASS.  Grap et al. [2005] reported significant associations between wrist and ankle 

ActiGraph activity counts with RASS scores (r= 0.58, p<.001 Vs r= 0.52, p<.001).   

 

Mistrraletti et al. [2009] reported significant associations between the total number of 

ActiGraph recorded movements adjusted for hours with the RASS scores [Sessler et al., 

2002] (ρ= 0.389, p= <.001).  

 

2.16 Objective Physical Activity Vs. Clinical Characteristics  
 
Borges et al. [2015] was the only study to correlate physical activity outcomes (time spent 

sitting, lying, standing, and walking, and changes in body position and energy 

expenditure) with clinical characteristics and laboratory factor (hospital stay, body mass 

index (BMI), corticosteroid use, noradrenaline time, C-reactive protein and Sequential 
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Organ Failure Assessment (SOFA)). None of the variables were significantly associated 

with physical activity in daily life during hospitalisation and three months after discharge. 

 

2.17 Discussion  
 
This review of the use and measurement of physical activity instruments in patients 

during and following critical illness revealed that fourteen studies objectivity measured 

physical activity levels in the critical care population. Half of the studies (50%) objectively 

measured physical activity levels during ICU stay [Beach et al., 2017; Grap et al., 2005; 

Gupta et al., 2020; Kamdar et al., 2017; Mistraletti et al., 2009; Osse et al., 2008; 

Winkleman et al., 2005]. It is important to note that early commencement of activity 

during ICU stay is deemed safe and feasible [Bailey et al., 2007]. A broad range of ICU 

patients were highlighted in this review; cardiovascular, respiratory, sepsis, medical, 

trauma, post-operative, gastrointestinal, surgical, neurological, chronic disease and 

endocrine patients. Considering the wide variability of patients included in this review, 

the recovery pathway for the critical care population appears to vary from patient to 

patient, the normal progress rate of recovery for the critical care population is yet to be 

established. 

 

This review demonstrated considerable variability in terms of the type of physical activity 

instruments used to measure physical activity in the critical care population. The 

implementation of wearable digital technological devices, specifically tri-axial 

accelerometers was implemented in 7/14 (50%) studies [Anderson et al., 2019; Beach 

et al., 2017; Borges et al., 2015; Denehy et al., 2012; Edbrooke et al., 2012, Estrup et 

al., 2019; Winkleman et al., 2005]. It appears logical to incorporate tri-axial 

accelerometers within the critical care population; the implementation of tri-axial 

accelerometers has the potential to capture rich datasets through continuous monitoring 

with detailed information on how physical activity changes from minute to minute. 

Continuously monitoring the critical care population enables characterisation of day-to-

day physical activity, including the number of steps taken per day, sit-to-stand transitions, 

time spent sitting, lying, standing or sedentary. These particular devices are also discreet 

when worn and non-obtrusive and do not limit day-to-day activities, allowing patients to 

carry out their daily activities without feeling they are being monitored.   

 

Given the increasing awareness of the negative consequences associated with 

immobility in the ICU [Fan et al., 2014], the need for quantifying and validating 

instruments to measure physical activity levels in the critical care population has become 
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increasingly recognised [Verceles and Hager, 2015]. Only two (14.2%) of the 

accelerometers included in this review have been validated in the critical care population. 

The ActiGraph GT3X and AMP331 accelerometers are deemed suitable instruments for 

quantifying step count in the critical care population [Anderson et al., 2019; Edbrooke et 

al., 2012].  Five out of fourteen (35.7 %) studies in this review included accelerometers 

that have also been validated in other populations including but not limited to; sedentary 

healthy women [Chen et al., 2003], healthy men and women [Fruin and Rankin, 2004] 

and patients with COPD [Langer et al., 2009; McNamara et al., 2016.  Three out of 

fourteen (21.4%) accelerometers included in this review have been previously validated 

for monitoring sleep in children and adolescents [Hyde et al., 2007; Weiss et al., 2010; 

Meltzer et al., 2012]. While accelerometers have been validated in other clinical 

populations, there is a lack of consensus regarding the reliability and validity of 

accelerometers to measure physical activity levels within the critical care population. 

Although physical activity instruments can satisfactorily monitor the frequency, duration 

and intensity of physical activity in the critical care population, their accuracy and validity 

are limited. 

 

This review has shown that physical activity instruments have been used to monitor the 

frequency, duration and intensity of physical activity in the critical care population, 

however data on their accuracy and validity is limited. Only two authors have explored 

the accuracy and the validity of the ActiGraph GT3X and AMP331 accelerometers in the 

critical care population [Anderson et al., 2019 Edbrooke et al., 2012]. Both of these 

monitors demonstrated good validity for the quantification of step counts. Uncertainty 

remains regarding the accuracy and validity of other physical activity parameters (e.g., 

activity counts/movements, active time, sedentary time and movement intensity) as 

measured by the ActiGraph GT3X and AMP331, as well as other available physical 

activity instruments such as the Motionlogger or Dynaport Minimod that have previously 

been used in the critical care population. 

 

It appears suitable to include the ActiGraph physical activity monitor to objectively 

measure physical activity levels for the for the Physical Activity and Function after ICU 

study (Chapter 5) and Exploration of Physical Activity, Healthcare Utilisation in The 

Healthy Population and Comparison to ICU Data (Chapter 7) studies. Firstly, the 

ActiGraph is a tri-axial accelerometer that has the ability to continuously capture physical 

data across three planes (vertical, horizontal and axial direction) at the same time 

allowing for high quality data acquisition. The ActiGraph does not allow users to view 

any physical activity data output such as daily step counts. This allows researchers to 
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capture natural physical activity patterns as users are not influenced by real-time data 

that may encourage behaviour changes towards their physical activity levels. The 

ActiGraph tri-axial accelerometer physical activity monitor demonstrated good validity 

and reliability for the measurement of daily step counts in the critical care population 

[Anderson et al., 2020; Edbrooke et al., 2012]. 

 

Further studies are required to examine the accuracy and validity of physical activity 

instruments and their parameters (e.g., daily steps, counts/movements, active time, 

sedentary time) as a useful tool for measuring physical activity levels in the critical care 

population. 

 

Despite the increasing awareness of objectively measuring physical activity levels in the 

critical care population, this review demonstrated considerable heterogeneity in terms of 

physical activity parameters used for physical activity analysis. The interpretation of daily 

step counts provides a means of quantifying total daily physical activity, as well as being 

specific to locomotion, step counts are easily understood by patients and 

physiotherapists [Bassett and John, 2010]. The remaining eight (57.1%) studies included 

other physical activity measures such as total activity count/movements, distance 

walked, active time and inactive time. Given the heterogeneity in physical activity 

parameters across studies, future research must better establish methods for physical 

activity analysis. 

 

As a key finding in our review, we found that the critical population are inactive during 

and following critical illness. Throughout ICU stay, patients spent most of their day (82%) 

very sedentary [Borges et al., 2015] and spent shorter periods engaging in low physical 

activity (25 minutes) [Osse et al., 2008]. Even during post-hospital discharge, when 

patients would be expected to be more physically active, survivors of critical illness 

demonstrated low physical activity levels and poor improvement. These extremely low 

levels of physical activity may be a result of the long-term physical impairments 

associated with critical illness [Ohtake et al., 2018]; such as severe neuromuscular 

weakness [Stevens et al., 2007] and exercise limitation [Herridge et al., 2011]. 

 

Physical activity levels positively correlated with physical function [Beach et al., 2017; 

Estrup et al., 2019], sleep [Kamdar et al., 2017; Mistraletti et al. 2009] and sedation [Grap 

et al., 2005; Mistraletti et al., 2009]. This is of particular interest given the increasing 

awareness of functional and sleep impairments following critical illness [Altman et 

al.,2017].  
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Limited data exists on the quantification of physical activity levels during and following 

critical illness, with regards to average daily step counts and how many minutes survivors 

of critical illness engage in physical activity. Furthermore, physical activity patterns of 

survivors of critical illness are poorly understood. Few studies have sought to quantify 

physical activity patterns following post-ICU discharge using physical activity 

instruments. This review has demonstrated that it is possible to objectively measure 

physical activity levels by using daily step counts or measuring how much time survivors 

of critical illness engage in physical activity. Further validation and clarification of the type 

of instrument, wear period, and parameters derived from activity monitors to objectively 

quantify physical activity levels is required. The consensus around the measurement and 

methodology for extrapolating and analysing physical activity data must also be 

developed. 

 
2.17.1 Study Strengths  

 
A key strength of this review included a comprehensive search strategy encompassing 

several databases that included both peer-reviewed and grey literature. Moreover, an 

additional reviewer ensured the highest likelihood of capturing all crucial data during data 

extraction. This review adds to the existing limited research exploring the use of physical 

activity instruments in patients after critical illness. 

 

2.17.2 Study Limitations  

 

This review excluded studies that included rehabilitation programmes as these 

rehabilitation programmes may have influenced or increased physical activity levels in 

the critically ill population and are therefore not reflective of ‘natural’ physical activity 

patterns throughout the recovery stages (e.g., during ICU, on the ward and post-hospital 

discharge).It is understood that the exclusion of studies examining rehabilitation 

programmes that included physical instruments to objectively measure physical activity 

following critical illness does limit the availability of studies included in this review. The 

results of this review are limited to those published in English, representing a potential 

limitation. 
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2.17.3 Future Research  

 
This review has provided information on the use of and measurement of physical activity 

monitors for objectively measuring physical activity levels during and following critical 

illness. As noted earlier, the consensus around the instrument and methodology for 

extrapolating and analysing physical activity data needs to be further developed. 

 

2.18 Conclusion 
 
The use of physical activity instruments to objectively measure physical activity during 

and following critical illness are infrequently utilised. While accelerometery was the 

primary technology reported, there was considerable variation in the type of 

accelerometer used, duration worn, physical activity outcomes reported and the time-

points in which physical activity levels were assessed. Existing literature highlights low 

physical activity levels during and following critical illness. Given the increasing 

awareness of efforts to evaluate and promote physical activity in the critical care 

population following post-hospital discharge, there is limited research exploring long-

term physical activity levels (up to 1-year) at subsequent time-points following post-

hospital discharge. Understanding the prevalence of physical activity engagement could 

help further understand current long-term physical activity levels and patterns in the post-

ICU population following post-hospital discharge. This next step has been explored in 

Chapter 5 which explores patterns in physical activity in survivors of critical illness for a 

period of up to 1-year following discharge from the ICU. 
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3 Chapter 3: General Methodology  
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3.1 Chapter Overview  
 
The Physical Activity and Function after ICU Study (Chapter 5) was designed to explore 

changes in recovery over a year following discharge from the intensive care unit. The 

aim of Chapter 3 is to outline the general methodology relating to the Physical Activity 

and Function after ICU Study (Chapter 5) study, describe the outcome measures with 

reference to published guidance and outline evidence of reliability and validity of the 

selected outcome measures where available. The role of each of the study team 

members involved in the development and administration of the assessment tools is 

outlined in Table 3.1.  

 
Table 3. 1 - Steps involved and contribution by NG and other research team 
members. 

Development and administration of the assessment tools used in the Physical 
Activity and Function after ICU study.  
(NG, JB, DMcA, BB, BO’N and FM) 

Credentials and training - UK FIM + FAM course at The Regional Hyper-Acute 
Rehabilitation Unit, Northwick Park Hospital  

(NG) 
 
3.2 Introduction  
 
This general methods chapter will outline the procedures followed for the outcome 

measures implemented for the Physical Activity and Function after ICU study. The 

development of the study materials for the Physical Activity and Function after ICU study 

will also be described. Outcome measure assessments were conducted at baseline (Visit 

1, prior to hospital discharge or within 2 weeks of discharge), following hospital discharge 

at 6 weeks +/- 2 weeks (Visit 2), 6 months +/- 2 weeks (Visit 3) and 12 months +/- 2 

weeks (Visit 4) (Table 3.2).  
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Table 3. 2 - Outcome Measure assessments conducted, and data collected 
throughout the four study visits. 

Outcome Measures  Visit 1 
(prior to hospital 

discharge or 
within 2 weeks 
of discharge 

Visit 2 
(following 
hospital 

discharge at 6 
Weeks +/- 2 

weeks) 

Visit 3 
(following 
hospital 

discharge at 6 
months +/- 2 

weeks) 

Visit 4 
(following 
hospital 

discharge at 12 
months +/- 2 

weeks) 
Charlson 
Comorbidity Index 

 
 

   

Acute Physiological 
and Chronic Health 
Evaluation II 
(APACHE II) 

    

Clinical Frailty Scale     

ActiGraph GT3X+ 
Physical Activity 
Monitor 

    

Modified Shuttle 
Walk Test (MSWT) 

    

UK Functional 
Assessment 
Measure (UK FIM + 
FAM) 

    

The Short Form 36-
item Health Survey 
Version 2 (SF-36 v2) 

    

Hand Dynamometry     

Functional 
Limitations Profile 
(FLP) 

    

UK-Post-Traumatic 
Stress Syndrome 14-
Questions Inventory  

    

Standardised 
Numerical Pain Scale  

    

Healthcare 
Utilisation 
Questionnaire 

    

Semi-Structured 
Interviews 

    

‘’ indicates outcome measures performed at study visit, ‘’ indicates outcome measures not performed 
at study visit.  
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3.3 Study Procedures 
 
All data collected in this study was inputted and analysed in SPSS version 22.0.0 for 

Windows (SPSS Inc Chicago IL. USA, unless otherwise detailed.  Data was inputted into 

SPSS by NG. All data inputted into SPSS was checked by JB, BO’N and IB unless 

otherwise described in the methods. 

 

3.4 Study Inclusion and Exclusion Criteria  
 

Inclusion criteria were patients aged ≥ 18 years old, an ICU admission which included 

mechanical ventilation ≥ 48 hours, planned discharge to home (self-care/carer), willing 

and able to participate, and deemed medically fit to take part in the study by the research 

team.  

 

Exclusion criteria were patients with a clear negative disease trajectory or clear 

degenerative pathway as identified by their physician, life expectancy of ≤ 6 months, 

head injury, spinal cord injury, neurological event where there is a planned specialist 

care pathway (e.g. head injury unit/stroke unit), cognitive impairment affecting ability to 

understand/complete the outcome measures or questionnaires, declined consent or 

unable to give consent, any other condition based on the PIs/research teams views that 

precluded participation.  

 

3.5 Study Recruitment and Screening 
 
All patients satisfying the eligibility criteria were approached by NICRN research staff in 

collaboration with the PI/clinical team on the ward and were provided with written 

information about the study.  Eligible patients were provided with a study pack that 

contained the patient information sheet (Appendix 1), consent form (Appendix 2), and 

patient invitation letter (Appendix 3). The research staff identified patients that agreed to 

be approached about the study a later stage by a member of the research team. 

Following this procedure, the NICRN research nurse completed the screening log, 

patient log (patient name, ward, location of patient) and contacted NG (as per local 

arrangement) to arrange to attend the site to meet the patient, provide further information 

and obtain written informed consent.  
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3.6 Study Setting  
The research study visits in which the outcome measures were assessed took place 

within the Physiotherapy departments at either the Belfast, Northern, Southern, South 

Eastern or Western Health and Social Care Trust (convenient to the patient) and were 

conducted outside normal clinical management time.  

 
3.7 Baseline Demographics  
 
All patients who had been screened and met the inclusion criteria were approached on 

the ward by the research assessor (NG) or research nurses. Once informed consent had 

been obtained, a range of demographic information was obtained from the IntelliSpace 

Critical Care and Anaesthesia (ICCA) and Electronic Medical Record System (EMR) 

Careview records, including; Age (Years), Gender, Weight on admission (Kg), ICU 

diagnosis – using the ICNARC case-mix programme (CMP) coding method for coding 

the reason for admission to an adult high-dependency unit, ICU Length of Stay (Days), 

Hospital Length of Stay (Days), total hours mechanically ventilated, date of discharge 

from critical care, date of discharge from hospital, relevant medical history and current 

medication(s). 

 

Participants were also asked to complete social history questions related to their living 

arrangement, mobility before ICU, education, occupation, marital status and ethnic 

origin. The participant ticked the predefined boxes under each sub-section that best 

described themselves. This information was recorded in the case report form (CRF) 

(Appendix 4). 

 
3.8 Charlson Co-Morbidity Index  
 
The Charlson Comorbidity Index [Charlson et al., 1987] (Appendix 5) was used to assess 

illness severity. The index consists of twenty-one comorbidity categories based on the 

International Classification of Disease (ICD) diagnosis codes. Each comorbidity has an 

associated weight (from 1 to 6). A score of zero indicates no comorbidities. The higher 

the score, the more likely the predicted outcome will result in mortality.  

 

3.9 Acute Physiology and Chronic Health Evaluation II (APACHE II) 
 
The Acute Physiology and Chronic Health Evaluation II (APACHE II) [Knaus et al., 1981] 

was also used to assess illness severity. The APACHE II score is calculated from the 
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patient’s age and 12 routine physiological measurements; (1) AaDO2 or PaO2, (2) 

Temperature (rectal), (3) Mean arterial pressure, (4) pH arterial, (5) Heart rate, (6) 

Respiratory rate, (7) Sodium (serum), (8) Potassium (serum), (9) Creatinine, (10) 

Hematocrit, (11) White blood cell count and (12) Glasgow Coma Scale. Each variable is 

weighted 0-4 and the overall point score ranges from 0-71.  A high score is associated 

with greater mortality risk. The APACHE II score for each patient was retrieved from the 

IntelliSpace Critical Care and Anaesthesia (ICCA) records.  

 
3.10 Clinical Frailty Scale  
 
The Clinical Frailty Scale (CFS) [Rockwood et al., 2005] (Appendix 4, Page 11) was used 

to assess frailty. The scale is a nine-point clinician judgement-based tool that provides a 

simple, reproducible measure of frailty based on clinical judgement. The CFS takes into 

account cognition, mobility, function and co-morbidities to assign a frailty score from; (1) 

Very Fit, (2) Well (3) Managing Well (4) Vulnerable, (5) Mildly Frail, (6) Moderately Frail, 

(7) Severely Frail, (8) Very Severely Frail and (9) Terminally Ill. The CFS score was 

defined by the research assessor (NG) by making judgments and coming to a decision 

based on the UK FIM + FAM questionnaire scores. 

 
3.11 Outcome Measures  
 
3.12 Physical Activity   
 
An accelerometer (ActiGraph GT3X+) was the only objective physical activity measure 

employed. The device was worn on an adjustable elastic belt (activity monitor belt), 

positioned and fitted on the patient’s dominant hip, in line with the anterior iliac crest by 

one of the outcome assessors (NG). This provided participants with a visual 

demonstration on how to correctly wear and position the device, as well as ensuring the 

ActiGraph was well fitted. The device was worn for seven consecutive days and the 

device was only worn during waking hours.  

 

3.12.1 Actigraph GT3X+ Description  

 
The ActiGraph GT3X+ is a tri-axial accelerometer (19 grams; 4.6cm x 3.3cm x 1.5cm) 

worn on an elasticated belt around the waist. The total cost for one ActiGraph GT3X+ 

(£153.78), one “large” elastic belt (£9.26), one ActiGraph USB cable (£4.94) and one 

single ActiLife 6 software license (£923.31). The ActiGraph calculates body acceleration 
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as counts per time, as well as measuring and classifying physical activity at different 

intensities, activity energy expenditure, step counts and sedentary behaviour. The use 

of accelerometry has often been used to quantify sleep [Koldobskiy et al., 2013], comfort 

[Grap et al., 2014] and adequacy of sedation [Mistraletti et al., 2009] for critically ill 

patients. Physical activity monitors can distinguish different bodily positions (lying, sitting, 

and standing) and physical activity intensity for long periods in COPD patients [Pitta et 

al., 2006]. Very few studies have measured free-living physical activity in the critical care 

population (Chapter 2). There is no standardised method for measuring physical activity, 

and there is limited information about the utility, reliability, and validity of using ActiGraph 

activity monitors to measure physical activity specifically for the post-ICU population 

(Chapter 2). 

 
3.12.2 User Instructions  

 
The ActiGraph is factory calibrated and did not require any further manual calibration by 

the outcome assessors. Prior to each research visit, the outcome assessor (NG) ensured 

the device was fully charged and initialised the device using the Actilife software (version 

6.8.0), this ensured the device was clear from any data from previous participants and 

set-up ready to record for the next participant. Both written and verbal instructions were 

given to the participants on where and when to wear the device.  

 
3.12.3 Activity Monitor Instruction Manual and Diary 

 
All participants were given verbal instructions on how and when to the wear the 

ActiGraph activity monitor, a take-home ActiGraph instruction information leaflet was 

also provided to all participants at the end of each study visit. The ActiGraph instruction 

information acted as supplementary material to the verbal instructions, and to help 

answer any questions the participants have over the 7-day wear period.  The information 

leaflet was written using ‘Plain English’ instructions to facilitate understanding [Plain 

English Campaign: How to write medical information in plain English, 2001]. The first 

section consisted of general information relating to wearing the ActiGraph, with the 

following sections relating to ActiGraph-specific information. The last section detailed 

information on how to complete the ActiGraph diary sheet and provided contact details 

for any additional queries/ problems encountered during the 7-day wear period.  

 

A take-home ActiGraph diary sheet was also provided to participants at the end of each 

study visit. Participants were required to complete the diary sheet during the 7-day wear 

period by recording when the ActiGraph was put on and taken off daily. If the participant 
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forgot to wear the ActiGraph during the waking hours of the 7-day wear period, this was 

recorded in the diary. The diary acted as a prompt to help remind participants to wear 

the ActiGraph activity monitor every day for seven consecutive days. The diary sheet 

was also used as a guide to help determine when participants wore (or forgot to wear) 

the ActiGraph during data analysis; this helped define invalid days (<10 hours wear time). 

 

The final version of the ActiGraph instruction information leaflet and ActiGraph diary 

sheet are included in the Physical Activity and Function after ICU Study CRF (Appendix 

4, Page 63- 68).  

 
3.12.4 Downloading and Scoring  

 
Following the seven-day wear period, the ActiGraph was returned to the research team, 

and the data was downloaded using the ActiLife software (version 6.8.0) for activity 

classification. The data was downloaded within 24 hours onto the university computer at 

Queen’s University Belfast. Before data scoring could begin, the research assessor (NG) 

checked the number of valid days worn. This was confirmed by using the “wear-time 

validation tab” and applying the wear-time validation algorithm [Choi et al., 2011]. This 

process clarified non-wear timing using two windows (window 1 and window 2). Non- 

wear time was defined by using consecutive zero counts > 90 minutes (window1) if non-

zero counts were lasting >2 minutes during both 30-minute periods of upstream and 

downstream checking (window 2) from a specific timeframe. 

 

Patients’ daily levels of light-lifestyle activity (101-1951 counts per minute/cpm); total 

moderate to vigorous physical activity (MVPA >1952 cpm); MVPA accumulated in 10-

minute bouts; number MVPA bouts accumulated in 10-minutes; sedentary time (<100 

cpm); step counts were calculated using the Freedson Combination 1998 formula 

(manufacturer’s algorithm). 

 

In terms of valid physical activity data, there is some area of concern regarding the 

amount of wear time required for data analysis. The literature reports a variety of hours 

and days for sufficient wear time; in contrast there is a vast amount of research that does 

not publish this information. A minimum wear time of seven consecutive days for at least 

ten hours per day is the most commonly reported wear time in an older population 

[Hansen et al., 2012; Lohne-Seiler et al., 2014; Hagstromer et al., 2010]. Given the lack 

of guidelines for the number of hours and days for a data set to be valid for survivors of 

critical illness, we further explored the literature by determining what combination hours 
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and days have been previously used for measuring free-living physical activity in 

survivors of critical illness (Appendix 6). ActiGraph data was checked by JW. This was 

done systematically throughout the downloading and scoring process, ensuring the 

accuracy of the data being transferred to SPSS for analysis. 

 
3.13 Exercise Capacity  
 
The Modified Shuttle Test (MSWT) was used to measure exercise capacity. The MSWT 

is an extended version of the original 12 level Shuttle Walk Test, initially developed to 

assess aerobic fitness in patients with COPD [Singh et al.,1992]. This progressive 

exercise test consists of 15-stages that have shown to have good reliability and validity 

in assessing exercise capacity in Cystic Fibrosis and COPD patients [Bradley et al.,1999; 

Campo et al., 2006]. 

 

The MSWT was conducted twice with a 40-minute rest between each test. Two 

outcomes assessors (NG and BO’N) were present during testing at all times. The tests 

were performed in the physiotherapy department gym or a quiet corridor. A 10-meter 

course was marked out by two cones placed 9 meters apart in a straight line; allowing 

for half a meter at the end of each cone for the participants to go around. Before testing 

commenced, the participant was resting for 15 minutes. During this resting period, the 

participant's heart rate (HR) and percentage bloody oxygen (SpO2) were calculated 

using a portable pulse-oximeter (Konica Minolta Sensing Inc., Osaka, Japan) and 

perceived levels of exertion was measured using the modified Borg scale [Wilson and 

Jones, 1989]. Maximal predicted heart rate (MHR) was calculated using the equation 

220 minus age (in years) and 85% MHR was recorded from this value. Before testing, 

participants were briefed with a short description of the MSWT before a detailed pre-

recorded explanation of the MSWT was played on a CD-player. The initial walking speed 

at Level 1 begins at 1.12 miles per hour (mph), the speed gradually increases 0.38 mph 

every minute, indicated by a triple beep from the CD player. One of the outcome 

assessors (NG) walked alongside the participant during the first three shuttles to aide 

familiarisation. Each time the participant reached a cone a box was ticked to record their 

distance (Appendix 4, Page 69). The test was terminated when participants could no 

longer maintain the required walking speed due to dyspnoea or fatigue; or if a participant 

is more than 0.5 m away from the cone when the beep sounds, persistent SpO2 ≤ 80%, 

participant reaches of 85% of their predicted maximal HR or any other clinically 

warranted decision. Immediately post-test the participant's heart rate, SpO2 and Borg 

Scale ratings were recorded (with the participant sitting) and every two minutes 
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thereafter until these readings returned to baseline. Participants were also asked to 

provide their perceived reasons for stopping the test. The total distance covered during 

testing was recorded in meters and the longest distance walked by the participant was 

used for analysis. The minimal clinically important difference (MICD) for the MSWT in a 

COPD population suggests a minimum of 5-shuttles should provide a reliable threshold 

for a beneficial change [Singh et al., 2008]. The MCID for the MSWT is yet to be 

established for the critical care population. 

 
3.14 Functional Assessments  

 
3.14.1 Functional Assessment Measure (UK FIM + FAM) Questionnaire 

 
The UK Functional Assessment Measure (UK FIM + FAM) (Appendix 4, Page 19) is one 

of the core outcome measures used within the UK Rehabilitation Outcomes 

Collaborative (UKROC) national database for specialist rehabilitation. The UK FIM + 

FAM is one of the most extensively researched and used outcome measures in adult 

neurorehabilitation in the UK [Skinner and Turner-Stokes, 2006]. It is valid, reliable and 

responsive to change during in-patient stroke rehabilitation [Nayar et al., 2016]. 

However, the reliability and concurrent validity of UK FIM + FAM is yet to be established 

for the critical care population.  

 

The UK FIM+FAM includes 30 items that measure motor and cognitive functional 

capabilities. Each item is rated using a 7-level scoring system ranging from 1- ‘Total 

dependence’ to 7- ‘complete independence’ 

 

3.14.2 Functional Assessment Measure (UK FIM + FAM) Motor Scores  

 

UK FIM + FAM Motor scores are calculated by adding together the items relating to self-

care (eating, swallowing, grooming, bathing, dressing the upper body, dressing lower 

body and toileting), bladder/bowel and locomotion (bed, chair, wheelchair transfer, 

tub/shower transfer, shower transfer, stairs, community mobility). A high overall score 

(16-112, 16 worst to 112 best) indicates greater independence. 
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3.14.3 Functional Assessment Measure (UK FIM + FAM) Cognitive Scores   

 

UK FIM + FAM Cognitive scores are calculated by adding together the items relating to 

communication (comprehension, expression, reading, writing and speech intelligibility), 

psychosocial (social interaction, emotional status, adjustment to limitation and leisure 

activities) and thinking- function (problem-solving, memory, orientation, concentration 

and safety awareness). A high overall score (14-98, 14 worst to 98 best) indicates greater 

independence. 

 

Scores were rated individually by the outcome assessor (NG), according to the published 

scoring manual. High scores for each of the questions indicate greater independence. 

NG attended the UK FIM + FAM training day at The Regional Hyper-Acute Rehabilitation 

Unit, Northwick Park Hospital in March 2017. The training day ensured NG was confident 

in administering and performing the questionnaire. This questionnaire takes 

approximately twenty-five minutes to administer, depending on the complexity of each 

individual patient. The MICD, reliability and concurrent validity of UK FIM + FAM is yet 

to be established for the critical care population. 

 
3.14.4 The Short Form 36 Health Survey Version 2 (SF-36 v2)  

 
The 36-Item Short Form (SF-36v2) Health Survey (Appendix 4, page 50) evaluates 

health-related quality of life, functional health and well-being from the patient’s point of 

view. This questionnaire is designed to estimate the severity of limitations when 

performing normal activities. The SF-36v2 has been shown to be an acceptable, reliable 

and valid tool following critical illness [Ware et al., 2000; Weinert et al., 1997; Ridley et 

al., 1997]. 

 

The questionnaire consists of eight multi-item scales: physical functioning (PF), 

limitations due to physical health problems (role-physical RP), bodily pain (BP), general 

health (GH), vitality (VT), social functioning (SF), limitations due to emotional health 

problems (role-emotional RE) and mental health (MH). Questions 1,2,6,7,8 and 10 

provide 5-6 choices of answers, and the patient is required to circle the number beside 

one answer that best reflects their views. Questions 3,4,5,9 and 11 require answers 

related to several items listed in a table. The patient is given options at the right-hand 

side of the table and must circle one number on each line that best answers the question 

relating to that item. The SF-36v2 takes approximately ten minutes to complete. 
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The SF-36 physical component score (PC) takes into consideration physical function 

(PF), role-physical (RP), bodily pain (BP) and general health (GH) and was therefore 

used to evaluate physical function for the Physical Activity and Function after ICU study. 

In addition to the SF-36 physical component score (PC) score, the Physical Functioning 

score (PF) sub-domain was also used to evaluate physical function for the Physical 

Activity and Function after ICU study (Chapter 5).  

 

3.14.5 SF-36 Physical Component Score (PC) 

 
The total SF-36 Physical Component scores (PC) were summated and transformed 

using a scoring algorithm for physical function (PF), role-physical (RP), bodily pain (BP) 

and general health (GH). Higher scores of the physical component (PC) scores (0-70, 0 

worst to 70 best) represents a better physical score (self-reported). The scores are 

calculated from norm-based scores for gender specific values for the British population 

(Males: 50.6 ± 9.4, Females: 49.5 ± 10.4) [Jenkinson et al., 1999].  The MICD for the 

Physical Component scores in the general population (non-disease specific) are 2 points 

[Maruish, 2011], MICD scores are yet to be established specifically for the critical care 

population. 

 

3.14.6 SF-36 Physical Functioning Score (PF) 

 
The SF-36 Physical Functioning score (PF) were summated and transformed using a 

scoring algorithm for items 3a-3i. Higher Physical Functioning (PF) scores (0-100, 0 

worst to 100 best), represents better physical functionn (self-reported). The scores are 

calculated from norm-based scores for gender specific values for the British population 

(Males: 89.7 ± 18.7, Females: 86.6 ± 20.1) [Jenkinson et al., 1999]. The MICD for 

Physical Functioning scores in the general population (non-disease specific) are 2 to 4 

points, MICD scores are yet to be established specifically for the critical care population. 

 
3.14.7 Hand Dynamometry  

 
Hand Dynamometry is a physical assessment of handgrip strength [Gilbertson and 

Barber-Lomax, 1994]. Handheld dynamometers have been extensively used in intensive 

care research and have been shown to produce reliable measurements in critically ill 

patients [Samosawala et al., 2016; Baldwin et al., 2013; Yosef‐Brauner et al., 2014]. 

Participants performed the handgrip strength test sitting in a straight back chair with their 

feet flat on the floor. The patient sat with their chosen dominant arm by their side, elbow 
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flexed at 90°, forearm and wrist in a neutral position. The dynamometer is then presented 

to the patient vertically and in line with the forearm and wrist, with the dial facing away 

from the participant. When the participant is comfortable and ready, the patient squeezes 

the dynamometer with maximum isometric effort for approximately five seconds, no other 

body movement is allowed. The handgrip strength scores are recorded from three 

successive trials for each hand-tested (i.e., three tests on the dominant hand, then three 

tests on the non-dominant hand). Scores are reported in kilograms (Kg). This test takes 

approximately five minutes to complete. The literature exploring MCID for hand 

dynamometry does not clearly state MCID values for handgrip strength. However, 

changes of 5.0 to 6.5 Kg may provide a rough estimate of meaningful changes for 

handgrip strength [Bohannon, 2019]. 

 

3.15 Health Related Quality of Life (HRQoL) Assessments 

 
3.15.1 Functional Limitations Profile Questionnaire (FLP) 

 
The functional limitations profile (FLP) (Appendix 4, Page 37) is a health-related quality 

of life questionnaire that is an adapted British version of the Sickness Impact Profile (SIP) 

[Patrick and Peach, 1989]. The FLP physical component appears to be a valid and 

reliable measure of Multiple Sclerosis (MS) disability [Hutchinson and Hutchinson, 1995] 

but is limited in critical care research [McDowell et al., 2016; O’Neill et al., 2000]. The 

FLP explores behaviours and feelings that patients report when describing themselves 

‘today’ across twelve different categories of functioning and well-being including (1) 

ambulation, (2) body care and movement items, (3) mobility, (4) household 

management, (5) recreation and pastime, (6) social interaction, (7) emotion, (8) 

alertness, (9) sleep and rest times, (10) eating, (11) communication and (12) work. The 

questionnaire lists statements under each of the twelve different categories that describe 

things people often do when they are not well. The participant reads each statement that 

describes themselves, if the statement applies to the participant and is related to their 

health, the participant ticks the box to the right of that statement.  

 

The total FLP score is calculated by adding the scale values for each item ticked across 

all twelve categories and then dividing this score by the maximum possible dysfunction 

score for the FLP (9933). FLP scores range from 0-100 with a lower score indicating 

better health-related quality of life (self-reported). The questionnaire is a self-completed 

and takes approximately fifteen minutes to complete. The MICD for the FLP is yet to be 

established specifically for the critical care population. 
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3.16 Post-Traumatic Stress Disorder (PTSD) 
 
3.16.1  UK-Post-Traumatic Stress Syndrome 14-Questions Inventory 

 
The UK Post-Traumatic Stress Syndrome 14-Questions Inventory (UK-PTSS-14) 

questionnaire was used to screen patients at risk of suffering from PTSD (Appendix 4, 

Page 55). The UK-PTSS-14 questionnaire has been used in a variety of ICU studies that 

focus on post-traumatic stress disorder-related symptoms [Battle et al., 2017; Parker et 

al., 2017; Jones, 2010]. The UK-PTSS-14 consists of two sections, Part A and Part B. 

Part A consists of four statements that ask about the patient’s time spent in ICU.  If a 

statement is false, the participant ticks the ‘no box’. If the statement is true, the participant 

ticks the ‘yes box’. The participant only ticks one box for each statement.  Part B consists 

of fourteen statements that ask the participant how they have been feeling in the past 

few days. The patient must decide how often they have been feeling the emotions stated 

in the past few days. If a participant has not ever felt or experienced the stated emotion 

in the past few days, the participant circles 1 (never). If the patient has been experiencing 

or feeling it all the time, the participant circles 7 (always). Otherwise, the participant 

circles one of the numbers in between that best describes how much they have been or 

experiencing the emotion stated in the past few days. The patient only circles one 

number for each statement. Item scores for each question are summated to derive a 

total score ranging from 14 to 98, a score of 45 or above demonstrates the patient is at 

risk of suffering from PTSD [Bienvenu et al., 2013].  The questionnaire is self-completed 

and takes 5 minutes to complete. The MICD for the UK-PTSS-14 is yet to be established 

for the critical care population. 

 
3.17 Pain 
 
3.17.1 Standardised Numerical Pain Scale  

 
The standardised numerical pain scale is a subjective assessment of pain (Appendix 4, 

Page 18). This questionnaire has been evaluated in a mixed population of intensive care 

patients [Ahlers et al., 2008] and critical care societies highly recommend the use of self-

reported pain scales [Jacobi et al., 2002]. The standardised numerical pain scale is an 

11-point scale ranging from ‘0’ (no pain) to ‘10’ (worst pain imaginable). The participant 

must only circle one number on the scale that best describes their level of pain ‘today’. 
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If a patient experiences ‘no pain’ during the assessment, the participant circles ‘0’ (no 

pain). If a patient is experiencing ‘worst pain imaginable’, the participant circles ‘10’ 

(worst pain imaginable). Otherwise, the patient circles one of the numbers in between 

that best describes their pain ‘today’. The questionnaire is self-completed and takes 5 

minutes to complete.  The MICD for the standardised numeral pain scale in patients with 

osteoarthritis suggests a decrease of 2 points represents a much-improved pain scale 

score [ 
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 et al., 2001]. The MICD for the standardised numerical pain scale is yet to be established 

for the critical care population. 

 
3.18 Healthcare Utilisation  
 
The healthcare utilisation questionnaire (Appendix 4, Page 58) is a self-reported 

questionnaire that asks about health and support services participants have used (e.g., 

GP visits, Hospital Outpatient appointments, Physiotherapy appointments, home help 

etc.) before and after they were admitted to intensive care. The questionnaire focuses 

on three key areas (1) place of residence, (2) support received, (3) healthcare service 

use (before intensive care stay and following a stay in intensive care). Participants were 

provided with a healthcare utilisation aide-memoire (Appendix 4, Page 62) to help them 

remember any services they have used before each visit. The healthcare utilisation 

questionnaire was originally developed by the REVIVE trial [McDowell et al., 2016]. The 

Physical Activity and Function after ICU study team decided to include and modify the 

original questionnaire. The modification included removing questions related to 

medications and employment; both of these items are previously captured in the baseline 

demographics section of the CRF. The healthcare utilisation questionnaire takes five 

minutes to complete.  

 
3.19 Semi-Structured Exit Interviews 
 
Semi-structured exit interviews captured participants views about what factors have 

contributed (facilitators) or hindered (barriers) their recovery of physical activity, physical 

function and cognitive function after critical illness at six and twelve-months following 

post-hospital discharge. Semi-structured interviews were conducted at the third (Visit 3) 

and final visit (Visit 4). Participants were presented with their initial scores on the 

measures of interest relating to physical activity, physical function and cognitive function 

(i.e., step counts, MSWT, UK FIM + FAM Motor and Cognitive Scores). The semi-

structured exit interviews provided additional qualitative information to the objective 

measures collected. The structure and schedule of questions are detailed elsewhere 

(Chapter 6). The exit interview took approximately fifteen minutes to complete. 

 
3.20 Conclusion  
 
This chapter describes the general procedures for collecting demographic, physical 

activity, physical function and health-related quality of life data, administering the 

assessment tools (ActiGraph, MSWT and questionnaires) and outlines the development 
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of the study material that were used in the Physical Activity and Function after ICU Study 

(Chapter 5).  
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4 Chapter 4: Development of Case Report Form (CRF) and 
Electronic Case Report Form (e-CRF) for the Physical 
Activity and Function After ICU Study   
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4.1 Chapter Overview  
 
Before commencing the Physical Activity and Function after ICU study (Chapter 5), a 

paper case report form (CRF) and electronic case report form (e-CRF) was designed to 

comply with the study protocol regulatory requirements. Chapter 4 outlines the 

procedures relating to the development of the CRF and e-CRF for the ‘Physical Activity 

and Function after ICU’ study as well as any challenges encountered. 

 
4.2 Background  
 
A CRF is a tool used in clinical research which is designed to collect participant’s data in 

a research study; its development represents a crucial part of the research study and 

can affect study success [Guidance for Industry E6 Good Clinical Practice: Consolidated 

Guidance, 2020]. The CRF aims to maintain the integrity and quality of data collected.  

A research assessor will capture the participant’s data on the CRF during their 

participation in a research study. The International Conference on Harmonisation 

Guidelines for Good Clinical Practise defines the CRF as ‘A printed, optical or electronic 

document designed to record all of the protocol’ [Guidance for Industry, 1996]. CRF 

development requires extensive planning and attention to detail. There are two types of 

CRFs used in research, a traditional hardcopy paper CRF and an e-CRF. Developing a 

CRF is crucial for any research study as it will aid in assessing the safety and completion 

of the study outcome measures. To date, there are no standardised guidelines available 

on how to develop and create a CRF and e-CRF for research studies. However, some 

authors have described methods that could be helpful, and many clinical trials units 

(CTU) have standard operating procedures (SOP’s) for CRF development [Latha et al., 

2014; Nahm et al., 2010; Standard Operating Procedure Research Governance, 2020]. 

A standardised CRF and e-CRF would ensure optimal data collection is obtained by 

following study protocol specifics, and regulatory requirements; enabling researchers to 

address the research aims and objectives [Latha et al.,2014; Nahm et al., 2010]. 

Therefore, this chapter will outline the procedures relating to the development of the CRF 

and e-CRF for the ‘Physical Activity and Function after ICU’ study (Chapter 5) as well as 

any challenges encountered.  

 

 

 

4.3 Aim 
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To describe the development of the CRF and e-CRF for the ‘Physical Activity and 

Function after ICU’ study, and outline any challenges encountered.  

 

4.4 Methods 
The aim was to develop a CRF, e-CRF and study training manual. This section outlines 

the procedures followed for the development and design of these.  

 
4.5 CRF Development  
 

The CRF was designed and created with input from all research team members; 

development began as soon as the study protocol was finalised. The protocol was 

reviewed, and the draft CRF was developed to reflect the demographics and the list of 

outcomes measures detailed in the research study protocol (Appendix 7).  The following 

aspects provide some guidance as to what should be contained in a CRF (generic items) 

[Standard Operating Procedure Research Governance, 2020]:  

• Participant eligibility and screening (inclusion/exclusion criteria)  

• Informed consent  

• Checklist of activities to be completed  

• Checklist of equipment and questionnaires 

• Demographic information  

• Appointment Cards 

• Additional notes page 

• Adverse event (AE) and serious adverse event reporting (SAE) 

• Withdrawal/ completed study form 

• Principal Investigator (PI) sign off form 

The following aspects were taken into consideration when developing the CRF [Nahm 

et al.,2011] (Figure 4.1):  

• An informative header which helps identify the participant, site and date of the 

study visit 

• A well-structured, easy to follow manner to facilitate accurate data entry and 

reduce data entry errors 

• Consistent format, font and text sizes throughout the CRF 

• Standard data format (e.g., DD/MMM/YYYY) 

• Separate lines or boxes to record the answers.  



 60 

• Page numbers consistently used throughout the CRF 

• Unit measurements specified (e.g., weight, Kg) 

• Pre-recorded options 

• Minimal free text options 

Figure 4. 1 - Example Page of The CRF For the Physical Activity and Function 
After ICU Study 

4.6 Study Training Manual  
 
To help facilitate completion of the CRF, a study training manual was developed 

(Appendix 8). Although there are no standard templates for creating a study training 

manual (as it is study-specific); the study training manual explains how to conduct and 

perform all outcome measures stated in the research study protocol. The study training 

manual also provided a summarised overview of the outcome measures from the 

instrument developers. The research assessor (NG) referred to the study training manual 

throughout the research study when necessary, this helped facilitate the completion of 

the outcome measures and CRF with ease and legibility. The study training manual 

provided NG with clear detailed instructions in a step-by-step manner to help ensure 

completion of all required data fields for data collection and CRF data entry. The data 

entry instructions helped facilitate optimal data handling of all required data fields stated 

in the CRF. 

 

The draft study training manual was developed concurrently with the CRF. Figure 4.2 

shows example pages from the study training manual for the Physical Activity and 

Function after ICU study. 
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Figure 4. 2 - Example Page of The Training Manual for The Physical Activity and 
Function After ICU Study 

 
4.7 CRF and Study Training Manual Testing 
 
Once the draft CRF and study manual document was complete, the research assessor 

(NG) conducted mock study visits at the NICRF. This replicated a real clinical setting and 

allowed NG to practise and complete the collection of outcome measures per protocol 

and trial the CRF and training manual to ensure all relevant data could be captured. Any 

changes or revisions that needed to be made to the CRF or training manual were noted 

(e.g., reformatting to improve data collection) and if necessary, discussed with the 

broader research team. 

 
Following several mock study visits, members of the research team met with NG to check 

the draft CRF and training manual and assess the process for CRF data entry. The 

research team also clarified any issues and addressed concerns relating to conducting 

and delivering the study visits, and CRF data entry queries through discussion and 

consultation. The CRF and training manual were tested and modified using an iterative 

process, mock visits and CRF and training manual testing were repeated until all 

members were satisfied with the documents, data collection and CRF data entry (Figure 

4.3). The CRF and training manual was finalised and distributed to all research team 

members.  
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Figure 4. 3 - CRF And Training Manual Testing Procedures 

 
4.8 e-CRF Development and Testing  
 
Following the completion of the paper CRF, the research team members (NG, BO’N, 

FM) met with the Chairman (MF) of the e-CRF clinical trial software system ‘Clindox’. 

The principles behind the clinical trial software system were discussed, and there was 

an opportunity to ask questions regarding e-CRF development, data entry, data 

management and producing reports. Following this, the research team submitted the 

finalised paper CRF to ‘Clindox’ along with data entry instructions, detailing upper and 

lower limit scores for each outcome measures. This enabled the Clindox team to create 

the e-CRF for the Physical Activity and Function after ICU study. 

 

Before study commencement, NG tested the e-CRF by inputting fictitious patient data 

into the draft e-CRF and accessed summary reports for data analysis (Figure 4.4). The 

research team were in constant contact with the Clindox team via email and webinar and 

where needed or to make the e-CRF modification process easier for the Clindox team, 

the research team provided written instructions; this iterative process helped to ensure 

all corrections were addressed and resolved prior to the study starting.  

 

Future clinical research studies that are looking to develop an effective e-CRF to support 

their research study should consider the following points.  Firstly, an effective e-CRF 

should contain all the important information to evaluate the selected outcome measures, 

researchers should provide e-CRF developers with minimum and maximum scores. It is 

crucial e-CRF’s have the ability and tools to internally validate the data in order to 

Preparation of 
draft CRF and 

Training Manual  

Researcher (NG) 
conducted mock 

patient 
assessments  

independently

Researhcr (NG) 
conducted mock 

patients assessments 
with senior research 
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Feedback 
reviewed, CRF 
and Training 

Manual Modified 
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highlight incorrect data entry fields. Moreover, instant query resolutions such as ‘live chat 

software or instant messaging” should be available for researchers, these instant query 

resolutions are capable of providing immediate responses and solutions in real time.  

 

In order for researchers to read, understand, interpret the reports and perform statistical 

analysis, the e-CRF reports must be well-structured and easy to read. Poorly designed 

e-CRF reports makes the data difficult to interpret and analyse, which could increase 

errors during data analysis. Reports produced by the e-CRF must be user friendly and 

organised in a format that facilitates data analysis with ease and legibility. 

 
 

 
 

 
 

 

 

 

 

 

 

 

 

 

Figure 4. 4 - E-CRF Testing Procedure 

 
4.9 Results 
 
The paper CRF and training manual was finalised in March 2018 (Appendix 4, Appendix 

8). The finalised e-CRF went live in June 2018, and no further amendments were made. 

The key challenges that occurred during the process were the number of amendments 

and corrections needed during testing of the e-CRF, i.e., incorrect question layout, 

missing sections, incorrect values and missing data on the reports. These were all 

resolved, and the testing was a crucial part of the process that required considerable 

resources.  
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4.10 Discussion 
 
We developed a CRF, study training manual and e-CRF for the Physical Activity and 

Function after ICU study (Chapter 5).  

 

Whether a paper CRF or e-CRF are developed for a research study, these specialised 

forms play a crucial role in capturing accurate study data. There are no standardised 

guidelines available on how to develop and create a CRF and e-CRF for a research 

study, and so our process was informed by limited studies and SOP’s in this area [Latha 

et al., 2014; Nahm et al., 2010; Standard Operating Procedure Research Governance, 

2020]. A SOP for CRF and e-CRF development and testing could be created to facilitate 

researchers when developing these in the future; this chapter highlights the key steps 

involved, and this may represent a useful procedure for other researchers to follow 

(Figure 4.5).  

There is learning from this study that could inform companies producing e-CRF’s for 

clinical research studies. Firstly, the design of the e-CRF should be based on the design 

of the protocol and paper CRF, the layout should be appropriately structured with each 

outcome measure and visit number defined to allow for ease and clarity of data entry to 

limit the number of data queries or collection of unnecessary or ambiguous data. 

To minimise the risk of missing data entry fields, questions and answers should be 

constructed with a setlist of options, additional questions or free text that allows the 

researcher to clarify why the data is missing should be provided wherever possible. 

Moreover, the e-CRF should highlight any missing data entry fields or incorrect data 

entry input by highlighting and notifying the data entry user.   

Following completion of all data entries, the e-CRF reports need to be clear, succinct 

and presented in a manner that is easy to interpret.  

Finally, and most importantly, the e-CRF must be affordable for researchers but 

profitable for online-based companies. Collectively these attributes will help facilitate the 

development of an effective e-CRF for an online web-based company. 

 

For other researchers, we also recommend thorough testing of the documents and using 

fictitious data and an iterative process until no further errors are detected. The CRF, 

training manual and e-CRF development represent a significant part of the study set-up, 

and smooth running of a study, researchers must ensure adequate resources and costs 
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are considered in the study planning stages. It is anticipated that the CRF, study training 

manual and e-CRF that we developed will optimise the integrity of data collection for this 

study. 

 

 
Figure 4. 5 - An Example of Standard Operating Procedures (SOP) For CRF and 

e-CRF Development and Testing 

 
 
4.11 Conclusion 
 
This chapter describes the general procedures involved in the development of the CRF, 

study training manual and e-CRF. It makes some recommendations for future 

researchers and outlines the steps that could be followed when creating these materials 

for future studies. It is anticipated that the CRF, study training manual and e-CRF that 

we developed will optimise the integrity of data collection for this study. 

  

Step 1
•Review reserach protcol.The CRF  should  reflect the list of outcome measures stated in the research 
study protocol, it should be designed and created with input from all research  team members.

Step 2 •Develop the study trainig manual concurrently along with the CRF.

Step 3
• Draft CRF and training manual should be tested; repeat testing util the research team are  satisfied 
with data collection and CRF data entry.

Step 4 •Finalise the CRF and training manual accordingly.

Step  5
• Provide the finalised paper CRF to an online web based company to develop the eCRF along with 
data entry instructions, upper and lower limit scores for each outcome measure.

Step 6
•Test the e-CRF by inputting fictitious patient data into the e-CRF and creating mock reports for the 
data. 

Step 7 •Finalise the e-CRF 
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5 Chapter 5: Physical Activity and Function After ICU Study.  
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5.1 Chapter Overview 
 
The Physical Activity and Function after ICU study was a prospective longitudinal cohort 

study that aimed to explore patterns in physical activity and function in survivors of critical 

illness for a period of up to 1-year following discharge from the ICU. This chapter 

summarises the methods used in this study, the results of the outcome measures and 

discusses the results. The role of each of the study team members involved in the study 

is outlined in Table 5.1.  

 
Table 5. 1 - Steps involved and contribution by NG and other research team 
members. 

Development of the Physical Activity and Function after ICU Study Research 
Protocol  

(NG, JB, DMcA, BB, BO’N and FM) 
Selection of outcome measures 
 (JB, DMcA, BB, BO’N and FM) 

Development of case report forms and study training manual  
(NG, JB, BO’N and FM) 

Training of staff for research visits and outcome measures 
 (JB and BO’N) 

Conducting and scheduling outcome measures 
 (NG) 

Conducting outcome measure assessments (extra person required for the Modified 
Shuttle Walk Test)  

(JB, BO’N, FM) 
Data management 

 (NG) 
Analysis of results  

(NG) 
Quality check of data 

 (NG, BO’N, JW) 
Completed write up of chapter  

(NG) 
Contributed to the interpretation of the analysis of results and chapter write up  

(JB, DMcA and BO’N) 
Study statistician  

(IB) 
Screening of patients, distributed recruitment packs to potential patients and followed 

up patients on the ward (NG, DMcF, SH, SO’K, EMcK, OO’N, JMcC, LM, KW and 
GQ) 

PI’s for the BHSCT, WHSCT, NHSCT, SHSCT and SEHSCT  
(JMcN, NH, PJ, CS and JT) 

Objective physical activity data checking and cleaning 
 (JW) 
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5.2 Introduction 
 
Based on the intensive care national audit and research centre (ICNARC), key statistics 

from the case-mix programme of adult general critical care units have reported a total of 

175, 500 admissions between 1st April 2018 to 31st March 2019 in England, Wales and 

Northern Ireland [ICNARC – Summary Statistics, 2020].  

 

Survival rates for the critical care population in the UK following discharge from acute 

hospital is extrapolated to be 80.8% (excluding readmissions to the same critical care 

unit of the same patient within the same acute hospital stay) between 1st April 2018 to 

31st March 2019 in England, Wales and Northern Ireland [ICNARC – Summary Statistics, 

2020].   

 

Post-ICU patients are susceptible to increased post-hospitalisation mortality, increased 

rates of readmission and may experience complications in multiple aspects of their life 

including physical, functional and cognitive impairments following ICU discharge [Lone 

et al., 2018; Feemster et al., 2015; Azoulay et al., 2017; Herridge et al., 2003]. These 

physical, functional and cognitive impairments interfere and impact the ability to live 

independently following critical illness. Post-ICU patients may experience difficulties with 

performing activities of daily living and instrumental activities of daily living such as 

bathing, dressing, financial and medication management [Hopkins et al. 2017].    
 
Delays in the recovery of physical activity and physical function for this cohort of patients 

have prompted a focus on the development of specific rehabilitation guidelines 

[Rehabilitation after Critical Illness in Adults, 2009]. Regular assessment of both physical 

and non-physical sequelae has been advocated across the ICU recovery continuum 

(e.g., ICU, ward, and post-hospital discharge) to help inform multidisciplinary 

individualised rehabilitation [Rehabilitation after Critical Illness in Adults, 2009]. The 

NICE guidelines suggest physical and non-physical assessments should be 

implemented to address the physical, sensory, communication, social-care/equipment 

needs, anxiety, depression, post-traumatic stress-related, behavioural, cognitive and 

psychosocial issues associated with following a stay in intensive care [Rehabilitation 

after Critical Illness in Adults, 2009]. The exploration of long-term outcomes associated 

with critical illness has led to the development of recommended survey instruments and 

clinical testing methods for evaluating the long-term physical outcomes for survivors of 

acute respiratory failure (ARF) [Improvelto, 2020].    
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The publication of the ‘Rehabilitation after Critical Illness: Clinical Guideline 83 

[Rehabilitation after Critical Illness in Adults, 2009] highlights the importance of regular 

assessments throughout the recovery trajectory (i.e., during ICU stay, before discharge 

from critical care, during ward-based care and following post-hospital discharge). 

However, these guidelines lack clarity with regards to suitable outcome measures to 

explore physical and functional outcome measures for the post-ICU population following 

post-hospital discharge. Selection of appropriate outcome measures to explore the 

recovery of physical activity and physical function in the post ICU population has raised 

some concerns. 

 

Previous research in the post-ICU population have included a broad range of physical 

and functional outcome measures to explore recovery following post-hospital discharge. 

For example, the assessment of physical function can be achieved by the assessment 

of surveys (e.g., SF-36 survey – Physical Functioning Score) or functional tests (e.g., 

hand dynamometry). Collectively, this has demonstrated discordant results within the 

post-ICU population. For example, Borges et al. 2015 reported post-ICU patients 

exhibited a general recovery of muscle strength at three months post-hospital discharge 

as measured by hand dynamometry. In contrast, at three months post-hospital discharge 

Solverson et al. 2016 reported decreases in the physical functioning domain on the SF-

36 survey. These inconsistencies may at least in part be due to the wide range of 

outcome measures available to explore physical and functional recovery in the post-ICU 

population.  The publication of the ‘Rehabilitation after Critical Illness: Clinical Guideline 

83 [Rehabilitation after Critical Illness in Adults, 2009] highlights the importance of 

regular assessments throughout the recovery trajectory (i.e., during ICU stay, before 

discharge from critical care, during ward-based care and following post-hospital 

discharge). However, these guidelines also lack clarity with regards to the specific tools 

to explore physical and functional outcome measures for the post-ICU population 

following post-hospital discharge.  

 

The exploration of the recovery of physical activity and physical function using a range 

of outcome measures has generally explored short-term recovery trajectories (<6 

months) [McDowell et al., 2016; Borges et al., 2015; Elliott et al., 2011B; Walsh et al., 

2015]. Furthermore, given the increasing use of accelerometers and the awareness of 

low physical activity levels throughout the recovery trajectory following critical illness 

(Chapter 2), Chapter 2 further highlights the need to explore long-term physical activity 

levels (up to 1-year) following hospital discharge.  
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There is a need to further explore the recovery of physical activity and physical function 

using a range of outcome measures over longer periods of time (up to 1-year), as this 

could help researchers and clinicians learn more about the patterns of physical activity 

and physical function recovery in the post-ICU population following post-hospital 

discharge, as well as understanding more about correlates and relationships between 

other outcome measures. 

 
5.3 Global Aim 
 
The aim of this study is to explore changes in recovery over a year (within a timeframe 

of 2 weeks, 6 weeks, 6 months and 12 months) following discharge from the ICU.  

 

5.4 Subsidiary Aims 
 
The subsidiary aims of this chapter were: 

 
I. To explore patterns of recovery in physical activity, physical function, health-

related quality of life, pain and PTSD risk in survivors of critical illness over a year 

(within a timeframe of 2 weeks, 6 weeks, 6 months and 12 months) following 

discharge from the ICU. 

II. Explore the relationship between baseline clinical frailty and physical activity and 

physical function at 6 months following discharge from the ICU. 

III. Explore the relationship between physical activity and physical function and 

health-related quality of life at 6 months following discharge from the ICU. 

IV. To explore healthcare utilisation in survivors of critical illness over a year (within 

a timeframe of 2 weeks, 6 weeks, 6 months and 12 months) following discharge 

from the ICU. 

5.5 Methods 
 
Full details of the methodology for the Physical Activity and Function after ICU study, the 

procedures followed for the administration for the outcome measures, data collection 

and the study materials for the Physical Activity and Function after ICU study are detailed 

in Chapter 3.  
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5.6 Design 
 
This prospective longitudinal cohort study included participants who have had an 

admission to an adult ICU in Northern Ireland. The full study protocol for the Physical 

Activity and Function study is available in Appendix 7. Ethical approval was obtained 

from the Northern Ireland Research Ethics Committees (REC Reference: 17/N1/0115), 

Belfast Health and Social Care Trust (BHSCT) governance section (BHSCT Reference: 

17068BO’N-AS), Western Health and Social Care Trust (WHSCT) governance section 

(WHSCT Reference: WT 17/15, Northern Health and Social Care Trust (NHSCT) 

governance section (NHSCT Reference: NT17-0579-08, Southern Health and Social 

Care Trust (SHSCT) governance section (SHSCT Reference: ST1819/21 and South 

Eastern Health and Social Care Trust (SEHSCT) governance section (SEHSCT 

Reference: SET.17.23) approved the study protocol (Appendix 8 – Appendix 13). 

 
5.7 Study Amendments 
 
Amendments (three major and five minor) were made to the Physical Activity and 

Function after ICU study. 

 
5.7.1 Major Amendments  

 
• 1st major amendment: Altered the wording in the study protocol so that the future 

use refers to ‘The Physical Activity and Function after ICU Study’ are included 

and consistent on the patient information sheet (PIS) and informed consent forms 

(Appendix 14).  

• 2nd major amendment: Embedded a sub-study within the Physical Activity and 

Function after ICU study to assess the relative effectiveness of methods used to 

optimise recruitment and retention for the Physical Activity and Function after ICU 

Study (Appendix 15).  

• 3rd major amendment: Requested the inclusion of two time points (6 and 12 

months) for the qualitative component of the Physical Activity and Function after 

ICU Study to explore participants’ views about what factors have influenced their 

outcomes relating to physical activity and function, as opposed to the initial one 

timepoint (12 months) (Appendix 16).  
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5.7.2 Minor Amendments  

 
• Adding members to the research team (Belfast Health and Social Care Trust) 

(Appendix 17). 

• Adding members to the research team (Western Health and Social Care Trust) 

(Appendix 18). 

• Adding members to the research team (Western Health and Social Care Trust) 

(Appendix 19). 

• Alerted the patient invitation letters for the sub-study. The modification included 

inserting a photograph, signature and university logos (see Appendix 17).  

• Included submission of an updated CV and GCP for a research team member 

(see Appendix 20). 

 
5.8 Participants 
 
Full details of the screening and recruitment for the Physical Activity and Function after 

ICU study, the schedule of study visits and study flow for the Physical Activity and 

Function after ICU study are detailed in Chapter 3. 

 
5.9 Data Analysis and Quality Check  
 
All participant data were inputted electronically from the CRF into the e-CRF after each 

study visit. This was completed once by NG. Following the completion of data input, NG 

met with BO’N met on 5 occasions across the study to monitor data input and ensure 

data integrity (A total of n=3 visit 1, n=3 visit 2, n=3 visit 3 and n=2 visit 4 datasets were 

checked). Any data which were inputted incorrectly into the e-CRF were checked with 

the hardcopy CRF and discussed, decisions were made on amendments to the inputted 

data when appropriate. The quality checks of the inputted e-CRF data when compared 

hardcopy data highlighted nine data entry errors. ActiGraph data was checked by NG 

and JW. This was done systematically throughout the downloading and scoring process, 

ensure the accuracy of the ActiGraph data being transferred to SPSS for analysis 

(Appendix 6).   
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5.10 Statistical Analysis  
 
All participant data and outcome measures data was downloaded from the e-CRF and 

entered into SPSS version 26.0 (SPSS Inc., Chicago, IL). Descriptive statistics were 

used to summarise the screening, recruitment, demographic, clinical characteristics and 

derived data from all outcome measures. ActiGraph analysis included a minimum of 2 

valid days of 8 hours wear time per day. The assumption of normality was assessed with 

the Sharpio-Wilk statistic test, which confirmed some of the data was normally 

distributed. A within-patient repeated-measures was performed using a repeated-

measures analysis of variance (ANOVA) to examine changes in physical activity, 

physical function, health-related quality of life, pain and UK-PTSS-14 scores over time 

(visit 1, visit 2, visit 3 and visit 4). Appropriate Spearman’s rank correlation was used to 

assess the relationship between baseline Clinical Frailty Vs. Daily Step Count and 

baseline Clinical Frailty Vs. Physical Function. Pearson’s correlation was used to assess 

the relationship between Daily Step Count V. Physical Function and Daily Step Count 

Vs. HRQoL. The following values were used to interpret and determine the strength of 

the Spearman’s and Pearson’s correlation: 0.00 – 0.10 Negligible correlation, 0.10 – 0.39 

weak correlation. 0.40 – 0.69 moderate correlation, 0.70 – 0.89 strong correlation and 

0.90 – 1.00 very strong correlation [Schober et al., 2018]. For all analyses, a p-value of 

≤.05 was considered statistically significant. Data is presented as mean, standard 

deviation and 95% confidence interval, and nominal data is presented as percentages.  

 

 
5.11 Results 
 
5.11.1 Participant Screening 

 
Figure 5.1 shows the flowchart of participants screened and recruited.  A total of 520 

patients were screened; of these 165 patients were eligible for follow-up. A further 125 

patients were no longer eligible during follow-up, and 21 were missed due to staffing 

issues or lost to follow-up during transfer to another hospital/ on the ward. A total of 19 

participants consented and were enrolled in the study; of these, there were 4 dropouts 

prior to the first study visit (Table 5.2). Participant screening commenced in February 

2018 for the NHSCT, March 2018 for the BHSCT, with the other three remaining sites 

(SEHSCT WHSCT, SHSCT) starting later that year (May 2018 and July 2018). The 

characteristics of the participants who were recruited and consented are summarised in 

Tables 5.2 and 5.3. Of the 15 participants who participated in study visits, 8 were Male 
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and 7 were Female (Table 5.3). Median age was 77 (IQR 22) years (range 27 – 75 years) 

and had an ICU length of stay of 8.5 ± 4.1 days (Table 5.3). Although the numbers are 

small, patients who consented but then failed to attend any study visits appear to have 

had a longer length of ICU stay 14.2 ± 12.7days (Table 5.2). Eleven out of the fifteen 

(73%) participants enrolled in the study were independently mobile before ICU 

admission, and the mean clinical frailty score at visit one was 4.0 (IQR 1). 

 
 
 

 

 

 

 

 

 

 

Figure 5. 1 - Flowchart Showing Patient Screening for the ‘Physical Activity and 
Function After ICU’ Study 

 
Table 5. 2 - Clinical Characteristics of Patients That Failed to Attend Any Study 
Visit (n=4). 

Age (Years) 77 (IQR 22) 
Gender (Male/Female) 3 [75] / 1 [25]  
Weight on admission (Kg) 82.5 (IQR 14.0) 
ICU diagnosis 
Cardiovascular System 
GIT/Hepatology 

 
3 [75] 
1 [25] 

ICU Length of Stay (Days) 14.2 ± 14.7        
Hospital Length of Stay (Days) 80 ± 66.9          
Mechanical ventilation duration (Hours) 83.7 (IQR 302.8) 
APACHE II (0 -71, 0 best to 71 worst) 19 (IQR 10) 

Results are Mean ± SD, Median (IQR) or frequency [%] 
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Table 5. 3 - Clinical Characteristics of Patients That Consented and Attended At 
Least One Study Visit (n=15) 

Age (Years) 52.6 ±14.7 
Gender (Male/Female) 8 [53.3] / 7 [46.6] 
Weight on admission (Kg) 88.1 (IQR 20.1) 
ICU diagnosis 
Respiratory System 
Sepsis 
Central Nervous System 
Cardiovascular System 
GIT/Hepatology 
Renal 
Other (Diabetic Ketoacidosis) 

 
4 [26.6] 
3 [20] 
2 [13.3] 
2 [13.3] 
2 [13.3] 
1 [6.6] 
1 [6.6] 

ICU Length of Stay (Days) 8.5 ± 4.1        
Hospital Length of Stay (Days) 25.3 ± 14.7 
Mechanical Ventilation duration (Hours) 49 (IQR 141.0) 
APACHE II (0 -71, 0 best to 71worst) 14.6 ± 8.6 
Charlson Comorbidity Index (0 -26, 0 
best to 26 worst) 

2.3 ± 2.5 

Clinical Frailty Scale (1 – 9, 1 best to 9 
worst) 

4.0 (IQR 1) 

Living arrangement 
Alone 
With partner 
Family Member 

 
6 [40] 
5 [33.3] 
4 [26.6] 

Reported stair use  
Yes  
No  
No stairs in household 

 
10 [66.6] 
4 [26.6] 
1 [6.6] 

Mobility before ICU 
Independent  
Walking Aid 

 
11 [73.3] 
4 [26.6] 

Education 
Some secondary school or less 
Secondary school qualifications  
Vocational College  
University Degree  
Post-graduate degree 

 
1 [6.6] 
5 [33.3] 
3 [20] 
4 [26.6] 
2 [13.3] 

Occupation 
Working full or part time 
Not attending school or working due to 
health  
Not working for other reasons/ retired 

 
3 [20] 
7 [46.6] 
5 [33.3] 

Marital Status 
Single 
Married 
Divorced 
Separated 
Widowed 

 
4 [26.6] 
7 [46.6] 
2 [13.3] 
1 [6.6] 
1 [6.6] 

Ethnic Origin 
White 

 
15 [100] 

Results are Mean ± SD, Median (IQRD) or frequency [%] 
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5.11.2 Attendance at Study Visits  

 
Figure 5.2 shows the flow of participants through the Physical Activity and Function after 

ICU study. The first study visit commenced in May 2018, and the last study visit was 

conducted in December 2019. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. 2 - Flowchart Showing the Flow of Patients Through The ‘Physical 
Activity and Function After ICU’ Study 

 
5.11.3 Mobility Status at the First Study Visit  

 
The majority of participants 10/15 (66.6%) that attended their first study visit were 

independent and did not require any mobility assistance. Five out of fifteen (33.3%) 

participants required some form of mobility assistance. Of these five participants, three 

out of five used a rollator, one out of five used crutches, and one out of five used a 

wheelchair.   
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5.11.4 Physical Activity and Exercise Capacity 

 
The objective physical activity and exercise capacity data across the four study visits are 

summarised in Figure 5.3, Figure 5.4 and Table 5.4. Participants gradually did more 

physical activity up to 1-year following discharge from ICU. Still, they remained largely 

inactive when compared to the recommended physical activity guidelines [Tudor-Locke 

et al., 2011] (Figure 5.4). No statistically significant differences were noted for average 

daily step counts (p=.409), daily length of time spent in light physical activity (p=.732), 

MVPA (p=.555) or sedentary minutes (p=.999) across the four study visits (Table 5.4). 

Participants demonstrated low MSWT scores across the four study visits when 

compared to age-specific British normative values (Figure 5.3, Table 5.4). There were 

only slight increases in mean MSWT scores across the four study visits; these increases 

were not statistically significant (p=.105). Specific reasons for missing ActiGraph and 

MSWT data are included in Table 5.5. 

 
 

 * indicates Female, 0 worst to 10,000 best.  
Figure 5. 3 - Displays the Mean Individual Participant Daily Step Counts at Visit 1 

(n=3), Visit 2 (n=9), Visit 3 (n=8) And Visit 4 (n=9).  
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 * indicates Female, 10 worst to 1,020 best. 
Figure 5. 4 - Displays the Individual MSWT Participant Scores at Visit 1 (n=5), 

Visit 2 (n=6), Visit 3 (n=7) And Visit 4 (n=7). 
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Table 5. 4 - Physical Activity (ActiGraph) and Exercise Capacity (MSWT) In the 
Post-ICU Population 

Outcome 
Measure 

Visit 1  
 2 weeks 
following 
hospital 

discharge 
(n=6) 

Visit 2  
 6 weeks 
following 
hospital 

discharge  
(n=14) 

Visit 3  
6 months 
following 
hospital 

discharge  
(n=11) 

Visit 4  
12  

months 
following 
hospital 

discharge 
(n=10) 

 p-
value 

 

Physical 
Activity  
 
Average 
Daily Step 
Count 
(0,10,000, 
0 worst to 
10,000 
best) 

 
 
 
 
 

1759 
(±602.1) 

(n=3) 

 
 
 
 
 

2711 
(±1384.3) 

(n=9) 

 
 
 
 
 

3688 
(±2356.3) 

(n=8) 

 
 
 
 
 

3288 
(±1825.2 

(n=9) 

  
 
 
 
 
 

.409  

 

 
Daily length 
of time 
spent in 
light 
physical 
activity 
(minutes) 

 
 
 

105.4 
(±26.8) 
(n=3) 

 
 
 

119.9 
(±35.7) 
(n=9) 

 
 
 

106.1 
(IQR 113.1) 

(n=8) 

 
 
 

134.1 
(±44.2) 
(n=9) 

  
 
 
 

.732 
 

 

 
Daily length 
of time in 
MVPA 
(minutes) 

 
 

9.4 
(±9.4) 
(n=3) 

 
 

5.9 
(IQR 8.3) 

(n=9) 

 
 

18.2 
(±14.7) 
(n=9) 

 
 

13.4 
(±9.5) 
(n=9) 

  
 
 

.555 
 

 

 
Daily length 
of time in 
sedentary 
(minutes) 
 

 
 

651.3 
(±119.1) 

(n=3) 

 
 

649 
(±66.5) 
(n=9) 

 
 

655 
(±64.7) 
(n=8) 

 
 

652.9 
(±73.4) 
(n=9) 

  
 
 

.999 
 

 

 
Exercise 
Capacity  
 
MSWT 
(meters) 
(10 – 
1,020, 10 
worst to 
1,020 best) 

 
 
 
 
 
 

79 
 (IQR 225) 

(n=5) 

 
 
 
 
 
 

330  
(±124) 
(n=6) 

 
 
 
 
 
 

382 
 (±228.7) 

(n=7) 

 
 
 
 
 
 

368.5 
 (±143.4) 

(n=7) 
 

  
 
 
 
 
 
 

.105 
 

 

Results are Mean ± SD or Median (IQR). 
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Table 5. 5 - Reasons for Missing ActiGraph and MSWT Data 

Reasons for 
missing 

ActiGraph and 
MSWT data  

Visit 1 
Complete

d 
 (n=6) 

Visit 2 
Completed 

(n=14) 
 

Visit 3 
Complete

d 
  n=11 

Visit 4  
Completed 

n=10 
 

ActiGraph  
Patient non-
compliant with 
wearing device 
 

n=2 n=2 n=1 - 

Failed to meet 
minimum daily 
wear-time  

- n=2 n=1 - 

 
Other  

n=1 
(ward 
visit) 

n=1 
(patient failed 

to return 
activity 

monitor) 

- n=1 
(patient failed 

to return 
activity 

monitor) 
MSWT  
Not safe to 
perform MSWT 
 

n=1 n=3 n=2 n=1 

Mobility Issue - n=4 n=1 n=1 

Other  n=1 
(ward 
visit) 

n=1 
(no corridor 

space) 

n=1 
 (no 

corridor 
space) 

 

n=1 
 (no corridor 

space) 

 
5.11.5 Physical Function  

 
Figure 5.5 displays the UK FIM + FAM Motor Scores across the four study visits. UK FIM 

+ FAM Motor Scores remained high across the four study visits. Normative data for UK 

FIM + FAM motor scores are yet to be established in a healthy population. Post-ICU 

patients demonstrated low SF-36 Physical Functioning (PF) and Physical Component 

(PC) scores when compared to gender and mean age-specific normative values for the 

British population [Jenkinson et al., 1999] (Figure 5.6 and Figure 5.7). 

 

Participants demonstrated low handgrip strength across the four study visits in 

comparison to gender and mean age-specific normative values for the British population 

(Figure 5.8) [Gilbertson and Barber-Lomax,1994]. The UK FIM + FAM motor scores 

appeared to demonstrate a ceiling effect (Figure 5.5), whereas the SF-36 Physical 

Component (PCs), Physical Functioning scores (PFs) and hand dynamometry did not 

(Figures 5.6, 5.7 and 5.8). 
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* indicates Female, 16 worst to 112 best. 
Figure 5. 5 - Displays the Individual UK FIM + FAM Motor Participant Scores at 

Visit 1 (n=6), Visit 2 (n=14), Visit 3 (n=11) And Visit 4 (n=10).  

 

 
 
 
 
 
 
 
 
 
 
 
 

*indicates Female, 0 worst to 100 best. 
Figure 5. 6 - Displays the Individual SF-36 Physical Functioning Participant 

Scores at Visit 1(n=6), Visit 2 (n=14), Visit 3 (n=11) And Visit 4 (n=10). 
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* indicates Female, 0 worst to 70 best. 
Figure 5. 7 - Displays the Individual SF-36 Physical Component Participant 

Summary Scores at Visit 1 (n=6), Visit 2 (n=14), Visit 3 (n=11) And Visit 4 (n=10).  

 
* indicates Female, 0 worst to 1,020 best. 

Figure 5. 8 - Displays the Best Individual Participant Handgrip Strength Scores 
Obtained at Visit 1 (n=5), Visit 2 (n=13), Visit 3 (n=11) And Visit 4 (n=10).  

 
5.11.6 Cognitive Function 

 
Figure 5.9 displays the UK FIM + FAM Cognitive scores across the four study visits. UK 

FIM + FAM Cognitive scores remained high across the four study visits. Normative data 

for UK FIM + FAM Cognitive score is yet to be established for a healthy population; a 

higher score reflects greater independence. The UK FIM + FAM Cognitive scores 

appeared to demonstrate a ceiling effect; this has been previously highlighted within 

neurorehabilitation [Wilson et al., 2009]. 
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* indicates Female, 14 worst to 98 best. 
Figure 5. 9 - Displays the Individual UK FIM + FAM Cognitive Participant Scores 

at Visit 1, Visit 2, Visit 3 And Visit 4. (*) Indicates Female 

 
5.11.7 Health-Related Quality of Life  

 
Participants demonstrated higher HRQoL scores at baseline (Visit 1) and lower HRQoL 

scores at visit two, three and four (Figure 5.10) indicating that HRQoL improved over 

time, however, these reduced scores were not statistically significant (p=.407). 

Normative data for the FLP is yet to be established for a healthy population. 

  

 
 
 
 
 
 
 
 
 

* indicates Female, 0 best to 100 worst.  
Figure 5. 10 - Displays the Individual FLP Participant Scores at Visit 1 (n=6), Visit 

2 (n=14), Visit 3 (n=11) And Visit 4 (n=10).  
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5.11.8 Pain 

 
Participants demonstrated high pain scores across the four study visits (Figure 5.11), 

indicating post-ICU patients are still recovering and suffering from pain up to 1-year 

following discharge from the intensive care unit.  Normative data for pain is yet to be 

established for the healthy population. 

 
 

 

 

 

 

 

 

* indicates Female, 0 best to 10 worst.  
Figure 5. 11 - Displays the Individual Pain Scale Participant Scores at Visit 1 

(n=6), Visit 2 (n=14), Visit 3 (n=11) And Visit 4 (n=10).  

 
5.11.9 PTSD 

 
Figure 5.12 displays the UK-PTSS-14 scores across the four study visits. A score of 45 

and above indicates a patient is more likely to suffer from PTSD. Three out of five (60%) 

at visit 1, 6/14 (42.8%) at visit 2, 3/11 (27.2%) at visit 3 and 3/10 (30%) at visit 4 of 

participants scored above the cut-off point. Participants that scored above the cut-off 

point (>45) were told their scores were a little bit high and could be at risk of suffering 

from PTSD. Patients that scored above the cut-off point (>45) were provided with the 

UK-PTSS-14 questionnaire and were recommended to contact their GP for help/support 

if they so wished. Participants also received an ICU steps leaflet that provided further 

information with regards to online support and local ICU support groups. 
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* indicates Female, 14 best to 98 worst.  
Figure 5. 12 - Displays the Individual UK-PTSS-14 Participant Scores at Visit 1 

(n=6), Visit 2 (n=14), Visit 3 (n=11) And Visit 4 (n=10).  

 

There were no statistically significant differences for any of the outcome measures (UK 

FIM + FAM motor scores, UK FIM + FAM cognitive scores, SF-36 Physical Functioning 

scores (PF), SF-36 Physical Component summary scores (PC), Hand Dynamometry, 

Functional Limitations Profile (FLP), Pain Scale, and UK-PTSS-14) across the four study 

visits (Table 5.6). 
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Table 5. 6 - Physical Function, HRQoL, Pain And UK-PTSS-14 Scores in The Post-
ICU Population 

Outcome Measure Visit 1 
2  

weeks 
following 
hospital 

discharge 
(n=6) 

Visit 2 
6  

weeks 
following 
hospital 

discharge 
(n=14) 

Visit 3 
6  

months 
following 
hospital 

discharge 
(n=11) 

Visit 4 
12  

months 
following 
hospital 

discharge 
(n=10) 

 
P-

value 

Physical Function 
 
UK FIM + FAM – 
Motor Scores (16 -
112, 16 worst to best 
112) 

 
 

94  
(±13.2) 

 

 
 

99   
(±15.2) 

 

 
 

101 
 (±7.4) 

 

 
 

103 
 (±7.8) 

 
 
 

.447 

 
UK FIM + FAM –  
Cognitive Score 
(14 – 98, 14 worst to 
best 98) 
 

 
90.5 
(±6) 

 
85.9  

(±7.6) 

 
88.3 

 (±7.7) 

 
86 

 (±8.6) 

 
 

.608 

SF-36 – Physical 
Component 
Summary Score (0-
70, 0 worst to 70 
best) 
 

30.4 
(±5.3) 
(n=5) 

34.3 
(±5.8) 

 

34.2 
(±7.1) 

 

38 
(±7.5) 

 

 
.212 

SF-36 – Physical 
Functioning Score 
(0-100, 0 worst to 
100 best) 
 

22 
(±16.8) 
(n=5) 

33.2 
(±24.8) 

29 
(±20) 

44.5 
(±23.8) 

 
.275 

 
Hand Dynamometry 
(kg) (0 - 1,020, 0 
worst to 1,020 best) 
 

 
36.1 

(±23.8) 
(n=5) 

 

 
26.6 

(±12.5) 
(n=13) 

 
29.8 

(±12.8) 

 
31.4 

(±14.2) 

 
.635 

Health-related 
quality of life 
(HRQoL) 
Functional 
Limitations Profile 
(FLP)  
(0-100, 0 best to 100 
worst) 

 
 

34.1  
(±17.9) 
(n=5) 

 
 

28.5 
(±19.5) 

 

 
 

25.3 
 (±19.9) 

 

 
 

18 
 (±17.3) 

 

 
 
 

.407 

 
Pain 
Standardised 
Numerical Pain 
Scale (0 – 10, 0 best 
to 10 worst) 

 
3.5  
(±2) 

 

 
3.7  

(±3.2) 
 

 
2.6 

(±2.6) 

 
2 

(±1.9) 

 
 

.561 

 
PTSD 
UK-PTSS-14 (14-98, 
14 best to 98 worst) 

 
48.8  

(±19.5) 
(n=5) 

 
45.8  
(±24) 

 

 
40.3  

(±23.9) 

 
33 

(±17.5) 

 
.519 

Results are mean (SD) 
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5.12 Correlations of baseline clinical frailty and physical activity, baseline 
clinical frailty and physical function, as well as physical activity and 
physical function and health-related quality of life at 6 Months 
following ICU discharge. 

 
The correlations for baseline clinical frailty and physical activity, baseline clinical frailty 

and physical function, as well as physical activity and physical function and health-

related quality of life at 6 months following discharge from the intensive care unit are 

given in Table 5.7 (Figures 5.13- 5.23). There were no statistically significant correlations 

between baseline clinical frailty Vs physical activity, baseline clinical frailty Vs physical 

function, physical activity Vs physical function, physical activity Vs health-related quality 

of life or physical function Vs health-related quality of life.  

 
Table 5. 7- Correlations of Baseline Clinical Frailty Between Physical Activity and 
Physical Function, Physical Activity and Function, and Physical Activity and 
Physical Function and Health-Related Quality of Life At 6 Months Following ICU 
Discharge 

 

 Clinical Frailty 
(CF) 

Physical 
Function 

(PF) 
 

UK FIM 
+ FAM 
Motor 
Score 

Physical  
Function (PF) 

 
SF-36 

Physical 
Functioning 

Score 

Physical 
Function (PF) 

 
SF-36 

Physical 
Component 

Score 

Health-
related 

quality of life 
(HRQoL) 

 
Functional 
Limitations 

Profile 
Physical 

Activity (PA) 
 
Average Daily 

Step Count 

 
 

 
p=.944 

rho=.028 

 
 

 
p=.174 
r =.496 

 
 

 
p=.551 
r=.230 

 
 

 
p=.756 

r = -.121 

 
 

 
p=.788 

r = -.105 
 

Physical 
Function (PF) 

 
UK FIM + FAM 
Motor Score 

 
 

 
 

p=.601 
rho = -.203 

 
 
 

 
- 

 
 
 
 
 
- 

 
 
 
 
 
- 

 
 

 
 

p=.214 
r = -.459 

Physical 
Function (PF) 

 
SF-36 

Physical 
Functioning 

Score 

 
 
 

p=.117 
rho = -.506 

 
 
 
- 

 
 
 
- 

 
 
 
- 

 
 

 
p=.159 

r = -.512 

Physical 
Function (PF) 

 
SF-36 

Physical 
Component 

Score 

 
 
 
 

p=.235 
rho = -.440 

 
 
 
 
- 

 
 
 
 
- 

 
 
 
 
- 

 
 
 
 

p=.429 
r = -.303 

  



 88 

 

 

 

 

 

 

 

 

 

Figure 5. 13 - Spearmen’s Correlation Average Daily Step Counts At 6 Months Vs 
Clinical Frailty at Baseline (2 Weeks) 

 

 

 

 

 

 

 

 

 

Figure 5. 14 - Spearmen’s Correlation Physical Function (UK FIM + FAM Motor 
Score At 6 Months Vs Clinical Frailty at Baseline (2 Weeks) 

 

 

 

 

 

 

 

 

Figure 5. 15 - Spearmen’s Correlation Physical Function (SF-36 Physical Functioning 
Score At 6 Months Vs Clinical Frailty at Baseline (2 Weeks) 

 

  

rho=.028 

rho= -.203 

rho=-.506 
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Figure 5. 16 - Spearmen’s Correlation Physical Function (SF-36 Physical 
Component Score) At 6 Months Vs Clinical Frailty at Baseline (2 Weeks) 

 

 

Figure 5. 17 – Pearson’s Correlation Average Daily Step Counts at 6 Months Vs 
Physical Function (UK FIM + FAM Motor Score) at 6 Months 

 

 

Figure 5. 18 - Pearson’s Correlation Average Daily Step Counts at 6 Months Vs 
Physical Function (SF-36 Physical Functioning Score) At 6 Months 

rho=-.440 

r=.496 

r=.230 
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Figure 5. 19 - Pearson’s Correlation Average Daily Step Counts at 6 Months Vs 
Physical Function (SF-36 Physical Component Score) At 6 Months 

 

 

Figure 5. 20 - Pearson’s Correlation Average Daily Step Counts at 6 Months Vs 
HRQoL (FLP) At 6 Months 

 

Figure 5. 21 - Pearson’s Correlation Physical Function (UK FIM + FAM Motor 
Score at Visit 3) Vs HRQoL (FLP) At 6 Months 

r= -.121 

r= -.105 

r= -.459 
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Figure 5. 22 - Pearson’s Correlation Physical Function (SF-36 Physical 
Functioning Score At Visit 3) Vs HRQoL (FLP) At 6 Months 

 

Figure 5. 23 - Pearson’s Correlation Physical Function (SF-36 Physical 
Component Score At 6 Months Vs HRQoL (FLP) At 6 Months 

 

5.13 Healthcare Utilisation  
 
Table 5.8 displays the healthcare utilisation data captured across the four study visits. 

Participants were asked to complete the healthcare utilisation questionnaire 

retrospectively at visit 1 (pre-ICU), visit 2 (since visit 1) at visit 3 (since visit 2) and visit 4 

(since visit 3). Participants that attended visit 2 but failed to attend visit 1 were required 

to complete the pre-ICU healthcare utilisation questionnaire at visit 2. Fourteen 

participants completed the healthcare utilisation questionnaire at visit 1, 13 at visit 2, 11 

at visit 3 and 10 at visit 4. 

 
 
 
 
 
 
 
 
 

r= -.512 

r= -.303 
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Table 5. 8 - Available Healthcare Utilisation Data Captured Across the Study 
Visits 

Participant ID Pre ICU V1 
n=14 

V1- V2 
n=13 

 

V2-V3 
n=11 

V3-V4 
n=10 

C1-02  Off-study                      Off-study Off-study 
C1-03    Off-study 
C1-04 Missing  Off-study Off-study 
*C1-07     
*C1-08     
*C2-01  Missing   
C2-02     
C2-03     
*C2-04     
C5-01     
*C5-03     
C5-04     
*C3-02   Off-study Off-study 

C3-03     
*C3-04   Off-study Off-study 

* Indicates Female  
 
5.13.1 Place of Residence  

 
Figure 5.24 shows the living arrangements of participants through the study. There was 

little change in place of residence across the four study visits. Visit 1 captures the place 

of residence before participants were admitted to the ICU. Ten out of fourteen (71.4%) 

participants were living in their own home, 2/14 (14.2%) were living with friends or family, 

and 2/14 (114.2%) were living in sheltered housing/ warden-controlled residence. At visit 

2 (6 weeks since discharge from hospital), 10/13 (76.9%) participants were living in their 

own home and 3/13 (23%) of participants were living with friends or family. At visit 3, 

9/11 (69.2 %) of participants were living in their own home, 1/11 (9.09%) of participants 

were living with friends or family, and 1/11 (9.09%) were living in sheltered housing/ 

warden-controlled residence. At visit 3, only 1 participant had a change in place of 

residence when compared to visit 2 (visit 2: Own Home Vs, visit 3: Family/Friend (s)). At 

visit 4, 8/10 (80%) of participants were living in their own home. 
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Figure 5. 24 - Displays the Living Arrangements of Participants Through the 
Study. 

 
5.13.2 Support Received (e.g., Home Care Worker/Home Help, Meals on Wheels, 

Carer or Other) 

 
None of the participants (n=14) received any help with their care before they were 

admitted to intensive care. At visit 2, 3 and 4, only a small number of patients received 

support, i.e., 1/12 (8.3%), 1/11 (9%) and 1/10 (10%). The total amount of support 

participants received across the four study visits did not change much. Table 5.9 

provides further detail of the types of support patients received at visit 2, 3 and 4. 

 
Table 5. 9 - Breakdown of The Specific Support Received Through the Study  

 

* Indicates Female 
 
 
 
 

Support 
received 

Pre- ICU V1 V1-V2 V2-V3 V3-V4 

Home care 
worker/ home 
help 
 

- - - - 
 

Meals on wheels 
 

- - - - 

Carer 
 

- n=1 
 (*C1-08) 

- - 

 
Other  
 
 

 
- 

 
- 

 
n=1 

 (Family, 
C2-02) 

 
n=1 

(Ironing/cleaning 
services *C1-08) 
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5.13.3 Healthcare Service Use  

 
Figure 5.25 shows the total number of participants that used healthcare services through 

the study. Participants used healthcare services before they were admitted to ICU (9/14, 

64.2%), at 6 weeks (12/13, 92.3%), at 6 months (9/11, 69.2%) and at 12 months following 

discharge from the ICU (8/10, 80%). Figure 5.26 provides further detail of the specific 

healthcare services used across the four study visits. Participants attended Hospital 

Outpatient Appointments, Physiotherapy, and Occupational Therapy services before 

their ICU admission and following hospital discharge, however, it is unknown why these 

services were utilised before their ICU admission. 

 
 

Figure 5. 25 - Displays the Total Number of Participants That Used Some Form of 
Healthcare Services Through the Study 

 

 
 

Figure 5. 26 - Displays the Specific Healthcare Services Patients Used Through 
the Study 
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5.14 Discussion 
 
This study describes the recovery of physical activity, physical function as well as other 

outcomes in a post-ICU population up to 1-year following hospital discharge. This cohort 

of post-ICU patients are similar in terms of age, comorbidities, APACHE II scores, ICU 

length of stay and hospital length of stay to other post-ICU studies exploring physical 

activity and physical function following post-hospital discharge [Borges et al., 2015; 

McDowell et al., 2016; Beach et al., 2017]. The results of this study illustrate the varied 

physical and functional impairments across the recovery continuum from hospital 

discharge and continuing up to 1-year. Our key observation is that post-ICU patients 

demonstrated low physical activity levels and functional impairments; variable results for 

the outcome measures that were usually below population norms, and although there 

were generally some improvements over time these were of small magnitude. 

 
5.14.1 Physical Activity Levels  

 
Data from this longitudinal cohort study demonstrated low levels of physical activity and 

wide variation in average daily step counts in the Northern Irish post-ICU population. 

Physical activity levels for this post-ICU population were consistently low at baseline, 

despite slight improvements at the subsequent follow-up visits, these were not deemed 

statistically or clinically significant. This finding is similar to previous post-ICU studies 

that used accelerometers to objectively quantify average daily step counts at 2 months, 

3 months, 6 months following post-hospital discharge [Denehy et al., 2013; Borges et al., 

2015; Wickerson et al., 2015].  

 

Despite the differences in the follow-up time points used in the Physical Activity and 

Function after ICU study (2 weeks, 6 weeks, 6 months and 12 months) (Chapter 5) and 

the time points in which physical activity was measured in the studies included in chapter 

2, both of these studies demonstrated similar physical activity recovery trajectories. The 

physical activity levels demonstrated in chapter 5 were low and continued to stay low up 

to 1-year following post-hospital discharge. Physical activity levels throughout the ICU 

recovery trajectory following post-hospital discharge were low and remained low . 

 

Physical inactivity is one of the major indicators of frailty [Fried et al., 2003] and the 

prevalence of frailty is associated with increased disability in activities of daily living 

following critical illness [Brummel et al., 2017]. This post-ICU population had a median 

Clinical Frailty Scale score of 4.0 (IQR 1), suggesting these patients are vulnerable. 
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While not dependent on others, vulnerable post-ICU patients demonstrate slow 

locomotion and are easily fatigued [Baldwin et al., 2017; Rockwood et al., 2005], this 

may be a viable explanation for the low physical activity levelsdemonstrated within this 

post-ICU population. 

 

The post-ICU population included in this study demonstrated reduced physical function 

following post-hospital discharge as measured by the MSWT. The MSWT scores were 

substantially lower than normative British values (Figure 5.4). Skeletal muscle wasting 

and severe muscle weakness are significant complications associated with the recovery 

of critical illness [Connolly, 2015]; increased risk of morbidity, as well as delaying 

rehabilitation and the recovery of walking [Herridge et al., 2003; Herridge et al., 2011]. 

Furthermore, the completion of the MSWT was not achievable for some participants due 

to the standard operating procedures (SOP) and maintaining patient safety for 

conducting the MSWT. We were unable to collect MSWT data for 7 patients throughout 

the four study visits due to the severity of their physical debilitation following critical e.g., 

use of a rollator or specific medications (e.g., Anticoagulants prevented patients from 

performing the MSWT). Despite these safety restrictions preventing the collection of 

MSWT data for some of our participants, previous research has demonstrated that 

exercise is safe and feasible for survivors of critical illness [Elliott et al., 2011B, Jackson 

et al., 2012]. Nevertheless, it was crucial we adhered to patient safety and only 

performed the MSWT when it was safe to do so. 

 

Physical impairments within this post-ICU population are evident and reflect the natural 

functional recovery of walking. Results from this prospective longitudinal cohort study 

are in agreement with previous research [Battle et al., 2019, Elliott et al., 2011B; Denehy 

et al., 2013], although different methods were used to assess functional exercise 

capacity, no significant improvements in exercise capacity up to 1-year following ICU 

discharge were demonstrated [Battle et al., 2019, Elliott et al., 2011B; Denehy et al., 

2013].  

 
5.14.2 Physical Function 

 
Functional status at baseline is regarded as an important determinant of prognosis for 

post-ICU patients [Muscedere et al., 2017]. The UK FIM + FAM Motor scores 

demonstrated a ceiling effect. In contrast, the SF-36 Physical Functioning score (PF), 

SF-36 Physical Component score (PC) and hand dynamometry appeared to 

demonstrate reduced functional recovery up to 1-year following ICU discharge. The 
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differences may be attributed to the scales and scoring methods used for each of the 

physical function outcome measures. Previous research has identified ceiling effects 

with the UK FIM + FAM questionnaire [Wilson et al., 2009; Hall et al., 1996; Whitlock and 

Hamilton, 1995], which suggests this questionnaire may not be sensitive to change 

particularly in this stage of recovery we were interested in. Furthermore, it is also 

important to highlight that the UK FIM +FAM is designed for measuring disability in the 

brain-injured population and may be more suited to inpatients. 

 

This post-ICU population achieved a low level of functional recovery as measured by the 

SF-36 Physical Functioning (PF), SF-36 Physical Component (PC) and handgrip 

strength scores at baseline and at subsequent follow-up visits. These scores were 

substantially lower than age-and-gender matched norms and are comparable with 

previous studies. Despite different follow-up time points, Morris et al. [2016] reported no 

differences for handgrip strength, SF-36 Physical Functioning (PF) or Physical 

Component (PC) scores following hospital discharge at 2 months, 4 months and 6 

months. Furthermore, Solverson et al. [2016] reported poor handgrip strength scores at 

3 months following post-hospital discharge (20.4 Kg, 9.1 – 30.6). The post-ICU 

population demonstrated reduced physical function across the recovery continuum. 

 
5.14.3 Health-Related Quality of Life  

 
Post-ICU patients in this study displayed improvements in health-related quality of life 

scores as measured by the FLP across the 1-year recovery continuum; however, these 

increases were not statistically significant. Similar to the other outcome measures used 

in this study, there were variable scores with slight improvements across the study visits. 

Still, it is difficult to quantify changes for the FLP as there are no normative scores 

available.  In comparison to the REVIVE trial [McDowell et al., 2016], the post-ICU 

population reported improved FLP scores between visit 1 (2 weeks following post-

hospital discharge) and visit 2 (6 weeks following post-hospital discharge, however, 

these improved scores were not sustained at visit 3 (6-months following hospital 

discharge). 

 
5.14.4 Pain  

 
The presence of pain in our post-ICU population was evident up to 1-year following 

discharge from the intensive care unit. The results of this longitudinal cohort study 

highlight that just over half of all patients still experience pain at least 6 months following 

ICU discharge. This concurs with a previous study that reported 44% of post-ICU patients 
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experience pain at 6 months following ICU discharge [Battle et al., 2013]. A recent 

narrative review suggests that the estimates of pain ranges from 14% to 77% and is 

dependent on the specific critically ill population, the time point when outcomes are 

evaluated post-discharge, and the type of tool used [Kemp, et al., 2019]. There is 

conflicting evidence regarding the level of pain post-ICU patients experience up to 1-

year following post-hospital discharge. Accurate reporting of pain may depend on the 

nature of critical illness as well as the tool used to measure pain. The Visual Analogue 

Scale (VAS) of pain is recommended for the critically ill population [Major et al., 2016]. 

An understanding of the potential causes of pain and how to minimise the risk of its 

occurrence, e.g., Medication, Physiotherapy, could improve long-term pain outcomes in 

the critically ill population.  

 
5.14.5 PTSD 

 
High UK-PTSS-14 scores across the four study visits reflect the increased risk of post-

ICU patients suffering from PTSD up to 1-year following post-ICU discharge. The high 

percentage of participants at risk of suffering from PTSD in this study was 60% at visit 

1, 42.8% at visit 2, 27.2% at visit 3 and 30% at visit 4, which is higher than the overall 

pooled PTSD prevalence in a recent systematic review and meta-analysis [Righy et al., 

2019]. Point PTSD prevalence estimates were extrapolated to be 15.93% at less than 

three months, 16.08% at three months, 18.96% at 6 months and 20.21% at 12 months. 

These differences may be attributed to the various outcome assessments used to screen 

PTSD risk in the post-ICU population. The diagnosis of PTSD can be challenging 

[McGiffin et al., 2016] and the lack of validated outcome measures used to diagnose 

PTSD and the heterogeneity of the studies included in the recent systematic and meta-

analysis may have impacted the results. The critically ill population included in this study 

highlighted a lack of psychological support services (Chapter 6). Understanding 

psychological needs following ICU discharge could help identify strategies to support 

those post-ICU patients at risk of suffering from PTSD [Roberts et al., 2018]. 

 

5.14.6 Correlations of Physical Activity and Physical Function  

 
The correlation results of this study demonstrated no statistically significant relationships 

between baseline Clinical Frailty Vs. Daily Step Counts, baseline Clinical Frailty Vs. 

Physical Function, Daily Step Counts Vs. Physical Function, Daily Step Counts Vs. 

HRQoL or Physical Function Vs. HRQoL. These findings contradict research conducted 

by McNelly et al. [2016]. The authors reported moderate significant correlates between 
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Daily Step Counts Vs. Clinical Frailty (r2 =0.55, p=<0.01), and weak significant correlates 

for Daily Step Counts Vs HRQoL (physical aspects of HRQoL as measured by the SF-

36 Physical Component Score) (r2 =0.25, p=<0.01). These differences may be attributed 

to the critical care population used in our study and the McNelly et al. [2016] study, and 

the time points in which outcome measures were assessed.   

 
5.14.7 Healthcare Utilisation  

 
Post-ICU patients demonstrated increased healthcare utilisation following post-hospital 

discharge when compared to their pre-ICU status; this finding supports previous 

research in this area [Dick et al., 2012; Garland et al., 2015; Cheung et al., 2006]. The 

type of healthcare services used in the Physical Activity and Function after ICU study is 

in line with previous research; including greater use of GP, Physiotherapy, Occupational 

Therapy, Psychological and Dietician support following post-hospital discharge [Jacobs 

et al., 1988; Williams et al., 2010]. Furthermore, Chelluri et al. [2004] reported 56% of 

post-ICU patients that received 48 hours or more of mechanical ventilation during ICU 

stay required further assistance to perform activities of daily living up to 1-year following 

ICU discharge. Awareness of these physical impairments have encouraged the 

development of ICU follow-up clinics for post-ICU patients in the United Kingdom 

[Connolly et al., 2014]. Despite the increased awareness of these follow-up clinics, 

limited research exists on healthcare services utilised following critical illness. 

Furthermore, the post-ICU population highlighted a lack of follow-up services following 

post-hospital hospital discharge (Chapter 6). 

 

Moreover, without a direct comparison to a group of gender and age-matched 

hospitalised patients, it is difficult to evaluate whether surviving critical illness has a 

greater impact on healthcare service use in comparison to other hospital survivors. 

Nevertheless, post-ICU patients require greater healthcare service use following hospital 

discharge when compared to the healthy population (Chapter 7). Further information is 

required to identify whether patients with specific characteristics require healthcare 

services, as well as the specific type of healthcare service and whether the healthcare 

services meet patient’s needs. 

 
5.14.8 Study Strengths  

 
This study enabled the exploration of the natural recovery of survivors of critical illness 

following post-hospital discharge using a range of performance-based and patient-

reported outcome measures (PROMS).  Some of the outcome measures included in this 
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study (UK FIM + FAM, SF-36v2, Hand Dynamometry, FLP, VAS Pain Scale score and 

UK-PTSS-14) align to the recommended instruments for improving long-term physical, 

cognitive, and mental health outcomes for survivors of ARF [Instruments – Improving 

Long-Term Outcomes Research for Acute Respiratory Failure, 2020]. The inclusion of 

recommended instruments provided an insight into physical, cognitive and psychological 

impairments that largely persist across the recovery continuum up to 1-year following 

post-hospital discharge. This provides a rationale for repeated reassessments across 

the recovery continuum, as well as the implementation of potential rehabilitation 

strategies to target recovery of patient-specific impairments.  

 

The robust development of the CRF and e-CRF (Chapter 4) and vigorous testing of both 

of these case report forms involved an iterative process; this ensured high-quality data 

collection and data integrity and confidence in our results. The robust screening and 

follow-up procedures implemented for the Physical Activity and Function after ICU study 

suggests the feasibility of screening and follow-up within the post ICU population and 

may help inform the development of future longitudinal studies. 

 
 
5.14.9 Study Limitations 

 
A large number of patients were screened and excluded based on the specific exclusion 

criteria and therefore considerably limited the total number of eligible patients to be 

considered for the study. In some cases, eligible patients had a change in medical status 

(e.g., confused/ fluctuating GCS scores or the patient required a planned specialist care 

pathway) (12.7%) (Appendix 23). Secondly, missing MSWT and physical activity data 

sets were noted, missing data sets has the potential to reduce the integrity of the results. 

The reduced data sets directly affect statistical power, analytical options, confidence and 

generalisability of results [Graham, 2009; Hall et al., 2001; Ibrahim et al., 2012; Saunders 

et al., 2006]. As a consequence, this makes it difficult to draw definitive conclusions on 

understanding physical activity and exercise capacity recovery in post-ICU patients at 

subsequent follow-up time points. Despite this, most of the outcome measures used 

within this study were feasible and could be incorporated into future research studies. 

Finally, a lack of pre-ICU admission data makes it challenging to place the physical and 

functional impairments after critical illness in the context of pre-ICU status. 

 
The difficulty of following up post-ICU patients following hospital discharge is reflected in 

the number of patients that attended visit 1 and visit 2. Although the aim was to assess 
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patients at visit 1 (2 weeks following post-hospital discharge), a greater proportion of 

patients attended visit 2 (n=14) in comparison to visit 1 (n=6). It may be that visit 1 (+/- 2 

weeks following hospital discharge) was far too early for patients to attend an outpatient-

based follow-up assessment. This was reflected during some of the follow-up telephone 

conversations, where some patients expressed not feeling well enough to attend visit 1 

but were willing to attend visit 2 four weeks later. The timing of follow-up visits has not 

been previously investigated in the post-ICU population; this may well be worthy of 

further exploration, as well as whether remote follow-up could be offered as an 

alternative option. 

 
5.15 Conclusion 
The findings from our prospective longitudinal cohort study identify long-term (up to 1-

year) physical and functional impairments in the post-ICU population following post-

hospital discharge. Consensus between clinicians and researchers is needed to 

establish appropriate outcome measures, as well as the best timing for patient follow-up 

and reviews. Identifying patient supports needs across the rehabilitation trajectory may 

help to identify specific healthcare services that would be relevant to particular follow-up 

time points following hospital discharge. Understanding strategies or services from the 

patient perspective could help support the long-term trajectory of physical activity and 

functional recovery following critical illness. This next step has been explored in Chapter 

6 which explores patient views about factors that may have contributed (facilitators) or 

hindered (barriers) recovery of physical activity, physical function and cognitive function 

following critical illness. 
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6 Chapter 6: Exploring the Patient Experience of Recovery 
From Critical Illness at Six and Twelve-Months Following 
Discharge from the Intensive Care Unit 
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6.1 Chapter Overview 
 

This chapter details the qualitative study which was embedded in the Physical Activity 

and Function after ICU study (Chapter 5). The role of each of the study team members 

involved in the qualitative study is outlined in Table 6.1. 

 
Table 6. 1 - Steps involved and contribution by NG and other research team 
members. 

Developed protocol for the qualitative research study 
(NG, JB, DMcA, BB BO’N, FM) 

Developed exit interview questions 
(NG, JB, BO’N) 

Conducted semi-structured interviews 
(NG, JB, BO’N) 

Conducted qualitative analysis 
(NG) 

Conducted quality checks during transcript analysis 
(JB, BO’N) 

Contributed to the interpretation of results and chapter write up 
(JB, BO’N, BB) 

Completed chapter write up 
(NG) 

 
6.2 Introduction 
The importance of understanding patients’ perspectives of recovery, particularly in the 

critically ill population is crucial as persistent physical, psychological and cognitive deficits 

are highly prevalent [Bein and Hopkins, 2019]. The complex nature of recovery following 

critical illness underpins the need for an in-depth understanding of the challenges post-ICU 

patients face following discharge from intensive care. Exploring patients’ perspectives is 

crucial to attaining this understanding. In particular, it may be helpful to explore patients’ 

views about their recovery after ICU in conjunction with factors that they feel may have 

positively contributed to (facilitators) or hindered (barriers) their recovery of physical activity, 

physical function and cognitive function; this could inform the need for, and timing of 

physical activity and exercise interventions. 

 

Recently, there has been an increase in qualitative research on experiences and 

challenges post-ICU patients face following critical illness [Ågård et al., 2012; Cox et al., 

2009; Merriweather et al., 2014]. Qualitative research is a useful methodology to collect 

and analyse in-depth information from patients [Keeley et al., 2016]. 
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Qualitative research exploring patient views on their recovery following discharge from 

the intensive care unit provides an insight from a unique perspective, the patients’ 

themselves. The physical, psychological and cognitive deficits after ICU can last up to 5 

years following hospital discharge [Herridge et al., 2011]. Despite this, previous 

qualitative research in the post-ICU population has focused on exploring patient’s 

perceptions of recovery from ICU discharge up to 6-months following ICU discharge 

[Olsen et al., 2017; Nelderup et al., 2018; Karlsson et al., 2015; Thurston et al., 2020; 

Calkins et al., 2019]. Furthermore, fewer qualitative studies in the post-ICU population 

have focused specifically on the recovery of physical and cognitive function [Thurston et 

al., 2020; Nelderup et al., 2018]. Post-ICU patients have previously described physical 

and cognitive impairments such as the inability to perform daily activities and cognitive 

dysfunction from two to six-months after ICU discharge [Thurston et al., 2020]. 

 

Recent qualitative research has emerged about healthcare service experience for a 

period of up to 6-months post-ICU discharge [Thurston et al., 2020]. A lack of explanation 

of disease events or progress expectations during critical illness and recovery, as well 

as poor or absent transition of care between the primary hospital and discharge 

destination, were some gaps described by this post-ICU population. A recent review has 

highlighted the importance of support needs, and how these support needs following ICU 

discharge change throughout the recovery trajectory [King et al., 2019]. Therefore, it may 

be important to explore patients’ views about recovery for longer than six months. 

 

In summary, while existing studies have provided useful insights, they have primarily 

been conducted and/or explored views from ICU discharge for a period of up to 6-

months. It is unknown whether the findings of recovery and specifically the contributors 

to recovery are evident at medium (6-months) or longer-term (12-months) timepoints. 

Views about factors that may have contributed or hindered recovery after hospital 

discharge and whether these were different over time have not been explored. There 

has been limited focus on views specifically related to the recovery of physical function 

and cognitive function, and no studies have focused on the recovery of physical activity. 

Finally, previous qualitative studies have not identified participants’ views about gaps in 

the healthcare service, which they perceived may have helped enhance their recovery. 

 

Exploration of views about factors that may have contributed or hindered recovery of 

physical activity, physical function and cognitive function, will add to the current body of 

literature and provide new insights about what services may be missing from the 

participant’s perspective following critical illness. This could help to inform the timing and 
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content of delivery of specific healthcare services to support patient recovery following 

critical illness. 

 

6.3 Global Aim 
 
The aim of this chapter is to explore participant views about factors that may have 

contributed (facilitators) or hindered (barriers) recovery of physical activity, physical 

function and cognitive function after critical illness at six and twelve-months following 

post-hospital discharge. 

 
6.4 Subsidiary Aims 
 
The subsidiary aims of this chapter were: 

I. To explore what factors participants’ perceived have influenced their recovery of 

physical activity, physical function and cognitive function. 

II. To explore participants’ views about the recovery of physical activity, physical 

function and cognitive function following discharge from the ICU. 

III. To highlight any healthcare services that were missing following discharge from 

the ICU. 

IV. To explore participants’ views about the ActiGraph used in the Physical Activity 

and Function after ICU study. 

 
6.5 Methods 
 
This qualitative study recruited participants from the Physical Activity and Function 

Activity after ICU study (Chapter 5), a prospective longitudinal cohort study. All 

participants who were enrolled in the Physical Activity and Function after ICU study were 

invited to complete individual face to face semi-structured interviews at visit 3 (6-months) 

and visit four (12-months), facilitated by an interview script to help ensure all physical 

activity and function aspects were covered concisely but still enabled flexibility of 

questions (Table 6.2 and Table 6.3).  

 

Conducting semi-structured interviews at two distinctive time-points facilitated the 

exploration of recovery at specific trajectories, i.e., medium (6-months) and long-term 

(12-months) time-points. Furthermore, the visit 4 semi-structured interview facilitated the 

documentation of any information that was missed or not previously captured at visit 3. 

Interviews were conducted in a private clinical room at the study site. Ethical approval 
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was obtained from the Northern Ireland Research Ethics Committees (REC Reference: 

17/NI/0115, Appendix 16, Ethical Approval from the Northern Ireland Research ethics 

committee). As part of the Physical Activity and Function after ICU study, written and 

informed consent was obtained from each participant and again verbally before each 

interview. Interviews were audiotaped and transcribed verbatim. The write up of this 

qualitative study is in accordance with the consolidated criteria for reporting qualitative 

studies (COREQ) guidelines [Tong et al., 2007] (Appendix 24). 

 
Table 6. 2 -Outline of The Physical Activity and Function After ICU Study Semi-
Structured Interview Schedule for Visit 3 

Interview Schedule Questions – Visit 3  
Question 1. At your first visit, you managed/needed a little extra help with managing 
daily activities [researcher gives examples and shows scores from the UK FIM + 
FAM Motor questionnaire -] what do you think influenced this change/no change? 
 
Question 1A: Are there any things/services that have helped you be able to do 
these activities such as [insert examples from the UK FIM + FAM Motor Scores] 
since being in the intensive care unit/or more activity? 

 

Question 2B: Are there any things/missing services that have stopped you from 
getting better at these activities [insert examples from the UK FIM + FAM Motor 
Scores] since being in the intensive care unit/or more activity?  

 

Question 2. At your first visit, you managed/needed a little extra help with some 
cognitive aspects [researcher gives examples and shows scores from the UK 
FIM + FAM Cognitive questionnaire] what do you think influenced this change/no 
change? 
 
Question 2A: Are there any things/services that have helped you [insert examples 
from the UK FIM + FAM Cognitive Score] since being in the intensive care unit? 

 

Question 2B: Are there any things/missing services that have stopped you 
improving with [insert examples from the UK FIM + FAM Cognitive Scores] since 
being in the intensive care unit]. 
 
Question 3. At your first visit your average daily steps were [researcher shows 
available summary of steps counts] and you could walk about [researcher 
shows available MSWT distance] and now its [researcher shows available 
summary of steps counts and MSWT distance] 
 
Question 3A: Since your time in the intensive care unit, are there any things that 
have encouraged you to do your daily walking/or more daily walking?  
 
Question 3B: Are there any things that have sometimes prevented you from doing 
your daily walking/ or more daily walking?  
Question 4. What did you think of wearing the physical activity monitor as a way to 
measure your walking levels/daily steps? 
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Table 6. 3 - Outline of The Physical Activity and Function After ICU Study Semi-
Structured Interview Schedule for Visit 4 

 
Interview Schedule Questions – Visit 4  

Question 1: During the previous interview, you told us you were having difficulty with 
[insert physical function examples from the previous interview notes (visit 3)] 
and you mentioned you were [insert examples the patient has been doing from 
the previous interview notes (visit 3)] to help you with your physical function. 
 
Question 1A: Are you still doing these activities/things [insert examples the 
patient has been doing from the previous interview notes (visit 3)] to help you? 
Have you been doing anything else to help you? 
 
Question 1B: Do you think there are any services or things missing that maybe that 
would help you to improve your physical function at all? 
Question 2: During the previous interview, you told us you were having difficulty with 
[insert cognitive examples] and you mentioned you were [insert examples the 
patient has been doing] to help you with your cognitive function. 
 
Question 2A: Are you still doing these activities/things [insert examples the 
patient has been doing from the previous interview notes (visit 3)] to help you?  
Have you been doing anything else to help you?  
 
Question 2B: Do you think there are any services or things missing that maybe that 
would help you to improve your cognitive function at all? 
Question 3: During the previous interview, you told us you were [insert examples 
the patient has been doing] to help you with you walking/do more walking. 
 
Question 3A: Are you still doing these activities/things [insert examples the 
patient has been doing from the previous interview notes (visit 3)] to help you? 
Have you been doing anything else to help you? 
 
Question 3B: Do you think there are any services or things missing that maybe that 
would help you to improve your walking/physical activity at all? 

 

6.6 Data Collection 
 
A schedule of the semi-structured exit interview questions was developed by the 

research study team in line with the main aims of the study, focusing specifically on 

exploring the participants’ perceptions of their recovery in terms of physical activity, 

physical function and cognitive function.  Participants were reminded of their initial scores 

on the relevant measures of interest relating to physical activity, physical function and 

cognitive function (i.e., physical activity levels - average daily step counts, MSWT, UK 

FIM + FAM Motor scores, Handgrip strength score and UK FIM + FAM Cognitive scores) 

and at subsequent follow-up visits (Appendix 25). Table 6.2 and Table 6.3 provides an 

outline of the interview schedule for visit 3 (6-months) and visit 4 (12-months). Semi-
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structured interviews were primarily conducted by NG with support from JB and BO’N 

between November 2018 and December 2019. 

 

6.7 Data Management 
 
Participants’ enrolled in the Physical Activity and Function after ICU study (Chapter 5) 

were provided with a unique anonymised study ID, e.g., C1-03. All audio-recorded data 

were stored on a password-protected computer within the NICRF, audio-recorded data 

was restricted to only members of the research team. Participants’ were informed that 

all audio-recorded data collected during the study is confidential and stored under the 

unique study ID. All audio-recorded data was immediately deleted from the audio 

recorder device once data was uploaded onto the password-protected computer.  

 

6.8 Data Analysis 
 
Interviews were audio-recorded and uploaded onto a Windows Desktop and transcribed 

verbatim by an independent transcriber. Transcripts were analysed using the template 

analysis as described by King et al. [1998] (Figure 6.1). The use of template analysis 

enables analysis of the data by thematically organising and analysing textual data. The 

structure of this approach involves the researcher producing a list of codes (template) 

representing themes identified in the textual script. Some of these codes are usually 

defined before analysis, but these codes are often modified and expanded as the 

researcher reads and interprets the texts. The structure of the template is organised in a 

way which demonstrates the relationship between themes, as defined by the researcher 

[King, 2004]. Previous publications in healthcare have used this template analysis 

approach, and these were referred to for guidance [Brooks et al., 2014; Poltawski et al., 

2015].   
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Figure 6. 1 – Step by Step Process of Template Analysis [King, 2004] And the 
Flowchart Diagram of Template Analysis Used in The Physical Activity and 

Function After ICU Study (Qualitative Component) 

 
Firstly, NG, JB and BO’N read through the first two transcripts from visit 3 to ensure 

familiarity (Figure 6.1). Members of the team (NG, JB and B’ON) agreed on codes; these 

codes were drawn from the first review of the first two transcripts (Table 6.4, Codes for 

organising and categorising the data for the qualitative component of the Physical 

Activity and Function after ICU study). At the commencement of transcript analysis, NG 

was responsible for initial coding of the data, all relevant text was attached to a colour 

code. Following the analysis of the first two completed transcripts, the initial template 

was applied to the first two transcripts (Table 6.5, Initial template for organising the data 

for qualitative component of the Physical Activity and Function after ICU study). All 

interviews were analysed separately for each participant after each study visit following 

transcription by an independent transcriber. NG then analysed the remaining transcripts 

with this template assigning all relevant text to the appropriate codes and amended the 

template (Table 6.6 Revised template (Healthcare Services Missing, Additional notes 

and Views About Physical Activity Monitor Added to The Initial Template). Data that did 

not fit within the coding template was recorded within the ‘additional notes’ column of the 

revised template (Table 6.6). The revised template was applied to the remaining 
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transcripts (Table 6.6) and subsequently required no further changes. During the 

analysis, the relevant text from each transcript was tabulated under the appropriate 

codes; a table was produced for each transcript. When all transcripts had been analysed, 

the codes with the associated relevant text from each transcript were then pasted into 

one overall summary table so that each code and the relevant quotes from each 

transcript were collated. Finally, the overall summary table with the associated codes 

and relevant text from all of the transcripts was grouped under key themes and iteratively 

checked across the interview transcripts by JB and BO’N. Three researchers (NG, JB 

and BO’N) defined and classified the key themes based on the associated codes and 

relevant text from the overall summary table.   

 
Table 6. 4 - Codes for Organising and Categorising the Data for Qualitative 
Component of The Physical Activity and Function After ICU Study 

 
1 Physical Function Facilitator  
2 Physical Function Barrier 
3 Physical Activity Facilitator 
4 Physical Activity Barrier 
5 Cognitive Facilitator 
6 Cognitive Barrier 
7 General Recovery Facilitator  
8 General Recovery Barrier 

 
Table 6. 5 - Initial Template for Organising the Data for Qualitative Component Of 
The Physical Activity And Function After ICU Study   

 
 
 
 
 
 

Table 6. 6 - Revised Template (Healthcare Services Missing, Additional Notes and 
Views About Physical Activity Monitor Added to The Initial Template) For 
Qualitative Component of The Physical Activity And Function After ICU Study   
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6.9 Quality Checks 
 

Research team members (NG, JB and BO’N) developed a research protocol for the 

qualitative aspect of the Physical Activity and Function after ICU study. This helped 

familiarise all research team members with the aims, objectives and methods of the study 

and ensured we adhered to the study procedures described. In addition to the research 

protocol, NG attended the “Introduction to Qualitative Research Methods” course at 

Ulster University. This short course helped familiarise NG with the range of qualitative 

research methods available, and the key stages of data collection, analysis and 

presentation of qualitative results. 

The development of the semi-structured interviews was generated by exploring previous 

qualitative research, research members (NG, JB and BO’N) met to discuss the previous 

qualitative research, this facilitated the structure of the proposed interview questions and 

schedule.   

 

Prior to the commencement of the semi-structured exit interviews, the proposed 

interview procedure and schedule of questions were piloted by research team members. 

This ensured the exploration of physical activity, physical function and cognitive function 

was adequately captured. BB, a member of the research team was asked to comment 

on the interview structure and content due to her extensive experience with qualitative 

research. The interview schedule and questions were refined following BB’s review and 

pilot interviews.  

 

Following transcription of the first two semi-structured exit interviews, NG, JB and BO’N 

read through the two transcripts from visit 3 to ensure familiarity. Based on the review of 

the first two transcripts, members of the team (NG, JB and B’ON) discussed and agreed 

on codes. The coding and theming of the data were robustly checked throughout data 

analysis by either JB and BO’N independently reading each patient’s transcript and 

checking the coding for accuracy and content validity as well as ensuring that all themes 

from the interviews were captured. 

 

Following this process, NG met with JB or BO’N to discuss and agree on any changes 

to the coded transcripts; for example, identifying any parts of the transcript that were 

coded incorrectly or missed. Minor changes were made, for example, comments about 

healthcare services missing, views about the physical activity monitor (ActiGraph), and 
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additional notes were added. This process facilitated high-quality rigour and ensured 

analysis and interpretation of the data was correct and completed to a high standard.   

 
6.10 Results 
 
All participants that attended visit 3 (6-months) and visit 4 (12-months) completed the 

semi-structured interview (visit 3 n=11 and visit 4 n=10) (Table 6.7). The mean (SD) 

length of time for each exit interview was 24.11 ± 11.8 minutes, and there was no missing 

data. There were 4 Core themes (recovery of physical activity and function, recovery of 

cognitive function, general recovery including recovery during ICU/hospital stay and 

views about outcome measures). Three of these core themes had four subthemes 

(facilitators of recovery of at 6 months, barriers of recovery at 6 months, gaps in 

healthcare service to support recovery and similarities and differences in recovery at 12 

months), and views about outcome measures had one subtheme (ActiGraph activity 

monitor and questionnaires) (Table 6.8). The core themes and supporting sub-themes 

are summarised below. Patient quotes are provided in italics when brief quotes reflect 

statements of most patients.  

 
Table 6. 7 - Clinical Characteristics of Patients That Completed the Exit 
Interviews at Visit 3 (N=11) 

Age (years) 53.2 (15.2) 
Gender (Male/Female) 7 [63.6] / 4 [36.3] 
ICU diagnosis 
Respiratory System 
Sepsis 
Central Nervous System 
Cardiovascular System 
GIT/Hepatology 
Renal 
Other (Diabetic Ketoacidosis) 

 
3 [27.2] 
2 [18.1] 
1 [9.0] 
1 [9.0] 
2 [18.1] 
1 [9.0] 
1 [9.0] 

Clinical Frailty Scale (1 – 9, 1 best to 9 
worst) 

4.0 (1.3) 

Results are mean (SD) or frequency [%] 
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Table 6. 8 - Core Themes and Subthemes Highlighted for The Qualitative 
Component of The Physical Activity and Function After ICU Study 

Themes Sub-themes  
Recovery of physical activity and 
function 
 

Facilitators of recovery at 6 months 
 
Barriers of recovery at 6 months 
 
Gaps in healthcare service to support 
recovery 
 
Similarities and differences in recovery 
at 12 months  
 

Recovery of cognitive function 
 
General recovery including recovery 
during ICU/Hospital stay 
 

Views about outcome measures  ActiGraph activity monitor and 
questionnaires  
 

 

6.11 Core Theme 1: Recovery of Physical Activity and Physical Function At 
6 Months  

 
Post-ICU patients described their recovery in terms of challenges with engaging in 

physical activity and physical function following post-hospital discharge. Participants 

described physical problems, including pain, weakness, dizziness and tiredness. Some 

of these physical problems impacted their ability to walk, engage in hobbies they once 

previously enjoyed, and perform daily activities, e.g., use stairs and the need to have 

physical help from something solid to grab hold of and pull up against. 

 
“I’ve terrible pains in my joints. They just crack” (C1-07) 

 
“I cannot get up, unless I have something to pull myself up with either a little shelf 
like that or a little basin or something to grab on to and pull myself up.” (C1-07) 
 

Participants also described having an awareness of their physical activity levels and 

functional capabilities, which encouraged them to do more physical activity; and some 

described gradual increases in muscular strength; as a result, patients were able to walk 

more. Some participants believed their improvements were due to natural recovery and 

associated timescales; others believed they had not recovered back to their pre-ICU 

status, and others hoped to be doing better with regards to their physical activity levels 

and functional recovery following hospital discharge. 
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“I’ve probably got stronger because I can walk now. Whereas before I was really 
struggling” (C5-04) 
 
“I’d love to be able to walk more. You know go for walks. More. Instead of sitting 
around all the time” (C2-01) 

 

Specific challenges with engaging in physical activity following discharge from the 

intensive care unit were reported. Participants described not feeling physically ready and 

breathless. Also, due to low energy, day-to-day activity had to be prioritised, e.g., having 

to choose going to work over the gym. Physical health conditions, such as suffering from 

swollen legs impacted their ability to participate in physical activity. Some of these 

physical problems affected their self-esteem. Some participants described lower physical 

activity levels following discharge from the intensive care unit compared to their pre-ICU 

status. In contrast, some participants described gradual increases in physical activity 

levels due to having more energy and increased levels of self-confidence and strength. 

As a result, some participants were able to do more physical activity. 

 

“You know I don’t go out and walk and take walks. But when you went to do them, 
you’re just not, just not physically, physically ready to do them” (C5-04) 
 
“I suppose if I wasn’t at work I could go, maybe I’d have more energy for the gym. 
But at the minute I’m just sort of easing back at that. And trying, I’m doing four 
days a week at work.” (C5-03) 
 

“Really demoralising. Not being able to do things that you were able” (C5-04) 
 
“The strength in my legs I got the more, there were more, the more I could walk. 
Got there a lot. I felt more confident in going out you know” (C2-03) 

 

Participants described specific challenges with their physical function following critical 

illness such as extreme tiredness, numbness and feeling slowed up.  

 
“I’ve been sick I felt quite a lot of tiredness, extreme tiredness, almost like chronic 
tiredness” (C2-04) 
 
“I had a lot of numbness. In my legs and in other parts of my body. Face and things 
like that.” (C5-03) 
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Throughout the recovery trajectory, participants described taking their time and feeling 

physically better, more brave and independent following hospital discharge; as a result, 

participants were relying less on other people to do things for them. Some participants 

were unsure of what contributed to them feeling physically better; in contrast, others 

described prolonged recovery and no changes with regards to their physical function 

when compared to their previous visit at six weeks following hospital discharge; and 

some participants hoped to be doing better with regards to their physical function. 

 

“My dependability and reliability on other people to do things for me, were helping 
with things isn’t as great as it was, I mean I do still need them I do need that, but I 
don’t need them as much.” (C1-07) 
 
“The recovery took longer for me than I kind of anticipated. But I was very patient. 
I’m normally patient anyway but I was very patient with myself which was a 
surprise for everybody because I did hope to get back to work at Easter. But I just 
physically wasn’t, wasn’t well enough” (C2-04) 
 
 

6.11.1 Facilitators of Recovery of Physical Activity and Function at 6 Months  

 
Participants described some help they received that facilitated their recovery of physical 

activity and physical function. Help and support from family and friends by helping them 

to walk, and specific healthcare services during ICU stay and post-hospital discharge 

facilitated their recovery of physical activity and physical function. For example, having 

healthcare support during ICU stay facilitated their recovery of walking, and the use of a 

Carer, Psychological and Occupational Therapy services were important too. Getting 

back to work was helpful along with maintaining a good diet. 

 

“I ‘ve got a lot of support from friends and family things like that there. Yeah, I 
think that’s” (C1-03) 
 
“Well, I suppose I could think of a couple of things. The psychologist, the 
psychologist and, or xxxx the occupational therapist” (C1-07) 
 
“Food, diet. Obviously during with the illness which I have, there are certain foods 
which I can and cannot eat so I’ve worked that out what food to eat, when to eat 
when not to eat.” (C1-03) 
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Participants thought that the use of modern technology, e.g., health and fitness apps to 

track daily steps and relieve stress, as well as the use of tablets facilitated their recovery 

of physical activity and function. Equipment, e.g., use of a stick, squeezing an exercise 

ball and having the motivation to push themselves to walk more and complete daily 

activities were important too. 

 
“The other thing that really sort of helped my whole, sort of mental and physical 
function would have been when I first came home, and I had a lot of anxiety. I used 
an app called Calm. And that sort of meditate with that and didn’t feel as nervous 
about going up and down the stairs and things like that you know.” (C5-04) 
 
“So, I did buy a treadmill and went slow. You know went slow at my own pace and 
all” (C2-04)  
 
“I bought a wee static bicycle” (C2-04) 
 
“Kept on pushing myself. I got up and wouldn’t sit down. Sort of got up and walked 
about for a little bit you know. Tried to empty the dryer or something like that. 
Along with – things like that. No, I wasn’t fit I can only do it for a minute or two.” 
(C5-03) 
 
Specific activities facilitated their physical activity; they described setting goals to motive 

and push themselves to walk and/or be active and getting back into things they once 

previously enjoyed, e.g., dog walking, previous sports and hobbies. Some participants 

perceived the weather and the environment as a facilitator. Some participants also stated 

that attending the gym and engaging in community activities with friends facilitated their 

recovery of physical activity. As a result, participants felt more confident and stronger. 

The ActiGraph physical activity monitor (which was used in the Physical Activity and 

Function after ICU study to measure physical activity) also motivated one participant to 

increase their physical activity levels. 

 
“So, I kinda aiming, built up from maybe 1,000 steps per day, the most I got in one 
day was 12,000” (C2-04) 
 
“And then I spent more going up and down the lane. And taking photographs and 
carrying big camera and everything” (C2-04) 
 
“I stared walking a wee bit more when the weather was good” (C2-04) 
 
“Aye there’s a few ones that are going out (to the gym) their way every after work 
and all that there.” (C2-03) 
 
Participants described some facilitators specifically related to physical function; they 

described engaging in specific activities and exercises and having a positive attitude 

facilitated their recovery of physical function. 
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“Well, there’s a wee exercise I do this one here (demonstrated hand exercise). You 
know I kind of do that everyday morning (hand exercises)” (C2-04) 
 
“By just trying to be positive about the whole thing” (C2-02) 
 
6.11.2 Barriers to Recovery of Physical Activity and Function At 6 Months 

 
Participants described some barriers related to the recovery of physical activity following 

post-hospital discharge. Some participants perceived the weather as a barrier. For 

example, some participants expressed a fear of getting sick again in poor weather 

conditions as well as struggling to breathe in windy conditions. For some participants, 

the specific surgical procedure they underwent and a fear of a re-occurrence of what 

caused their ICU admission and a lack of access to equipment, i.e., binder to support 

hernias were also perceived as a barrier to undertaking physical activity. 

 

“Being honest with you I was very; I was worried about going out in the rain and 
things in case I got sick again” (C2-04) 
 
“Well, the other things that come to mind is, I suppose a fear. A fear. Because in 
the past, this has happened to me in the past, when I was well, so this happening 
to me now that I am not well, I need to be very careful It’s not that I’m not well, but 
I’m not as clued in maybe as I should be. And I think having a hypo and even low 
blood sugar.” (C1-07) 
 

6.11.3 Gaps in Healthcare Service to Support Physical Activity and Physical Function 

At 6 Months 

 
Suggestions for some form of exercise rehabilitation were made by some participants, 

such as a rehabilitation instructor to provide further information with regards to 

understanding physical limitations or adapting to physical limitations; spending time in 

the gym and having the opportunity to be monitored during activities outside of the 

hospital setting were also highlighted. Gaps included a lack of available rehabilitation 

programmes for individuals not receiving UK government benefits and having the 

opportunity to be taken out at the weekends and going for drives. 

 

“Maybe a couple of days in the gym or something like that there” (C2-03) 
 
“Being suggested if the hospital has some form of physical education stroke, not 
entertainment but physical area whereby you can combine some form of 
rehabilitation services with people going out and doing out activities. I think it 
would be monitored by someone.” (C1-07) 
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6.11.4 Recovery of Physical Activity and Function Similarities and Differences At 12 

Months 

 

Some participants were still experiencing physical problems related to the recovery of 

physical activity and physical function at twelve-months following hospital discharge, 

e.g., tiredness, weakness and low energy levels. The recovery process took longer than 

expected as some participants hoped to be back at work sooner. Some participants felt 

physically worse when reflecting on their previous visit (6-months), despite this, some 

participants described doing more, such as trying to maintain physical activity and 

activities of daily living since their last visit (6-months). Furthermore, some participants 

highlighted slight improvements with balance at twelve months following hospital 

discharge, issues with balance were not previously described at visit 3 (6 months). 

 
“Chest all goes tight and all” (C2-01) 
 
“Still progressing. Sill not 100 per cent. But definitely, even in work I’m more active 
than I would have been. I wouldn’t be lying about, or you know I’m more physical 
now at home. More active.” (C5-03) 
 
“The recovery took longer for me than I kind of anticipated…. I did hope to get 
back to work at  Easter. But I just physically wasn’t, wasn’t well enough” (C2-04) 
“Well, I’m physically worse. If you know what I mean But I don’t know why or how.” 
(C3-03) 
 
“I’m still. It’s actually a bit better now. Things have, I’m not stopping as much now” 
(C3-03) 
 
“I mean my balance ……. Just a little, not too as bad as it was before.” (C2-03) 
 

At twelve-months some participants stated they no longer required support from a carer 

and were less reliant on equipment and technology, i.e., less use of a walking stick and 

health apps to help facilitate their recovery of physical activity and function. Also, at 

twelve-months, the use of Physiotherapy services and attending pulmonary rehabilitation 

classes facilitated the recovery of physical activity. The purchase of a waterproof coat 

also facilitated engagement in physical activity, but a lack of transport was perceived as 

an additional barrier for the recovery of physical activity at twelve-months for some 

participants. Understanding the physical aspects of recovery would have helped some 

participants understand how the healthcare service made them better, and the need for 

more physiotherapy was also highlighted at twelve months.  

 

“I can now you know I don’t need anyone with me in the shower” (C1-08) 
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 “…. I’ve been referred there for pains in my upper arms which I think had been 
when I stretch more when I stretch up to cupboards and that seems to be helping 
me. The, the physio you know who I see there, he’s very good” (C1-08) 
 
“So, there are certain physical things I would like to know about just from an 
interactive point of view. It will help me understand what they had to do to get me 
better.” (C5-04) 
 
“After getting physio to you know to walk again after that first week or so, maybe 
a bit more with the physios and stuff just to bring you into the gym and they can 
watch monitor your progression. It possibly would speed up the recovery the 
physical recovery if that did happen” (C5-04) 
 
6.12 Core Theme 2: Recovery of Cognitive Function At 6 Months 
 
Challenges, particularly to memory and writing were evident, including forgetting how to 

write, gaps in memory, remembering names, recognising faces and difficultly with 

answering questions. Participants described feeling tired and exhausted due to trying to 

remember words and how to spell, which often resulted in asking for help from other 

people. Participants also described the lack of ability to think clearly, being forgetful and 

reported feelings of uncertainty with regards to regaining their normal cognitive function. 

Furthermore, participants described having crazy thoughts, feeling depressed and 

mentally weaker due to having a prolonged hospital stay.  Some participants tried to 

keep negative thoughts out of their mind as much as possible. In contrast, some 

participants described improvements with memory and concentration levels since 

hospital discharge and at their previous research visit appointment (6-weeks following 

post-hospital discharge).Some participants also described feeling cognitively different 

compared to their previous research study visit (6-weeks following post-hospital 

discharge). 

 
“You know. I don’t even know the players; I don’t recognise the players. Which, 
when you take a player from say from 9-year-old to 16-year-old, you’d think you 
would know that player. I’m not recognising them. I’m not. I’m looking and going, 
as recently as last night.” (C5-04) 
 
“It’s the thinking, mind, way, having to work at such a level and its exhausting” 
(C1-07) 
 
“There were some crazy thoughts. You know. Didn’t realise how bad I was” (C2-
02) 
 
“I just feel weak. I don’t feel weaker in the sense that it’s maybe mentally weaker” 
(C5-04) 
 
“I mean when I came out of hospital first, mentally I felt much better than I do now.” 
(C2-04) 
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6.12.1 Facilitators of Recovery of Cognitive Function At 6 Months  

 
Participants described some methods they used to improve their cognitive function such 

as giving themselves more time to think about answering questions and waiting until a 

lost memory came back to them, easing back into work and trying to focus on 

achievements. Engaging and talking with people, listening to music, having a positive 

attitude, reading, making notes and forcing themselves to remember things were 

important too. Repetition of activity was seen as helpful as well as eating a better diet, 

engaging in exercise and the use of modern technology, i.e., specific phone health apps 

to relieve anxiety and playing games on a mobile phone to improve concentration. 

 
“Talking to people engaging with people I think that’s helped me” (C2-04)  
 
“I do listen to music anyway so the whole mental health end of it having been 
looking at I’ve been making sure I don’t have any bad memories of ICU because I 
feel positive because it was the place where I got better” (C2-04) 
 
“I kind of I don’t say oh I don’t remember I make myself remember” (C2-04) 
 
 “Aye. Feel um like I’ll be on a better diet now and maybe even my diet is helping” 
(C2-03) 
 
“Personally, exercise is a really, really good way to one relieve stress and two just 
to help your wee brain think better and to progress to where I want to go.” (C1-03) 
 
“When I first came home, and I had a lot of anxiety. I used an app called Calm” 
(C5-03) 
 
Some participants reported they had support from health professionals and services, 

e.g., Occupational Therapist, Psychologist and attending well-meaning classes. 

 
“The occupational therapist. I think she was fantastic” (C1-07) 
 
“And also, the psychologist” (C1-07) 
 
“I go to a class on a Monday and they call it, it’s sort of a well-meaning class and 
it’s to get us around the whole issue of well-meaning and well-being” (C1-07)  
 

6.12.2 Barriers Related to Recovery of Cognitive Function At 6 Months  

 
One participant described a lack of equipment as a barrier. For example, not receiving a 

binder for his hernia would have helped him mentally. One patient also suggested age 

as a potential barrier. 
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“So, if you got the binder then during this time since we last saw you, you feel that 
might have been something… Aye. Certainly, it would have helped mentally” (C2-
02) 
 
“It’s just. I don’t know. It’s down to getting old.” (C2-01)  
 
6.12.3 Recovery of Cognitive Function Similarities and Differences At 12 Months 

 
At one year following post-hospital discharge, participants described feeling as though 

they had been through a battle, and some described feeling better. Participants 

described feeling mentally better and more comfortable at twelve-months following 

hospital discharge. They were also experiencing fewer flashbacks and panic attacks due 

to self-help, putting negative thoughts to the back of their mind and being busy with work. 

Participants also described speed increases with spelling and memory and feeling more 

focused.  In contrast, some participants were still experiencing memory and 

concentrations issues such as forgetfulness and short-term memory loss. Some patients 

felt their memory and concentration levels were steadily getting worse, and some 

described not feeling the same (cognitively) when compared to their pre-ICU status. 

 
“To tell you the truth, I feel as though I have almost battled you know I came up, 
which was great and now I’m just whizzing along as I don’t have the support of 
those things. They worked and they were supposed to work, the brought me back 
to a level they thought I would gain, which was great” (C1-07) 
 
“Mentally better maybe. If you know what I mean” (C3-03) 
 
“I’m not getting as many flashbacks and things. You know. As much. And I need 
to be able to deal with it and to rationally sort of put it at the back of my head” (C5-
03) 
 
 “You know. But that there and memory is probably the things that I’ve noticed the 
most. Concentration and memory” (C5-01) 
 
“I definitely in my head I don’t feel the same way as I used to. I don’t feel the same 
way that I used to last March. March 2018, I got sick in the September. So it’s from 
September 2018. So pre-September 2018, I felt fine. But I truly feel as though my 
head is not functioning the same way that it used to. There’s something not right.” 
(C1-07) 
 
At twelve-months post-hospital discharge participants were less reliant on healthcare 

services i.e., occupational therapy, psychological support and well-meaning classes, and 

technology such as health apps to relive anxiety due to sleeping better. Some 

participants were back to full-time work duties, and back to doing the same activities they 

previously did before they became critically ill.  
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“I don’t have the support of those things. They worked and they were supposed 
to work, the brought me back to a level they thought I would gain, which was great” 
(C1-07) 
 
“Yeah, not using it (health apps to relieve anxiety). I still have it. I just don’t find I 
need it. As much now. Used to be that I would sort of take little panic attacks and 
my sleeping is much better than it was now” (C5-03) 
 
“Sort of back to my I went back to my full-time duties” (C5-03) 
 
Participants were unsure how or why they felt better, and some described no changes 

in cognitive function since visit 3 (6 Months following hospital discharge).  

 
“Mentally better maybe. If you know what I mean But I don’t know why or how” 
(C3-03) 
 
“No just I’m a bit more comfortable with but no I don’t think there’s any change.” 
(C2-03) 
 
Some new additional facilitators for the recovery of cognitive function were described at 

twelve months following hospital discharge. For example, watching quiz programmes, 

setting reminders on mobile phones, enrolling in online courses and taking part in 

cognitive behaviour therapy, as well as pushing themselves and setting goals were some 

new facilitators described. Healthcare service support from the Psychiatrist were 

identified as being important too. Feeling physically stronger at twelve-months post-

hospital discharge has also helped some participants feel mentally better. Getting back 

into previous sports such as coaching has helped with mental processing as well as 

planning ahead of journeys. 

 
“I’m watching quiz programmes and I’m getting quite good at them.” (C1-07) 
 
“Put things in my phone to remind me and yeah I suppose I do more of these 
things I wouldn’t have done you know reminders on my phone just to keep track 
of things” (C5-03) 
 
“No, I’ve been on courses where I’ve done cognitive behavioural” (C5-01) 
 
“There’s one girl I was talking to up in the psychiatric side of things and she was 
very good.” (C5-04) 
 
“I think just being more physically stronger, has helped me mentally” (C5-04) 
 
“You know possibly with as I say getting involved with a wee bit of coaching again, 
gives you something to look at. Gives you something, you sit down, and you work 
out systems of play and obviously you are sitting working out how to set up you 
know drills and stuff like that. So that has helped” (C5-04) 
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Suicidal thoughts and not being able to get to the bottom of their mental health problems 

was a major barrier and the need for psychological support was highlighted at twelve-

months following hospital discharge. 

 
“I’m starting to accept that it’s the medication because I’m told it’s medication. 
You know. Everything else, I think there’s more to it. I think there’s more 
underlying problems. But- “(C5-04) 
 
6.13 Core Theme 3: General Recovery at 6 Months  
 
6.13.1  Recovery During ICU and Hospital Stay  

 

Some participants described their recovery during ICU and hospital stay; they felt as if 

they did not matter, as well as feeling traumatised, having difficulty with coming to terms 

with reality and experiencing weird dreams.  In contrast, some participants described 

positive memories, and some felt the ICU/hospital experience was needed to help them 

get back on the right track. 

 

“Well, even before that nobody, I have to say, nobody asked me once I came round 
about my ICU experience. And I have to say I was quite traumatised by it” (C1-07) 
 
“My,my, my ability to workout reality as opposed to the something I was imagining 
were morphed into one and nobody for  me out” (C1-07) 
 
 “I was so sick I needed something and that was the place that got me the 
transition of being better and being alive, so I think I don’t have bad memories, 
thank, touchwood that I don’t. So, it was positive” (C2-04) 
 

Participants also described general recovery facilitators and barriers, as well as gaps in 

the healthcare service to support general recovery and their recovery experience during 

ICU and hospital stay at six-months following post-hospital discharge. 

 

6.13.2 General Recovery Facilitators At 6 Months   

 
Participants described some facilitators to general recovery; they described having 

support from family and healthcare professional, e.g., dietician, ICU staff and GP. 

Participants described some methods they used to improve their general recovery, such 

as using the internet to source information to support their recovery and having a goal to 

enjoy and relax more. Nutritional support such as receiving nutritional drinks during ICU 

stay and taking daily vitamins following hospital discharge were highlighted too.   
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“I think I was lucky in that I had family support” (C1-08) 
 
“Um, well, I was with the dietician a few months ago and that sort of helped out” 
 
“My own GPs have been fantastic.” (C1-08) 
 
“Personally, a lot of stuff was online. It was sourcing my own illness… Finding 
information from the internet” (C1-03) 
 

6.13.3 General Recovery Barriers At 6 Months 

 
Some participants described physical problems associated with their general recovery, 

including vocal cord damage and low energy levels. Waiting for treatment to prevent 

further repercussions was also perceived as a general recovery barrier. 

 
“I still just going back to that other thing about the support. If i’d had support, it 
would have made a wile difference. It makes the world of difference. It’s so cray 
that they didn’t sort it out within two weeks.” (C2-03) 
 
“You know this thing in my throat was when they put the breathing apparatus 
down my throat, and it suffocated me. One of my vocal cords and my throat still 
hasn’t come back” (C1-07) 
 
 
6.13.4 General Recovery Similarities and Differences At 12 Months 

 
Some participants were still recovering at twelve-months following post-hospital 

discharge. For example, some participants felt their physical health conditions were still 

holding them back at twelve-months. However, some participants felt they had come a 

long way since their first research study visit (2 weeks following hospital discharge), 

some participants were unsure as to why they felt better, some believe it was due to 

time. 

 
“If they fixed my hernias it would help me. You know. I know that. I feel as if that’s 
the only thing holding me back now.” (C5-01) 
  
“Because I feel I’ve come a long way from the first time I walked in here.” (C5-01) 
 
“It just time. It just takes time” (C3-03) 
 
Some participants highlighted additional facilitators and barriers related to their general 

recovery at twelve-months post-hospital discharge. Attending hospital outpatient 

appointments facilitated their general recovery. In terms of barriers, one participant 
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described feeling rubbish due to having difficulty using her voice; this presented 

challenges when trying to order and buy drinks in tea shops and bars. 

 
"I also likely, or I will be likely, I will be getting an appointment shortly to go and 
see a referral nurse to talk about the operation on my throat. Which they, I’m still 
in line for. So I’ve had various interactions with things that are coming along and 
that are helping me. For sure” (C1-07) 
 
“That’s it more or less. I think, if you ask me how I feel now, a bit rubbish to tell 
you the truth. Because it is the voice thing. It’s very annoying. Because well XXXX 
could probably tell you it’s great I can’t hear her anymore. But it’s hard for me, see 
if I was in a busy tea shop, or a busy bar even…Trying to address, trying to get, 
buy drinks, it’s impossible.” (C1-07) 
 
Some participants also described the need to be signposted to healthcare services and 

receiving support with getting back up on their feet, participating in hobbies they once 

enjoyed and getting back to work. A lack of encouragement and guidance from the 

healthcare service, i.e., a lack of assistance with accessing services such as Citizens 

Advice was also highlighted. 

 
“I need signposted to where.” (C1-07) 
 
“From, from the hospital. What department I don’t know. Just to get me back up 
on my feet again. And get me back involved in coaching again. Or in back into 
work.” (C5-04) 
 
“If it was left up to most individuals, I don’t think they would help themselves. I 
think they need guidance.” (C5-04) 
 
“Encouragement from more people. Within the health system.” (C5-04) 
 
“There’s no back up. To tell people how to go about it. Say if somebody mentions 
the Citizens Advice, yeah. It’s not a nice place to go into. When you’ve not been 
on the sick before. On you know. Help. Before. So, things like that need looked 
at.” (C5-04) 
 

6.13.5 Gaps in Healthcare Service to Support General Recovery 

 
Suggestions for some form of support were expressed by some participants, such as 

having the opportunity to talk to someone that had been through a similar experience, 

as well as having the opportunity to talk to someone about their recovery and have 

specific questions answered. Participants also described a gap in the post-recovery 

services following hospital discharge such as lack of follow-up, feedback and 

recommended wellbeing services from their GP. A lack of perceived information 

regarding their recovery following critical illness was evident as some participants felt 

they did not fully understand their critical illness. One participant would have liked to have 
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received more information during her recovery. A need for plain patient-friendly 

nonmedical language and financial support was also expressed. In contrast, some 

participants were uncertain with regards to services they felt were missing from the 

healthcare service to facilitate their general recovery. 

 

“I still just going back to that other thing about the support. If i’d had support, it 
would have made a wile difference. It makes the world of difference. It’s so cray 
that they didn’t sort it out within two weeks.” (C2-03) 
 
“Exactly I mean there was no help with recovery from that perspective. There was 
no follow up..” (C1-03). 
 
“Lack of information and getting to know what your symptoms are. And what your 
situation is” (C5-04) 
 
“I think if somebody could come and explain finances” (C1-07) 
 
“I don’t know what they could do (C5-04)” 
 
6.14 Core Theme 4: Views About Outcome Measures  
 
A range of outcome measures was completed at the research visits. Participants wore 

an ActiGraph activity monitor for 7 days, completed an exercise test (MSWT) and paper-

based questionnaires. Some patients expressed their views about the ActiGraph activity 

monitor and paper-based questionnaires. 

 
6.14.1 Actigraph Activity Monitor  

 
Participant’s comments regarding the ActiGraph physical activity monitor were 

predominately positive. The majority of patient’s comments were positive with regards to 

the monitor being comfortable and unobtrusive when worn. The ActiGraph also 

encouraged participants to engage in more physical activity. In contrast, some patients 

had an unfavourable view, i.e., uncomfortable and tight when worn, and some patients 

found it challenging to remember to wear the ActiGraph. Placing the ActiGraph next to 

their medications, bed, or phone helped remind the participants to wear the ActiGraph. 

Participants would not change anything with regards to the ActiGraph and were unsure 

of systems that could be used to make measuring physical activity better. One participant 

expressed their views with regards to the paper-based questionnaires. Interestingly, this 

participant felt some of the questionnaires did not truly reflect how he felt. 

 
“Was not a nuisance to wear the activity monitor” (C2-01) 
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“Just as you say that wee thing there (ActiGraph) too would encourage me around 
the house…It would encourage me to get up and do wee things” (C5-01) 
“I actually felt it quite uncomfortable” (C5-03) 
 
“…just happened to me maybe twice, and that’s when I forgot to put it back on.” 
(C1-07) 
“I have it next to my bed so that I you know it’s next to my phone and my bed and 
I had a pen there to put it you know to do it.” (C5-03) 
 
“But it’s just, just I don’t know. And I don’t know any other system. You know 
which would make it better.” (C5-04) 
 
“Yeah, I would say the questionnaire doesn’t because in my answers I had to 
answer, I had to answer a question… Whereas in some of the questions I couldn’t 
answer. So, you’ve taken an option which is not reflecting on my own personal 
condition” (C5-04) 
 

6.15 Discussion 
 
The recovery of physical activity, physical function and cognitive function is an individual 

and complex process. At six months and twelve-months following hospital discharge it is 

evident that more than half of post-ICU patients are still recovering, and problems relating 

to the recovery of physical activity, physical function and cognitive function are still 

persistent. Participants described a diverse range of impairments; several facilitators and 

barriers that contributed and hindered their recovery of physical activity, physical function 

and cognitive function following critical illness. In addition, significant gaps and missing 

healthcare services were identified by post-ICU patients at six and twelve-months 

following discharge from an intensive care unit.  

 

6.15.1 Natural Recovery Pathway for Physical Activity, Physical Function and 

Cognitive Function up to 12 months following hospital discharge. 

 
For many post-ICU patients, recovery is a prolonged struggle [Nelderup et al., 2018]. 

This protracted struggle is clearly demonstrated in the qualitative component of the 

Physical Activity and Function after ICU study; post-ICU patients in this study expressed 

limited recovery of physical activity, physical function and cognitive function at six 

months, and while most patients perceived that they had made good improvements by 

twelve-months, especially when they reflected back to the first few weeks after hospital 

discharge, most patients did not feel fully back to their normal levels of physical activity, 

physical function or cognitive function at twelve-months following hospital discharge. 
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Consistent with previous research, the most commonly reported barriers by participants 

for engaging in physical activity and performing activities of daily living were pain, 

dizziness, weakness and tiredness at 6-months following post hospital discharge post- 

[Battle et al., 2013; Thurston et al., 2020; Pattison et al.,2015]. The inability to walk and 

perform activities of daily living has previously been described by the post-ICU 

population [Walker et al., 2014; Ågård et al., 2012; Pattison et al.,2015]. 

 

With regards to the natural recovery pathway for cognitive function, participants 

described challenges specifically related to memory and concentration at 6-months 

following post-hospital discharge. As a result, participants expressed difficulty with 

remembering names, recognising faces and completing tasks at home. Persistent 

cognitive deficits including memory problems such as amnesia, forgetfulness, and 

disruption of procedural memory; problems with attention and concentration; executive 

dysfunction such as difficulty in completing tasks, multitasking, problem solving, and 

decision making; and mental slowness have previously been reported in the post-ICU 

population [Lim et al., 2016; König et al., 2018; Cox et al., 2009; Ågård et al.,2012].  

 

As participants progressed throughout the recovery trajectory, participants described a 

wide array of physical activity, physical function and cognitive recovery trajectories up to 

twelve-months following hospital discharge. Although some patients in the current study 

described improvements or felt recovered with regards to their physical activity, physical 

function and cognitive function (e.g., improvements with balance, experiencing fewer 

flashbacks and panic attacks), some participants were still experiencing challenges with 

physical strength, functional capacity and performing activities of daily living, memory 

and concentration issues at twelve-months post-ICU discharge. 

 

 The wide array of physical activity, physical function and cognitive recovery trajectories 

described up to twelve-months following hospital discharge is echoed in previous 

qualitative studies exploring patient perceptions of recovery following discharge from the 

intensive care unit [Allum et al., 2017; Ågård et al. 2012, Lim et al., 2016; König et al., 

2018].  

 

6.15.2 Use of Healthcare Services to Support the Recovery of Physical Activity, 

Physical Function and Cognitive Function 

 
Attending hospital outpatient appointments with Occupational Therapists, 

Physiotherapists, Psychologists, as well as attending well-meaning classes facilitated 
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their recovery of physical activity, physical function and cognitive function up to twelve-

months following post-hospital discharge. The role of rehabilitation classes and 

Physiotherapy are commonly cited enablers of physical activity and physical function 

following critical illness [Ferguson et al., 2017; Sottile et al., 2015], and Psychologists 

have shown to be beneficial for supporting post-ICU patients following critical illness 

[Prinjha, et al., 2009]. Furthermore, psychological intervention is likely to improve 

recovery [Aitken et al., 2016]; patients that do not receive sufficient psychological input 

may require more psychological follow-up [Haraldsson et al., 2015]. 

 

At twelve-months post-hospital discharge, some participants were less reliant on 

Occupational Therapists, Physiotherapists, Psychologists as they felt their needs had 

been addressed. In contrast, some participants were still requiring cognitive behaviour 

therapy, and some expressed the need for more psychological support at twelve-months 

following hospital discharge. Previous post-ICU patients have highlighted the importance 

of referral for cognitive behavioural therapy [Bench et al., 2016]. Suicidal thoughts and 

not being able to get the bottom of their mental health problems was highlighted as a 

major key barrier at twelve-months hospital discharge; suicidal thoughts are increasingly 

recognised among patients who survive an intensive care admission [Clancy et al., 

2015]. Moreover, patients expressed difficulties with attending hospital outpatient 

appointments due to a lack of available transport; this was perceived as an additional 

barrier at twelve-months following post-hospital discharge. Similarly, Bakhru et al. [2019] 

highlighted transport difficulties as a barrier with regards to patients attending post-ICU 

clinics. 

 
6.15.3 Use of Equipment and Technology to Support the Recovery of Physical Activity, 

Physical Function and Cognitive Function 

 

This study highlighted that participants were able to facilitate their recovery of physical 

activity, physical function and cognitive function to meet their own needs by relying on 

equipment and technology. The use of walking aids and iPads/iPhones to listen to music 

and health apps to manage stress and anxiety, were some methods implemented to 

facilitate their recovery of physical activity, physical function and cognitive function. 

Throughout the recovery trajectory participants were relying less on equipment and 

technology, i.e., walking aids and health apps up to twelve-months following post-

hospital discharge. Similarly, Griffiths et al. [2013] reported post-ICU patients requiring 

less assistance with activities of daily living; specifically, 25% of post ICU patients 

required assistance with activities of daily living at 6 months post-ICU discharge, at 
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twelve-months post-ICU discharge this figure had slightly fallen to 22%.  Moreover, 

Ågård et al., 2012 described post-ICU patients gradually attempting to reduce their 

dependency with performing activities of daily living. Our findings also revealed a lack of 

access to equipment as barrier for the recovery of physical activity and physical function 

for the post-ICU population, lack of access to equipment have been identified as 

influential barriers for the engagement of physical activity in the post-ICU population 

[Parry et al., 2017B]. 

 

6.15.4 Recovery During ICU and Hospital Stay 

 
Although it was not a key aim of the study, patients spent time reflecting on their ICU 

stay at both the six and twelve-month interviews. They described feeling traumatised, 

experiencing weird dreams and having difficulty with coming to terms with reality. A stay 

in the intensive care unit represented a traumatic experience for some of the participants. 

As detailed in the Physical Function and Activity after ICU study (Chapter 5); 60% of 

patients at visit 1, 42% of patients at visit 2, 27.2% of patients at visit 3 and 30% of 

patients at visit 4 were at risk of developing PTSD, as indicated by scoring 45 and above 

on the UK-PTSS-14 questionnaire. This development of posttraumatic symptoms has 

previously been described in quantitative studies of survivors of critical illness [Parker et 

al., 2015]. The development of specific factors that seem to contribute to the 

development of PTSD has previously been described; namely, issues related to memory 

problems and the quality of the patient’s memories; and accordingly, patients with PTSD 

often have poor recall of their ICU stay (false memories, poor memory, frightening 

memories, or psychotic experiences) [Davydow et al., 2008; Granja et al., 2008; Jones 

et al.,2001]. 

 
6.15.5 Link Between Patient Views, Gaps in The Healthcare Services and Current 

NICE Guidelines 

 
The findings from this qualitative study provide perspectives and experiences associated 

with the recovery of physical activity, physical function and cognitive function at 6 and 

12-months following post-hospital discharge, subsequently reinforcing the gaps between 

patient perspective on recovery and what is currently recommended in the NICE 

guidelines [Rehabilitation after Critical Illness in Adults, 2009]. At present, the NICE 

guidelines provide practical recommendations for rehabilitation after critical illness, and 

these recommendations were largely based on expert consensus due to the lack of 

published evidence at that time. 
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In terms of physical activity and physical function recovery, participants told us about the 

need for some form of rehabilitation or exercise to understand or adapt to physical 

limitations or to reduce physical limitations. The need for some form of rehabilitation or 

exercise following post-hospital discharge substantiates the recommendation for 

rehabilitation and exercise in the NICE guidelines [Rehabilitation after Critical Illness, 

2009]. 

 

The guidelines recommend a structured rehabilitation programme throughout the 

recovery continuum (during ICU stay, on the ward and following hospital discharge), for 

patients at risk; rehabilitation should be started as early as clinically possible, based on 

the comprehensive clinical assessment and the rehabilitation goals [Rehabilitation after 

Critical Illness, 2009]. It is important to highlight that the rehabilitation should be 

individualised and include comprehensive clinical reassessment to identify patient’s 

rehabilitation needs. Furthermore, at 2-3 months following discharge from critical care, 

patients with rehabilitation needs should be reviewed, assessments should include a 

functional reassessment of their health and social care needs including physical 

problems, sensory problems, communication problems, social care or equipment needs, 

anxiety, depression, post-traumatic stress-related symptoms, behavioural and cognitive 

problems and psychosocial problems [Rehabilitation after Critical Illness, 2009]. The 

diverse and variable problems participants identified confirms the need for this 

individualised approach. The need for some form of rehabilitation has been previously 

advocated by other post-ICU patients [Deacon, 2012]. Interestingly, post-ICU patients 

that had participated in a six-week supervised exercise programme delivered at three 

months post-hospital discharge stated they would highly recommend the exercise 

programme to other post-ICU patients [Battle et al., 2019].  The NICE guidelines should 

consider further recommendations about the types and locations of exercises classes for 

post-ICU patients e.g., within local community settings. 

 

In terms of general recovery, participants expressed the need to talk to someone about 

their recovery or someone that has been through a similar experience. Chaboyer and 

Grace [2003] described survivors of critical illness gained comfort from identifying with 

others’ experiences, and this helped normalise their own experience. The NICE 

guidelines are not specific with regards to providing post-ICU patients with the 

opportunity to discuss their critical illness with a healthcare professional or other post-

ICU patients. Similarly, other post-ICU patients have highlighted the need for information 

to enable them to understand their ICU admission and their current health status during 
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post-hospital discharge [Czerwonka et al., 2015]. The opportunity to ask questions and 

receive feedback with regards to their recovery progress was not reciprocated due to a 

lack of follow-up services available and contact from healthcare services; these issues 

have previously been described by other post-ICU patients [Czerwonka et al., 2015; 

Prinjha et al.,2009]. Providing the opportunity for post-ICU patients to ask questions and 

gain knowledge of their intensive care stay does provide some security for the post-ICU 

population [Haraldsson et al., 2015]. Based on this information NICE guidelines could 

consider advocating support groups and the provision of opportunities for patients to ask 

questions to best support general recovery following critical illness. 

 

Participants described a lack of attention and follow-up from healthcare professionals, 

difficulty with accessing wellbeing services from their GP following post-hospital 

discharge, and the need for patient-friendly information and financial assistance. This 

gap could be met in several ways, e.g., being able to self-refer to services, offer of follow 

up at several points along the recovery pathway as opposed to just one timepoint, a 

central point of contact to triage patients to the appropriate service based on the patients 

identified needs, and communication with GPs to raise awareness of the problem’s 

patients face following discharge from the ICU. 

 

The need to follow-up and provide feedback to post-ICU patients is clearly recommended 

within the NICE guidelines, specifically, before discharge to home or community care; 

discharge arrangements including appropriate referrals for the necessary ongoing care 

are in place before completing the discharge, and discharge documents should be 

completed and forwarded to the appropriate post-discharge services [Rehabilitation after 

Critical Illness, 2009]. Participants in this study do not appear to have been consistently 

provided with this, and further strategies could be explored to help implement this 

recommendation. Similarly, other post-ICU studies highlighted the significant challenges 

patients face with accessing services following post-hospital discharge [Lee et al., 2009; 

Walker et al., 2014]. Post-ICU patients have expressed the need for better integration 

between in-patient and community services [Lee et al., 2009], as well as wanting more 

practical information and assistance to accessing available services post-hospital 

discharge [Walker et al., 2014]. Strategies to improve communication between in-patient 

and out-patient services need to be further explored and developed to help improve 

patient-reported outcomes, as well as patient satisfaction following critical illness. 

 

Patients should also be given information about their physical recovery, based on the 

goals set during ward-based care if applicable, and a copy of their critical care discharge 
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summary, and have their condition explained to them [Rehabilitation after Critical Illness, 

2009]. Patient discharge summaries are likely to be a useful adjunct to existing 

information strategies, by helping patients understand their critical care experience, the 

first step towards recovery [Bench et al., 2014; Singer, 2020]. The NICE guidelines do 

not state that this information should be given in a patient-friendly manner [Rehabilitation 

after Critical Illness in Adults, 2009]. None of the less information given to post-ICU 

patients should be presented in a patient-friendly manner for patients to understand their 

critical illness experience [Singer, 2020].   

 

If applicable, information about returning to work, housing and benefits should be given 

to post-ICU patients following hospital discharge [Rehabilitation after Critical Illness in 

Adults, 2009]. Chaboyer and Grace [2003] described post-ICU patients received 

inadequate financial assistance following ICU discharge. NICE should consider providing 

better access to financial support services for the post-ICU population following hospital 

discharge. 

 

 

6.16 Study Strengths  
 
The strengths of this study include the exploration of both medium and longer-term 

perspectives of recovery (six months and twelve-months) following post-hospital 

discharge. This study followed sound qualitative methods [King et al., 1998]; rigour was 

ensured by having a study protocol prepared in advance, and importantly a robust data 

cross-checking and analysis process helped to enhance the trustworthiness of the 

findings. Finally, a pre-determined framework allowed us to produce a detailed and 

systematic recording of the themes that emerged from the data and used the data itself 

to derive the structure of the analysis framework. 

 
6.17 Study limitations 
In terms of limitations surrounding this study, the same researcher (NG) conducted the 

interviews and analysis however, the semi-structured interview approach, i.e., using a 

schedule of topics/questions as well as the methods of analysis helped minimise any 

bias. Moreover, some of the questions included in the interview may have encouraged 

yes/no responses. As previously described, the researchers (NG, JB and BO’N) did 

prompt participants when brief answers were provided in order to extract further details. 

An option would have been to conduct focus groups. Still, it was not possible to have 
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focus groups as practically patients were attending individual appointments, and these 

were spread out geographically across Northern Ireland. 

 

6.18 Conclusion 
 
The natural trajectory of recovery at six- and twelve-months following discharge from an 

intensive care unit is a complex individual pathway. Participants described a diverse 

range of impairments, including reduced physical activity levels, physical function and 

cognitive impairments. It is evident that these impairments are still present at twelve-

months following discharge ICU; indicating that post-ICU patients are still recovering up 

to one year following ICU discharge. This qualitative study provides new information 

about patients' perceptions of how the recovery of physical activity, physical function and 

cognitive function could be facilitated by encouraging and implementing the use of both 

patient-directed strategies as well as health care services following hospital discharge. 

The barriers, limitations and challenges to recovery show that not all patients can 

overcome or address recovery needs by themselves. 

 

The findings from this qualitative study have provided a further rationale to underpin 

some of the recommendations made in the NICE guidelines, as well as highlighting 

additional specific gaps in services and healthcare that are missing. Healthcare 

professionals and researchers should consider focusing on how to address these gaps 

and missing healthcare services. This will help to ensure services are attuned to best 

support patient needs and their long-term shifting recovery experience.  
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7 Chapter 7: Exploration of Physical Activity, Healthcare 
Utilisation in The Healthy Population and Comparison to ICU 
Data. 
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7.1 Chapter Overview 
 
A cross-sectional study aimed to collect physical activity and healthcare utilisation data 

in the healthy population and compare physical activity levels and healthcare utilisation 

to the post-ICU population. This chapter will summarise the methods and discuss the 

results. The role of each of the study team members involved in the study is outlined in 

Table 7.1. 

 
Table 7. 1 - Steps involved and contribution by NG and other research team 
members. 

Development of the patterns of physical activity and healthcare utilisation in the 
general population research study protocol 

(NG, JB, DMcA, BB and BO’N) 
Selection of outcome measures 

(NG, JB and BO’N) 
Development of CRFs 

(NG and JB) 
Peer review of the research protocol and supporting study documents 

(KO’N) 
Recruitment of study participants 

(NG) 
Conducting and scheduling research study visits 

(NG) 
Data management 

(NG) 
Analysis of results 

(NG)  
Objective physical activity data checking and cleaning 

(JW)   
Contributed to the interpretation of the analysis of results 

(JB and BO’N) 
Completed write-up of chapter 

(NG)  
 
7.2 Introduction 
 
To contextualise physical activity patterns and healthcare utilisation in survivors of critical 

illness (Chapter 5), ideally, it would be beneficial to have the capability and means to 

understand and compare physical activity levels of the patients before ICU admission. 

As this is not a viable option, an alternative is to compare physical activity levels of 

patients following ICU discharge with a healthy population.  It is critical to collect data 

relating to physical activity and healthcare utilisation from a healthy population to 

compare physical activity and healthcare utilisation to a post-ICU population, using the 

same tools utilised in Chapter 5. 
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There are different devices available to measure physical activity levels (Chapter 2), 

physical activity monitors used in research must be practical as well as precise so that 

physical activity levels can be fully captured in other clinical populations, e.g., patients 

after ICU.  For this study, the use of the ActiGraph was selected as this reference device 

has been incorporated into previous critical care studies exploring physical activity levels 

(Chapter 2). This review highlighted heterogeneity with regards to type of physical 

activity monitor, location worn, and parameters selected to measure physical activity 

levels.  

 

The ActiGraph is reliable and accurate, however, the device expensive and the data 

derived from the ActiGraph is complex to analyse. Furthermore, the ActiGraph is not 

commercially available to the general population. Technological advancements have led 

to an emergence of consumer-based physical activity monitors such as the Fitbit, which 

have become increasingly popular. 

 

Fitbit is the leading global technology wearables brand; in 2018, it was reported Fitbit 

sold 3.5 million devices and generated a revenue of 394 million US$ [Investor Fitbit, 

2020]. Presently, Fitbit manufactures 12 different consumer-based physical activity 

monitors [Fitbit, 2020], several of which use tri-axial accelerometery to capture physical 

activity data that can be viewed on the wrist-worn Fitbit, Fitbit mobile data app or Fitbit 

website. The Fitbit Charge HR has recently been introduced into clinical research 

including Stroke [Rozanski et al., 2018], Cancer [Gresham et al., 2018] and Cardiac 

[Thijs et al., 2019] research. The Fitbit is reliable at evaluating free-living physical activity 

in healthy adults [Tully et al., 2014; Brewer et al., 2017] and daily step counts in active 

young adults [Gusmer et al., 2014]. 

 

Research using Fitbit's would help to fully understand the validity and reliability of 

physical activity outputs with comparison to ActiGraph outputs. Furthermore, 

comparisons of the ActiGraph and Fitbit may help inform the selection of appropriate 

physical activity monitors for future research in the healthy population, as well as clinical 

populations such a patients' who have had a stay in the intensive care unit. 

 

Healthcare utilisation refers to the quantification or description of healthcare services 

used by an individual for the purpose of preventing and curing health problems, as well 

as promoting maintenance of health and well-being, or obtaining information about one’s 

health status and prognosis [Gellman, 2013]. The utilisation of primary healthcare 

services can be captured from healthcare records [Canavan et al., 2015], diaries or 
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questionnaires [Peersman et al., 2013]. Self-reported healthcare utilisation 

questionnaires are most commonly used [Cailhol et al., 2013; Barker et al., 2018; Bradley 

et al., 2012] and are regarded as a valid method for the collection of healthcare utilisation 

data [Leggett et al., 2016]. The inclusion of healthcare utilisation data from the general 

population would enable comparisons with the post-ICU population (Chapter 5). 

 

7.3 Aim 
This study aimed to collect data relating to physical activity and healthcare utilisation in 

a healthy population aged over 40 years old. 

 

7.4 Subsidiary Aims 
 
The subsidiary aims of this chapter were: 

 
I. To explore physical activity (daily step counts, average daily light-lifestyle, fairly 

and very physically active data, MVPA and sedentary behaviour) in a healthy 
population aged over 40 years old. 

 
II. To explore differences in physical activity parameters (average daily step counts, 

average daily light physical activity and daily average minutes spent sedentary) 
as measured by the ActiGraph and Fitbit in the healthy population aged over 40 
years old. 

 
III. To describe healthcare utilisation (place of residence, support received, and 

healthcare services used) in the healthy population aged over 40 years old. 
 
IV. To compare physical activity and healthcare utilisation for the healthy population 

to the population following a stay in intensive care (Chapter 5). 
 

7.5 Methods  

 

7.5.1 Study Design  

 
A cross-sectional study design using quantitative methodologies was used to assess 

physical activity and healthcare utilisation in 67 Male and Female healthy local 

participants aged over 40 years old, using an ActiGraph, Fitbit, and a healthcare 

utilisation questionnaire. 
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7.5.2 Ethics and Governance 

 
The Queen’s University, School of Medicine, Dentistry and Biomedical Sciences 

Research Ethics Committee (4th March 2019) approved the study protocol (Appendix 

26). Recruitment was solely based at Queen’s University Belfast. 

 

7.5.3 Participants 

 
Between March 2019 to October 2019, 67 healthy Caucasian participants were recruited 

from a convenience sample from Queen's University Belfast, family members and 

friends, BCH staff and local community social events. The research assessor (NG) 

attended local community social events, such as local tea dances, volunteer events and 

the Balmoral show (Northern Ireland's largest agricultural event) to promote the study 

and recruit participants. This provided NG with the opportunity to approach and discuss 

the research study with potential participants and answer any queries. All individuals who 

expressed an interest in the study also received a participant information sheet (PIS) and 

were asked to leave a contact telephone number and email address. Study recruitment 

posters were also placed around convenient locations across Queen's University and 

the University floor of BCH. Study recruitment emails were also sent to all Queen's 

University staff members via "Staff Round-up", an online communication distributed to 

staff each Monday via email with a round-up of announcements and events for staff. If 

interested, individuals contacted NG on the email address provided on the recruitment 

poster/staff round-up email. NG then contacted the interested participants (recruited via 

poster or email) via email and provided them with a participant information sheet. All 

potential participants had at least 48 hours to consider taking part in the study; at the end 

of the 48-hour period, NG contacted individuals to check participant eligibility and to 

arrange an appointment. 

 
7.5.4 Inclusion Criteria  

 
Inclusion criteria were ≥ 40 aged years.  

 

7.5.5 Exclusion Criteria  

 
Exclusion criteria were individuals who participated in regular exercise at a vigorous level 

>180 minutes/week; any self-reported significant conditions that preclude participation 

based on self-reports from the participant or any history of an ICU admission.  
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7.5.6 Study Visits  

 
Figure 7.1 shows the flow of participants through the study. Of the 79 participants 

approached, 12 participants decided they no longer wanted to be considered for the 

study. Participants (n=67) made one visit to the NICRF, Queen’s University Belfast, or if 

requested, the visit took place at an alternative location more convenient for the 

participant. The study visit lasted approximately 25 minutes. It involved confirmation that 

the participant met the inclusion/exclusion criteria, obtaining written informed consent 

and collection of demographic information (gender, age, weight, living arrangement, 

occupation, and ethnic origin). The participants were required to wear the ActiGraph and 

Fitbit for seven consecutive days (wearing the ActiGraph during all waking hours and the 

Fitbit during all hours). Participants were familiarised with how to use and wear the 

ActiGraph and Fitbit appropriately. A reminder system, for example, a text message or 

phone call, was also offered to encourage adherence in wearing the ActiGraph and Fitbit. 

Participants were also required to complete the self-administered healthcare utilisation 

questionnaire. Participants were entered into a draw with a chance to win an iPad at the 

end of the study. 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. 1 - Flowchart Showing Patient Recruitment for the ‘Exploration of 
Physical Activity, Healthcare Utilisation in The Healthy Population and 

Comparison to ICU Data 

 
7.5.7 ActiGraph Activity Monitor  

 
The ActiGraph activity monitor used in this study have already been described in Chapter 

3. 
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7.5.8 Fitbit Activity Monitor 

 
The Fitbit Charge 2 is a tri-axial accelerometer (32 grams; 129 mm x 225mm x 2109 mm) 

worn around the wrist. The total cost for one large Fitbit Charge 2 costs £79.99, and one 

small Fitbit Charge 2 costs £128.00. The Fitbit Charge 2 provides real-time data such as 

steps taken, current heart rate, distance covered, calories burned, and floors climbed. 

The Fitbit Charge 2 allows for comfortable wearing and easy use. All Fitbit activity 

monitors were initialised using the online Fitbit dashboard application by the research 

assessor (NG). To protect patient data confidentiality, each participant was logged into 

the Fitbit dashboard application using an anonymised study identifier email address. The 

Fitbit web-based application also stored information, transferred and “synced” the device 

with the Fitbit dashboard application at the end of each wear-period, once the activity 

monitor was returned to NG. All Fitbits were fitted to each participant by NG to ensure 

the device was fitted comfortably and positioned correctly on their wrist. All participants 

were given written and verbal instructions on care for the Fitbit device, including removal 

during bathing and the need for charging every 3 days. 

 

7.5.9 Healthcare Utilisation Questionnaire  

 
The healthcare utilisation questionnaire used in this study has already been described 

in Chapter 3. The healthcare utilisation questionnaire was amended so that the wording 

of the questions was appropriate for the healthy population and did not include “since 

ICU stay” (Appendix 27).  

 
7.6 Data Analysis  
 
All data was electronically inputted from the CRF into an excel spreadsheet after each 

study visit. This was completed once by NG. Following the completion of data input, NG 

entered the data into SPSS version 21.0 for Windows (SPSS Inc, Chicago IL, USA). 

ActiGraph data was checked by NG and JW. This was done systematically throughout 

the downloading and scoring process to ensure the accuracy of the data being 

transferred to SPSS for analysis (Appendix 6). Fitbit physical activity data was 

downloaded from the proprietary software at Fitbit.com and electronically inputted into 

an excel spreadsheet for analysis. 
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7.7 Statistical Analysis  
 
Descriptive statistics were used to summarise demographic characteristics, ActiGraph 

and Fitbit physical activity data, and healthcare utilisation data. Data from the healthy 

participants (n=67) were compared to 29 physical activity datasets from the post-ICU 

population up to 1-year following ICU discharge (Chapter 5). Independent sample t-tests 

were used to explore the differences in physical activity parameters (average daily step 

counts, average daily length of time in lightly active minutes and average daily length of 

time spent sedentary (minutes) between the healthy population and post-ICU population. 

Pearson’s correlation coefficients were used to assess the strength of the relationship 

between ActiGraph and Fitbit Charge 2 for average daily step counts, average daily 

length of time in lightly active minutes and average daily length of time spent sedentary 

(minutes) for the healthy population. Bland–Altman plots were used to illustrate levels of 

agreement between the ActiGraph and Fitbit Charge 2 for average daily step counts. 

Paired t-test was used to detect differences between the ActiGraph and Fitbit Charge 2 

for average daily length of time in lightly active minutes and average daily length of time 

spent sedentary (minutes) for the healthy population. All statistical analysis was carried 

out using SPSS version 21.0 for Windows (SPSS Inc, Chicago IL, USA). Statistical 

significance was set at p<0.05. 

 
7.8 Results  
 

7.8.1 Participant Demographics 

 
Sixty-seven participants completed the study visit (Figure 7.1). Participant demographics 

are provided in Table 7.2. Mean age was 55 ± 11.0 years old, there were more Females 

(n= 50, 74.6%) versus Males (n=17, 22.3%). 
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Table 7. 2 - Demographic Characteristics of The Healthy Population (N=67) 

Age (years) 55.6 ± 11.0 
Gender (male/female)  17 [25.3] /50 [74.6]  
Weight (kg) 76.4 [22.3] 
Living arrangement 
Alone  
With partner 
Family Member 

 
10 [14.9] 
42 [62.6] 
15 [22.3] 

Education 
Some secondary school or less 
Secondary school qualifications  
Vocational College  
A-Levels 
University Degree  
Post-graduate degree 

 
5 [3.3] 
12 [17.91] 
7 [10.4] 
7 [10.4] 
18 [26.8] 
18 [26.8] 

Occupation 
Working full or part time 
Not working for other reasons/ retired 

 
57 [85] 
10 [14.9] 

Ethnic Origin 
Caucasian  

 
67 [100] 

Results are Mean ± SD or frequency [%] 
 

7.8.2 Physical Activity Levels 

 
Table 7.4 summaries the objective physical activity results as measured by the 

ActiGraph and Fitbit. Of the 67 participants that wore the physical activity monitors, three 

had missing ActiGraph data, and eight had missing Fitbit data (Table 7.3). For the 

ActiGraph, average daily step counts were 7856 ± 3082. Participants on average 

participated in 178.2 ± 49.1 minutes of lightly active physical activity per day, and average 

daily length of time in MVPA was 7.1 ± 4.2 minutes. Average daily time spent in sedentary 

behaviour was 614.2 ± 107.2 minutes. For the Fitbit, average daily step counts were 

10,671 ± 4363. Average daily length of time in lightly active, fairly active, very active 

physical activity, and sedentary time was 171 ± 107, 20 ± 25.7, 13 ± 16 and 1,116 ± 269.1 

minutes (Table7.4). 
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Table 7. 3 - Reasons for Missing ActiGraph and Fitbit Datasets  

 Physical Activity Monitor  
 

Reasons ActiGraph Activity Monitor 
(n=3) 

Fitbit Activity Monitor 
(n=8) 

Insufficient valid days for 
analysis 
 

1 - 

Device initialisation error 
 

2  

Sync error 
 

- 5 

Download error - 3 
 
 
Table 7. 4 - Physical Activity as Measured by The ActiGraph And Fitbit In the 
Healthy Population 

 Physical Activity Monitor  
 

Physical Activity 
Parameters 

ActiGraph Activity 
Monitor 
(n=64) 

Fitbit Activity Monitor 
(59) 

Average Daily Step 
Counts 

7856 ± 3082.3 10,671 ± 4363.3 
 

Average Daily length of 
time in Lightly Active 
(Minutes) 
 

178.2 ± 49.1 171 ± 107 

Average Daily length of 
time Fairly Active 
(Minutes) 
 

- 20 ± 25.7 

Average Daily length of 
time Very Active 
(Minutes) 
 

- 13 ± 16 

Average Daily length of 
time in MVPA (Minutes) 
 

44.3 ± 23.5 - 

Average Daily length of 
time in MVPA (%) 
 

7.1 ± 4.2 - 

Average Daily Wear Time 
(Minutes) 
 

836.8 ± 93 - 

Average Daily length of 
time in Sedentary 
(Minutes) 
 

614.2 ± 107.2 1,116 ±  269.1 
 
 

 
Average Daily length of 
time in Sedentary (%) 
 

73.1 ± 8.1 
 

- 

Results are Mean ± SD 
 
The collection of ActiGraph and Fitbit physical activity data facilitated comparisons of 

three parameters (average daily step counts, average daily length of time in lightly active 

minutes and average daily length of time spent sedentary (minutes) between the two 

physical activity monitors (Table 7.5). There were statistically significant differences 
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between the ActiGraph and Fitbit for average daily step counts (7,928 ± 3099 vs 10,685 

± 4409; p=.000) and average daily length of time spent sedentary (minutes) (609.2 ± 

110.2 vs 1,116 ± 273.1; p=.000). For average daily length of time in lightly active minutes 

there were no significant differences between the ActiGraph and Fitbit (181.6 ± 49.5 vs 

174.9 ± 105.7; p=.615). The ActiGraph significantly correlated with the Fitbit for average 

daily step counts and average daily length of time in lightly active minutes (Table 7.6). 

The Fitbit recorded significantly more average daily step counts and average daily length 

of time spent sedentary (minutes) than the ActiGraph by 29.6% (or 2756 steps/day, 

p=.000; median 9,061; interquartile range = 6,379 – 12,299) and 58.7% (or 507 

sedentary minutes/day, p=.000; interquartile range = 610- 1166). The Bland-Altman plot 

displays the level of agreement for average daily step counts as measured by the 

ActiGraph and Fitbit (Figure 7.2). A regression of the difference between the Fitbit and 

ActiGraph for average daily step counts on the mean of the two measurements was 

significant (t=4.97, p =.000), indicating significant proportional bias, meaning that the 

degree to which the Fitbit overestimated daily step counts in comparison to the ActiGraph 

increased as physical activity levels increased. Although most of the points are within 

the limits of agreement, the limits of agreement also are wide, demonstrating greater 

variation in the average daily steps measured by the ActiGraph and Fitbit.  

 
Table 7. 5 - Cumulative Physical Activity Parameter Results as Measured by The 
ActiGraph and Fitbit For the Healthy Population 

Physical Activity Parameters  ActiGraph Activity 
Monitor  
(n=58) 

Fitbit Activity 
Monitor  

(58) 

Mean 
Difference 
[CI 95%] 

 
Average Daily Step Counts 7,928 ± 3099 10,685 ± 4409 -2756.3 

[-3403.8 -
2108.8] 

 
Average Daily length of time in 

Lightly Active (Minutes) 

 
 

181.6 ± 49.5 

 
 

174.9 ± 105.7 

 
6.6 

[-19.7, 33] 
 

Average Daily length of time in 
Sedentary (Minutes) 

 

 
609.2  ± 110.2 

 
1,116 ± 271.3 

-507.4 
[-580.7, -

434.1] 
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Table 7. 6 - Correlations Between Average Daily Step Counts, Average Daily 
Length of Time in Lightly Active Minutes and Average Daily Length of Time in 
Sedentary Minutes for ActiGraph And Fitbit (N=58) 

 Fitbit (n=58) 
 Average Daily Step 

Counts 
Average Daily length 

of time in Lightly 
Active (Minutes) 

Average Daily length 
of time in Sedentary 

(Minutes) 
 

ActiGraph  .841** .339* .136 
**Correlation is significant at the 0.01 level (2-tailed).  
 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Figure 7. 2 - Bland–Altman Plot of Average Daily Step Counts Measured By 
ActiGraph And Fitbit (Healthy Participants N=58). The Solid Horizontal Line 

Corresponds to The Mean Difference (2756/Day) Between Fitbit And ActiGraph, 
While the Dashed Horizontal Lines Correspond to The Limits of Agreement (-

2070 To 7582 Steps/Day) 

 

7.9 Healthcare Utilisation 
 
Sixty-seven participants completed the healthcare utilisation questionnaire (Table 7.7). 

The majority of participants were living in their own home (94%), and none of the sixty-

seven participants received any help with their care. Healthcare service use two-weeks 

prior to their study visit was reported by 20% of participants: these included attending 

GP, Nurse, Physiotherapy, Dietician, Psychological therapy, Counselling, Hospital 

outpatient, Podiatry and Osteopath services, and two participants had a Hospital 

Admission/ Stay; it is not known why these services were utilised. 
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Table 7. 7 - Healthcare Utilisation Data for The Healthy Population 

Healthcare Utilisation  Healthy Population  
(Within the past six weeks) 

(n=67) 
Place of Residence   

Own Home 63 [94] 

With family / friend (s) 3 [4.4] 

Rental Home 1 [1.4] 

Support Received   

Yes 0 [0] 

No  67 [100] 

Specific Support Received  

Home care worker/ home help 0 [0] 

Meals on wheels 0 [0] 

Carer 0 [0] 

Other 0 [0] 

Healthcare Service Use  

Yes 20 [29.8] 

No 47 [70.1] 

Specific Healthcare Services Use   

GP 6  

Nurse 4  

Social Worker  0 

Physiotherapist  4  

Occupational therapist 0  

Speech therapist 0  

Dietician 1  

Psychological therapist 1  

Counsellor 1  

Hospital admission/stay 2  

Hospital outpatient appointment  7  

Other 2  
(Optometrist and Osteopath) 

Results are frequency [%] 
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7.10 Healthy Population Versus Post-ICU Population  
 
The collection of physical activity data from a healthy population aged over 40 years old 

facilitated comparison for average daily step counts, average daily light physical activity, 

MVPA, daily wear time and average daily length of time spent sedentary (minutes and 

percentages), as well as healthcare utilisation (place of residence, support received and 

specific healthcare service use) with the post-ICU population (Table 7.8 and Table 7.9) 

(Chapter 5).   

 

7.11 Physical Activity (ActiGraph) In the Healthy and Post-ICU Population 
 
There were statistically significant differences for average daily step counts, average 

daily length of time in lightly active minutes, average daily length of time in MVPA 

(minutes and percentage) and average daily length of time spent sedentary (percentage) 

between the healthy population and post-ICU population (across the four research study 

visits) (p<0.05) (Table 7.8). A higher proportion of the healthy population 71% (n=46) 

met the recommended physical activity guidelines of ≥ 150 minutes of at least moderate 

physical activity per week [Statistics on Obesity et al., 2020] when compared to the post-

ICU population 17.2% (n=5). Furthermore, using the graduated step-based physical 

activity index [Tudor-Locke et al., 2008], a higher proportion of post-ICU population 

compared to the healthy population were categorised as inactive (86.2% vs 18.7%).  
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Table 7. 8 - Physical Activity (ActiGraph) In the Healthy and Post-ICU Population 

 
Physical Activity – 

ActiGraph Activity Monitor   
Healthy 

Population  
(n=64) 

Post ICU Population Visit 1 – 2 
weeks following hospital 

discharge  
(n=3) 

Post ICU Population Visit 2 – 6 
weeks following hospital 

discharge  
(n=9) 

Post ICU Population Visit 3 – 6 
months following hospital 

discharge  
(n=8) 

Post ICU Population Visit 4 – 13 
months following hospital 

discharge  
(n=9) 

Mean Difference 
[CI 95%] 

Healthy Population Vs 
Visit 1 ICU Population 

Mean Difference 
[CI 95%] 

Healthy Population Vs 
Visit 2 ICU Population 

 
 
 
 

Mean Difference 
[CI 95%] 

Healthy Population Vs 
Visit 3 ICU Population 

Mean Difference 
[CI 95%] 

Healthy Population Vs 
Visit 4 ICU Population 

Average Daily Step Counts 7,928  ± 3099 1759 ±  
602.1 

2711 ± 1384.3 3,688 ± 2356.3 3288.5 ± 
1825.2 

6097* 
[2514.7, 9679.2] 

 

5145 * 
[3057.7,7232.2] 

4167.7 * 
[1910.8,6424.7] 

4567.5 * 
[246.1,6673.9] 

Average Daily length of 
time in Lightly Active 

(Minutes) 
 

 
178.2 ± 49.1 

 
105.4 ± 26.8 

 
119.9 ± 35.7 

 
133.9 ± 59  

 
134.1 ± 44.2 

72.7* 
 [15.3, 130.1] 

58.2* 
 [24.2,92.2] 

44.2* 
 [6.6, 81.8] 

44* 
[9.5,78.6] 

Average Daily length of 
time in Lightly Active (%) 

 

28.5 ± 10.3 13.9 ± 4.5  15.3 ± 4.2 16.2 ± 5.8 16.6 ± 4.8 14.5 * 
[2.5,26.6] 

13.1* 
 [6.1,20.1] 

12.2* 
 [4.8, 19.7] 

11.9* 
 [4.8,18.9] 

Average Daily length of 
time in MVPA (Minutes) 

 

44.3 ± 23.5 9.4 ± 9.4 11.5 ± 9.0 18.2 ± 14.7  13.4 ± 9.5  34.8 * 
[7.43,62.3] 

32.7* 
 [24,41.4] 

 

26.0 * 
[8.9, 43.1] 

30.8* 
 [14.9, 46.7] 

Average Daily length of 
time in MVPA (%) 

 

7.1 ± 4.2 1.3 ± 1.4 1.4 ± 1.5 2.2 ± 1.7 1.6 ± 1.0 5.7* 
 [.853, 10.7] 

5.6* 
 [4.2, 6.9] 

4.8* 
 [1.8, 7.9] 

5.45 * 
[2.6, 8.3] 

Average Daily Wear Time 
(Minutes) 

 

836.8 ± 93 766.1 ± 105.8 780.6 ± 56.8 807.4 ± 82.3 800.6 ± 83.2 70.6 [-39.5, 180.9] 56.2  
[-7.45,119.8] 

29.3 
 [-39.4,98.2] 

36.2 [-29.0,101.5] 

Average Daily length of 
time in Sedentary (Minutes) 

 

614.2  ± 107.2 651.3 ± 119.1 649.0 ± 66.5 655.2 ± 64.7 652.9 ± 73.4 37.0 [-89.9, 163.9] 34.7 [-38.6, 108.2] 
 

40.9 [ -36.6, 118.5] 37.0 [-112.4, 35.1] 

Average Daily length of 
time in Sedentary (%) 

73.1 ± 8.1 
 

84.7± 5.9 83.1 ± 5.0 81.4 ± 7.3 81.6 ± 5.5 11.5* 
 [1.9, 21.1] 

9.9* 
 [4.3, 15.6] 

8.3* 
 [2.3, 14.4] 

-8.5* 
[-14.2, -2.9] 

 
Results are mean (SD), *indicates statistically significant difference  
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7.12 Healthcare Utilisation in The Healthy and Post-ICU Population  
 

Table 7.9 displays the healthcare utilisation data captured from a healthy population, and 

the post-ICU population (Chapter 5). A large proportion of the healthy (94%) and post-

ICU population (Visit 1: 71.4%, Visit 2: 76.9%, Visit 3: 81.8%, Visit 4: 80%) were living in 

their own home and did not receive any help with their care (Healthy population: 100% 

Vs. post-ICU population Visit 1: 100%, Visit 2: 92.3%, Visit 3: 81.8%, Visit 4: 90%). A 

higher proportion of the post-ICU population (Visit: 1 64.2 %, Visit 2: 84.6 %, Visit 3: 90 

%, Visit 4: 80%) used some form of healthcare service compared to the healthy 

population (29.8%). The post-ICU and healthy populations both attended GP, Nurse, 

Physiotherapy, Dietician, Psychological Therapy, Hospital Outpatient appointments, 

there were hospital admissions, and stays reported by both populations. 
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Table 7. 9 - Healthcare Utilisation in The Healthy and Post-ICU Population 

Healthcare Utilisation  Healthy 
Population  
(Within the 

past six weeks) 
(n=67) 

Post ICU 
Population 
(Pre ICU-
Visit 1) 
(n=14) 

Post ICU 
Population 

(Visit 1-Visit 
2)  

(n=13) 

Post ICU 
Population 
(Visit 2 – 
Visit 3) 
(n=11) 

Post ICU 
 Population 

(Visit 3 – Visit 
4) 

(n=10) 
Place of Residence       

Own Home 63 [94] 10 [71.4] 10 [76.9] 9 [81.8] 8 [80] 

With family / friend (s) 3 [4.4] 2 [14.2] 2 [15.3] 1 [9] 1 [10] 

Rental Home 1 [1.4] - - - - 

Sheltered 
housing/warden-

controlled residence 

 
- 

 
2 [14.2] 

 
1 [7.6] 

 
1 [9] 

 
1 [10] 

 
Support Received  

     

Yes 0 [0] 0 [0] 1 [7.6] 2 [18.1] 1 [100] 

No  67 [100] 14 [100] 12 [92.3] 9 [81.8] 9 [90] 

Specific Support 
Received 

 

     

Home care worker/ 
home help 

0 [0] 0 [0] 0 [0] 0 [0] 0 

Meals on wheels 0 [0] 0 [0] 0 [0] 0 [0] 0 

Carer 0 [0] 0 [0] 1 [100] 1 [50] 0 

Other  0 [0] 0 [0] 0 [0] 1 [50] 
(Family) 

1 [100] 
(Cleaner/Ironing 

Service) 
Healthcare Service Use      

Yes 20 [29.8] 9 [64.2] 11 [84.6] 10 [90] 8 [80] 

No 47 [70.1] 5 [35.7] 2 [15.3] 1 [10] 2 [20] 

Specific Healthcare 
Services Use  

     

GP 6  0 2 2 6 

Nurse 4  3 3 6 6 

Social Worker  0 1 0 0 0 

Physiotherapist  4  2 3 3 1 

Occupational therapist 0  5 4 2 0 

Speech therapist 0  1 0 1 0 

Dietician 1 1 4 1 1 

Psychological therapist 1 2 1 2 1 

Counsellor 1 0 0 0 0 

Hospital admission/stay 2 0 2 3 2 

Hospital outpatient 
appointment  

 

7 3 6 5 7 

Other 2 (Optometrist 
and Osteopath) 

0 1 (Podiatrist) 0 1 (Optometrist) 

Results are frequency [%] 
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7.13 Discussion 
 

This study aimed to collect data relating to physical activity and healthcare utilisation in 

a healthy population aged over 40 years old. This study describes physical activity levels 

and healthcare utilisation in a healthy population aged over 40 years old. This study 

reports objective patterns of physical activity as measured by the ActiGraph and Fitbit, 

and subjective measures of healthcare utilisation in a healthy population. Statistically 

significant differences were noted for average daily step counts and average daily length 

of time spent sedentary (minutes) as measured by the ActiGraph and Fitbit. The post-

ICU population had significantly lower levels of physical activity, higher levels of 

sedentary behaviour and utilised a higher proportion of healthcare services compared to 

the healthy population. 

 
 
7.13.1 Physical Activity Levels in The Healthy Population  

 
The findings reveal an active profile for the healthy population; 71% of healthy popualtion 

met the recommended physical activity guidelines [Statistics on Obesity et al., 2020]. 

This finding is similar to bespoke subjective self-reported physical activity data from 

Northern Ireland and England where 55% and 66% of adults were considered active as 

per the recommended physical activity guidelines [Health Survey (NI) 2017/18, 2020, 

Statistics on Obesity et al., 2020]. Comparisons can also be drawn with total MVPA, light-

lifestyle physical activity, average daily step counts and sedentary behaviour with 

Swedish, Norwegian and South Asian populations. Total MVPA (including all bout 

lengths) for the healthy population was 44 ± 23.5 minutes per day; this figure is slightly 

higher compared to the Swedish, Norwegian and South Asian populations (31.4± 31.2, 

41.0 ± 30.0 and 24 (mean),12 lowest -139 highest min/day). Similarly, healthy 

participants also had slightly higher average daily step counts (7856 ± 3082.3) compared 

to Norwegian and South Asian populations (6968.7± 2932.8, 6993 ± 2948) [Dohrn et al., 

2018; Sagelv et al., 2019; Biddle et al., 2019]. Recommended physical activity guidelines 

suggest MVPA bouts should be >10 minutes for improved health benefits [Statistics on 

Obesity et al., 2020], however shorter bouts <10 mins have also shown to be beneficial 

for cognitive function and reducing cardiometabolic risk [Peven et al., 2018; Glazer et al., 

2013]. Healthy participants also reported lower light-lifestyle physical activity (178.2 ± 

49.1 min/day) when compared to the Swedish, Norwegian and South Asian healthy 

populations (334.4 ± 93.2, 402.0 ± 88.1 and 317 ± 87 min/day) [Dohrn et al., 2018; Sagelv 

et al., 2019; Biddle et al., 2019]. The findings also revealed healthy participants 
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demonstrated longer sedentary periods (614.2 ± 107.2 min/day) compared to Swedish 

and Norwegian populations (491.7 ± 90.9 and 588.5 ± 99.7 min/day) [Dohrn et al., 2018; 

Sagelv et al., 2019]. The prolonged sedentary periods are potentially worrying; previous 

findings have demonstrated sedentary behaviour as an independent risk factor of type 

two diabetes and cardiovascular disease (CVD) mortality [González et al.,2017]. 

 
7.13.2 ActiGraph versus Fitbit  

 
Comparisons were made between average daily step counts, average daily length of 

time in lightly active minutes and average daily length of time spent sedentary (minutes) 

for the ActiGraph and Fitbit. A statistically significant difference was noted for average 

daily step counts and verage daily length of time spent sedentary (minutes)between the 

two devices. The Fitbit recorded significantly higher numbers of average daily step 

counts and average daily length of time spent sedentary (minutes). It is challenging to 

know which device is over or under-reporting, and some factors may contribute to this 

bias. For example, data processing algorithms used to estimate physical activity for Fitbit 

devices were not available; it could be suggested that the placement of the ActiGraph 

(Waist) Vs. Fitbit (Wrist) may affect the interpretation of average daily step counts for the 

Fitbit device due to the possibility of arm movements during activities, i.e., such as 

washing the dishes, the body can be in a stationary position, but arm movements are 

present [Sushames et al., 2016]. Differences in average daily step counts as measured 

by the ActiGraph and Fitbit have previously been reported [Farina and Lowry, 2018; 

Alharbi et al., 2016; Paul et al., 2015]. Despite this, Fitbit’s are reported to be reliable at 

evaluating free-living physical activity in healthy adults [Tully et al., 2014; Brewer et al., 

2017], and daily step counts in active young adults [Gusmer et al., 2014] when compared 

to the ActiGraph GT1M and GT3X+. The Bland-Altman plot (Figure 7.2) demonstrated 

proportional bias for average daily step counts between the ActiGraph and Fitbit for 

healthy participants. The Fitbit’s overestimation of daily step counts is consistent with 

previous research exploring physical activity levels during free-living conditions 

[Schneider and Chau, 2016; Collins et al., 2019; Tully et al., 2014].  

 

Commercially available physical activity monitors such as the Fitbit have variable levels 

of accuracy for the measurement of daily step counts and average daily length of time in 

sedentary minutes. This overestimation may be related to the way Fitbit processes and 

analyses the data. The algorithms used to covert raw physical activity data from the Fitbit 

are not commercially available and it could be suggested that the thresholds used for the 

calculation of daily step counts in the Fitbit is lower when compared to the ActiGraph.  
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In terms of selecting appropriate physical activity parameters to measure physical activity 

levels, there is no gold standard physical activity parameter for the measurement of 

physical activity due to the wide variation of physical activity parameters available. Daily 

steps are most commonly used as this parameter is easily obtained and can be easily 

understood by researchers and patients. To address this gap in the literature, further 

high-quality research exploring other physical activity parameters such as lightly active 

minutes, MVPA or sedentary time is warranted.  

Physical activity monitoring as an outcome measure in the critically ill and healthy 

population is feasible and well tolerated.  To reduce the uncertainty surrounding physical 

activity data collection and analysis for the ActiGraph and Fitbit, future work should focus 

on the development of instructions to improve physical activity data collection for both of 

these devices. As previously highlighted in Chapter 2, consensus around the specific 

type of physical activity monitor and methodology for extrapolating and analysing 

physical activity data for the ActiGraph needs to be further developed. In addition, Fitbit 

do not provide information with regards to the algorithms used to calculate physical 

activity levels, this process is currently performed automatically.  There is a need for 

Fitbit to provide instructions for the calculation of physical activity levels in order to better 

understand data extrapolation and analysis for Fitbit physical activity data.  

Future work could also focus on the implementation of Fitbit’s into a larger clinical trial 

setting. In comparison to the ActiGraph, Fitbit’s are cheaper, easy to use and implement, 

and the physical activity results derived from the Fitbit are simple to interpret and 

analyse.  

 

7.13.3 Physical Activity in The Healthy Population Versus Post-ICU Population  

 

Post-ICU patients had lower physical activity levels compared to the healthy population 

and higher levels of sedentary behaviour; this occurred regardless of the stage of 

recovery of the post-ICU population (at 2, 6, 24 and 52 weeks). This finding concurs with 

a previous study that also found that post-ICU patients with an admission diagnosis of 

sepsis had significantly less average daily step counts compared with healthy 

participants at 3-months following hospital discharge [Borges et al., 2015]. Healthy 

participants demonstrated good compliance with recommended physical activity 

guidelines (71%). Similarly, Borges et al. [2015] demonstrated good compliance with 

healthy participants meeting recommended physical activity guidelines (85%). In 
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comparison to the post-ICU population, only 17.2 % of these patients met the 

recommended physical activity guidelines, whereas 60% of post-sepsis patients met the 

recommended physical activity guidelines [Borges et al., 2015]. It is difficult to explain 

the differences with regards to the low number of post-ICU participants compared to the 

large number of post-sepsis patients meeting the recommended physical activity 

guidelines. The differences may be explained by the type of physical Activity monitors 

used (ActiGraph GT3X+ vs Dynaport Minimod) and physical activity monitor placement 

(dominant hip, in line with the anterior iliac crest vs lower back near the second lumbar 

vertebra). Differences may also be attributed to the collection period for physical activity 

data. Borges et al. [2015] captured physical activity data for 12 hours per day (from 8 am 

to 8 pm) across two consecutive days prior to hospital discharge and at three months 

post-hospital discharge for 2 days. In contrast, the post-ICU participants included in 

Chapter 5 were required to wear the ActiGraph for 7 consecutive days during all waking 

hours.  

 

Our results are similar to other authors that have demonstrated that post-ICU patients 

are physically inactive up to 1-year following post-ICU discharge (Chapter 2). These 

findings suggest that improving physical activity levels in the post-ICU population should 

focus on increasing daily step counts through activities such as walking and engaging in 

activities of daily living. Further research is required to validate the benefits of regular 

physical activity for the critically ill population [Kayambu et al., 2013], as well as exploring 

the effectiveness of exercise interventions to increase physical activity in the post-ICU 

population. With regards to healthy local participants, the findings suggest that 

participants should continue to maintain current physical activity levels to reduce the risk 

of mortality and chronic diseases [Warburton and Bredin, 2017]. 

 

In our study, post-ICU patients were largely inactive when compared to healthy 

participants.  These low physical activity levels demonstrate the difficulties post-ICU 

patients face with engaging in physical activity up to 1-year following hospital discharge 

when compared to the healthy population. Furthermore, findings from Chapter 6 further 

confirm the struggle post-ICU patients face with engaging in physical activity following 

recovery from critical illness. The results from this study supports the need to further 

explore and enhance physical activity levels in the post-ICU population. This exploration 

and understanding would help to identify physical activity interventions best suited to 

exploring physical activity levels for the post-ICU population as well as providing a 

detailed process evaluation from a researcher and patient perspective.  The exploration 
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and further understanding of physical activity interventions may help to improve post-

ICU survivorship outcomes. 

   

7.13.4 Healthcare Utilisation in The Healthy Population Versus Post-ICU Population 

 
Twenty percent of the healthy population used some form of healthcare service; 

specifically, the use of Hospital Outpatient appointments and GP services were 

commonly reported in the healthy population. Post-ICU patients demonstrated higher 

healthcare utilisation compared to the healthy population (visit 1: 64.2%, visit 2: 84.6%, 

visit 3: 90% and visit 4: 80%). This is not surprising considering the significant morbidity 

post-ICU patients face following hospital discharge [Secombe and Stewart, 2017]. 

Consequently, post-ICU patients consume significant healthcare resources [Lone et al., 

2013]. Previous studies exploring healthcare utilisation following discharge from the 

intensive care unit have demonstrated higher healthcare utilisation compared to “non-

ICU cohorts” [Lone et al., 2016; Hill et al., 2016; Garland et al., 2014]. Despite higher 

healthcare utilisation among post-ICU patients, few studies have compared healthcare 

utilisation for the healthy and post-ICU populations. Healthcare utilisation research in the 

post-ICU and healthy populations primarily explore hospital costs, hospital readmission 

rates, healthcare resource use [Lone et al., 2016; Hill et al., 2016; Garland et al., 2014]. 

The post-ICU population reported greater use of Physiotherapy services compared to 

the healthy population. 

 

Similarly, Hill et al. [2016] reported post-ICU patients were more likely to subsequently 

use rehabilitative services when compared to the general population [Hill et al., 2016]. 

Higher healthcare utilisation has cost implications for the NHS. Physical activity 

interventions to date have shown mixed results with regards to cost-effectiveness; the 

evaluation of costs within these interventions have used different methodologies and 

economic evaluations (Chapter 8). Post-ICU studies also included a broad post-ICU 

population, and it may be more appropriate to consider referral to Physiotherapy and 

base rehabilitation on individual patient needs. 

 
7.13.5 Study Strengths 

 
The patterns of physical activity and healthcare utilisation in the healthy population study 

enabled the collection of physical activity data using two reliable physical activity 

monitors in free-living conditions over a 7-day wear period. The robust checking of the 

ActiGraph physical activity data involved an iterative process, this facilitated high-quality 
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analysis and integrity. The inclusion of consumer and reference devices enabled 

comparisons between the ActiGraph and Fitbit. Comparisons between the two physical 

activity monitors contribute to previous research exploring properties of consumer 

accelerometers, which tend to be studied during exercise laboratory-based settings. 

Furthermore, this study examined several physical activity parameters collected by the 

ActiGraph and Fitbit (including, daily step counts, light physical activity, MVPA and 

sedentary minutes). The exploration of several physical activity parameters provided an 

in-depth understanding of physical activity profiles for the healthy and post-ICU 

population. The download and analysis of the Fitbit data using the online Fitbit dashboard 

was straightforward to use, and far easier to use in comparison to the ActiLife software. 

This made the analysis of Fitbit data simple and easy by exporting Fitbit data files to a 

downloadable excel spreadsheet. The snowball sampling method used to recruit 

participants for this study facilitated a good number of healthy participants recruited into 

this small study in a relatively short period. This particular method of recruitment could 

be used in future healthy population studies to obtain a medium sample size. 

 

7.13.6 Study Limitations 

 
There are several limitations to this study.  Unfortunately, incomplete ActiGraph and 

Fitbit datasets were obtained from some participants due to device initialisation error, 

sync error, insufficient valid days; caution should be taken when interpreting findings for 

these particular results. The healthy participants wore the Fitbit on their dominant wrist 

and were able to view their daily step counts; as a result, this may have encouraged 

participants to be more physically active, which limits the generalisability of these results. 

Thirdly, the collection of healthcare utilisation is self-reported and required participants 

to recall the use of healthcare support and services within the past couple of weeks. The 

self-reported nature of the questionnaire may have introduced recall bias as the research 

assessor (NG) was unable to retrieve healthcare records from the healthy population to 

confirm their answers with recent appointments attended. Finally, no sample size was 

calculated due to the exploratory nature of this study. 

 

 

7.14 Conclusion  
The key findings from this study revealed an active healthy population with 71% of 

healthy participants meeting the recommended physical activity guidelines. The 

comparison of daily step count derived from the ActiGraph and Fitbit revealed the Fitbit 

overestimated daily step counts by 29.6% as physical activity levels increased. Post-ICU 
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participants were largely inactive and utilised a higher proportion of healthcare services 

compared to the healthy population and this could have cost implications; when 

healthcare services were used by either healthy or post-ICU participants, the types of 

healthcare services were similar. Physical activity interventions or rehabilitation 

programmes to improve physical activity levels for the post-ICU populations need to be 

tested for effectiveness and cost-effectiveness to optimise physical activity/rehabilitation 

service delivery and to reduce economic burden for the healthcare services. This next 

step has been explored in Chapter 8 which explores economic evaluations of exercise 

and rehabilitation programs following critical illness.  
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8 Chapter 8: Economic evaluations of rehabilitation and 
exercise programs following critical illness:  A 
comprehensive review  
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8.1 Chapter Overview 
 

Economic Evaluations of rehabilitation and exercise programs following critical illness:  

A comprehensive review aimed to identify studies that have performed economic 

evaluations on rehabilitation and exercise programs for the critical care population, as 

well as providing an insight into the methods used to calculate the cost-effectiveness of 

rehabilitation and exercise programs for the critical care population. This chapter 

summarises the methods used in this study, the results of the literature review searches 

and discusses the results. The role of each of the study team members involved in the 

study is outlined in Table 8.1. 

 
Table 8. 1 - Steps involved and contribution by NG and other research team 
members. 

Development of the economic evaluations of rehabilitation and exercise programs after 
critical illness in the Intensive Care Unit:  A comprehensive review protocol 

(NG, JB, DMcA, BB, BO’N and FM) 
Conducted literature review searches 

(NG) 
Data extraction and analysis of results 

(NG) 
Quality checks of results 

(JB, BO’N, AA) 
Completed write up of chapter  

(NG) 
Contributed to the interpretation of the analysis of results and chapter write up  

(JB, BB, DMcA and AA) 
 

8.2 Introduction   
 
Patients admitted to the ICU may have significant acute multiple organ failure, often on 

the background of pre-existing comorbidities [Schuler et al., 2018]. As a result, the 

recovery for the majority of patients will be protracted. Many patients have problems 

post-ICU discharge, will leave hospital with continuing physical care needs and 

subsequently present themselves to primary care services. 

 

Previous research has highlighted the importance of early rehabilitation for critically ill 

patients to help improve physical and psychological well-being [Parker et al., 2013]. The 

NICE guidelines suggest a structured rehabilitation program for the post-ICU population 

must be developed by a multidisciplinary team and started as early as possible 

[Rehabilitation after Critical Illness in Adults, 2009].  
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There is a distinct lack of clarity in terms of the dose, duration, and frequency of effective 

rehabilitation programs for survivors of critical illness. NICE guidelines suggest regular 

assessments and individualised rehabilitation should be continued for at least two to 

three months post-hospital discharge [Rehabilitation after Critical Illness in Adults, 2009].  

 

At present, rehabilitation programmes do not specifically exist for the critical care 

population and options are often limited to generic referral to community Physiotherapy 

or referring patients to existing pulmonary or cardiac rehabilitation programmes. In the 

United Kingdom, less than 30% of UK healthcare organisations provide any formal post-

ICU rehabilitation service [Connolly et al., 2014]. 

 

Although the literature encourages early rehabilitation for critically ill patients, there is a 

need for economic evaluations of rehabilitation programs to support policymakers. 

Financial information can provide information relating to the efficiency, effectiveness and 

value of exercise and rehabilitation programmes. 

 

Health economic evaluations (HEE) have been developed as a methodology to help 

inform respective decision-makers on how to make efficient allocation decisions over 

competing health care intervention programs [Drummond et al., 2015; Weinstein et al., 

1997]. Information about costs and effectiveness are crucial when implementing any 

rehabilitation program. As well as focusing on the cost-effectiveness of any rehabilitation 

program, clinicians and healthcare providers must ensure resources are being used and 

delivered efficiently. NICE suggest that HEE should include NHS and personal social 

services (PSS) costs to help inform appropriate decisions for resource allocations 

[Rehabilitation after Critical Illness in Adults, 2009].  

 

8.3 Global Aim 
 
The primary aim of this review was to identify studies that have performed economic 

evaluations on rehabilitation and exercise programs, describe the different 

methodologies used and provide an insight into the methods used to calculate cost-

effectiveness for rehabilitation and exercise interventions for the critical care population.  

 
8.4 Subsidiary Aims 
 

I. To identify how many exercise and rehabilitation studies have included some 

form of economic evaluation 
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II. To identify how many studies conducted partial or cost-effectiveness analyses  

III. To provide a key summary of the interventions and methods used for economic 

evaluations (including the cost of intervention resources, the cost to deliver the 

rehabilitation/ exercise interventions, and the cost of healthcare service 

resources)  

IV. To provide a key summary of the rehabilitation and exercise interventions, 

exercise prescription and health outcome measures (including the amount of 

exercise prescribed, e.g., duration, dose and frequency), type of health outcome 

measures, e.g., physical activity and exercise capacity, physical function, health-

related quality of life. 

 
Table 8. 2 - Definitions of Health Economic Evaluations 

Partial evaluations  Cost-effectiveness analyses  
Cost Analysis/ Cost comparison: Analysis of 
the comparative costs of alternative interventions 
or programs, does not include consequences 
[Drummond et al. 1997].  
 
Cost outcome description: Describes the costs 
and consequences of a single intervention or 
program. 
 
Cost of illness study: Aims to identify and 
measure all the costs of disease as well as 
describe and estimate the economic burden of a 
specific disease to society [Byford et al., 2000; 
Koopmanschap, 1998].  
 
 
 

Cost-benefit analysis (CBA): 
Describes all costs and consequences 
of a program, expressed in the same 
units, usually money. CBA is used to 
determine allocative efficiency, i.e., 
comparison of costs and benefits 
across programs serving different 
patient groups [Nlm.nih.gov., 2020]. 
 
 
Cost-utility analysis (CUA): Describes 
an individual’s quality of life and the 
length of life they will gain as a result of 
an intervention [Nice.org.uk., 2013] 
 
Cost-effective analysis (CEA): 
Estimates the costs and health gains of 
alternative interventions. CEA provides 
a method for prioritising the allocation of 
resources to environment and health 
interventions by identifying projects that 
have the potential to yield the greatest 
improvement in health for the least 
resources [WHO | Cost-effectiveness 
analysis for health interventions, 2020]. 
 
Cost minimisation analysis (CMA): 
CMA is a determination of the least 
costly among alternative interventions 
that are assumed to produce equivalent 
outcomes 

Provides 
information on 
efficiency 

No Yes 
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8.5 Methods  

8.5.1 Databases Searched 

 
A structured search was undertaken on relevant electronic databases (EMBASE, 

Medline, PubMed and CINAHL) during June 2018 and an updated search of the literature 

was conducted in May 2020. The following search terms were used to retrieve relevant 

studies (“intensive care unit” OR “ICU” OR “intensive care” OR “critical illness” OR 

“critical care” OR “post-ICU”) AND (“exercise therapy” OR “exercise” OR “physiotherapy” 

OR “physical therapy” OR “rehabilitation” OR “strength training”). Results were limited to 

human research, English language and all adult (19 plus years). 

 

8.5.2 Study Inclusion Criteria  

 
The review included studies published in English if they fulfilled the following criteria: 
 

I. Adult patients admitted to an ICU 

II. Rehabilitation including exercise-based interventions   

III. Rehabilitation and/or exercise-based interventions that have commenced: 1) 

during the patients stay in ICU; 2) post-ICU discharge (in HDU or on the ward; 3) 

post-hospital discharge.  

IV. Any economic evaluation including estimations of costs  

 
8.5.3 Data Analysis and Quality Check 

 
One author (NG) independently screened the titles and abstracts of the selected 

research papers, screened the full articles against the inclusion criteria and extracted 

data from all included studies. NG extracted data using a standardised paper form that 

included information on study design, participants, type of economic evaluation, details 

of the intervention and outcomes. Following independent data extraction, NG met with a 

second reviewer (BB) to check the initial templates and the process for initial data 

extraction. NG also clarified any issues and addressed concerns regarding data 

extraction through discussion and consultation. BB was also responsible for checking 

data extraction forms; this ensured all of the captured information was collected and 

inputted accurately (e.g., specific time of intervention, length of rehabilitation program 

and type of economic evaluation). A third and fourth reviewer (JB and B’ON) extracted 

all of the data independently and doubled-checked the data; several iterations were 

made until a consensus was reached. 
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8.6 Results 
 

From the initial search, a total of 8,626 potentially relevant publications were identified. 

8,601 were found not suitable based on the title, keys words and abstract. Rehabilitation 

and exercise intervention studies for survivors of critical illness that included some form 

of economic evaluation were identified in 25 studies. A total of 12 duplicates were 

removed, and a review of the remaining 13 rehabilitation and exercise intervention 

studies were reviewed. These 13 studies were fully reviewed against the aims of the 

review. Figure 8.1 presents the flow diagram detailing the screening and selection of the 

publications. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

Figure 8. 1 - Study Flow Diagram 

 
 

8.7 Target Settings, Populations, Study Design 
 
The identified articles contained economic evaluations of exercise rehabilitation 

programs for the critical care populations from a wide range of countries. Eleven out of 

thirteen studies (84.6%) reviewed were from high-income countries [Corcoran et al., 
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2017; Cuthbertson et al., 2009; Falkenstein et al., 2020; Gruther et al., 2017; Hester et 

al., 2017; Lai et al., 2017; Morris et al., 2008; Swada et al., 2018; Vitacca et al., 2016; 

Walsh et al. 2015; Wright et al. 2017], with 2/13 (15.3%) studies from a middle-income 

country [Hanekom et al., 2012; Rotta et al., 2018]. A high-income country is defined by 

the World Bank and Lending Groups as a country with a gross national income per capita 

of US$12,056 or more in 2017, calculated using the Atlas methods [World Bank Country 

and Lending Groups – World Bank Data Help Desk, 2020]. The majority of studies were 

randomised control trials that took place during ICU stay (Table 8.3).  

 

Table 8. 3 – Country, Study Design, Setting and Population 
Authors, Year Country Study Design Setting Population/ICU Diagnosis Ventilatory Duration 
Corcoran et 
al. [2017] 

United 
States of 
America 

Prospective data 
collection in 2014 
compared with a 
historical patient 

population in 2012 

ICU through 
to hospital 
discharge 

Medical and Surgical NR 

Cuthbertson 
et al. [2009] 

United 
Kingdom 

A pragmatic, non-
blinded, multicentre, 

randomised controlled 
trial. 

Ward and 
post-

hospital 
discharge 

 

Respiratory, cardiovascular, 
neurological, gastrointestinal, renal, 

metabolic/endocrine and trauma 

NR 

Falkenstein 
al. [2020] 

United 
States of 
America 

A pre- and 

postintervention quality 

improvement project 

ICU Traumatic injury (blunt and 
penetrating trauma) 

NR 

Gruther et al. 
[2017] 

Austria Randomised control 
trial 

Ward 
 

Transplantation NR 

 Hanekom et 
al. [2012] 

South 
Africa 

Exploratory, controlled, 
pragmatic, sequential-
time-block clinical trial. 

ICU Surgical Not reported 

Hester et al. 
[2017] 

United 
States of 
America 

Retrospective analysis 
of economic and clinical 

outcome 
Data 

ICU 
 

Ischemic Stroke, tumour, 
subarachnoid haemorrhage, 

intracranial haemorrhage, subdural 
hematoma, trauma, unruptured 

aneurysm, seizure, status 
epilepticus 

NR 

Lai et al. 
[2017] 

Taiwan Retrospective 

observational study 

ICU Acute respiratory failure Minimum of 48hrs 

invasive mechanical 

ventilation 

Morris et al. 
[2008] 

United 
States of 
America 

Prospective cohort 

study 

ICU Acute respiratory failure Mechanically 

ventilated via an 

endotracheal tube 

Rotta et al. 
[2018] 

Brazil Observational 

prevalence study 

ICU Clinical and Surgical >24 Hours 

Swada et al. 
[2018] 

Japan Retrospective 

observational cohort 

study 

ICU Community-Acquired Pneumonia NR 

Vitacca et al. 
[2016] 

Italy Randomised control 
trial 

Post-
hospital 

discharge 

Cardiorespiratory and neurological An ICU stay of least 
20 consecutive days 

with difficulty weaning 
from mechanical 

ventilation 
Walsh et al. 
[2015] 

United 
Kingdom 

Randomised control 
trial 

Ward Cardiovascular, respiratory, 
gastrointestinal tract, renal, trauma 

and neurological 

Minimum of 48hrs 
invasive mechanical 

ventilation 
Wright et al. 
[2017] 

United 
Kingdom 

Randomised controlled 
trial 

Ward Medical and Surgical Minimum of 48hrs or 
more of either 

invasive or non-
invasive mechanical 

ventilation 
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8.8 Interventions 
 
A range of rehabilitation and exercise programs for the critical care population were 

identified (Table 8.4). These rehabilitation and exercise programmes included an early 

rehabilitation approach [Gruther et al., 2017; Falkenstein et al., 2010; Lai et al., 2017 

Sawada et al., 2018], a pre-defined physiotherapy/ mobility protocol-based approach 

[Hanekom et al., 2012; Hester et al., 2019; Morris et al., 2008;], manual based, self-

directed physical and individually tailored physical rehabilitation approach [Cuthbertson 

et al., 2009; Vitacca et al., 2016]. Four studies increased the availability of physical 

rehabilitation [Corcoran et al. 2017; Rotta et al., 2018, Walsh et al., 2015; Wright et al. 

2017]. 

 

8.8.1 Dose, Duration and Frequency of Interventions  

 
The duration of each rehabilitation and exercise session varied throughout the thirteen 

studies (Table 8.4). The length of the rehabilitation and exercise sessions per day ranged 

from one to three times a day for thirty to 90 minutes per day [Lai et al., 2017; Falkenstein 

et al. 2020; Gruther et al., 2017; Hankeom et al., 2012; Morris et al., 2008; Rotta et al., 

2018; Vitacca et al., 2016; Wright et al., 2017]. Five out of the thirteen studies did not 

provide any information with regards to session duration [Corcoran et al., 2017; 

Cuthbertson et al., 2009; Hester et al., 2017; Sawada et al., 2018; Walsh et al., 2015]. 

 

The number of rehabilitation and exercise sessions per week varied throughout the 

thirteen studies (Table 8.4). 4/13 (30.7%). The rehabilitation and exercise sessions 

ranged from five sessions a week to seven sessions per week [Corcoran et al.,2017; 

Gruther et al., 2017; Lai et al., 2017; Morris et al., 2008; Vitacca et al., 2016; Walsh et 

al., 2015; Wright et al., 2017]. Six studies did not provide any information with regards to 

the number of sessions delivered per week [Cuthbertson et al., 2009; Falkenstein et al., 

2020; Hanekom et al., 2012; Hester et al., 2017; Rottaet al., 2018; Sawada et al., 2020]. 

 

The length of the exercise and rehabilitation programs included in the review varied 

throughout the thirteen studies (Table 8.4). Seven studies provided exercise and 

rehabilitation during ICU stay [Falkenstein et al., 2020; Hanekom et al., 2012; Hester et 

al., 2017; Lai et al., 2017; Morris et al., 2008; Rotta et al., 2018; Swada et al., 2020]. 

Corcoran et al. [2017] delivered exercise and rehabilitation interventions during ICU stay 

through to hospital discharge. Walsh et al. [2015] delivered their intervention from ICU 
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discharge through a hospital stay of no longer than three months. Three studies delivered 

exercise and rehabilitation interventions on the general ward through to hospital 

discharge [Cuthbertson et al., 2009; Gruther et al., 2017; Wright et al.,2017]. Cuthbertson 

et al. [2009] delivered exercise and rehabilitation interventions on the ward that 

continued for three months post-hospital discharge. Vitacca et al. [2016] was the only 

study to deliver a six-month exercise and rehabilitation program.  

 

8.8.2 Other Health and Clinical Outcomes Captured  

 

The outcome measures in the thirteen studies reviewed varied. The outcome measures 

in the studies reviewed were selected according to the respective aims and objective of 

each study, and therefore, specific outcome measures varied (Table 8.5). 
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Table 8. 4 - Intervention Delivery, Control Group, Duration, Dose and Frequency 

Authors, 
Year 

Intervention delivery 
(approach and who delivered rehab) 

Control group 
details (approach, program delivery and dose) 

Duration, dose and frequency of intervention 

Corcoran et 
al. [2017] 

• Early mobilisation (Performance improvement project - PIP) 
• Physiotherapist (PT), occupational therapists (OT) and speech-language pathology 

(SLP) 
  

• A historical control group (pre-PIP group) from the medical 
and surgical intensive care unit  

• Standard care by ICU team (Nurses, PT, OT and SLP 
supported and educated on mobility) 

 

• Delivered during ICU stay through to hospital discharge  
• PT 1-2 times daily (7d/wk), OT (5d/wk), once daily    
• SLP,5d/wk if required and for evaluation and priority treatments 

on weekends  

Cuthbertson 
et al. [2009] 

• Self-directed manual rehabilitation programme  
• Patients reviewed at nurse led clinics at 3 months and 9 months after discharge 

• Standard clinical practise with no intensive care follow-up 
after hospital discharge 

• Followed up by their GP and primary hospital speciality as 
indicated by these teams 

• Delivered on the ward and continued for three months after 
discharge  

• Dose not reported 
• Frequency not reported  

Falkenstein 
al. [2020] 

• Early Mobility Program  
• Head of bed and out of bed passive range of motion, splinting, passive cycling, 

active cycling. balance training and walking,  
• Set daily goals and provided mobility-based interventions 
• Nursing and rehabilitation staff 
 

• Historical cohort 
• Mobilisation therapy by physical therapists, occupational 

therapists, and nurses.  
 

• Delivered during ICU stay 
• Dose not reported (*Chair position X2/day for 30 min) 
• Frequency not reported 

Gruther et 
al.[2017] 

• Early rehabilitation program  
• Coordinated breathing techniques, mobilisation, exercise therapy, neuromuscular 

electrical stimulation  
• Physical medicine and rehabilitation specialist (Physiatrist) and physiotherapist 

(PT) designed the program 
 

• Single physical therapy sessions ordered by primary care 
team  

• Delivered by PT 
• Exercise therapy, mobilisation, breathing techniques, and 

neuromuscular electrical stimulation – 21 min/d on average  
• PT chose the therapy best suited to the needs of the patient 

on a daily basis  

• Delivered from during hospital stay (after transfer from a medical 
or surgical ICU to a general ward) until hospital discharge  

• Coordinated breathing techniques and mobilisation – 2 hours 5dw  
• Exercise therapy – Resistance training (3d/wk, 1 to 3 sets of 12-

15 repetitions, 8-10 exercises involving major muscle groups). 
Large muscle activities 5 d/wk, 10-30 min/sessions, 50%-80% 
maximal heart rate)  

• Neuromuscular electrical stimulation – 5 d/wk. 30 min/session.   
 Hanekom 
et al. [2012] 

• Physiotherapy based protocol 
• Research therapists, two physiotherapists (PT) and two ICU specialised nursing 

practitioners   

• Appropriate care based on patient assessment and 
expected outcome 

• Hospital PT 

• During ICU stay    
• Dose not reported  
• Assessed daily  

 
Hester et al. 
[2017] 

• Progressive Upright Mobility Protocol (PUMP) Plus mobility program  
• Based on 11 set exercises starting from: Step 1 – Head of Bed (HOB) 45 degrees 

to Step 11: Ambulate without coaching or supervision, may use device  
• ICU nurses assessed compliance and reinforced program implementation  

• No control group  • During ICU stay  
• Frequency not reported  

Lai et al. 
[2017] 

• Early rehabilitation - divided into 4 levels - Level 1: Passive through to level 4: 
Active exercise 

• Critical care nurse, nursing assistant, respiratory therapist, physical therapist and 
family initiated the program  

No control group • Delivered during ICU stay within 72 hrs MV through to extubation  
Twice daily, 5d/wk during the 30-minute family visit time, and if 
possible, cooperating with family 

Morris et al. 
[2008] 

• Mobility protocol – divided into 4 levels – Level 1: passive range of motion therapy 
(PROM) through to Level 4: active-assistive and active range of motion exercise 

• Critical care nurse, nursing assistant, and physiotherapists  

• Usual Care 
• Usual physiotherapy care (5d/wk) 

• Delivered during ICU stay 
• 7d/wk (PROM 3X day only, minimum of 5 repetitions per joint) – 

Protocol Group 

Rotta et al. 
[2018] 

• Availability of physiotherapy services for 12/h day (PT-12 group) 
• Physiotherapists  

• Availability of physiotherapy services for 24 h/ day (PT-24 
group)  

• Physiotherapists  

• Delivered during ICU stay 
• 30-min physiotherapy sessions 

Swada et al. 
[2018] 

• Early rehabilitation group 
• Early mobilisation and respiratory physiotherapy 

 

• Group without early rehabilitation • Delivered during ICU stay within 2-days of admission  
• Dose not reported 
• Frequency not reported 

Vitacca et 
al. [2016] 

• Post-critical care home treatment program 
• Individually tailored program of passive and active assisted exercises and 

mobilisation, maintenance of body posture, electrical stimulation, sitting and 
standing postural exercises, limb strength/endurance training, lung volume 
recruitment, and bronchial hygiene 

• Medications, oxygen therapy and MV as needed 
• Therapist home visits and weekly telephone calls  
• Supervised by a caregiver 

• Standard home care: medications and oxygen prescription, 
correction of patient ventilator dyssynchrony, visits from the 
general practitioner and in-hospital check-ups on demand 

 

• 6-months home treatment program 
• 1 hour/day -6d/wk 
• Daily Rehab: 60 to 90 minutes, Pulmonary rehab program: two 

daily exercises   
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Authors, 
Year 

Intervention delivery 
(approach and who delivered rehab) 

Control group 
details (approach, program delivery and dose) 

Duration, dose and frequency of intervention 

Walsh et al. 
[2015] 

• Higher levels of mobilisation, exercise and relevant dietetic, occupational therapy 
and speech/language therapy (SLT) 

• Individualised therapy across all therapy domains, individualised rehabilitation 
goals 

• Prespecified strategies: 1) Meetings with an ICU consultant, ;2) patients received 
a lay summary of key events that occurred during their ICU stay;3) offered a visit 
to the ICU before hospital discharge and ;4) RAs reinforced information whenever 
relevant 

• Ward-based therapists but was supplemented by 3 multiskilled dedicated 
rehabilitation assistants (RAs) 

• Rehabilitation typical of UK hospitals  
• All patient received a self-help ICU rehab manual  
• Ward-based therapists but was supplemented by 3 

multiskilled dedicated rehabilitation assistants (RAs)  
• Frequency/intensity - not controlled  

• From ICU discharge through a hospital stay of no longer than 3 
months  

• Monday – Friday  
• Dose not reported  

Wright et al. 
[2017] 

• Functional training and individually tailored exercise programmes based on a 
muscle-strengthening algorithm 

• Functional training – divided into four levels – Level 1: Asses muscle tone/strength 
/joint to Level 4: Bulding exercise tolerance on previous level of function  

• Critical care physiotherapists (PT) 

• Standard care including respiratory physiotherapy and 
routine ward-based physiotherapy 

• Experienced critical care PT 
• Target of 30 min of physical rehabilitation per day (Monday 

to Friday) 

• Commenced on the ward and were followed until hospital 
discharge  

• Weekdays (Monday – Friday) 
• Target delivery of 90 min of physical rehabilitation per day, split 

between at least two sessions 
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Table 8. 5– Other Health and Clinical Outcomes Captured 

Author, 
Year 

Physical Activity/ 
Exercise 
Capacity  

Physical Function Muscle Strength Health-related quality of life 
(HRQoL) 

Anxiety/Depression Physiological Ventilatory Mortality Length of Stay (LOS) 

Corcoran et al. 
[2017] 

- ICU Activity Codes – Ambulating 
independently during admission and 

discharge 

- - - - - - ICU and Hospital LOS 
(days) 

Cuthbertson et 
al. [2009] 

- - - SF-36 – physical and mental 
component scores at 6 and 12 

months (*) 
 

EQ-5D – at 6 months and 12 
months  

 Hospital Anxiety and 
Depression Scale (HADS) – at 

6 and 12 months  
 
 
 

- - Mortality 12 
months after 

discharge  

- 

Falkenstein al. 
[2020] 

Time to walking 50 
ft 
 

Time to-out-of bed 
activity 

 

- 

 

- - - - Ventilator days - ICU and Hospital LOS 
(days) 

Gruther et 
al.[2017] 

3- minute walk test 
(3 min) – at 

baseline and 
discharge 

 

Rehabilitation Barthel Index (ERBI) 
Score – at baseline and discharge 

Muscle Strength 
Medical Research Council Scale 
MRCS Score - at baseline and 

discharge 
 

-  - Beck depression inventory 
(BDI) – at baseline and 

discharge 
 

State-Trait Anxiety Scale 
Inventory (STAI) – at baseline 

and discharge 

- -  
 

-  

 

Number of days in 
hospital after transfer 

from the ICU to a 
general ward (*) 

 Hanekom et 
al. [2012] 

- Barthel Index – proportion of patients 
who reached independence (%) 

- - - - Time ventilator (hours) 
 

Proportion of failed 
extubations on the (%) 

In-hospital 
mortality 

ICU and Hospital LOS 
(Days) 

 
Time after unit 

discharge (Days) 
Hester et al. 
[2017] 

- - - - - - Percentage requiring 
mechanical ventilation 

(%) 
 

(Catheter-associated 
urinary tract infection rate 

(per 1,000 foley days) 
 

Central line–associated 
bloodstream infection (per 

1,000 central 
venous line days) 

 
Hospital-acquired 

infections (per 1,000 
foley/CVL/vent 

-  ICU and Hospital LOS 
(Days) 

Lai et al. 
[2017] 

- - - - - - Mechanical ventilation 
duration (days) 

 
Successful extubation (%) 

- ICU and Hospital LOS 
(days) 

Morris et al. 
[2008] 

Days until first out 
of bed 

- - - - -  Ventilator Days In-hospital 
mortality 

ICU and Hospital LOS 
(days) 

Rotta et al. 
[2018] 

- - 
 

- - - - IMV duration (Days) - ICU LOS (Days) 

Swada et al. 
[2018] 

- - - - - - - In-hospital 
mortality  

ICU and Hospital LOS 
(days) 

Vitacca et al. 
[2016] 

- Basic activities of daily living (BADL) – at 
baseline and 6 months 

 

Medical Research Council 
Strength Scale (MRCSS) – 

Quadriceps and Biceps score – 
at baseline and 6 months 

 

Euroqol quality of life (EQ-5D) 
Questionnaire – at baseline and 

6 months 
 

-  
 

Respiratory rate (RR) (a/min) - at 
baseline and 6 months 

 
 

Arterial oxygen tension (PaO2), 
inspiratory fraction oxygen (FiO2) and 

Carbon dioxide arterial tension 
(PaCO2) – at baseline and 6 months 

Need for mechanical 
ventilation and/or 

Tracheostomy (%) – at 6 
months 

 

Mortality at 6 
Months 

- 
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Author, 
Year 

Physical Activity/ 
Exercise 
Capacity  

Physical Function Muscle Strength Health-related quality of life 
(HRQoL) 

Anxiety/Depression Physiological Ventilatory Mortality Length of Stay (LOS) 

Forced expiratory volumes in 1 second 
(FEV1) (%) and Forced Vital Capacity 
(FVC) (%) – at baseline and 6 months 

 
Maximum inspiratory pressure (MIP) 
(cmH2O) and Maximum expiratory 

pressure (MEP) (cmH2O) – at baseline 
and 6 months 

Dyspena (BORG scale) – at baseline 
and 6 months 

Walsh et al. 
[2015] 

2-m Timed Up & 
Go test score 

(seconds) 
 

The Rivermead Mobility Index (RMI) – at 
hospital discharge and 3 months (*) 

 

Hand dynamometry (kg) – at 
hospital discharge and 3 months  

 

  Hospital Anxiety and 
Depression Scale (HADS) – at 

3 months  

 
- 

- Mortality Post-ICU and Hospital 
LOS (Days)  

 

Wright et al. 
[2017] 

Six-minute walk 
test (meters) 

 

Activities of daily living (ADLs) assed 
using the Functional Independence 

Measure – at ICU discharge, hospital 
discharge, 3 months and 6 months  

 
Modified Rivermead Mobility Index – at 

ICU discharge  

Grip strength (kg) – at ICU 
discharge, hospital discharge, 3 

months and 6 months 

Physical component Summary 
measure of SF-36 (Score) – at 
hospital discharge, 3 months 

and 6 months (*) 
 

Mental component Summary 
measure of SF-36 (score) – at 
hospital discharge, 3 months 

and 6 months 

- - -  Mortality at 6 
months 

ICU and Hospital LOS 
(Days)  
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8.9 Physical Activity or Exercise Capacity  
 
Five out of thirteen (38.4%) studies included a range of physical activity or exercise 

capacity outcome measures [Falkenstien et al., 2020; Gruther et al., 2017; Morris et al., 

2008; Walsh et al., 2015; Wright et al., 2017], all five studies failed to improve physical 

activity or exercise capacity outcomes. However, Morris et al. [2008] noted protocol 

patients were out of bed earlier when compared to usual care patients (Table 8.6). 

 

Table 8. 6 – Physical Activity or Exercise Capacity Outcome Measure Results 
Author, Year Physical Activity/Exercise Capacity Outcome Measures Results p value 

Falkenstein et al. 
[2020] 

Admission to out-of bed 
Control (n=44): 3.9 ± 5.3 Vs Early Mobility (n=43): 2.9 ± 3.5 
 
Admission to 50ft walking  
Control (n=44): 6.0 ± 8.8 Vs Early Mobility (n=43): 4.7 ± 5.4 
 
 

 
p 0.294 

 
 

p 0.486 

Gruther et al. 
[2017] 

Exercise capacity - 3-minute walk test (3 min)  
Baseline  
Early Rehab: 0 [IQR,0-0] Vs Standard care: 0 [IQR, 0-0] 
 
Discharge  
Early Rehab: 200 [IQR, 100 -300] Vs Standard care: 200 [IQR, 0-300] 
 

Similar between 
groups, no 
significant 

differences found 
 

Morris et al. 
[2008] 

Days to first out of bed  
Usual Care (n=135): 13.7 (Mean) (CI, 11.7- 15.7) Vs Protocol (n=145) 8.5 (Mean) (CI, 
6.6 – 10.5) 
 

p<.001* 

Walsh et al. [2015] 2-m Timed Up & Go test score (seconds) 
3-months  
Usual care: 10.3 [IQR, 7.4 to 14.2] Vs Intervention group 10.4 [IQR, 8.0 to 13.3], 95% 
CI -0.1 (-1.2 to 1.6) 

 
 

p.86 

Wright et al. 
[2017] 

Six-minute walk test (meters)  
Hospital Discharge: Intervention: 195 [IQR,120 -260] Vs Standard care: 173 [IQR, 123- 
274], 95% CI -27.9 (-86.1 to 31.8) 
 
3 Months 
Intervention: 293 [IQR,124-444] Vs Standard care: 255 [IQR, 120 -377], 95% CI -6.3 (-
125.8 to 107.3) 
 
6 Months 
Intervention: 374 [IQR, 203 - 435] Vs Standard care: 321 [IQR, 197-400], 95% CI 61.7 
(-47.3 to 157.0) 
 

 
No significant 

difference found, p-
value not reported 

 
 
 
 

 

 

8.10 Physical Function  
 

Six out of thirteen (46.1%) studies included physical function outcomes [Corcoran et al., 

2017; Gruther et al., 2017; Hanekom et al., 2012; Vitacca et al., 2016; Walsh et al., 2015; 

Wright et al., 2017], all six studies failed to improve physical function outcomes. 

However, Hanekom et al. [2012] noted a greater tendency for patients that reached 

functional independence for transfer and mobility categories (Table 8.7). 
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Table 8. 7 – Physical Function Outcome Measure Results 
Author, Year Physical Function outcome measures results p value 
Corcoran et al. 
[2017] 

Measured by ICU Activity Codes  
Ambulating Independently Admission (%): Pre-pip:1.8% Vs PIP group: 1.3% 
 
Ambulating Independently Discharge (%): Pre-pip:8.1% V PIP group: 25.3% 

 
No significant 
difference found, p-
value not reported 
 

Gruther et al. 
[2017] 

Early Rehabilitation Barthel Index (ERBI) Score 
Baseline - Early Rehab: 30 [IQR, -35 to 45] Vs Standard care: 5 [IQR, -20 to 65] 
 
Discharge - Early Rehab: 90 [IQR,80 to 90] Vs Standard care: 95 [IQR,90 to 95] 

Similar between 
groups, no 
significant difference 
found, p-value not 
reported 

Hanekom et al. 
[2012] 

Barthel Index – proportion of patients who reached independence (%) 
  
Feeding - Usual Care 61% Vs Protocol Care 67% 
 
Bathing- Usual Care 80% Vs Protocol Care 85% 
 
Grooming - Usual Care 91% Vs Protocol Care 89% 
 
Dressing - Usual Care 32% Vs Protocol Care 35% 
 
Bowels - Usual Care 39% Vs Protocol Care 48% 
 
Bladder - Usual Care 57% Vs Protocol Care 70% 
 
Toilet - Usual Care 59% Vs Protocol Care 63% 
 
Transfers - Usual Care 68% Vs Protocol Care 83% 
 
Mobility- Usual Care 50% Vs Protocol Care 67% 
 
Stairs - Usual Care 3% Vs Protocol Care 9 % 

 
 
 

p 0.28 
 

p 0.25 
 

p 0.78 
 

p 0.53 
 

p 0.21 
 

p 0.21 
 

p 0.65 
 

p 0.07** 
 

p 0.09** 
 

p 0.18 
Vitacca et al. 
[2016] 

Basic activities of daily living (BADL), score 
Control: 0.93 ± 0.4 Vs Treated: 0.71 ± 0.4 

p.63 

Walsh et al. 
[2015] 

The Rivermead Mobility Index (RMI)  
Hospital Discharge - Usual care: 8 [IQR, 5 to 10] Vs Intervention group 8 [IQR,6 to 
11], 95% CI -0.7 (-1.7 to 0.4) 
 
3 months - Usual care: 13 [IQR, 10 to 14] Vs Intervention group 13 [IQR,10 to 14], 
95% CI -0.2 (-1.3 to 0.9)  

 
p.20 

 
 

p.271 

Wright et al. 
[2017] 
 

Modified Rivermead Mobility Index 
 
ICU Discharge Intervention: 19 ± 10 Vs Standard Care: 16 ± 10, 95% CI, 0.4 (-2.7 to 
3.4) 
Functional Independence Measure 
 
ICU Discharge Intervention: 70 ± 27 Vs Standard Care: 64 ± 25, 95% CI -0.6 (-7.1 to 
8.3) 
 
Hospital discharge Intervention: 113 ± 17 Vs Standard Care: 108 ± 20, 95% CI, 1.2 (-
5.2 to 7.7) 
 
3 months Intervention: 116 ± 19 Vs Standard Care: 111 ± 23, 95% CI, 9.7 (0.9 to 
18.5) 
 
6 months Intervention: 118 ± 17 Vs Standard Care: 117 ± 16, 95% CI, -3.7 (-5.4 to 
12.7) 

No significant 
difference found, p-
value not reported 

 
 
 
 

No significant 
difference found, p-
value not reported 

 

 

8.11 Muscle Strength   
Four out of thirteen (30.7%) studies included muscle strength outcomes [Gruther et al., 

2017; Vitacca et al., 2016; Walsh et al., 2015; Wright et al., 2017] (Table 8.8). Gruther et 

al. [2017] reported similar MRCS scores between baseline, discharge and early 

rehabilitation, however these results were not statistically significant.  
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Table 8. 8 - Muscle Strength Outcome Measure Results  
Author, Year Muscle Strength outcome measures result p value 

Gruther et al. 
[2017] 

Muscle Strength - Medical Research Council Scale MRCS Score 
Baseline  
Early Rehab: 44 [IQR,42-50] Vs Standard care: 54 [IQR,46-56] 
 
Discharge  
Early Rehab: 56 [IQR, 50 -60] Vs Standard care: 56 [IQR, 52 - 60] 
 
Early Rehab: 63% (12 of 19) Vs Standard care: 33% (7 of 21) showed a lower MRCS 
(<48) indicating an ICU- acquired weakness. 

Similar between 
groups, no significant 

differences found 
 
 
 
 
 

Similar between 
groups, no 

Vitacca et al. 
[2016] 

Medical Research Council Strength Scale (MRCSS) – Quadriceps Score 
Control: 0.30 (-0.88,1) Vs Treated: 0.48 (0,0.88) 
 
Medical Research Council Strength Scale (MRCSS) – Biceps Score  
Control: -0.07 (-1,1.13) Vs Treated: 0.46(0.4),  

p.053 
 
 

p 0.07 
 

Walsh et al. 
[2015] 

Hand grip strength (Kg) 
3-months 
Usual care: 19.7 [IQR,13.0 to 28.2] Vs Intervention group 17.9 [IQR,13.4 to 24.7], 
95% CI 1.6 (-1.0 to 4.2) 
 
Hand grip strength (Kg) 
Hospital Discharge 
Usual care: 15.0 [IQR, 9.7 to 22.6] Vs Intervention group 14.7 [IQR,10.0 to 22.0], 95% 
CI 1.1 (-1.3 to 3.6) 

 
 

p.23 
 
 
 
 

p.36 

Wright et al. 
[2017] 

Grip strength (Kg)  
ICU Discharge: Intervention: 14 ± 9 Vs Standard Care: 15 ± 9, 95% CI -0.6 (-3.3 to 
2.1) 
Hospital discharge Intervention: 19 ± 10 Vs Standard Care: 22 ± 14, 95% CI -3.5(-8.1 
to 1.2) 
3 months Intervention: 25 ± 16 Vs Standard Care: 24 ± 14, 95% CI, 1.8 (-6.7 to 10.3) 
6 months Intervention: 29 ± 19 Vs Standard Care: 24 ± 16, 95% CI, -0.5 (-11.3 to 
10.3) 

 
 
 
 

No significant 
difference found, p-
value not reported 

 

 

8.12 Health Related-Quality of Life  
 
Four out of thirteen (30.7%) studies included HRQoL outcomes [Cuthbertson et al., 2009; 

Vitacca et al., 2016; Walsh et al., 2015; Wright et al., 2017]. Vitacca et al. [2016] was the 

only study to improve health-related quality of life outcomes (Table 8.9).   
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Table 8. 9 – HRQoL Outcome Measure Results 
Author, Year HRQoL outcome measures results p value 

Cuthbertson et 
al. [2009] 

 SF-36 at 6 months Physical component score: Standard care: 
40.1 ± 11.7 Vs Intervention: 39.8 ± 9.5, 95% CI -0.8 (-3.6 to 2.0)  
 
SF-36 at 12 months Physical component: score: Standard care: 
42.0 ± 10.6 Vs Intervention: 40.8 ± 11.9, 95% CI 1.1 (-1.9 to 4.2) 
 
SF-36 at 6 months Mental component score: Standard care: 45.2 ± 
12.0 Vs Intervention: 44.7 ± 14.2, 95% CI -0.6 (-3.9 to 2.8) 
 
*SF-36 at 12 months Mental component score: Standard care: 46.8 ± 
12.4 Vs Intervention: 47.1 ± 12.7, 95% CI 0.4 (-3.0 to 3.7) 
 
EQ-5D at 6 months: 
score: Standard care: 0.62 ± 0.3 Vs Intervention: 0.63 ± 0.3, 95% CI 
0.0 (-0.1 to 0.1)   
 
EQ-5D at 12 months: score: Standard care: 0.60 ± (0.3) Vs 
Intervention: 0.58 ± 0.37, 95% CI -0.0 (-0.1 to 0.1) 

p.059 
 
 
 

 
p 0.46 

 
 
 

p 0.74 
 
 
 

p 0.83 
 
 
 

p 0.83 
 
 
 
 

p 0.57 
Vitacca et al. 
[2016] 

Euroqol quality of life (EQ-5D) Questionnaire, score 
Control: 0.032 (0.29,0.24) Vs Treated: 0.23 (-0.29, 0.73) 

 
p 0.04* 

Walsh et al. 
[2015] 

SF-12 PCS (12- Item Short Form Health Survey Physical 
Component Summary) 3-months: Usual care 35 [IQR, 26 to 44] Vs 
Intervention group 34 [IQR, 26 to 44], 95% CI – -0.1 (-3.3 to 3.1), 
SF-12 (12-Item Short Form Health Survey Mental Component 
Summary)  
3-months: Usual care 47 [IQR, 33 to 56] Vs Intervention group 45 
[IQR,34 to 54], 95% CI – 0.2 (-3.4 to 3.8) 

 
p.96 

 
 
 
 

p.91 
Wright et al. 
[2017] Physical component Summary measure of SF-36 (Score) 

Hospital Discharge: Intervention: 34 ± 8.0 Vs Standard Care: 34 ± 
9.0, 95% CI, -1.0 (-4.2 to 2.2) 

3 Months Intervention: 35 ± 10.8 Vs Standard Care: 34 ± 9.0, 95% CI, 
-1.4 (-5.9 to 3.0) 

6 Months: Intervention: 37 ± 12.2 Vs Standard Care: 37 ± 11.3, 95% 
CI, -1.1 (-7.1 to 5.0) 
Mental component Summary measure of SF-36 (score) 
Hospital Discharge: Intervention: 40 ± 13.2 Vs Standard Care: 39 ± 
11.4, 95% CI, 1.3 (-3.4 to 6.0) 
3 Months Intervention: 47 ± 11.8 Vs Standard Care: 45 ± 12.3, 95% 
CI, 4.2 (-1.2 to 9.5) 
6 Months Intervention: 47 ± 15.0 Vs Standard Care: 48 ± 11.5, 95% 
CI, -0.4 (-6.5 to 5.7) 

 
 

Similar between 
groups, no 
significant 

differences found 
 

 
 

Similar between 
groups, no 
significant 

differences found 
 

* indicates significant differences 

 
8.13 Anxiety and Depression  
 
Three out of thirteen (23%) studies included anxiety and depressions outcomes; none of 

the studies improved anxiety and depression outcomes when compared to standard care 

[Cuthbertson et al., 2009; Gruther et al., 2017; Walsh et al., 2015] (Table 8.10). 
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Table 8. 10 – Anxiety and Depression Outcome Measure Results 
Author, Year Anxiety and Depression outcome measures result p value 

Cuthbertson et al. 
[2009] 

Anxiety (Hospital Anxiety Scale Score) 
6 months:  Standard care: 7.0 ± 4.6 Vs Intervention: 6.0 ± 4.5, 95% CI -0.9 (-2.0 to 
0.1) 
Anxiety 12 months: Standard care: 6.4± 4.4 Vs Intervention: 5.5 ± 4.6, 95% CI -0.8 (-
1.9 to 0.4) 
Depression (Hospital depression scale score) 
6 months: Standard care: 5.3 ± 4.0 Vs Intervention: 5.3 ± 4.3, 95% CI -0.0 (-1.0 to 
1.0) 
Depression 12 months:  Mean and SD for both groups not reported, 95% CI -0.1 (-1.2 
to 1.0) 

 
p 0.09 

 
 

p 0.18 
 
 
 

p 0.99 
 

p 0.86 
Gruther et al. 
[2017]  

Depression (Beck Depression Inventory (BDI) Score)  
 
Baseline  
Early Rehab: 6 [IQR,4-11] Vs Standard care: 3.5 [IQR,0-8.5] 
 
Discharge  
Early Rehab: 1 [IQR, 0-3] Vs Standard care: 2.5 [IQR,0-3] 
 
Anxiety - State-trait anxiety inventory (STAI) Score  
 
Baseline  
Early Rehab: 39.5 [IQR, 37-50] Vs Standard care: 36 [IQR,21-51] 
 
Discharge  
Early Rehab: 36.5 [IQR,30-46] Vs Standard care: 33.5 [IQR, 28-34] 

Similar between 
groups, no 

significant difference 
found, p-value not 

reported 
 
 
 
 

Similar between 
groups, no 

significant difference 
found, p-value not 

reported 

Walsh et al. [2015] HADS Anxiety Score (Hospital Anxiety Scale) 
3-months Usual care: 6 [IQR, 3 to 10] Vs Intervention group 7 [IQR, 3 to 11], 95% CI 
– 0.2 (-1.6 to 1.4) 
 
HADS Depression Score (Hospital Anxiety Scale) 
3-months Usual care: 7 [IQR, 4 to 10] Vs Intervention group 7 [IQR, 4 to 9], 95% CI – 
0.5 (-0.7 to 1.6) 

p.73 
 
 
 
 

p.44 

 
8.14 Physiological  
 
Vitacca et al. [2016] was the only study to include physiological outcomes, physiological 

outcomes of treatments versus controls were significantly improved for forced expiratory 

volumes in 1 second (FEV1), maximum inspiratory pressure (MIP) and maximum 

expiratory pressure (MEP) (Table 8.11). 

 

Table 8. 11 – Physiological Outcome Measure Results 
Author, Year Physiological outcome measures result p value 

Vitacca et al. 
[2016] 

 
Respiratory rate (RR) (a/min) 
Control: -0.46 (-1.9.1) Vs Treated: -1.8 (2.9, -0.5) 
 
Arterial blood gas values (mmHg) 
Control: 11.96 (-83.114) Vs Treated: 16.19 (-85.138) 
 
Carbon dioxide arterial tension (mmHg)  
Control: -0.33 (-5.6,4.9) Vs Treated: -0.09 (-3.8,3.6), p 0.46 
 
Forced expiratory volumes in 1 second (FEV1) (%) 
Control: -3.87 (-65.22) Vs Treated: 9.85 (-8.5.39) 
 
Forced Vital Capacity (FVC) (%) 
Control: -2.47 (-90.20) Vs Treated: 10.24 (-13.58) 
 
Maximum inspiratory pressure (MIP) (cmH2O) 
Control: -0.2 (7.8,7.4) Vs Treated: 13.76 (5.8,21.6) 
 
Maximum expiratory pressure (MEP) (cmH2O) 
Control: 6.4 (-5.18) Vs Treated: 27 (14.39) 
 
Dyspena (BORG scale, score: 
Control: -0.3 (-10.3) Vs Treated: -1.1 (-5.4) 

 
 

p 0.91 
 
 

p 0.86 
 
 

p 0.46 
 
 

p 0.03* 
 
 

p 0.10 
 
 

p.007* 
 
 

p 0.009* 
 
 
 

p 0.46 
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8.15 Ventilatory  
 
Four out of seven (57.1%) studies that included ventilatory outcome measures reported 

reductions in mechanical ventilation duration [Hanekom et al., 2012; Lai et al., 2017; 

Rotta et al., 2018; Vitacca et al., 2016] (Table 8.12). 

 

Table 8. 12 – Ventilatory Outcome Measure Results  
Author, Year Ventilatory outcome measures results p value 

Falkenstein et al. 
[2020] 

Ventilator Days  
Control (n=44): 3.5 ± 5.9 Vs Early Mobility (n=43): 2.1 ± 3.9 
 

 
p.205 

Hanekom et al. 
[2012] 

Time on the ventilator (hours) 
52% (100/193) of the sample received ventilation on unit admission 
 
Patients admitted to the unit during protocol care were less likely to be 
intubated after unit admission (RR, 0.16; 95% CI, 0.07 to 0.71; RRR, 
0.84; NNT, 5.02  
 
Proportion of failed extubations (%) 
Risk of failing an extubation was 77% less in patients admitted to the 
unit during protocol care compared with usual care (RR, 0.23; 95% 
CI, 0.05 to 0.98; RRR, 0.77; NNT, 6.95;  
 
Ventilation time (hours) 
Usual care 5.10 hours (95% CI, 9.65 to 19.84) Vs protocol-care 
condition periods,  

 
 
 
 
 
 

p 0.005* 
 
 
 
 

p 0.04* 
 
 
 

 
 

p.50 
Hester et al. 
[2017] 

Percentage requiring mechanical ventilation, n (%) 
Pre-period: 389 (34.8), Post-Period: 235 (23.1), Sustained Period: 300 
(37.7) 
 
Ventilator days 
Pre-period (n= 389): 7.8 ± 10.27, Post-Period (n=235): 7.8 ± 19.05, 
Sustained Period (n=300): 7.3 ± 7.55 

 
 
 

p 0.076 
 
 
 

p.0.865 
 

Lai et al. [2017] Mechanical Ventilation duration (days) 
Before protocol: 7.5± 7.0 days Vs After protocol 4.7 ± 2.3 days  
 
Successful extubation n (%) 
Before protocol: 61.0 (96.8)% Vs After protocol: 89.0 (98.9%) days  

 
p<.001* 

 
 
 

p.385 
Morris et al. 
[2008] 

Ventilator days 
Usual Care (n=135): 9.0 (Mean) (CI, 7.5- 10.4) Vs Protocol (n=145) 7.9 
(Mean) (CI, 6.4 – 9.3) 
 

 
p.298 

 

Rotta et al. [2018] IMV duration days 
PT-12 (n=483): 6.0 (Median) (IQR,4.0- 12.5) Vs PT-24 (n=332): 5.0 
(Median) (IQR,3.0- 9.2) 

 
p<0.001* 

Vitacca et al. 
2016 

Tracheostomy (%) 
At 6 months – tracheostomy was withdrawn for 83% of treated patients 
and 14% of controls  

p 0.01* 

* indicates significant differences 

 

8.16 Mortality  

 
One of the six (16.6%) studies that included mortality as an outcome measure reported 

significantly lower in-hospital mortality in the early rehabilitation group when compared 

to the control group [Sawada et al., 2018] (Table 8.13). 
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Table 8. 13 – Mortality Results 

Author, Year Mortality outcome measures result p value  
Cuthbertson et 
al. [2009] 

Mortality 12 months after discharge 
Intervention: n=18 Vs Standard care: n=14 

No significant 
difference found, p-
value not reported 

 
Hanekom et al. 
[2012] 

In-hospital mortality 
17 (9%) patients died 
12 (70%) patients died during ICU stay  
5 (30%) died in hospital  
 
No difference in mortality between Usual Care Vs Protocol Care 

 
p.0.52 

Morris et al. 
[2008] 

In-hospital mortality, no. (%) 
Usual Care (n=135): 30 (18.2%) Vs Protocol (n=165) 20 (12.1%) 

 
p .0125 

 
 

Sawada et al. 
[2018] 

In-hospital mortality, no. (%) 
Early rehabilitation (n=990):  177 (17.9%) Vs Control (n=7742) 1751 
(22.6%) 

 
p<.001* 

Walsh et al. 
[2015] 

Post-ICU Hospital LOS (Days) 
Hospital discharge - Usual care: 10 [IQR,6 to 23] Vs Intervention 
group 11 [IQR, 6 to 22], 95% CI – 0 (-2 to 2) 

 
p.90 

Wright et al. 
[2017] 
 

Mortality to 6 Months 
Intervention Group: 43 deceased Vs Control Group: 56 deceased  
 
 

 
No significant 

difference found, p-
value not reported 

 
*indicates significant differences 
  
8.17 Length of Stay  
 
Five out of seven (71.4%) studies that included length of stay reported a reduced ICU or 

hospital length of stay [Corcoran et al., 2017; Gruther et al., 2017; Hanekom et al., 2012, 

Hester et al., 2017; Lai et al., 2017;] (Table 8.14). 
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Table 8. 14 – Length of Stay Results 
Author, Year Length of Stay outcome measures result p value 

Corcoran et al. 
[2017] 

ICU LOS (Days) 
Pre-pip: decreased from 4.6 ± 4.2 days  
 
Pip period: to 3.7 ± 2.6 days  
 
Hospital LOS (Days) 
Pre-pip: decreased from 6.0 ± 5.8 days 
  
PIP period: to 3.4 ± 2.8 days 

 
p.05 

 
p<.05* 

 
p<.01* 

 
p<01. * 

Falkenstein et al. 
[2020] 

ICU LOS (Days) 
Control (n=44): 6.9 ± 8.7 Vs Early Mobility (n=43): 5.5 ± 7.1  
 
Hospital LOS (Days) 
Control (n=44): 12.3 ± 10.7 Vs Early Mobility (n=43): 9.9 ± 11.3  
 

p 0.446 
 
 

p 0.328 

Gruther et al. 
[2017] 

Number of days in hospital after transfer from the ICU to a 
general ward.  
 
Median time at the general ward: Early- rehabilitation group: 14 days 
[IQR, 12-20 days] Vs Standard-care group: 21 days [IQR 13- 34 days] 
 

 
 

p 0.033* 

Hanekom et al. 
[2012] 

ICU LOS (Days) 
Usual care: (71.80 ± 48. 51) Vs Protocol care: (71.61 ± 61.82), 95% CI 
– 0.19 (-1.20 to 1.22) 
 
Hospital LOS (Days) 
Usual care: (17.13 ± 14.38) Vs Protocol care: (14.47 ± 11.00), 95% CI 
– 2.65 (-1.86 to 7.17), p 0.20 
Time after unit discharge  
Usual Care (10.50 ± 11.68) Vs Protocol care: (7.41± 7.45), 95% CI – 
3.97 (-0.35 to 6.5) 

 
p 0.98 

 
 
 

p 0.20 
 
 

p 0.05* 

Hester et al. 
[2017] 

ICU LOS (Days) 
Decreased from 5.2 ± 6.9 in the post period Vs pre- intervention 
period 6.5 ± 9.1 
 
Hospital LOS (Days) 
Shorter in the post 8.6 ± 8.8 and sustained periods 8.8 ± 9.3 
compared to the pre-intervention periods 11.3 ± 14.1 days to 8.6± 8.8  

 
p.001* 

 
 
 

p.001* 

Lai et al. [2017] ICU LOS (Days) 
Before protocol: 9.9 ± 7.6 days Vs After protocol 6.9 ± 3.5 days 
 
Hospital LOS (Days) 
Before protocol: 24.0 ± 20.7 days Vs After protocol 19.2 ± 15.2 days 

p<.001* 
 
 
 

p.101* 
Morris et al. 
[2008] 

ICU LOS (Days) 
Usual Care (n=135):  8.1 (Mean) (CI, 7.0- 9.3) Vs Protocol (n=145) 7.6 
(Mean) (CI, 6.3 – 8.8) 
 
Hospital LOS (Days) 
Usual Care (n=135):  17.2 (Mean) (CI, 14.2- 20.2) Vs Protocol (n=145) 
14.9 (Mean) (CI, 12.6 – 17.1) 

 
p .084 

 
 
 

p .048 
 
 

Rotta et al. [2018] ICU LOS (Days) 
PT-12 (n=483): 15.0 (Median) (IQR, 9.0- 24.0) Vs PT-24 (n=332): 
13.0 (Median) (IQR, 8.0- 22.0) 

p 0.013 

Sawada et al. 
[2018] 

ICU LOS (Days) 
Early rehabilitation (n=990): 4 (Median) (IQR, 2.0 – 8.0) Vs Control 
(n=7742): 5 (Median) (IQR, 2.0 -10.) 
 
Hospital LOS (Days) 
Early rehabilitation (n=990): 22 (Median) (IQR, 14 – 41) Vs Control 
(n=7742): 22 (Median) (IQR, 14 - 42) 
 

 
p.001 

 
 
 

p.43 

Walsh et al. 
[2015] 

Post-ICU Hospital LOS (Days) 
Hospital discharge - Usual care: 10 [IQR,6 to 23] Vs Intervention 
group 11 [IQR, 6 to 22], 95% CI – 0 (-2 to 2) 

 
p.90 

Wright et al. 
[2017] 
 

ICU length of stay (Days) 
Participants alive at ICU discharge Intervention: 13 [IQR, 8-21] Vs 
Standard Care: 15 [IQR, 8 -23], 95% CI -0.3 (-4.0 to 4.8) 
 
Participants deceased at ICU discharge Intervention: 10 [IQR, 6-29] Vs 
Standard Care: 9 [IQR, 4 -14], 95% CI 5.2 (-7.3 to 16.7) 
 
Hospital length of stay (Days) 
Participants alive at hospital discharge Intervention: 28 [IQR, 19-56] Vs 
Standard Care: 28 [IQR, 20 -43], 95% CI 4.1 (-6.5 to 15.3) 
 
Participants deceased at hospital discharge Intervention: 14 [IQR, 6-
31] Vs Standard Care: 9 [IQR, 5 -21], 95% CI -5.0 (-29.2 to 14.7) 

 
No significant 

difference found, p-
value not reported 

 
 
 

No significant 
difference found, p-
value not reported 
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8.18 Economic Evaluations  
 
Six out of thirteen (46.1%) studies included cost-effectiveness analyses [Cuthbertson et 

al., 2009; Falkenstien et al., 2020; Morris et al., 2008; Sawada et al., 2018; Walsh et al., 

2015; Wright et al., 2017] and seven out of thirteen (53.8%) studies included partial 

evaluations [Corcoran et al., 2017; Gruther et al., 2017; Hanekom et al., 2012; Hester et 

al., 2017; Lai et al., 2017; Rotta et al., 2018; Vitacca et al., 2016] (Table 8.15). The three 

studies that included cost-effective analyses (CEA) were not cost-effective [Cuthbertson 

et al., 2009; Walsh et al., 2015; Wright et al., 2017]. Six out of thirteen (46.1%) studies 

reported lower hospital costs [Corcoran et al., 2017; Falkenstein et al., 2020; Gruther et 

al., 2017; Hester et al., 2017; Lai et al., 2017; Rotta et al., 2018]. Sawada et al. [2018] 

reported no significant differences for costs of hospitalisation between the early 

rehabilitation group and the control group, and the three remaining studies did not clearly 

state whether their interventions were cost-saving or cost-effective [Hanekom et al., 

2012; Morris et al., 2008; Vitacca et al., 2016]. The costs included in the economic 

evaluations varied. Four out of the thirteen (30.7%) studies reviewed used 

questionnaires to assess costs [Cuthbertson et al., 2009; Hanekom et al., 2012; Rotta et 

al., 2018; Wright et al.,2017]. Cuthbertson et al. [2009] estimated the use of healthcare 

resources per patient by a means of patient questionnaires, Hanekom et al. [2012] 

assessed costs using the Therapeutic Intervention Scoring System-28 (TISS-28) 

instrument [Muehler et al., 2010], and Wright et al. [2017] assessed costs using the 

patient cost questionnaire [Thomas et al. 2015]. Rotta et al. [2018] estimated workload 

costs using The Omega system [Sznajder et al., 1998], which is similar to the TISS-28 

instrument. Six out of thirteen (46.1%) studies provided information for general hospital 

costs incurred [Corcoran et al., 2017; Falkenstien et al., 2020; Gruther et al., 2017; Lai 

et al., 2017; Morris et al., 2008; Sawada et al.,2018], some of these studies did not 

provide any information regarding hospital resources utilised and the associated costs. 

Two out of thirteen (15.3%) studies compared the mean differences in costs [Hester et 

al., 2017; Walsh et al., 2015]. Hester et al. [2017] compared the mean differences in 

costs across different financial years, and Walsh et al. [2015] compared the mean 

differences in costs between the intervention and usual care groups. One out of thirteen 

(7.6%) studies provided a detailed breakdown of costs incurred [Vitacca et al., 2016]. 
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Table 8. 15 – Hospital Resources Included, Economic Time Horizons and Cost Results 

Authors, Year Type of economic evaluation 
conducted 

Hospital resources included (e.g., 
physiotherapy, occupational therapy, nurses, 
speech language therapist, ICU cost per day, 

hospital cost per day) 

Economic Time Horizons 
(length of time over which the 

economic analysis was 
conducted) 

 

Cost Results (cost per patient, cost 
per ICU bed/day, cost per hospital 

day) 

Overall Economic evaluation result  

Corcoran et al. [2017] Partial evaluations ICU cost per day 
Pre-pip: $2072 Vs PIP group: $1883 (not 

adjusted for inflation 
 

Hospital average cost per day 
Pre-pip: $949 Vs PIP group: $918 (not adjusted 

for inflation) 
 

Patient’s care at the ICU bedside annualised to 
determine the total average direct costs for 2012 

and 2014. 

12-month timeline 
 

Average ICU cost per day in the ICU 
decreased in the PIP group, net cost 

saving $1.5 million 
 
 

Overall, $2.2 million direct cost saving, 
29% decreased in direct costs. 

Lower hospital costs 

Cuthbertson et al. [2009] Cost-effectiveness analyses Cost per patient for each arm of the trial was 
calculated. 

 
Estimated the use of healthcare resources per 
patient by means of patient questionnaires and 

hospital note review over the first year. 
 

Unit costs or prices were obtained using 
published estimates and study specific 

estimates. 
 

QALY’s were calculated using the area under 
the curve method with responses to the EQ-5D 

questionnaire. 
 

Point estimates for mean costs and mean 
QALYs were derived for treatment and standard 

groups to obtain incremental cost per QALY 
gained. 

2 – year timeline Standard care: £4810 Vs Intervention: 
£7126 (difference £2316 (95% credible 
interval -£269 to £463). Difference was 

significant at the 5% level 
 

Mean total QALY: Intervention group: 
0.423 Vs 0.426 control group (difference 
– 0.003 (-0.065 to 0.060), difference in 

QALY was not significant. 

Not cost-effective 

Falkenstein et al. [2020] Cost-benefit analysis Annual early mobility cost: $135,434  
 

Direct cost before hospital intervention: $30,496 
 

Direct variable cost after intervention: $22,257 
 

Direct variable cost savings per patient $8,239 
  

Compared costs before and 
after early mobility program  

Patients in the early mobility program 
were discharged faster, spent less time 

on mechanical ventilation, and 
participated in functional activities 
sooner (not statistically significant) 

 
Early mobility program reduced patient 

care costs. 

Lower hospital costs 

Gruther et al. [2017] Partial evaluations Hospital costs after ICU transfer to the 
general ward 

 
Intention-to-treat 

Early Rehab: €17,316 Vs Standard care:  
€19,167.19 

 
Per-protocol population 

Early Rehab: €14,346.36 Vs Standard care:  
€19,167.19  

Compared costs after transfer 
from the ICU to the general 

ward between the intervention 
and standard care groups 

Hospital costs after ICU transfer to the 
general ward were, on average, approx. 

10% lower in the intention-to-treat 
population and approx. 25% lower in the 
per-protocol population compared with 

the standard care. 
 

No p value reported 

Lower hospital costs 
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Authors, Year Type of economic evaluation 
conducted 

Hospital resources included (e.g., 
physiotherapy, occupational therapy, nurses, 
speech language therapist, ICU cost per day, 

hospital cost per day) 

Economic Time Horizons 
(length of time over which the 

economic analysis was 
conducted) 

 

Cost Results (cost per patient, cost 
per ICU bed/day, cost per hospital 

day) 

Overall Economic evaluation result  

Hanekom et al. [2012] Partial evaluations TISS-28 instrument to measure the impact on 
cost on two physiotherapy-service approaches. 

 
Research therapists’ salaries during the protocol 

period: 2,848 Euros (R32,000) 
 

Calculated daily for each patient 
remaining in ICU for the 

duration of a TISS-28-unit day 
 

Mean difference in the cumulative daily 
unit TISS-28 score during the two 

intervention periods was 1.99 (95% CI, 
0.65 to 3.35) TISS-28 units (p 0.04)  

Mean difference in individual patient’s 
daily TISS-28 score during the two 

condition periods was 1.92 (95% CI, 
0.11 to 3.95; (p 0.06). 

Not clearly stated – “This could be a more 
cost-effective service approach to care 

than usual care.” 

Hester et al. [2017] Partial evaluations Total cost per case for pre-period, post 
period and sustained period. 

Direct costs accounted for 55% of overall costs 

 

 
 

Conducted economic 
evaluations across different 

financial years (2011 and 2013) 

Significant decrease in cost per case 
after program implementation (p 0.045) * 

After inflation adjustment, total cost was 
reduced from the pre period ($40,201 ± 
47,611) to the post period ($33,370 ± 

32,373) (p 0.037) * 

Total costs reduced from the pre period 
to the sustained period ($38,547 ± 

86,242; p 0.147) 

A conservative estimate of the direct 
cost reduction, including adjustment for 

inflation, was approximately $12.0 
million. 

Lower hospital costs 

Lai et al. [2017] Partial evaluations Hospital costs (NT$) 

Before protocol: NT$ (New Taiwan dollar) 

260,000 Vs After protocol:  NT$ 226,000 (p.374) 

12-month timeline Lower hospital costs, differences not 

significant 

Lower hospital costs 

Morris et al. [2008] Cost-benefit analysis  The total direct inpatient costs (salaries) 

Protocol Group: $6,805,082 Vs Usual Care: 

$7,309,871 

Average cost per-patient 

Protocol Group: $41,142 Vs Usual Care: 

$44,302 

24 Months  Mobility Program did not increase cost, 

and was associated with decreased ICU 

and hospital LOS in survivors 

 

Not clearly stated – “Mobility Program did 

not increase cost, and was associated with 

decreased ICU and hospital LOS in 

survivors” 
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Authors, Year Type of economic evaluation 
conducted 

Hospital resources included (e.g., 
physiotherapy, occupational therapy, nurses, 
speech language therapist, ICU cost per day, 

hospital cost per day) 

Economic Time Horizons 
(length of time over which the 

economic analysis was 
conducted) 

 

Cost Results (cost per patient, cost 
per ICU bed/day, cost per hospital 

day) 

Overall Economic evaluation result  

Rotta et al. [2018] Partial evaluations Omega Score  

Direct costs = 211.68 x total Omega Score + 
1,191.5 

Medical costs = 124.4 x total Omega Score  

Nursing staff costs = 67 x total Omega Score  

1 year, 9 months’ timeline PT-12 

Direct costs (FF, French Francs): 
71,045.9 (Median) (IQR, 43,421.7 - 

112,641.0) 

Medical costs (FF): 41,052.0 (Median) 
(IQR, 24,817.8-65,496.6)  

Staff costs (FF): 22,110.0 (Median) 
(IQR, (13,366.5-35,275.5) 

PT-24 

Direct costs (FF, French Francs): 
60,779.4 (Median) (IQR, 36,700.8- 

105,867.3) 

Medical costs (FF): 35,018.6 (Median) 
(IQR, 20,868.1- 61,515.8) 

Staff costs (FF): 18,860.5 (Median) 
(IQR, (11,239.2- 33,131.5) 

Lower ICU costs (patients with 24-h access 

to physiotherapy services) 

Sawada et al. [2018] Cost-benefit analysis Early Rehabilitation 

Total costs of hospitalisation (US$): 8800 (IQR, 
3958 - 18 442) 

Control 

Total costs of hospitalisation (US$): 9031 (IQR, 
4014- 19 638) 

3-year timeline Early Rehabilitation did not significantly 
differ in terms of total costs of 

hospitalisation when compared to the 
control group 

No significant differences in costs of 
hospitalisation, did not reduce ICU or 

hospital LOS  

Vitacca et al.  [2016] Partial evaluations Phone call costs (cost per unit): €20 
 

Telephone costs: fixed costs included equipment 
purchase and installation, and installation of 

telecommunication lines; variable costs included 
monthly line charges, maintenance costs, nurse 
and pulmonologist second opinion on duty calls. 

 
The cost of physician and PT time and 

equipment was computed based on market 
values 

 
The PT costs amounted to 2 years of salary 

 
A fixed 7% extra cost was added to cover 

administrative fees (variable costs including 

6-month timeline Total program cost/patient: 
€2756 or €459 patient/month 

The author states – “A cost of €459 per 
patient per month seems an acceptable 
investment considering the physiological 

and psychological benefits derived for 
critical care survivors.” 
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Authors, Year Type of economic evaluation 
conducted 

Hospital resources included (e.g., 
physiotherapy, occupational therapy, nurses, 
speech language therapist, ICU cost per day, 

hospital cost per day) 

Economic Time Horizons 
(length of time over which the 

economic analysis was 
conducted) 

 

Cost Results (cost per patient, cost 
per ICU bed/day, cost per hospital 

day) 

Overall Economic evaluation result  

monthly telephone charges and maintenance 
costs). 

Walsh et al. [2017] Cost-effectiveness analyses Cost-utility analysis for usual care group and 
intervention costs 

12- month timeline Health care costs were similar at 12 
months: Standard care group: $81,000 

[£49 000] Vs Intervention group: 
$81,000 [£49 000]. 

 
Intervention led to a non- significant 

additional $3000 (£2000) cost 
 

No difference in mean quality-adjusted 
life-years; Standard care: 0.54 ± 0.18 Vs 

Intervention: 0.54 ± 0.20 

Not cost-effective 

Wright et al. [2017] Cost-effectiveness analyses Compared costs of both the standard care 
and intervention group from the health 

service perspective and societal prospective. 
 

Patient costs for hospital visits were assessed 
using the patient costs questionnaire 

 
Utility scores were calculated from SF-6D 

derived from responses to SF-36 and EQ-5D. 
 
 

6-month timeline Resource use during participants’ 
primary hospital admission was greater 

in the intervention group due to the 
increased physiotherapist time. 
Standard care: 210 ± 229 Vs 

Intervention group: 348 ± 315 mins. 
 

Utility Values SF-6D: Standard Care 
(baseline 0.301; 3 months 0.561 ± 

0.181; 6 months 0.579 ± 0.271; QALY 
over 6 months 0.250 ± 0.070) Vs 

Intervention (baseline 0.301; 3 months 
0.603 ± 0.145; 6 months 0.641 ± 0.173; 

QALY over 6 months 0.269 ± 0.055) 
 

Utility Values EQ-5D: Standard Care 
(baseline 0.075; 3 months 0.446 ± 

0.324; 6 months 0.502 ± 0.347; QALY 
over 6 months 0.184 ± 0.116) Vs 

Intervention (baseline 0.075; 3 months 
0.512 ± 0.353; 6 months 0.565 ± 0.390; 

QALY over 6 months 0.208 ± 0.127) 
Utility scores and QALYs were similar 

between groups 

Not cost-effective 
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8.19 Discussion  
 
This review of economic evaluations of rehabilitation and exercise programs following 

critical illness found that very few economic evaluations are calculated for exercise and 

rehabilitation programs for the critical care population. To date, this is the first review 

investigating economic evidence of rehabilitation and exercise programs for the critical 

care population. Seven out of thirteen (53.8%) studies [Corcoran et al., 2017; Gruther et 

al., 2017; Hanekom et al., 2012; Hester et al., 2017; Lai et al., 2017; Rotta et al., 2018; 

Vitacca et al., 2016] included partial evaluations and six out of thirteen (38.4%) studies 

included cost-effectiveness analyses [Cuthbertson et al., 2009; Falkenstein et al., 2020; 

Morris et al., 2008; Sawada et al., 2018; Walsh et al., 2015; Wright et al.2017]. 

 
A cost comparison analysis was used in seven out of thirteen (53.8%) studies [Corcoran 

et al., 2017; Gruther et al., 2017; Hanekom et al., 2012; Hester et al., 2017; Lai et 

al.,2017; Rotta et al., 2018; Vitacca et al., 2016]. This particular method does not involve 

comparisons between interventions and does not relate intervention costs to intervention 

benefits. It could be suggested that this alternative method is a weaker option for 

conducting economic evaluations. These partial evaluations can help resolves issues 

that are not associated with efficiency such as cost minimisation; however, this type of 

analysis does not assess the value that is added for the amount of money invested. 

 

Six out of thirteen (46.1%) studies [Cuthbertson et al., 2009; Falkenstien et al., 2020; 

Morris et al., 2008; Sawada et al., 2018; Walsh et al., 2015; Wright et al.,2017] that 

included cost-effectiveness analyses differed in terms of methodology. Two out of six 

(33.3%) studies included cost-utility analysis (CUA) with Quality-Adjusted Life Years 

(QALY) [Walsh et al., 2015; Wright et al., 2017], and three out of the six studies included 

cost-benefit analysis (CBA) [Falkenstein et al., 2020; Morris et al., 2008; Sawada et al., 

2018], the remaining study [Cuthbertson et al., 2009] included cost-effective analysis 

(CEA). These methods compare both the costs and consequences of an intervention 

and require identification, measurement and valuation of both costs and consequences. 

A cost-effectiveness analysis could be considered as a more robust option as it is the 

only type of economic analysis that provides information on costs and consequences 

[Drummond et al., 2015]. 

 

Previous research has highlighted the importance of conducting economic evaluations 

in the critical care setting; economic evaluations should be routinely incorporated into all 

studies [Cox et al., 2006]. Furthermore, Cox et al. [2006] further highlights the importance 
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of health care providers and decision-makers understanding the basic concepts of 

economic evaluations and how to interpret the results. 

 

The costs included in the economic evaluations of the thirteen studies were variable and 

inconsistent, e.g., some studies reported hospital resource use, others included cost per 

patient, and some studies failed to provide a detailed breakdown of healthcare services 

utilised and the costs incurred. Standardising the methodologies used for economic 

evaluations for rehabilitation and exercise program for the critical care population would 

help improve the comparability of the results. Cost information is essential to improve 

the economic efficiency of any rehabilitation and exercise program during and following 

critical illness. Therefore, appropriate costing methodology is vital to reduce the negative 

impact of ill-informed decisions. In principle, micro-costing is the preferred cost 

estimation method that involves the ‘direct enumeration and costing out of every input 

consumed in the treatment of a particular patient’ [Gold et al., 1996]. It is important for 

future rehabilitation and exercise programs for the critical care population to consider 

micro-costing to establish actual resource use and economic costs by collecting detailed 

data on resources utilised and the unit costs of those resources. Micro-costing methods 

are precise but expensive to employ. Future micro-costing studies are likely to contribute 

to evidence the base. Further examination to help determine the cost-effectiveness of 

exercise and rehabilitation programs for the critical care population may provide more 

robust conclusions. 

 
Ensuring the similarity of costs included for economic evaluations may seem like a 

formidable challenge. To overcome this issue, future studies should provide a more 

comprehensive description of the setting and sufficient costing information, such as the 

number of services provided, resources utilised and their unit cost to allow healthcare 

providers and decision-makers to discern generalisability. 

 

In order to collect detailed cost data and interpret cost analyses, economic evaluations 

must also take into consideration the selected time horizon. An economic time horizon 

is a period over which health outcomes and costs are calculated. The time horizon must 

be long enough to capture the important clinical and economic consequences of the 

chosen intervention. The optimal time horizon of any intervention implemented is 

dependent upon the outcome measures being assessed. The economic time horizons 

in the studies reviewed ranged from 6-months to 3-years; none of the studies included a 

justification of their chosen economic time horizon.  A time horizon can be short as 1 

year for one-time intervention or as long the patient’s lifetime for screening effects of 
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chronic diseases [Angus et al., 2002]. Some interventions will have an impact over a 

patient’s lifetime; especially in the treatment of chronic diseases [Sculpher et al., 2000]. 

In such instances, a lifetime horizon for clinical and cost-effectiveness is generally 

considered more appropriate. Lifetime horizons are also often used for acute care and 

are preferred by NICE [YHEC - York Health Economics Consortium, 2020]. 

 
The studies in this review included a variety of rehabilitation and exercise interventions, 

thus making it problematic to draw conclusions. Lack of reported detail from some 

studies [Corcoran et al., 2017; Cuthbertson et al., 2009; Hanekom et al., 2012; Sawada 

et al., 2020], combined with variation in rehabilitation and study design, limits 

investigation of this area. Where greater detail is provided [Lai et al.,2017; Gruther et al., 

2017; Falkenstient et al., 2020; Hester et al., 2017; Morris et al., 2008; Vitacca el al., 

2016; Walsh et al., 2015; Wright et al., 2017], a common feature is an element of 

exercise, such as exercise therapy, passive and active exercises. At present, no 

consensus has been reached on the overall effectiveness of exercise-based 

rehabilitation for survivors of critical illness [Battle et al., 2019; Elliott et al., 2011B; 

Connolly et al., 2016]. There is widespread agreement within the literature that exercise-

based rehabilitation plays an integral part of the overall rehabilitation of critically ill 

patients. However, there is a lack of agreement within the literature concerning the 

approach, dose, duration and frequency for exercise-based rehabilitation for survivors of 

critical illness. 

 

Due to the extent of variability in the characteristics of interventions, the range of 

outcome measures, economic evaluations, and sample size, it was not possible to 

tabulate a meta-analysis of the summary results. 

 

Five out of thirteen (38.4%) studies showed a reduced length of stay at a lower cost 

when compared to standard care [Lai et al., 2017; Corcoran et al., 2017; Falkenstien et 

al., 2020; Gruther et al., 2017; Hester, et al., 2017] (Table 8.14 and Table 8.15). 

Hanekom et al. [2012] reported a reduction in ICU and Hospital LOS; the authors did not 

clearly state whether the intervention was cost saving. In contrast, Morris et al. [2008] 

reported a reduction in ICU and Hospital LOS however the mobility protocol did not 

reduce costs. 
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Despite the shorter length of stay, interventions for three of the studies included in this 

review were not deemed cost effective [Cuthbertson et al., 2009; Walsh et al., 2015; 

Wright et al., 2017] (Table 8.14 and Table 8.15). The length of stay in critical care is of 

great significance, both to patient experience and the cost of care, and is influenced by 

factors specific to the intensive care environment.  The three studies [Cuthbertson et al., 

2009; Walsh et al., 2015; Wright et al., 2017] increased the availability of rehabilitation 

for the intervention groups when compared to standard care. Increases in the availability 

of rehabilitation of were associated with increased healthcare and recourse costs. These 

studies suggest that high fixed costs limit the extent to which reductions in length of stay 

can yield significant cost savings. As a consequence, it is difficult for healthcare service 

providers to achieve cost savings and maintain reductions in length of stay. Two of the 

authors [Cuthbertson et al., 2009; Wright et al., 2017] calculated the use of healthcare 

resources by a means of patient questionnaires. Thus, the calculation of costs derived 

from patients were based on the ‘estimated’ use of healthcare resources and were not 

directly measured. Therefore, the findings reported need to be interpreted with caution. 

Efforts to improve resource consumption throughout ICU stay when costs are greatest 

should be explored. 

 

Health economic evaluations are widely accepted as policy-making tools that can assist 

with strategic decision making about the allocation of resources by providing information 

about the value of alternative health interventions. Future rehabilitation studies should 

be encouraged to include economic evaluations. However, without adopting a gold 

standard method for economic evaluations, informing policy and practise will be 

challenging. Although there is no gold standard evaluation tool for economic evaluations, 

NICE prefer cost-utility analyses [Nice.org.uk , 2014]. New guidance for evaluating the 

quality of reporting of economic evaluations has previously been released; the 

Consolidated Health Economic Evaluation Reporting Standards (CHEERS statement) 

[Husereau et al., 2013]. The CHEERS statement consists of a 24-item checklist 

accompanying recommendations on the minimum amount of information to be included 

when reporting economic evaluations.  

 

Based on the findings of this review, NICE recommendations and CHEERS statement, 

future studies exploring economic evaluations/ cost effectiveness of rehabilitation and 

exercise programs for survivors of critical illness should consider cost-utility analysis 

(CUA). CUA provides information regarding an individual’s quality of life and the length 

of life they will gain as a result of an intervention. CUA are able to demonstrate health 
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benefits in terms of both quantity and quality of life and can help inform resource 

allocation decisions across different healthcare settings. 

 

Future studies exploring economic evaluations of rehabilitation and exercise programs 

for survivors of critical illness should also include a detailed breakdown of the resource 

utilised and the unit costs of those resources (micro-costing). The adoption of QALY and 

micro-costing for rehabilitation and exercise programs following critical illness would help 

facilitate direct comparisons of health economics evaluations for future studies.  

 

One challenge of interpreting and applying the results from cost-effectiveness analyses 

are the differences between the value of an intervention for the population and the value 

for an individual patient. For example, if a rehabilitation or exercise programs following 

critical illness are found to be clinically but not cost-effective, it might be more efficient to 

explore incremental cost-effectiveness ratios (ICER). An ICER is a summary measure 

representing the economic value of an intervention, compared with an alternative 

intervention.  An ICER is calculated by dividing the difference in total costs (incremental 

cost) by the difference in the chosen measure of health outcome or effect (incremental 

effect) to provide a ratio of 'extra cost per extra unit of health effect' (for the more 

expensive therapy vs the alternative) [Incremental Cost-Effectiveness Ratio (ICER) - 

YHEC - York Health Economics Consortium, 2021]. In decision-making ICERs are most 

useful when the new intervention is more costly but generates improved health effect 

[Incremental Cost-Effectiveness Ratio (ICER) - YHEC - York Health Economics 

Consortium, 2021]. 

 

The need for a contemporary reporting guidance for economic evaluations has 

previously been identified by researchers and biomedical journal editors [McGhan et al., 

2009]. 

 

A greater understanding of economic evaluations of rehabilitation and exercise 

interventions for the critical care population may help to provide a framework to help 

identify any additional information that may be useful with decision making concerning 

the implementation and utilisation of healthcare services for the post-ICU population 

(Chapter 6).  
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8.20 Study Strengths  
 
A key strength of this review is the systematic method of data screening, data collection 

and data extraction. A comprehensive search strategy was employed encompassing 

both peer-reviewed and grey literature. All of the studies included in this review were 

based on actual implementation within real-life settings with real costs.  

 

8.21 Study Limitations  
 
The results of this review are limited to those published in English, representing a 

potential limitation. 

 

8.22 Conclusions 
 
A small number of studies included some form of economic evaluation. Economic 

evaluations for rehabilitation and exercise interventions for the critical care population 

are limited and of insufficient quality to inform policy and practice. Future research 

addressing the quality of cost reporting and the comparative cost-effectiveness of 

rehabilitation programmes is needed. 
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9 Chapter 9: General Discussion  
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9.1 Introduction  
 
The complex nature of recovery following critical illness underpins the need for a more 

in-depth understanding of the natural recovery following hospital discharge, prior to the 

development of rehabilitation strategies [Rehabilitation after Critical Illness in Adults, 

2009]. There have been some studies exploring physical activity and physical function 

in the post-ICU population following hospital discharge [Borges et al., 2015; Elliott et al., 

2011B; Walsh et al., 2015; McDowell et al., 2016].  Previous research exploring physical 

activity and physical function in the post-ICU population following hospital discharge 

have focused explicitly on short-term recovery trajectories (< 6 Months). These studies 

have included limited outcome measures to assess the recovery of physical activity and 

physical function following hospital discharge, and have collectively demonstrated 

discordant results [Borges et al., 2015; Elliott et al., 2011B; Walsh et al., 2015; McDowell 

et al., 2016].  It is unclear whether these results are impacted by the variation in the 

outcome measures utilised or the methodological uncertainty on how to assess physical 

activity and physical function accurately in the post-ICU population following hospital 

discharge.  

 

Given the variability in the outcome measures and short-term recovery trajectories 

exploring the natural recovery trajectory of physical activity and physical function 

following post-hospital discharge, this thesis included a variety of outcome measures 

and methodologies to further explore the long-term (up to 1-year) natural recovery of 

physical activity and physical function following hospital discharge in the post-ICU 

population. 

 
This thesis focuses on survivors of critical illness following hospital discharge from the 

ICU. It has several aims: (1) to explore the recovery; including physical activity and 

function up to 1-year following hospital discharge from ICU, (2) to describe the patient 

experience of recovery over a year following hospital discharge from ICU, (3) to explore 

healthcare utilisation in patients following post-hospital discharge and (4) to compare 

physical activity and healthcare utilisation of the post-ICU population to the healthy 

population. As a result of this research, there are five key findings, the overall 

methodological strengths and limitations and novel aspects of this thesis are discussed. 

Finally, overall learning points from this thesis are discussed with reference to future 

research opportunities and challenges to continue to develop the evidence base for the 

recovery of physical activity and function following hospital discharge for the post-ICU 

population. 
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9.2 Main Finding 1 – Post-ICU Patients Are Very Inactive Up To 1-Year 

Following Post-Hospital Discharge. 
 
A key finding from this research is the low levels of physical activity demonstrated in the 

post-ICU population up to 1-year following hospital discharge (Chapter 2 and 5), 

representing a key component of the recovery trajectory following critical illness. As a 

key finding in the review of physical activity instruments in patients during and following 

critical illness, survivors of critical illness are physically inactive throughout the ICU 

recovery trajectory (i.e., during ICU stay, on the ward and following hospital discharge) 

(Chapter 2). Furthermore, the results of Chapter 7 further highlight low physical activity 

levels in the post-ICU population when compared to a healthy population aged over 40 

years old. The findings from this study revealed a higher proportion of healthy 

participants (71%) meeting the recommended physical activity guidelines of ≥ 150 

minutes of at least moderate physical activity per week when compared to the post-ICU 

population (17.2%) [Statistics on Obesity et al., 2020].  

 

With regards to the key unique and original contributors surrounding Main Finding 1, The 

Physical Activity and Function after ICU study (Chapter 5) is the first UK study to explore 

the natural recovery trajectory of physical activity and physical function using four 

distinctive follow-up time points following discharge from the intensive care unit. 

Furthermore, the exploration of Physical Activity, Healthcare Utilisation in The Healthy 

Population and Comparison to ICU Data (Chapter 7) is the first study to explore and 

compare free-living physical activity as measured by the ActiGraph and Fitbit in a healthy 

population aged over 40 years to an ICU population following post-hospital discharge.  

 

Future studies are needed to further explore and validate the role of physical activity 

instruments, interpret physical activity parameters to effectively evaluate, and improve 

physical activity levels in the post-ICU population following hospital discharge.  

 

 Future work could also focus on integrating physical activity data into follow-up 

appointments, as well as exploring healthcare professionals best suited to reviewing, 

interpreting and providing physical activity data to the post-ICU population following post-

hospital discharge.  

 

Further exploration and understanding physical activity monitoring, as well as physical 

activity patterns in the critical care population following hospital discharge may help to 
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target future rehabilitation and exercise interventions for the post-ICU population 

following post-hospital discharge. Moreover, investigating the effect of ICU admission in 

more homogeneous subgroups would be beneficial, as recovery trajectories are likely to 

differ by the presenting ICU admission diagnosis and the events that occur during post-

hospital discharge. Secondary analysis on subgroup patients offers the potential to help 

clinicians identify those patients at risk of protracted recovery and hospital re-admission. 

 

 
9.3 Main Finding 2 – Post-ICU Patients Suffer A Wide Range of Physical 

and Functional Impairments Up to 1-Year Following Post-Hospital 
Discharge. 

 
The key observation in Chapter 5 is the unpredictable and wide range of physical, 

functional and cognitive impairments post-ICU patients demonstrate in the year following 

critical illness. The results of the qualitative component of the Physical Activity and 

Function after ICU study (Chapter 6) provide further insights above and beyond the 

objective outcomes for the assessments of physical, functional, cognitive and mental 

impairments (Chapter 5) by providing a more complete picture of the contributing factors 

that facilitated or hindered these impairments following critical illness 

 

The qualitative data presented in Chapter 6 is the first study to explore patients’ 

perceptions of recovery at two distinctive timepoints using short-term (6-months) and 

long-term (12-months) recovery trajectories. The exploration of gaps and healthcare 

services missing provides a unique perspective from survivors of critical illness, as these 

elements have not been previously explored. The identification of facilitators and barriers 

related to the recovery of critical illness up to 1-year following hospital discharge could 

help inform service development. For example, further recommendations about the types 

and locations of exercises classes for post-ICU patients, i.e., within local community 

settings should be considered. 

 

Based on findings from the clinical and qualitative studies (Chapter 5 and 6), an 

alternative approach is to reconsider the post-ICU population as an individual case-by-

case patient basis, with an individually tailored approach; by incorporating a range of 

physical, functional and cognitive outcome measures to assess, monitor and target these 

impairments following critical illness. This could be achieved by providing individually 

tailored rehabilitation when the natural recovery begins to deaccelerate or plateaus. Per 
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NICE guidelines, post-ICU patients should be offered individual assessment and 

rehabilitation that may need to exceed 1-year following post-ICU discharge.  

 

Future studies are needed to evaluate and explore clinimetric properties of appropriate 

physical and functional outcome measures, as well as the optimum timing and delivery 

of physical and functional outcome assessments following post-ICU discharge. 

Clinicians and researchers need to agree and establish these measurements before 

implementation into clinical practise (Main Finding 4). 

 
 
9.4 Main Finding 3 – Post-ICU Patients Are At An Increased Risk Of 

Developing PTSD In The Year Following Hospital Discharge.  
 

The main focus of the Physical Activity and Function after ICU study was to explore the 

natural recovery of physical activity and physical function following discharge from the 

intensive care unit (Chapter 5 and Chapter 6). As a key unique finding from both of these 

studies, post-ICU patients are at an increased of suffering from PTSD (Chapter 5),  and 

some patients do suffer from PTSD symptoms (Chapter 6) up to 1-year following 

discharge from the intensive care unit.  

 

The physical, functional and psychological impairments associated with the recovery of 

critical illness justifies a multifaced rehabilitation approach for the post-ICU population 

following hospital discharge. For example, healthcare professionals and researchers 

involved in the follow-up of post-ICU patients should be aware of the psychopathological 

conditions, as well as the physical and functional impairments associated with the 

recovery of critical illness. The psychological results presented in Chapter 5 and Chapter 

6 demonstrates the need for future studies to consider mental and emotional support 

needs in addition to physical and functional support needs to facilitate recovery up to 1-

year following discharge from the intensive care unit.  
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9.5 Main Finding 4 – Post-ICU Patients Score Differently on Physical 
Activity and Physical Function Outcome Measures Based on The 
Same Level of Impairment Up to 1-Year Following Hospital 
Discharge.  

 
The Physical Activity and Function after ICU study (Chapter 5) used a battery of outcome 

measures to explore changes in recovery over a year following discharge from the 

intensive care unit. Collectively, post-ICU patients scored differently on each physical 

and functional outcome measure (ActiGraph, MSWT, UK FIM + FAM, SF-36 and Hand 

Dynamometry); based on the same of level of physical and functional impairment. The 

outcome measures utilised in Chapter 5 reveal there is no “one size fits all” for the 

assessment of physical activity and physical function for the post-ICU population. 

Despite the increasing awareness and development of establishing ‘core outcome set’ 

(COS) [Connolly et al., 2019] and The Patient-Reported Outcome Measurement 

Information System (PROMIS) [Cella et al., 2010; Eakin et al., 2017] for the post-ICU 

population, it is challenging to advise for or against the recommendations suggested by 

Connolly et al. [2019] and Eakin et al. [2017].  

 

It is evident there is no distinct pattern of physical activity and physical function recovery; 

the trajectory of physical activity and physical function recovery following critical illness 

is an unpredictable individualised complex process that is not necessarily based on ICU 

diagnosis, ICU or hospital length of stay. This finding encourages the implementation of 

previously adopted healthcare services and social services to be offered to post-ICU 

patients to support the physical, functional and cognitive impairments associated 

surviving critical illness. Further research would be worthwhile to reduce the level of 

uncertainty currently present and thus contribute to the acknowledged knowledge gap 

by exploring the clinical utility, measurement properties of optimum physical, functional 

and cognitive outcome measures for individualised patient assessments.  

 
 
9.6 Main Finding 5 – Post-ICU Population Have Increased Healthcare 

Utilisation Up To 1-Year Following Critical Illness.  
 
Healthcare utilisation data extracted from the Physical Activity and Function after ICU 

study (Chapter 5) revealed more than 60% of post-ICU patients used some form of 

healthcare service up to 1-year following post-hospital discharge.  
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From the evidence to date (Chapter 8), it is proposed that economic evaluations should 

be considered in order to explore the cost-effectiveness of rehabilitation programmes for 

the post-ICU population following critical illness. The Economic evaluations of 

rehabilitation and exercise programs following critical illness: A comprehensive review 

(Chapter 8) is the first study to date to explore economics evaluations of rehabilitation 

and exercise programs in the critical care population.   

 

The tentative findings demonstrated in Chapter 8 revealed there is no gold standard 

method for conducting economic evaluations in the critical care population. A consistent 

approach must be adopted to allow for comparisons between research studies 

incorporating health economic evaluations [Higgins et al., 2020]. 

 

Defining appropriate outcomes measures to determine the clinical and cost-

effectiveness of rehabilitation following critical illness is essential. Future studies are 

needed to further explore health economics to better understand cost-effectiveness in 

order to reduce healthcare resource costs and improve patient-reported outcomes for 

the post-ICU population. 

 

Such approaches will be vital for standardising and validating methodologies used to 

calculate cost-effectiveness for any rehabilitation and exercise program following critical 

illness, as well as improving patient-reported outcomes. The ability to further explore 

other important societal costs such as loss of earnings and the financial burden on 

healthcare services would provide a more complete picture of the costs of surviving 

intensive care from a healthcare service and patient perspective. 

 

9.7 Study Strengths  
 
The Physical Activity and Function after ICU study (Chapter 5) was conducted in a 

multisite partnership that included real settings across Northern Ireland, which enhanced 

the generalisability of the results.  

 

The Physical Activity and Function after ICU study (Chapter 5) employed a variety of 

outcome measures to explore the natural recovery of physical activity and function 

following hospital discharge, providing a comprehensive picture of the physical, 

functional and cognitive impairments of surviving intensive care. The data presented in 

Chapter 5 reflects the true natural recovery trajectory as there was no active form of a 

rehabilitation intervention embedded. There were no serious or adverse events, ICU 
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readmissions or deaths for the participants included, ICU readmission and deaths are 

commonly reported in the post-ICU population up to 1-year following hospital discharge 

[Hill et al., 2016]. 

The qualitative component of the Physical Function and Activity after ICU study (Chapter 

6) provides a more detailed understanding of the physical, functional and cognitive 

impairments up to 1-year following hospital discharge. Findings from a unique patient 

perspective offered explanations to the objective quantitative findings presented in the 

Physical Activity and Function after ICU study (Chapter 5). 

 
9.8 Study Limitations  
 
A large proportion (68.2%) of the initially screened post-ICU population failed to meet 

the study inclusion criteria (Chapter 5). The sample size was small, although the 

inclusion of five sites allowed recruitment of a study population reflective of the wider 

post-ICU population across Northern Ireland. The stringent inclusion and exclusion 

criteria may have impacted the ability to recruit a larger sample in a small amount of time; 

less strict inclusion and exclusion criteria could be considered for a future study. 

Nevertheless, it was crucial we adhered to patient safety and only included ICU patients 

that were eligible to participate in an active post-ICU measurement study. It would be 

interesting to have retrieved pre-ICU physical and functional status data as this would 

have enabled us to explore whether patients with pre-existing physical and functional 

impairments differ to patients with non-existing physical and functional impairments. 

 

Four patients consented but failed to attend any of the study visits due to poor health, 

highlighting a vulnerable population in the early post-discharge stage. A further five 

patients attended at least one study visit before dropping out of the research study. Of 

these five, one voluntarily withdrew, and the research assessor (NG) failed to make 

contact with the four remaining participants despite repeated attempts for contact. In an 

attempt to reduce study retention, we had a SOP in place where we contacted patients 

on three separate occasions before their upcoming research study visit. Exploring 

reasons for participants deciding not to take part in research may help future research 

studies to implement changes to help improve study recruitment and reduce the rate of 

retention. 
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A major limitation of Chapter 5 and Chapter 7 is the lack of available physical activity 

data as measured by the ActiGraph (Chapter 5 and Chapter 7), and MSWT (Chapter 5). 

The reasons for missing physical activity data are detailed in Chapter 5 and Chapter 7. 

 

The major limitation of analysing Fitbit data (Chapter 7) is the lack of confirmatory 

information available. The equations used by Fitbit to calculate physical activity levels 

are not publicly available [ 
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 et al. 2017]. 

 
 
9.9 Conclusion  
 
Post-ICU patients demonstrated low physical activity levels and reduced physical 

function and cognitive function recovery up to 1-year following hospital discharge; while 

there are some improvements demonstrated, full recovery is not achieved. Post-ICU 

patients utilised a large proportion of healthcare services throughout the recovery 

trajectory to help diminish the physical, functional and emotional deficits associated with 

the recovery of critical illness. Testing interventions to optimise recovery or alter the rate 

of recovery that are acceptable to patients and cost-effective would build on this 

programme of research. 

 
  



 201 

References 
 
Ågård, A., Egerod, I., Tønnesen, E. and Lomborg, K., 2012. Struggling for independence: A 
grounded theory study on convalescence of ICU survivors 12 months post ICU discharge. 
Intensive and Critical Care Nursing, 28(2), pp.105-113. 

Ahlers, S., van Gulik, L., van der Veen, A., van Dongen, H., Bruins, P., Belitser, S., de Boer, A., 
Tibboel, D. and Knibbe, C., 2008. Comparison of different pain scoring systems in critically ill 
patients in a general ICU. Critical Care, 12(1), p.R15. 

Ainsworth, B., 2008. How do I measure physical activity in my patients? Questionnaires and 
objective methods. British Journal of Sports Medicine, 43(1), pp.6-9. 

Aitken, L. and Marshall, A., 2015. Monitoring and optimising outcomes of survivors of critical 
illness. Intensive and Critical Care Nursing, 31(1), pp.1-9. 

Aitken, L., Macfarlane, B., Chaboyer, W., Schuetz, M., Joyce, C. and Barnett, A., 2016. Physical 
Function and Mental Health in Trauma Intensive Care Patients. Critical Care Medicine, 44(4), 
pp.734-746. 

Alharbi, M., Bauman, A., Neubeck, L. and Gallagher, R., 2016. Validation of Fitbit-Flex as a 
measure of free-living physical activity in a community-based phase III cardiac rehabilitation 
population. European Journal of Preventive Cardiology, 23(14), pp.1476-1485. 

Allum, L., Connolly, B. and McKeown, E., 2017. Meeting the needs of critical care patients after 
discharge home: a qualitative exploratory study of patient perspectives. Nursing in Critical Care, 
23(6), pp.316-323. 

Altman, M., Knauert, M. and Pisani, M., 2017. Sleep Disturbance after Hospitalization and Critical 
Illness: A Systematic Review. Annals of the American Thoracic Society, 14(9), pp.1457-1468. 

Anderson, J., Yoward, L. and Green, A., 2019. A study investigating the validity of an 
accelerometer in quantification of step count in adult hospital inpatients recovering from critical 
illness. Clinical Rehabilitation, 33(5), pp.936-942. 

Angus, D., Rubenfeld, G., Roberts, M., Curtis, R., Connors, A., Cook, D., Lave, J. and Pinsky, M., 
2002. Understanding Costs and Cost-Effectiveness in Critical Care. American Journal of 
Respiratory and Critical Care Medicine, 165(4), pp.540-550. 

Azoulay, E., Vincent, J., Angus, D., Arabi, Y., Brochard, L., Brett, S., Citerio, G., Cook, D., Curtis, 
J., dos Santos, C., Ely, E., Hall, J., Halpern, S., Hart, N., Hopkins, R., Iwashyna, T., Jaber, S., 
Latronico, N., Mehta, S., Needham, D., Nelson, J., Puntillo, K., Quintel, M., Rowan, K., Rubenfeld, 
G., Van den Berghe, G., Van der Hoeven, J., Wunsch, H. and Herridge, M., 2017. Recovery after 
critical illness: putting the puzzle together—a consensus of 29. Critical Care, 21(1). 

Bailey, P., Thomsen, G., Spuhler, V., Blair, R., Jewkes, J., Bezdjian, L., Veale, K., Rodriquez, L. 
and Hopkins, R., 2007. Early activity is feasible and safe in respiratory failure patients*. Critical 
Care Medicine, 35(1), pp.139-145. 

Bakhru, R., Davidson, J., Bookstaver, R., Kenes, M., Peters, S., Welborn, K., Creech, O., Morris, 
P. and Files, D., 2019. Implementation of an ICU Recovery Clinic at a Tertiary Care Academic 
Center. Critical Care Explorations, 1(8), p.e0034. 



 202 

Baldwin, C., Paratz, J. and Bersten, A., 2013. Muscle strength assessment in critically ill patients 
with handheld dynamometry: An investigation of reliability, minimal detectable change, and time 
to peak force generation. Journal of Critical Care, 28(1), pp.77-86. 

Baldwin, M., Singer, J., Huang, D., Sell, J., Gonzalez, W., Pollack, L., Maurer, M., D’Ovidio, F., 
Bacchetta, M., Sonett, J., Arcasoy, S., Shah, L., Robbins, H., Hays, S., Kukreja, J., Greenland, 
J., Shah, R., Leard, L., Morrell, M., Gries, C., Katz, P., Christie, J., Diamond, J. and Lederer, D., 
2017. Refining Low Physical Activity Measurement Improves Frailty Assessment in Advanced 
Lung Disease and Survivors of Critical Illness. Annals of the American Thoracic Society, 14(8), 
pp.1270-1279. 

Barker, I., Steventon, A., Williamson, R. and Deeny, S., 2018. Self-management capability in 
patients with long-term conditions is associated with reduced healthcare utilisation across a whole 
health economy: cross-sectional analysis of electronic health records. BMJ Quality & Safety, 
27(12), pp.989-999. 

Bassett, D. and John, D., 2010. Use of pedometers and accelerometers in clinical populations: 
validity and reliability issues. Physical Therapy Reviews, 15(3), pp.135-142. 

Batterham, A., Bonner, S., Wright, J., Howell, S., Hugill, K. and Danjoux, G., 2014. Effect of 
supervised aerobic exercise rehabilitation on physical fitness and quality-of-life in survivors of 
critical illness: an exploratory minimized controlled trial (PIX study). British Journal of 
Anaesthesia, 113(1), pp.130-137. 

Battle, C., James, K., Bromfield, T. and Temblett, P., 2017. Predictors of post-traumatic stress 
disorder following critical illness: A mixed methods study. Journal of the Intensive Care Society, 
18(4), pp.289-293. 

Battle, C., James, K., Temblett, P. and Hutchings, H., 2019. Supervised exercise rehabilitation in 
survivors of critical illness: a randomised controlled trial. Physiotherapy, 105, pp.e13-e14. 

Battle, C., Lovett, S. and Hutchings, H., 2013. Chronic pain in survivors of critical illness: a 
retrospective analysis of incidence and risk factors. Critical Care, 17(3), p.R101. 

Beach, L., Fetterplace, K., Edbrooke, L., Parry, S., Curtis, R., Rechnitzer, T., Berney, S. and 
Denehy, L., 2017. Measurement of physical activity levels in the Intensive Care Unit and 
functional outcomes: An observational study. Journal of Critical Care, 40, pp.189-196. 

Bein, T., Bienvenu, O. and Hopkins, R., 2019. Focus on long-term cognitive, psychological and 
physical impairments after critical illness. Intensive Care Medicine, 45(10), pp.1466-1468. 

Bench, S., Cornish, J. and Xyrichis, A., 2016. Intensive care discharge summaries for general 
practice staff: a focus group study. British Journal of General Practice, 66(653), pp.e904-e912. 

Bench, S., Heelas, K., White, C. and Griffiths, P., 2014. Providing critical care patients with a 
personalised discharge summary: A questionnaire survey and retrospective analysis exploring 
feasibility and effectiveness. Intensive and Critical Care Nursing, 30(2), pp.69-76. 

Berney, S., Haines, K., Skinner, E. and Denehy, L., 2012. Safety and Feasibility of an Exercise 
Prescription Approach to Rehabilitation Across the Continuum of Care for Survivors of Critical 
Illness. Physical Therapy, 92(12), pp.1524-1535. 

Berry, A., Cutler, L. and Himsworth, A., 2013. National Survey of Rehabilitation after Critical 
Illness. Journal of the Intensive Care Society, 14(4), pp.334-339. 



 203 

Biddle, G., Edwardson, C., Rowlands, A., Davies, M., Bodicoat, D., Hardeman, W., Eborall, H., 
Sutton, S., Griffin, S., Khunti, K. and Yates, T., 2019. Differences in objectively measured physical 
activity and sedentary behaviour between white Europeans and south Asians recruited from 
primary care: cross-sectional analysis of the PROPELS trial. BMC Public Health, 19(1). 

Bienvenu, O., Gellar, J., Althouse, B., Colantuoni, E., Sricharoenchai, T., Mendez-Tellez, P., 
Shanholtz, C., Dennison, C., Pronovost, P. and Needham, D., 2013. Post-traumatic stress 
disorder symptoms after acute lung injury: a 2-year prospective longitudinal study. Psychological 
Medicine, 43(12), pp.2657-2671. 

Bohannon, R., 2019. Minimal clinically important difference for grip strength: a systematic review. 
Journal of Physical Therapy Science, 31(1), pp.75-78. 

Borges, R., Carvalho, C., Colombo, A., da Silva Borges, M. and Soriano, F., 2015. Physical 
activity, muscle strength, and exercise capacity 3 months after severe sepsis and septic shock. 
Intensive Care Medicine, 41(8), pp.1433-1444. 

Bradley, J., Blume, S., Balp, M., Honeybourne, D. and Elborn, J., 2012. Quality of life and 
healthcare utilisation in cystic fibrosis: a multicentre study. European Respiratory Journal, 41(3), 
pp.571-577. 

Bradley, J., Howard, J., Wallace, E. and Elborn, S., 1999. Validity of a modified shuttle test in 
adult cystic fibrosis. Thorax, 54(5), pp.437-439. 

Brewer, W., Swanson, B. and Ortiz, A., 2017. Validity of Fitbit’s active minutes as compared with 
a research-grade accelerometer and self-reported measures. BMJ Open Sport & Exercise 
Medicine, 3(1), p.e000254. 

Brooks, J., McCluskey, S., Turley, E. and King, N., 2014. The Utility of Template Analysis in 
Qualitative Psychology Research. Qualitative Research in Psychology, 12(2), pp.202-222. 

Brummel, N., Bell, S., Girard, T., Pandharipande, P., Jackson, J., Morandi, A., Thompson, J., 
Chandrasekhar, R., Bernard, G., Dittus, R., Gill, T. and Ely, E., 2017. Frailty and Subsequent 
Disability and Mortality among Patients with Critical Illness. American Journal of Respiratory and 
Critical Care Medicine, 196(1), pp.64-72. 

Byford, S., Torgerson, D. and Raftery, J., 2020. Cost of illness studies. British Medical Journal, 
320(7245), p.1335. 

Cailhol, L., Jeannot, M., Rodgers, R., Guelfi, J., Perez-Diaz, F., Pham-Scottez, A., Corcos, M. 
and Speranza, M., 2013. Borderline Personality Disorder and Mental Healthcare Service Use 
Among Adolescents. Journal of Personality Disorders, 27(2), pp.252-259. 

Campo, L., Chilingaryan, G., Berg, K., Paradis, B. and Mazer, B., 2006. Validity and Reliability of 
the Modified Shuttle Walk Test in Patients With Chronic Obstructive Pulmonary Disease. Archives 
of Physical Medicine and Rehabilitation, 87(7), pp.918-922. 

Canavan, C., West, J. and Card, T., 2015. Calculating Total Health Service Utilisation and Costs 
from Routinely Collected Electronic Health Records Using the Example of Patients with Irritable 
Bowel Syndrome Before and After Their First Gastroenterology Appointment. 
PharmacoEconomics, 34(2), pp.181-194. 



 204 

Caspersen, C., Powell, K. and Christenson, G., 1985. Physical activity, exercise, and physical 
fitness: definitions and distinctions for health-related research. Public health reports, 100(2), 
pp.126-131. 

Cella, D., Riley, W., Stone, A., Rothrock, N., Reeve, B., Yount, S., Amtmann, D., Bode, R., 
Buysse, D., Choi, S., Cook, K., DeVellis, R., DeWalt, D., Fries, J., Gershon, R., Hahn, E., Lai, J., 
Pilkonis, P., Revicki, D., Rose, M., Weinfurt, K. and Hays, R., 2010. The Patient-Reported 
Outcomes Measurement Information System (PROMIS) developed and tested its first wave of 
adult self-reported health outcome item banks: 2005–2008. Journal of Clinical Epidemiology, 
63(11), pp.1179-1194. 

Chaboyer, W. and Grace, J., 2003. Following the path of ICU survivors: a quality-improvement 
activity. Nursing in Critical Care, 8(4), pp.149-155. 

Charlson, M., Pompei, P., Ales, K. and MacKenzie, C., 1987. A new method of classifying 
prognostic comorbidity in longitudinal studies: Development and validation. Journal of Chronic 
Diseases, 40(5), pp.373-383. 

Chelluri, L., Im, K., Belle, S., Schulz, R., Rotondi, A., Donahoe, M., Sirio, C., Mendelsohn, A. and 
Pinsky, M., 2004. Long-term mortality and quality of life after prolonged mechanical ventilation*. 
Critical Care Medicine, 32(1), pp.61-69. 

Chen, K., Acra, S., Majchrzak, K., Donahue, C., Baker, L., Clemens, L., Sun, M. and Buchowski, 
M., 2003. Predicting Energy Expenditure of Physical Activity Using Hip- and Wrist-Worn 
Accelerometers. Diabetes Technology & Therapeutics, 5(6), pp.1023-1033. 

Cheung, A., Tansey, C., Tomlinson, G., Diaz-Granados, N., Matté, A., Barr, A., Mehta, S., Mazer, 
C., Guest, C., Stewart, T., Al-Saidi, F., Cooper, A., Cook, D., Slutsky, A. and Herridge, M., 2006. 
Two-Year Outcomes, Health Care Use, and Costs of Survivors of Acute Respiratory Distress 
Syndrome. American Journal of Respiratory and Critical Care Medicine, 174(5), pp.538-544. 

Choi, L., Liu, Z., Matthews, C. and Buchowski, M., 2011. Validation of Accelerometer Wear and 
Nonwear Time Classification Algorithm. Medicine & Science in Sports & Exercise, 43(2), pp.357-
364. 

Clancy, O., Edginton, T., Casarin, A. and Vizcaychipi, M., 2015. The psychological and 
neurocognitive consequences of critical illness. A pragmatic review of current evidence. Journal 
of the Intensive Care Society, 16(3), pp.226-233. 

Collins, J., Yang, H., Trentadue, T., Gong, Y. and Losina, E., 2019. Validation of the Fitbit Charge 
2 compared to the ActiGraph GT3X+ in older adults with knee osteoarthritis in free-living 
conditions. PLOS ONE, 14(1), p.e0211231. 

Connolly, B., 2015. Describing and measuring recovery and rehabilitation after critical illness. 
Current Opinion in Critical Care, 21(5), pp.445-452. 

Connolly, B., Barclay, M., Corner, E., Davies, C., Hart, N., Pattison, N., Sturmey, G., Denehy, L., 
Needham, D., Williamson, P. and Blackwood, B., 2019. Physical Rehabilitation Core Outcomes 
in Critical Illness: A Modified Delphi Consensus Study to Establish a Core Outcome Set. In B104. 
CRITICAL CARE: CATCH-22-BEYOND THE VENTILATOR: THE CHALLENGES OF DELIRIUM, 
ICU-ACQUIRED WEAKNESS, AND REHABILITATION. American Thoracic Society, (A4112-
A4112). 



 205 

Connolly, B., Douiri, A., Steier, J., Moxham, J., Denehy, L. and Hart, N., 2014. A UK survey of 
rehabilitation following critical illness: implementation of NICE Clinical Guidance 83 (CG83) 
following hospital discharge. BMJ Open, 4(5), p.e004963. 

Connolly, B., Salisbury, L., O'Neill, B., Geneen, L., Douiri, A., Grocott, M., Hart, N., Walsh, T. and 
Blackwood, B., 2016. Exercise rehabilitation following intensive care unit discharge for recovery 
from critical illness: executive summary of a Cochrane Collaboration systematic review. Journal 
of Cachexia, Sarcopenia and Muscle, 7(5), pp.520-526. 

Corcoran, J., Herbsman, J., Bushnik, T., Van Lew, S., Stolfi, A., Parkin, K., McKenzie, A., Hall, 
G., Joseph, W., Whiteson, J. and Flanagan, S., 2016. Early Rehabilitation in the Medical and 
Surgical Intensive Care Units for Patients With and Without Mechanical Ventilation: An 
Interprofessional Performance Improvement Project. PM&R, 9(2), pp.113-119. 

Cox, C., Docherty, S., Brandon, D., Whaley, C., Attix, D., Clay, A., Dore, D., Hough, C., White, D. 
and Tulsky, J., 2009. Surviving critical illness: Acute respiratory distress syndrome as 
experienced by patients and their caregivers. Critical Care Medicine, 37(10), pp.2702-2708. 

Cox, H., Laupland, K. and Manns, B., 2006. Economic evaluation in critical care medicine. Journal 
of Critical Care, 21(2), pp.117-124. 

Cuthbertson, B., Elders, A., Hall, S., Taylor, J., MacLennan, G., Mackirdy, F. and Mackenzie, S., 
2013. Mortality and quality of life in the five years after severe sepsis. Critical Care, 17(2), p.R70. 

Cuthbertson, B., Rattray, J., Campbell, M., Gager, M., Roughton, S., Smith, A., Hull, A., Breeman, 
S., Norrie, J., Jenkinson, D., Hernandez, R., Johnston, M., Wilson, E. and Waldmann, C., 2009. 
The PRaCTICaL study of nurse led, intensive care follow-up programmes for improving long term 
outcomes from critical illness: a pragmatic randomised controlled trial. BMJ, 339(oct16 1), 
pp.b3723-b3723. 

Czerwonka, A., Herridge, M., Chan, L., Chu, L., Matte, A. and Cameron, J., 2015. Changing 
support needs of survivors of complex critical illness and their family caregivers across the care 
continuum: A qualitative pilot study of Towards RECOVER. Journal of Critical Care, 30(2), 
pp.242-249. 

Datahelpdesk.worldbank.org. 2020. World Bank Country And Lending Groups – World Bank Data 
Help Desk. [online] Available at: 
<https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-
lending-groups> [Accessed 20 July 2020]. 

Davydow, D., Gifford, J., Desai, S., Needham, D. and Bienvenu, O., 2008. Posttraumatic stress 
disorder in general intensive care unit survivors: a systematic review. General Hospital 
Psychiatry, 30(5), pp.421-434. 

Deacon, K., 2012. Re-building life after ICU: A qualitative study of the patients’ perspective. 
Intensive and Critical Care Nursing, 28(2), pp.114-122. 

Denehy, L., Berney, S., Whitburn, L. and Edbrooke, L., 2012. Quantifying Physical Activity Levels 
of Survivors of Intensive Care: A Prospective Observational Study. Physical Therapy, 92(12), 
pp.1507-1517. 

Denehy, L., Skinner, E., Edbrooke, L., Haines, K., Warrillow, S., Hawthorne, G., Gough, K., 
Hoorn, S., Morris, M. and Berney, S., 2013. Exercise rehabilitation for patients with critical illness: 
a randomized controlled trial with 12 months of follow-up. Critical Care, 17(4), p.R156. 



 206 

Dick, A., Liu, H., Zwanziger, J., Perencevich, E., Furuya, E., Larson, E., Pogorzelska-Maziarz, M. 
and Stone, P., 2012. Long-term survival and healthcare utilization outcomes attributable to sepsis 
and pneumonia. BMC Health Services Research, 12(1). 

Dohrn, I., Sjöström, M., Kwak, L., Oja, P. and Hagströmer, M., 2018. Accelerometer-measured 
sedentary time and physical activity—A 15 year follow-up of mortality in a Swedish population-
based cohort. Journal of Science and Medicine in Sport, 21(7), pp.702-707. 

Drummond, M., O’Brien, B., Stoddart, G. and Torrance, G., 1997. Methods For The Economic 
Evaluation Of Health Care Programmes.. 2nd ed. Oxford: Oxford University Press. 

Drummond, M., Sculpher, M., Torrance, G., O'Brien, B. and Stoddart, G., 2015. Methods For The 
Economic Evaluation Of Health Care Programmes.. 4th ed. Oxford: Oxford University Press. 

Eakin, M., Patel, Y., Mendez-Tellez, P., Dinglas, V., Needham, D. and Turnbull, A., 2017. 
Patients’ Outcomes After Acute Respiratory Failure: A Qualitative Study With the PROMIS 
Framework. American Journal of Critical Care, 26(6), pp.456-465. 

Edbrooke, L., Lythgo, N., Goldsworthy, U. and Denehy, L., 2012. Can an Accelerometer-Based 
Monitor be used to Accurately Assess Physical Activity in a Population of Survivors of Critical 
Illness?. Global Journal of Health Science, 4(3). 

Elliott, D., Denehy, L., Berney, S. and Alison, J., 2011A. Assessing physical function and activity 
for survivors of a critical illness: A review of instruments. Australian Critical Care, 24(3), pp.155-
166. 

Elliott, D., McKinley, S., Alison, J., Aitken, L., King, M., Leslie, G., Kenny, P., Taylor, P., Foley, R. 
and Burmeister, E., 2011B. Health-related quality of life and physical recovery after a critical 
illness: a multi-centre randomised controlled trial of a home-based physical rehabilitation 
program. Critical Care, 15(3), p.R142. 

Estrup, S., Kjer, C., Vilhelmsen, F., Poulsen, L., Gøgenur, I. and Mathiesen, O., 2019. Physical 
function and actigraphy in intensive care survivors—A prospective 3‐month follow‐up cohort 
study. Acta Anaesthesiologica Scandinavica, 63(5), pp.647-652. 

Faculty of Intensive Care Medicine, 2020. Guidelines For The Provision Of Intensive Care 
Services. [online] Available at: <https://www.ficm.ac.uk/sites/default/files/GPICS%20-
%20Ed.1%20%282015%29_0.pdf> [Accessed 14 July 2020]. 

Falkenstein, B., Skalkowski, C., Lodise, K., Moore, M., Olkowski, B. and Rojavin, Y., 2020. The 
Economic and Clinical Impact of an Early Mobility Program in the Trauma Intensive Care Unit. 
Journal of Trauma Nursing, 27(1), pp.29-36. 

Fan, E., Dowdy, D., Colantuoni, E., Mendez-Tellez, P., Sevransky, J., Shanholtz, C., Dennison 
Himmelfarb, C., Desai, S., Ciesla, N., Herridge, M., Pronovost, P. and Needham, D., 2014. 
Physical Complications in Acute Lung Injury Survivors. Critical Care Medicine, 42(4), pp.849-859. 

Farina, N. and Lowry, R., 2018. The Validity of Consumer-Level Activity Monitors in Healthy Older 
Adults in Free-Living Conditions. Journal of Aging and Physical Activity, 26(1), pp.128-135. 

Farrar, J., Young, J., LaMoreaux, L., Werth, J. and Poole, M., 2001. Clinical importance of 
changes in chronic pain intensity measured on an 11-point numerical pain rating scale. Pain, 
94(2), pp.149-158. 



 207 

Feemster, L., Cooke, C., Rubenfeld, G., Hough, C., Ehlenbach, W., Au, D. and Fan, V., 2015. 
The Influence of Hospitalization or Intensive Care Unit Admission on Declines in Health-Related 
Quality of Life. Annals of the American Thoracic Society, 12(1), pp.35-45. 

Ferguson, K., Bradley, J., McAuley, D., Blackwood, B. and O’Neill, B., 2017. Patients’ Perceptions 
of an Exercise Program Delivered Following Discharge From Hospital After Critical Illness (the 
Revive Trial). Journal of Intensive Care Medicine, 34(11-12), pp.978-984. 

Fitbit.com. 2020. Shop Fitbit | Fitness Trackers, Smartwatches And More. [online] Available at: 
<https://www.fitbit.com/uk/store#products> [Accessed 13 July 2020]. 

Fried, L., Walston, J. and Hazzard, W., 2003. Frailty And Failure To Thrive.. 5th ed. New York: 
McGraw-Hill: Principles of Geriatric Medicine and Gerontology., pp.1487-1502. 

Fruin, M. and Rankin, J., 2004. Validity of a Multi-Sensor Armband in Estimating Rest and 
Exercise Energy Expenditure. Medicine & Science in Sports & Exercise, 36(6), pp.1063-1069. 

Garland, A., Olafson, K., Ramsey, C., Yogendran, M. and Fransoo, R., 2014. Distinct 
determinants of long-term and short-term survival in critical illness. Intensive Care Medicine, 
40(8), pp.1097-1105. 

Garland, A., Olafson, K., Ramsey, C., Yogendran, M. and Fransoo, R., 2015. A Population-Based 
Observational Study of Intensive Care Unit–Related Outcomes. With Emphasis on Post-Hospital 
Outcomes. Annals of the American Thoracic Society, 12(2), pp.202-208. 

Gellman, M., 2013. Encyclopedia Of Behavioral Medicine. New York: Springer. 

Gilbertson, L. and Barber-Lomax, S., 1994. Power and Pinch Grip Strength Recorded Using the 
Hand-Held Jamar® Dynamometer and B+L Hydraulic Pinch Gauge: British Normative Data for 
Adults. British Journal of Occupational Therapy, 57(12), pp.483-488. 

Glazer, N., Lyass, A., Esliger, D., Blease, S., Freedson, P., Massaro, J., Murabito, J. and Vasan, 
R., 2013. Sustained and Shorter Bouts of Physical Activity Are Related to Cardiovascular Health. 
Medicine & Science in Sports & Exercise, 45(1), pp.109-115. 

Gluck, S., Summers, M., Goddard, T., Andrawos, A., Smith, N., Lange, K., Iwashyna, T. and 
Deane, A., 2017. Wide Disagreement Between Alternative Assessments of Premorbid Physical 
Activity. Critical Care Medicine, 45(10), pp.e1036-e1042. 

Gold, M., Siegel, J., Russell, L. and Weinstein, M., 1996. Cost-Effectiveness In Health And 
Medicine.. New York: Oxford University Press. 

González, K., Fuentes, J. and Márquez, J., 2017. Physical Inactivity, Sedentary Behavior and 
Chronic Diseases. Korean Journal of Family Medicine, 38(3), p.111. 

Gore, S., Blackwood, J., Guyette, M. and Alsalaheen, B., 2018. Validity and Reliability of 
Accelerometers in Patients With COPD. Journal of Cardiopulmonary Rehabilitation and 
Prevention, 38(3), pp.147-158. 

Graham, J., 2009. Missing Data Analysis: Making It Work in the Real World. Annual Review of 
Psychology, 60(1), pp.549-576. 



 208 

Granja, C., Gomes, E., Amaro, A., Ribeiro, O., Jones, C., Carneiro, A. and Costa-Pereira, A., 
2008. Understanding posttraumatic stress disorder-related symptoms after critical care: The early 
illness amnesia hypothesis*. Critical Care Medicine, 36(10), pp.2801-2809. 

Grap, M., Borchers, C., Munro, C., Elswick, R. and Sessler, C., 2005. Actigraphy in the Critically 
Ill: Correlation With Activity, Agitation, and Sedation. American Journal of Critical Care, 14(1), 
pp.52-60. 

Grap, M., Munro, C., Wetzel, P., Ketchum, J., Hamilton, V. and Sessler, C., 2014. Responses to 
noxious stimuli in sedated mechanically ventilated adults. Heart & Lung, 43(1), pp.6-12. 

Gresham, G., Hendifar, A., Spiegel, B., Neeman, E., Tuli, R., Rimel, B., Figlin, R., Meinert, C., 
Piantadosi, S. and Shinde, A., 2018. Wearable activity monitors to assess performance status 
and predict clinical outcomes in advanced cancer patients. npj Digital Medicine, 1(1). 

Griffiths, J., Hatch, R., Bishop, J., Morgan, K., Jenkinson, C., Cuthbertson, B. and Brett, S., 2013. 
An exploration of social and economic outcome and associated health-related quality of life after 
critical illness in general intensive care unit survivors: a 12-month follow-up study. Critical Care, 
17(3), p.R100. 

Gruther, W., Pieber, K., Steiner, I., Hein, C., Hiesmayr, J. and Paternostro-Sluga, T., 2017. Can 
Early Rehabilitation on the General Ward After an Intensive Care Unit Stay Reduce Hospital 
Length of Stay in Survivors of Critical Illness?. American Journal of Physical Medicine & 
Rehabilitation, 96(9), pp.607-615. 

Guidance for Industry. Rockville, MD: U.S. Dept. of Health and Human Services, Food and Drug 
Administration, Center for Drug Evaluation and Control. 
 
Gupta, P., Martin, J., Needham, D., Vangala, S., Colantuoni, E. and Kamdar, B., 2020. Use of 
actigraphy to characterize inactivity and activity in patients in a medical ICU. Heart & Lung, 49(4), 
pp.398-406. 
 
Gusmer, R., Bosch, T., Watkins, A., Ostrem, J. and Dengel, D., 2014. Comparison of FitBit® Ultra 
to ActiGraph™ GT1M for Assessment of Physical Activity in Young Adults During Treadmill 
Walking. The Open Sports Medicine Journal, 8(1), pp.11-15. 

Hagstromer, M., Troiano, R., Sjostrom, M. and Berrigan, D., 2010. Levels and Patterns of 
Objectively Assessed Physical Activity--A Comparison Between Sweden and the United States. 
American Journal of Epidemiology, 171(10), pp.1055-1064. 

Hall, K., Mann, N., High, W., Wright, J., Kreutzer, J. and Wood, D., 1996. Functional Measures 
After Traumatic Brain Injury: Ceiling Effects of FIM, FIM+FAM, DRS, and CIQ. Journal of Head 
Trauma Rehabilitation, 11(5), pp.27-39. 

Hall, S.M., Delucchi, K.L., Tsoh, J.Y., Velicer, W.F., Kahler, C.W., Moore, J.R., Hedeker, D. and 
Niaura, R., 2001. Statistical analysis of randomized trials in tobacco treatment: longitudinal 
designs with dichotomous outcome. Nicotine & Tobacco Research, 3(3), pp.193-202. 
 
Hanekom, S., Louw, Q. and Coetzee, A., 2012. The way in which a physiotherapy service is 
structured can improve patient outcome from a surgical intensive care: a controlled clinical trial. 
Critical Care, 16(6), p.R230. 
 
Hansen, B., Kolle, E., Dystad, S., Holme, I. and Anderssen, S., 2012. Accelerometer-Determined 
Physical Activity in Adults and Older People. Medicine & Science in Sports & Exercise, 44(2), 
pp.266-272. 



 209 

Haraldsson, L., Christensson, L., Conlon, L. and Henricson, M., 2015. The experiences of ICU 
patients during follow-up sessions – A qualitative study. Intensive and Critical Care Nursing, 
31(4), pp.223-231. 

Health. 2020. Health Survey (NI) 2017/18. [online] Available at: <https://www.health-
ni.gov.uk/news/health-survey-ni-201718> [Accessed 13 July 2020]. 

Hermans, G., Van Mechelen, H., Clerckx, B., Vanhullebusch, T., Mesotten, D., Wilmer, A., 
Casaer, M., Meersseman, P., Debaveye, Y., Van Cromphaut, S., Wouters, P., Gosselink, R. and 
Van den Berghe, G., 2014. Acute Outcomes and 1-Year Mortality of Intensive Care Unit–acquired 
Weakness. A Cohort Study and Propensity-matched Analysis. American Journal of Respiratory 
and Critical Care Medicine, 190(4), pp.410-420. 

Herridge, M., Cheung, A., Tansey, C., Matte-Martyn, A., Diaz-Granados, N., Al-Saidi, F., Cooper, 
A., Guest, C., Mazer, C., Mehta, S., Stewart, T., Barr, A., Cook, D. and Slutsky, A., 2003. One-
Year Outcomes in Survivors of the Acute Respiratory Distress Syndrome. New England Journal 
of Medicine, 348(8), pp.683-693. 

Herridge, M., Tansey, C., Matté, A., Tomlinson, G., Diaz-Granados, N., Cooper, A., Guest, C., 
Mazer, C., Mehta, S., Stewart, T., Kudlow, P., Cook, D., Slutsky, A. and Cheung, A., 2011. 
Functional Disability 5 Years after Acute Respiratory Distress Syndrome. New England Journal 
of Medicine, 364(14), pp.1293-1304. 

Hester, J., Guin, P., Danek, G., Thomas, J., Titsworth, W., Reed, R., Vasilopoulos, T. and Fahy, 
B., 2017. The Economic and Clinical Impact of Sustained Use of a Progressive Mobility Program 
in a Neuro-ICU*. Critical Care Medicine, 45(6), pp.1037-1044. 

Higgins, A., Brooker, J., Mackie, M., Cooper, D. and Harris, A., 2020. Health economic 
evaluations of sepsis interventions in critically ill adult patients: a systematic review. Journal of 
Intensive Care, 8(1). 

Hill, A., Fowler, R., Pinto, R., Herridge, M., Cuthbertson, B. and Scales, D., 2016. Long-term 
outcomes and healthcare utilization following critical illness – a population-based study. Critical 
Care, 20(1). 

Hirshberg, E., Wilson, E., Stanfield, V., Kuttler, K., Majercik, S., Beesley, S., Orme, J., Hopkins, 
R. and Brown, S., 2019. Impact of Critical Illness on Resource Utilization. Critical Care Medicine, 
47(11), pp.1497-1504. 

Hopkins, R., Miller, R., Rodriguez, L., Spuhler, V. and Thomsen, G., 2012. Physical Therapy on 
the Wards After Early Physical Activity and Mobility in the Intensive Care Unit. Physical Therapy, 
92(12), pp.1518-1523. 

Hopkins, R., Suchyta, M., Kamdar, B., Darowski, E., Jackson, J. and Needham, D., 2017. 
Instrumental Activities of Daily Living after Critical Illness: A Systematic Review. Annals of the 
American Thoracic Society, 14(8), pp.1332-1343. 
 
Hopkins, R., Wade, D. and Jackson, J., 2016. What’s new in cognitive function in ICU survivors. 
Intensive Care Medicine, 43(2), pp.223-225.Husereau, D., Drummond, M., Petrou, S., Carswell, 
C., Moher, D., Greenberg, D., Augustovski, F., Briggs, A., Mauskopf, J. and Loder, E., 2013. 
Consolidated Health Economic Evaluation Reporting Standards (CHEERS) statement. Cost 
Effectiveness and Resource Allocation, 11(1), p.6. 
 
Hutchinson, J. and Hutchinson, M., 1995. The functional limitations profile may be a valid, reliable 
and sensitive measure of disability in multiple sclerosis. Journal of Neurology, 242(10), pp.650-
657. 



 210 

Hyde, M., O'Driscoll, D., Binette, S., Galang, C., Tan, S., Verginis, N., Davery, M. and Horne, R., 
2007. Validation of actigraphy for determining sleep and wake in children with sleep disordered 
breathing. Journal of Sleep Research, 16(2), pp.213-216. 

Ibrahim, J., Chu, H. and Chen, M., 2012. Missing Data in Clinical Studies: Issues and Methods. 
Journal of Clinical Oncology, 30(26), pp.3297-3303. 

Icnarc.org. 2020. ICNARC – Summary Statistics. [online] Available at: 
<https://www.icnarc.org/Our-Audit/Audits/Cmp/Reports/Summary-Statistics> [Accessed 13 July 
2020]. 

Improvelto.com. 2020. Instruments – Improving Long-Term Outcomes Research For Acute 
Respiratory Failure. [online] Available at: <https://www.improvelto.com/instruments> [Accessed 
13 July 2020]. 

Investor.fitbit.com. 2020. Fitbit Reports Third Quarter 2018 Results. [online] Available at: 
<https://investor.fitbit.com/press/press-releases/press-release-details/2018/Fitbit-Reports-Third-
Quarter-2018-Results> [Accessed 13 July 2020]. 

Jackson, J., Ely, E., Morey, M., Anderson, V., Denne, L., Clune, J., Siebert, C., Archer, K., Torres, 
R., Janz, D., Schiro, E., Jones, J., Shintani, A., Levine, B., Pun, B., Thompson, J., Brummel, N. 
and Hoenig, H., 2012. Cognitive and physical rehabilitation of intensive care unit survivors. Critical 
Care Medicine, 40(4), pp.1088-1097. 

Jacobi, J., Fraser, G., Coursin, D., Riker, R., Fontaine, D., Wittbrodt, E., Chalfin, D., Masica, M., 
Bjerke, H., Coplin, W., Crippen, D., Fuchs, B., Kelleher, R., Marik, P., Nasraway, S., Murray, M., 
Peruzzi, W. and Lumb, P., 2002. Clinical practice guidelines for the sustained use of sedatives 
and analgesics in the critically ill adult. Critical Care Medicine, 30(1), pp.119-141. 

Jacobs, C., van der Vliet, J., van Roozendaal, M. and van der Linden, C., 1988. Mortality and 
quality of life after intensive care for critical illness. Intensive Care Medicine, 14(3), pp.217-220. 

Jenkinson, C., Stewart-Brown, S., Petersen, S. and Paice, C., 1999. Assessment of the SF-36 
version 2 in the United Kingdom. Journal of Epidemiology & Community Health, 53(1), pp.46-50. 

Jones, C., 2010. Post-Traumatic Stress Disorder in ICU Survivors. Journal of the Intensive Care 
Society, 11(2_suppl), pp.12-14. 

Jones, C., Griffiths, R., Humphris, G. and Skirrow, P., 2001. Memory, delusions, and the 
development of acute posttraumatic stress disorder-related symptoms after intensive care. 
Critical Care Medicine, 29(3), pp.573-580. 

Jones, C., Skirrow, P., Griffiths, R., Humphris, G., Ingleby, S., Eddleston, J., Waldmann, C. and 
Gager, M., 2003. Rehabilitation after critical illness: A randomized, controlled trial. Critical Care 
Medicine, 31(10), pp.2456-2461. 

Jouan, Y., Grammatico-Guillon, L., Teixera, N., Hassen-Khodja, C., Gaborit, C., Salmon-
Gandonnière, C., Guillon, A. and Ehrmann, S., 2019. Healthcare trajectories before and after 
critical illness: population-based insight on diverse patients clusters. Annals of Intensive Care, 
9(1). 

Kamdar, B., Kadden, D., Vangala, S., Elashoff, D., Ong, M., Martin, J. and Needham, D., 2017. 
Feasibility of Continuous Actigraphy in Patients in a Medical Intensive Care Unit. American 
Journal of Critical Care, 26(4), pp.329-335. 



 211 

Karlsson, V., Bergbom, I., Ringdal, M. and Jonsson, A., 2015. After discharge home: a qualitative 
analysis of older ICU patients' experiences and care needs. Scandinavian Journal of Caring 
Sciences, 30(4), pp.749-756. 

Kayambu, G., Boots, R. and Paratz, J., 2013. Physical Therapy for the Critically Ill in the ICU. 
Critical Care Medicine, 41(6), pp.1543-1554. 

Kayambu, G., Boots, R. and Paratz, J., 2015. Early physical rehabilitation in intensive care 
patients with sepsis syndromes: a pilot randomised controlled trial. Intensive Care Medicine, 
41(5), pp.865-874. 

Keeley, T., Williamson, P., Callery, P., Jones, L., Mathers, J., Jones, J., Young, B. and Calvert, 
M., 2016. The use of qualitative methods to inform Delphi surveys in core outcome set 
development. Trials, 17(1). 

Kemp, H., Laycock, H., Costello, A. and Brett, S., 2019. Chronic pain in critical care survivors: a 
narrative review. British Journal of Anaesthesia, 123(2), pp.e372-e384. 

King, N. 1998. ‘Template analysis’, in G. Symon and C. Cassell (eds), Qualitative Methods and 
Analysis in Organizational Research, London: Sage.  

King, N. 2004. Using templates in the thematic analysis of text, in C.Cassell and G.Symon (Eds.) 
Essential Guide to Qualitative Methods in Organizational Research. London: Sage. 

King, J., O’Neill, B., Ramsay, P., Linden, M., Darweish Medniuk, A., Outtrim, J. and Blackwood, 
B., 2019. Identifying patients’ support needs following critical illness: a scoping review of the 
qualitative literature. Critical Care, 23(1). 

Knaus, W., Zimmerman, J., Wagner, D., Draper, E. and Lawrence, D., 1981. APACHE—acute 
physiology and chronic health evaluation: a physiologically based classification system. Critical 
Care Medicine, 9(8), pp.591-597. 

Koldobskiy, D., Diaz-Abad, M., Scharf, S., Brown, J. and Verceles, A., 2013. Long-Term Acute 
Care Patients Weaning From Prolonged Mechanical Ventilation Maintain Circadian Rhythm. 
Respiratory Care, 59(4), pp.518-524. 

König, C., Matt, B., Kortgen, A., Turnbull, A. and Hartog, C., 2018. What matters most to sepsis 
survivors: a qualitative analysis to identify specific health-related quality of life domains. Quality 
of Life Research, 28(3), pp.637-647. 

Koopmanschap, M., 1998. Cost-of-Illness Studies. PharmacoEconomics, 14(2), pp.143-148. 

Kosilek, R., Baumeister, S., Ittermann, T., Gründling, M., Brunkhorst, F., Felix, S., Abel, P., 
Friesecke, S., Apfelbacher, C., Brandl, M., Schmidt, K., Hoffmann, W., Schmidt, C., Chenot, J., 
Völzke, H. and Gensichen, J., 2019. The association of intensive care with utilization and costs 
of outpatient healthcare services and quality of life. PLOS ONE, 14(9), p.e0222671. 

Lai, C., Chou, W., Chan, K., Cheng, K., Yuan, K., Chao, C. and Chen, C., 2017. Early Mobilization 
Reduces Duration of Mechanical Ventilation and Intensive Care Unit Stay in Patients With Acute 
Respiratory Failure. Archives of Physical Medicine and Rehabilitation, 98(5), pp.931-939. 

Langer, D., Gosselink, R., Sena, R., Burtin, C., Decramer, M. and Troosters, T., 2009. Validation 
of two activity monitors in patients with COPD. Thorax, 64(7), pp.641-642. 



 212 

Latha, M., Bellary, S. and Krishnankutty, B., 2014. Basics of case report form designing in clinical 
research. Perspectives in Clinical Research, 5(4), p.159. 

Lee, C., Herridge, M., Matte, A. and Cameron, J., 2009. Education and support needs during 
recovery in acute respiratory distress syndrome survivors. Critical Care, 13(5), p.R153. 

Leggett, L., Khadaroo, R., Holroyd-Leduc, J., Lorenzetti, D., Hanson, H., Wagg, A., Padwal, R. 
and Clement, F., 2016. Measuring Resource Utilization. Medicine, 95(10), p.e2759. 

Lim, W., Black, N., Lamping, D., Rowan, K. and Mays, N., 2016. Conceptualizing and measuring 
health-related quality of life in critical care. Journal of Critical Care, 31(1), pp.183-193. 

Lohne-Seiler, H., Hansen, B., Kolle, E. and Anderssen, S., 2014. Accelerometer-determined 
physical activity and self-reported health in a population of older adults (65–85 years): a cross-
sectional study. BMC Public Health, 14(1). 

Lone, N., Gillies, M., Haddow, C., Dobbie, R., Rowan, K., Wild, S., Murray, G. and Walsh, T., 
2016. Five-Year Mortality and Hospital Costs Associated with Surviving Intensive Care. American 
Journal of Respiratory and Critical Care Medicine, 194(2), pp.198-208. 

Lone, N., Lee, R., Salisbury, L., Donaghy, E., Ramsay, P., Rattray, J. and Walsh, T., 2018. 
Predicting risk of unplanned hospital readmission in survivors of critical illness: a population-level 
cohort study. Thorax, 74(11), pp.1046-1054. 

Lone, N., Seretny, M., Wild, S., Rowan, K., Murray, G. and Walsh, T., 2013. Surviving Intensive 
Care. Critical Care Medicine, 41(8), pp.1832-1843. 

Major, M., Kwakman, R., Kho, M., Connolly, B., McWilliams, D., Denehy, L., Hanekom, S., 
Patman, S., Gosselink, R., Jones, C., Nollet, F., Needham, D., Engelbert, R. and van der Schaaf, 
M., 2016. Surviving critical illness: what is next? An expert consensus statement on physical 
rehabilitation after hospital discharge. Critical Care, 20(1). 

Marshall, J.C., Bosco, L., Adhikari, N.K., Connolly, B., Diaz, J.V., Dorman, T., Fowler, R.A., 
Meyfroidt, G., Nakagawa, S., Pelosi, P. and Vincent, J.L., 2017. What is an intensive care unit? 
A report of the task force of the World Federation of Societies of Intensive and Critical Care 
Medicine. Journal of critical care, 37, pp.270-276. 
 
Maruish, M., Kosinski, M., Bjorner, J., Gandek, B., Turner-Bowker, D. and Ware, J., 2011. User’S 
Manual For The SF-36V2 Health Survey.. 3rd ed. Lincoln: QualityMetric. 
 
McDowell, K., O'Neill, B., Blackwood, B., Clarke, C., Gardner, E., Johnston, P., Kelly, M., 
McCaffrey, J., Mullan, B., Murphy, S., Trinder, T., Lavery, G., McAuley, D. and Bradley, J., 2016. 
Effectiveness of an exercise programme on physical function in patients discharged from hospital 
following critical illness: a randomised controlled trial (the REVIVE trial). Thorax, 72(7), pp.594.1-
595. 

McGhan, W., Al, M., Doshi, J., Kamae, I., Marx, S. and Rindress, D., 2009. The ISPOR Good 
Practices for Quality Improvement of Cost-Effectiveness Research Task Force Report. Value in 
Health, 12(8), pp.1086-1099. 

McGiffin, J., Galatzer-Levy, I. and Bonanno, G., 2016. Is the intensive care unit traumatic? What 
we know and don’t know about the intensive care unit and posttraumatic stress responses. 
Rehabilitation Psychology, 61(2), pp.120-131. 



 213 

McNamara, R., Tsai, L., Wootton, S., Ng, L., Dale, M., McKeough, Z. and Alison, J., 2016. 
Measurement of daily physical activity using the SenseWear Armband. Chronic Respiratory 
Disease, 13(2), pp.144-154. 

McNelly, A., Rawal, J., Shrikrishna, D., Hopkinson, N., Moxham, J., Harridge, S., Hart, N., 
Montgomery, H. and Puthucheary, Z., 2016. An Exploratory Study of Long-Term Outcome 
Measures in Critical Illness Survivors. Critical Care Medicine, 44(6), pp.e362-e369. 

Meltzer, L., Walsh, C., Traylor, J. and Westin, A., 2012. Direct Comparison of Two New Actigraphs 
and Polysomnography in Children and Adolescents. SLEEP,. 

Merriweather, J., Salisbury, L., Walsh, T. and Smith, P., 2014. Nutritional care after critical illness: 
a qualitative study of patients’ experiences. Journal of Human Nutrition and Dietetics, 29(2), 
pp.127-136. 

Mistraletti, G., Taverna, M., Sabbatini, G., Carloni, E., Bolgiaghi, L., Pirrone, M., Cigada, M., 
Destrebecq, A., Carli, F. and Iapichino, G., 2009. Actigraphic monitoring in critically ill patients: 
Preliminary results toward an “observation-guided sedation”. Journal of Critical Care, 24(4), 
pp.563-567. 

Morris, P., Berry, M., Files, D., Thompson, J., Hauser, J., Flores, L., Dhar, S., Chmelo, E., Lovato, 
J., Case, L., Bakhru, R., Sarwal, A., Parry, S., Campbell, P., Mote, A., Winkelman, C., Hite, R., 
Nicklas, B., Chatterjee, A. and Young, M., 2016. Standardized Rehabilitation and Hospital Length 
of Stay Among Patients With Acute Respiratory Failure. JAMA, 315(24), p.2694. 

Morris, P., Goad, A., Thompson, C., Taylor, K., Harry, B., Passmore, L., Ross, A., Anderson, L., 
Baker, S., Sanchez, M., Penley, L., Howard, A., Dixon, L., Leach, S., Small, R., Hite, R. and 
Haponik, E., 2008. Early intensive care unit mobility therapy in the treatment of acute respiratory 
failure*. Critical Care Medicine, 36(8), pp.2238-2243. 

Moss, M., Nordon-Craft, A., Malone, D., Van Pelt, D., Frankel, S., Warner, M., Kriekels, W., 
McNulty, M., Fairclough, D. and Schenkman, M., 2016. A Randomized Trial of an Intensive 
Physical Therapy Program for Patients with Acute Respiratory Failure. American Journal of 
Respiratory and Critical Care Medicine, 193(10), pp.1101-1110. 

Muehler, N., Oishi, J., Specht, M., Rissner, F., Reinhart, K. and Sakr, Y., 2010. Serial 
measurement of Therapeutic Intervention Scoring System-28 (TISS-28) in a surgical intensive 
care unit. Journal of Critical Care, 25(4), pp.620-627. 

Muscedere, J., Waters, B., Varambally, A., Bagshaw, S., Boyd, J., Maslove, D., Sibley, S. and 
Rockwood, K., 2017. The impact of frailty on intensive care unit outcomes: a systematic review 
and meta-analysis. Intensive Care Medicine, 43(8), pp.1105-1122. 

Nahm, M., Shepherd, J., Buzenberg, A., Rostami, R., Corcoran, A., McCall, J. and Pietrobon, R., 
2010. Design and implementation of an institutional case report form library. Clinical Trials: 
Journal of the Society for Clinical Trials, 8(1), pp.94-102. 

Nayar, M., Vanderstay, R., Siegert, R. and Turner-Stokes, L., 2016. The UK Functional 
Assessment Measure (UK FIM+FAM): Psychometric Evaluation in Patients Undergoing Specialist 
Rehabilitation following a Stroke from the National UK Clinical Dataset. PLOS ONE, 11(1), 
p.e0147288. 

Needham, D., 2008. Mobilizing Patients in the Intensive Care Unit. JAMA, 300(14), p.1685. 



 214 

Nelderup, M., Simonsson, A. and Samuelson, K., 2018. Intensive care survivors’ experiences of 
recovery after hospital discharge: A qualitative interview study. Nordic Journal of Nursing 
Research, 38(4), pp.196-203. 

Nice.org.uk. 2009. National Institute For Health And Clinical Excellence. Clinical Guideline 83: 
Rehabilitation After Critical Illness. [online] Available at: 
<https://www.nice.org.uk/guidance/cg83/resources/rehabilitation-after-critical-illness-in-adults-
pdf-975687209413> [Accessed 17 July 2020]. 

Nice.org.uk. 2013. How NICE Measures Value For Money In Relation To Public Health 
Interventions. [online] Available at: <https://www.nice.org.uk/media/default/guidance/lgb10-
briefing-20150126.pdf> [Accessed 20 July 2020]. 

Nice.org.uk. 2014. Incorporating Economic Evaluation | Developing NICE Guidelines: The Manual  
| Guidance | NICE. [online] Available at: 
<https://www.nice.org.uk/process/pmg20/chapter/incorporating-economic-evaluation> 
[Accessed 20 July 2020]. 

Nlm.nih.gov. 2020. Health Economics Information Resources: A Self-Study Course. [online] 
Available at: <https://www.nlm.nih.gov/nichsr/edu/healthecon/glossary.html> [Accessed 16 July 
2020]. 

Ohtake, P., Lee, A., Scott, J., Hinman, R., Ali, N., Hinkson, C., Needham, D., Shutter, L., Smith-
Gabai, H., Spires, M., Thiele, A., Wiencek, C. and Smith, J., 2018. Physical Impairments 
Associated With Post–Intensive Care Syndrome: Systematic Review Based on the World Health 
Organization's International Classification of Functioning, Disability and Health Framework. 
Physical Therapy, 98(8), pp.631-645. 

Olsen, K., Nester, M. and Hansen, B., 2017. Evaluating the past to improve the future – A 
qualitative study of ICU patients’ experiences. Intensive and Critical Care Nursing, 43, pp.61-67. 

O'Neill, H., Lavery, G., Donnelly, P., O'Mahony, M. and Alexander, B., 2000. Quality of life 6 and 
12 months after discharge from the intensive care unit. Critical Care, 4(Suppl 1), p.P229. 

Osse, R., Tulen, J., Hengeveld, M. and Bogers, A., 2008. Screening methods for delirium: early 
diagnosis by means of objective quantification of motor activity patterns using wrist-actigraphy. 
Interactive CardioVascular and Thoracic Surgery, 8(3), pp.344-348. 

Parker, A., Nikayin, S., Bienvenu, O. and Needham, D., 2017. Validity of the Posttraumatic Stress 
Symptoms-14 Instrument in Acute Respiratory Failure Survivors. Annals of the American Thoracic 
Society, 14(6), pp.1047-1048. 

Parker, A., Sricharoenchai, T. and Needham, D., 2013. Early Rehabilitation in the Intensive Care 
Unit: Preventing Impairment of Physical and Mental Health. Current Physical Medicine and 
Rehabilitation Reports, 1(4), pp.307-314. 

Parker, A., Sricharoenchai, T., Raparla, S., Schneck, K., Bienvenu, O. and Needham, D., 2015. 
Posttraumatic Stress Disorder in Critical Illness Survivors. Critical Care Medicine, 43(5), pp.1121-
1129. 

Parry, S. and Puthucheary, Z., 2015. The impact of extended bed rest on the musculoskeletal 
system in the critical care environment. Extreme Physiology & Medicine, 4(1). 



 215 

Parry, S., Huang, M. and Needham, D., 2017A. Evaluating physical functioning in critical care: 
considerations for clinical practice and research. Critical Care, 21(1). 

Parry, S., Knight, L., Connolly, B., Baldwin, C., Puthucheary, Z., Morris, P., Mortimore, J., Hart, 
N., Denehy, L. and Granger, C., 2017B. Factors influencing physical activity and rehabilitation in 
survivors of critical illness: a systematic review of quantitative and qualitative studies. Intensive 
Care Medicine, 43(4), pp.531-542. 

Patrick, D. and Peach, H., 1989. "A Socio-Medical Approach To Disablement." In Disablement In 
The Community,. Oxford: Oxford University Press, pp.1-18. 

Pattison, N., O’Gara, G. and Rattray, J., 2015. After critical care: Patient support after critical care. 
A mixed method longitudinal study using email interviews and questionnaires. Intensive and 
Critical Care Nursing, 31(4), pp.213-222. 

Paul, S., Tiedemann, A., Hassett, L., Ramsay, E., Kirkham, C., Chagpar, S. and Sherrington, C., 
2015. Validity of theFitbitactivity tracker for measuring steps in community-dwelling older adults. 
BMJ Open Sport & Exercise Medicine, 1(1), p.e000013. 

Peersman, W., Pasteels, I., Cambier, D., De Maeseneer, J. and Willems, S., 2013. Validity of self-
reported utilization of physician services: a population study. The European Journal of Public 
Health, 24(1), pp.91-97. 

Peven, J., Grove, G., Jakicic, J., Alessi, M. and Erickson, K., 2018. Associations Between Short 
and Long Bouts of Physical Activity with Executive Function in Older Adults. Journal of Cognitive 
Enhancement, 2(2), pp.137-145. 

Pfoh, E., Wozniak, A., Colantuoni, E., Dinglas, V., Mendez-Tellez, P., Shanholtz, C., Ciesla, N., 
Pronovost, P. and Needham, D., 2016. Physical declines occurring after hospital discharge in 
ARDS survivors: a 5-year longitudinal study. Intensive Care Medicine, 42(10), pp.1557-1566. 

Pitta, F., Troosters, T., Probst, V., Spruit, M., Decramer, M. and Gosselink, R., 2006. Quantifying 
physical activity in daily life with questionnaires and motion sensors in COPD. European 
Respiratory Journal, 27(5), pp.1040-1055. 

Plainenglish.co.uk. 2001. Plain English Campaign: How To Write Medical Information In Plain 
English. [online] Available at: <https://www.plainenglish.co.uk/files/medicalguide.pdf> [Accessed 
20 July 2020]. 

Poltawski, L., Allison, R., Briscoe, S., Freeman, J., Kilbride, C., Neal, D., Turton, A. and Dean, S., 
2015. Assessing the impact of upper limb disability following stroke: a qualitative enquiry using 
internet-based personal accounts of stroke survivors. Disability and Rehabilitation, 38(10), 
pp.945-951. 

Prinjha, S., Field, K. and Rowan, K., 2009. What patients think about ICU follow-up services: a 
qualitative study. Critical Care, 13(2), p.R46. 

Qub.ac.uk. 2020. Standard Operating Procedure Research Governance. [online] Available at: 
<http://www.qub.ac.uk/Research/Governance-ethics-and-
integrity/FileStore/Filetoupload,750812,en.pdf> [Accessed 13 July 2020]. 

Rawal, G., Yadav, S. and Kumar, R., 2017. Post-intensive care syndrome: An overview. Journal 
of Translational Internal Medicine, 5(2), pp.90-92. 



 216 

Ridley, S., Chrispin, P., Scotton, H., Rogers, J. and Lloyd, D., 1997. Changes in quality of life 
after intensive care: comparison with normal data. Anaesthesia, 52(3), pp.195-202. 

Righy, C., Rosa, R., da Silva, R., Kochhann, R., Migliavaca, C., Robinson, C., Teche, S., Teixeira, 
C., Bozza, F. and Falavigna, M., 2019. Prevalence of post-traumatic stress disorder symptoms in 
adult critical care survivors: a systematic review and meta-analysis. Critical Care, 23(1). 

Roberts, M., Glaspey, L., Mazzarelli, A., Jones, C., Kilgannon, H., Trzeciak, S. and Roberts, B., 
2018. Early Interventions for the Prevention of Posttraumatic Stress Symptoms in Survivors of 
Critical Illness. Critical Care Medicine, 46(8), pp.1328-1333. 

Rockwood, K., 2005. A global clinical measure of fitness and frailty in elderly people. Canadian 
Medical Association Journal, 173(5), pp.489-495. 

Rotta, B., Silva, J., Fu, C., Goulardins, J., Pires-Neto, R. and Tanaka, C., 2018. Relationship 
between availability of physiotherapy services and ICU costs. Jornal Brasileiro de Pneumologia, 
44(3), pp.184-189. 

Rozanski, G., Aqui, A., Sivakumaran, S. and Mansfield, A., 2018. Consumer Wearable Devices 
for Activity Monitoring Among Individuals After a Stroke: A Prospective Comparison. JMIR Cardio, 
2(1), p.e1. 

Ruhl, A., Huang, M., Colantuoni, E., Karmarkar, T., Dinglas, V., Hopkins, R. and Needham, D., 
2017. Healthcare utilization and costs in ARDS survivors: a 1-year longitudinal national US 
multicenter study. Intensive Care Medicine, 43(7), pp.980-991. 

Sagelv, E., Ekelund, U., Pedersen, S., Brage, S., Hansen, B., Johansson, J., Grimsgaard, S., 
Nordström, A., Horsch, A., Hopstock, L. and Morseth, B., 2019. Physical activity levels in adults 
and elderly from triaxial and uniaxial accelerometry. The Tromsø Study. PLOS ONE, 14(12), 
p.e0225670. 

Samosawala, N., Vaishali, K. and Kalyana, B., 2016. Measurement of muscle strength with 
handheld dynamometer in Intensive Care Unit. Indian Journal of Critical Care Medicine, 20(1), 
pp.21-26. 

Saunders, J., Morrow-Howell, N., Spitznagel, E., Dore, P., Proctor, E. and Pescarino, R., 2006. 
Imputing Missing Data: A Comparison of Methods for Social Work Researchers. Social Work 
Research, 30(1), pp.19-31. 

Sawada, Y., Sasabuchi, Y., Nakahara, Y., Matsui, H., Fushimi, K., Haga, N. and Yasunaga, H., 
2018. Early Rehabilitation and In-Hospital Mortality in Intensive Care Patients With Community-
Acquired Pneumonia. American Journal of Critical Care, 27(2), pp.97-103. 

Schneider, M. and Chau, L., 2016. Validation of the Fitbit Zip for monitoring physical activity 
among free-living adolescents. BMC Research Notes, 9(1). 

Schober, P., Boer, C. and Schwarte, L., 2018. Correlation Coefficients. Anesthesia & Analgesia, 
126(5), pp.1763-1768. 
 
Schuler, A., Wulf, D., Lu, Y., Iwashyna, T., Escobar, G., Shah, N. and Liu, V., 2018. The Impact 
of Acute Organ Dysfunction on Long-Term Survival in Sepsis*. Critical Care Medicine, 46(6), 
pp.843-849. 
 
 



 217 

Schweickert, W., Pohlman, M., Pohlman, A., Nigos, C., Pawlik, A., Esbrook, C., Spears, L., Miller, 
M., Franczyk, M., Deprizio, D., Schmidt, G., Bowman, A., Barr, R., McCallister, K., Hall, J. and 
Kress, J., 2009. Early physical and occupational therapy in mechanically ventilated, critically ill 
patients: a randomised controlled trial. The Lancet, 373(9678), pp.1874-1882. 

Sculpher, M., Fenwick, E. and Claxton, K., 2000. Assessing Quality in Decision Analytic Cost-
Effectiveness Models. PharmacoEconomics, 17(5), pp.461-477. 

Secombe, P. and Stewart, P., 2017. Long-term morbidity and mortality in survivors of critical 
illness: a 5-year observational follow-up study. Rural and Remote Health, 17(1). 

Sessler, C., Gosnell, M., Grap, M., Brophy, G., O'Neal, P., Keane, K., Tesoro, E. and Elswick, R., 
2002. The Richmond Agitation–Sedation Scale. American Journal of Respiratory and Critical 
Care Medicine, 166(10), pp.1338-1344. 

Shah, Y., Dunn, J., Huebner, E. and Landry, S., 2017. Wearables data integration: Data-driven 
modeling to adjust for differences in Jawbone and Fitbit estimations of steps, calories, and resting 
heart-rate. Computers in Industry, 86, pp.72-81. 
 
 
Singer, B., 2020. A Better Discharge Summary. [online] Don't Forget the Bubbles. Available at: 
<https://dontforgetthebubbles.com/better-discharge-summary/> [Accessed 20 July 2020]. 

Singh, S., Jones, P., Evans, R. and Morgan, M., 2008. Minimum clinically important improvement 
for the incremental shuttle walking test. Thorax, 63(9), pp.775-777. 

Singh, S., Morgan, M., Scott, S., Walters, D. and Hardman, A., 1992. Development of a shuttle 
walking test of disability in patients with chronic airways obstruction. Thorax, 47(12), pp.1019-
1024. 

Skinner, A. and Turner-Stokes, L., 2006. The use of standardized outcome measures in 
rehabilitation centres in the UK. Clinical Rehabilitation, 20(7), pp.609-615. 

Solverson, K., Grant, C. and Doig, C., 2016. Assessment and predictors of physical functioning 
post-hospital discharge in survivors of critical illness. Annals of Intensive Care, 6(1). 

Sottile, P., Nordon-Craft, A., Malone, D., Schenkman, M. and Moss, M., 2015. Patient and family 
perceptions of physical therapy in the medical intensive care unit. Journal of Critical Care, 30(5), 
pp.891-895. 

Statistics on Obesity, P., Statistics on Obesity, 2., admissions, P., obesity, P., obesity, P., obesity, 
P., activity, P., Diet, P., Author, C. and activity, P., 2020. Part 5: Physical Activity - NHS Digital. 
[online] NHS Digital. Available at: <https://digital.nhs.uk/data-and-
information/publications/statistical/statistics-on-obesity-physical-activity-and-diet/statistics-on-
obesity-physical-activity-and-diet-england-2019/part-5-adult-physical-activity> [Accessed 13 July 
2020]. 

Stevens, R., Dowdy, D., Michaels, R., Mendez-Tellez, P., Pronovost, P. and Needham, D., 2007. 
Neuromuscular dysfunction acquired in critical illness: a systematic review. Intensive Care 
Medicine, 33(11), pp.1876-1891. 

Su, C., Lee, K., Yeh, C., Kao, C. and Lin, C., 2013. Measurement of physical activity in cancer 
survivors: a validity study. Journal of Cancer Survivorship, 8(2), pp.205-212. 



 218 

Sushames, A., Edwards, A., Thompson, F., McDermott, R. and Gebel, K., 2016. Validity and 
Reliability of Fitbit Flex for Step Count, Moderate to Vigorous Physical Activity and Activity Energy 
Expenditure. PLOS ONE, 11(9), p.e0161224. 

Sznajder, M., Leleu, G., Buonamico, G., Auvert, B., Aegerter, P., Merlière, Y., Dutheil, M., Guidet, 
B. and Le Gall, J., 1998. Estimation of direct cost and resource allocation in intensive care: 
correlation with Omega system. Intensive Care Medicine, 24(6), pp.582-589. 

Thijs, I., Fresiello, L., Oosterlinck, W., Sinnaeve, P. and Rega, F., 2019. Assessment of Physical 
Activity by Wearable Technology During Rehabilitation After Cardiac Surgery: Explorative 
Prospective Monocentric Observational Cohort Study. JMIR mHealth and uHealth, 7(1), p.e9865. 

Thomas, K., Wright, S.E., Watson, G., Baker, C., Stafford, V., Wade, C., Chadwick, T.J., 
Mansfield, L., Wilkinson, J., Shen, J. and Deverill, M., 2015. Extra Physiotherapy in Critical Care 
(EPICC) trial protocol: a randomised controlled trial of intensive versus standard physical 
rehabilitation therapy in the critically ill. BMJ open, 5(5). 
 
Thurston, L., Hodgson, C., Milnes, S., Berkovic, D., Ayton, D., Iwashyna, T. and Orford, N., 2019. 
Defining Patient-centred Recovery After Critical Illness – A Qualitative Study. Australian Critical 
Care, 32, p.S8. 
 
Tong, A., Sainsbury, P. and Craig, J., 2007. Consolidated criteria for reporting qualitative research 
(COREQ): a 32-item checklist for interviews and focus groups. International Journal for Quality in 
Health Care, 19(6), pp.349-357. 

Tudor-Locke, C., Craig, C., Beets, M., Belton, S., Cardon, G., Duncan, S., Hatano, Y., Lubans, 
D., Olds, T., Raustorp, A., Rowe, D., Spence, J., Tanaka, S. and Blair, S., 2011. How many 
steps/day are enough? for children and adolescents. International Journal of Behavioral Nutrition 
and Physical Activity, 8(1), p.78. 

Tudor-Locke, C., Hatano, Y., Pangrazi, R. and Kang, M., 2008. Revisiting "How Many Steps Are 
Enough?." Medicine & Science in Sports & Exercise, 40(Supplement), pp.S537-S543. 

Tully, M., McBride, C., Heron, L. and Hunter, R., 2014. The validation of Fitbit Zip™ physical 
activity monitor as a measure of free-living physical activity. BMC Research Notes, 7(1), p.952. 

Verceles, A. and Hager, E., 2015. Use of Accelerometry to Monitor Physical Activity in Critically 
Ill Subjects: A Systematic Review. Respiratory Care, 60(9), pp.1330-1336. 

Vest, M., Murphy, T., Araujo, K. and Pisani, M., 2011. Disability in activities of daily living, 
depression, and quality of life among older medical ICU survivors: a prospective cohort study. 
Health and Quality of Life Outcomes, 9(1), p.9. 

Vitacca, M., Barbano, L., Vanoglio, F., Luisa, A., Bernocchi, P., Giordano, A. and Paneroni, M., 
2016. Does 6-Month Home Caregiver-Supervised Physiotherapy Improve Post-Critical Care 
Outcomes?. American Journal of Physical Medicine & Rehabilitation, 95(8), pp.571-579. 

Wales.nhs.uk. 2020. IMPROVING SERVICES TO PATIENTS THROUGH ONGOING 
DEVELOPMENT OF CRITICAL CARE TEAMS. [online] Available at: 
<http://www.wales.nhs.uk/sites3/documents/768/Improving%20services%20DH.pdf> [Accessed 
14 July 2020]. 

Walker, W., Wright, J., Danjoux, G., Howell, S., Martin, D. and Bonner, S., 2014. Project Post 
Intensive Care eXercise (PIX): A qualitative exploration of intensive care unit survivors’ 



 219 

perceptions of quality of life post-discharge and experience of exercise rehabilitation. Journal of 
the Intensive Care Society, 16(1), pp.37-44. 

Walsh, T., Salisbury, L., Merriweather, J., Boyd, J., Griffith, D., Huby, G., Kean, S., Mackenzie, 
S., Krishan, A., Lewis, S., Murray, G., Forbes, J., Smith, J., Rattray, J., Hull, A. and Ramsay, P., 
2015. Increased Hospital-Based Physical Rehabilitation and Information Provision After Intensive 
Care Unit Discharge. JAMA Internal Medicine, 175(6), p.901. 

Warburton, D. and Bredin, S., 2017. Health benefits of physical activity. Current Opinion in 
Cardiology, 32(5), pp.541-556. 

Ware, J., Snow, K. and Kosinski, M., 2000. SF-36 Version 2 (SF-36) Health Survey: Manual And 
Interpretation Guide. Quality Metric Incorporated:. Lincoln: Quality Metric Incorporated. 

Weinert, C., Gross, C., Kangas, J., Bury, C. and Marinelli, W., 1997. Health-related Quality of Life 
after Acute Lung Injury. American Journal of Respiratory and Critical Care Medicine, 156(4), 
pp.1120-1128. 

Weinstein, M., Siegel, J., Gold, M., Kamlet, M. and Russell, L., 1997. Recommendations of the 
Panel on Cost-Effectiveness in Health and Medicine. Survey of Anesthesiology, 41(6), 
pp.331???332. 

Weiss, A., Johnson, N., Berger, N. and Redline, S., 2010. Validity of Activity-Based Devices to 
Estimate Sleep. Journal of Clinical Sleep Medicine, 06(04), pp.336-342. 

Whitlock, J. and Hamilton, B., 1995. Functional outcome after rehabilitation for severe traumatic 
brain injury. Archives of Physical Medicine and Rehabilitation, 76(12), pp.1103-1112. 

Who.int. 2020. WHO | Cost-Effectiveness Analysis For Health Interventions. [online] Available at: 
<http://www.who.int/heli/economics/costeffanalysis/en/> [Accessed 16 July 2020]. 

Wickerson, L., Mathur, S., Singer, L. and Brooks, D., 2015. Physical Activity Levels Early After 
Lung Transplantation. Physical Therapy, 95(4), pp.517-525. 

Williams, T., Leslie, G., Brearley, L. and Dobb, G., 2010. Healthcare Utilisation among Patients 
Discharged from Hospital after Intensive Care. Anaesthesia and Intensive Care, 38(4), pp.732-
739. 

Wilson, F., Wheatley-Smith, L. and Downes, C., 2009. Analysis of intensive outpatient neuro-
rehabilitation outcomes using FIM+FAMUK. NeuroRehabilitation, 24(4), pp.377-382. 

Wilson, R. and Jones, P., 1989. A comparison of the visual analogue scale and modified Borg 
scale for the measurement of dyspnoea during exercise. Clinical Science, 76(3), pp.277-282. 

Winkelman, C., Higgins, P. and Chen, Y., 2005. Activity in the Chronically Critically Ill. Dimensions 
of Critical Care Nursing, 24(6), pp.281-290. 

Wright, S., Thomas, K., Watson, G., Baker, C., Bryant, A., Chadwick, T., Shen, J., Wood, R., 
Wilkinson, J., Mansfield, L., Stafford, V., Wade, C., Furneval, J., Henderson, A., Hugill, K., 
Howard, P., Roy, A., Bonner, S. and Baudouin, S., 2017. Intensive versus standard physical 
rehabilitation therapy in the critically ill (EPICC): a multicentre, parallel-group, randomised 
controlled trial. Thorax, 73(3), pp.213-221. 



 220 

YHEC - York Health Economics Consortium. 2020. Time Horizon - YHEC - York Health 
Economics Consortium. [online] Available at: <https://www.yhec.co.uk/glossary/time-horizon/> 
[Accessed 16 July 2020]. 

Yosef-Brauner, O., Adi, N., Ben Shahar, T., Yehezkel, E. and Carmeli, E., 2014. Effect of physical 
therapy on muscle strength, respiratory muscles and functional parameters in patients with 
intensive care unit-acquired weakness. The Clinical Respiratory Journal, 9(1), pp.1-6. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 221 

List of Appendices       
 
Appendix 1: Participant Information Sheet for the Physical Activity and Function after 
ICU study  
 
Appendix 2:  Informed Consent Form for the Physical Activity and Function after ICU 
study 
 
Appendix 3: Participant Invitation Letter for the Physical Activity and Function after ICU 
study 
 
 
Appendix 4: Physical Activity and Function after ICU study Case-Report Form (CRF) 
 
Appendix 5: Charlson Co-Morbidity Index 
 
Appendix 6: Data checking for ActiGraph analysis for the Physical Activity and Function 
after ICU Study 
 
Appendix 7: Physical Activity and Function after ICU study Research Protocol 
 
Appendix 8: Training Manual for the Physical Activity and Function after ICU study 
 
Appendix 9: Belfast Health and Social Care Trust Ethical Approval 
 
Appendix 10: Western Health and Social Care Trust Ethical Approval 
 
Appendix 11: Northern Health and Social Care Trust Ethical Approval 
 
Appendix 12: Southern Health and Social Care Trust Ethical Approval 
 
Appendix 13: South Eastern Health and Social Care Trust Ethical Approval 
 
Appendix 14: 1st Major Amendment  
 
Appendix 15: 2nd Major Amendment  
 
Appendix 16: 3rd Major Amendment  
 
Appendix 17: Adding members to the research team 
 
Appendix 18: Adding members to the research team 
 
Appendix 19: Adding members to the research team 
 
Appendix 20: Modification of the patient invitation letters for the sub-study 
 
Appendix 21: Updated CV and GCP for a research team member  
 
Appendix 22: Total number of patients that failed to meet the inclusion criteria for the 
Physical Activity and Function after ICU study 
 
Appendix 23: Total number of patients that no longer met the inclusion criteria for the 
Physical Activity and Function after ICU study 



 222 

 
Appendix 24: Consolidated criteria for reporting qualitative studies (COREQ): 32-item 
checklist [Tong et al.2007] 
 
Appendix 25: Template of the summary table used in the qualitative component of the 
Physical Activity and Function Study 
 
Appendix 26: Ethical Approval for the Exploration of physical activity, healthcare 
utilisation in the healthy population and comparison to ICU data 
 
Appendix 27: Healthcare Utilisation questionnaire for the healthy population 
 
 
 
 
 
 



Physical Function and Activity, as well as correlates, in Survivors of Critical Illness after Discharge 
from the Intensive Care Unit (ICU) 

V4 16/07/ 2017         Physical function and activity in survivors of critical illness following 
discharge from the Intensive Care Unit (ICU)   

 

1 

Appendix 1 : Participant Information Sheet for the Physical Activity and Function after ICU 
study. 
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PARTICIPANT INFORMATION SHEET  

 

Physical function and activity, as well as correlates, in survivors of critical 
illness following discharge from the Intensive Care Unit (ICU). 

We would like to invite you to take part in our research study that is exploring physical 
function and activity in survivors of critical illness following discharge from the ICU. 
You are invited to take part in a research study because you have been a patient in 
the ICU. Please take time to consider this research; before you decide if you would 
like to take part we would like you to understand why the research is being done and 
what it would involve for you. One of our team members will go through the information 
sheet with you and answer any questions you have. This may take around 20 minutes. 
If you wish, you may also talk to others about the study. Please ask if there is anything 
that is not clear.  

Thank you for taking the time to read this leaflet. 

Purpose of the study 

Patients in the intensive care unit tend to need a great deal of special care and support. 
This often includes some time spent on a breathing machine. When patients are 
discharged home from hospital, their muscles may still be weak and their ability to 
exercise and to do every day things can be affected. For some people this can 
continue for some time following discharge home from hospital.  The measurement of 
physical function and activity following discharge from the ICU would help provide 
important new information about the pathway of recovery after critical illness. This 
research will help us to understand which patients are more at risk of poor function 
after critical illness, and help predict things about the recovery of survivors of critical 
illness. It will identify those likely to have a poorer pathway of recovery. 
 
Why have I been invited?  

You have been invited because you have been a patient in ICU and we would like to 
follow you up during your recovery 

What will happen if I take part? 
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If you would like to participate you will be asked to attend up to four follow up visits at 
the Western Health and Social Care Trust.  

Visit 1 will take place on the ward before discharge if possible, or else approximately 
within 2 weeks of discharge. 

Visit 2 will take place approximately 6 weeks following discharge 

Visit 3 will take place approximately 6 months following discharge  

Visit 4 will take place approximately 12 months following discharge 

 

During these visits we will collect the following information 

1. We collect information about you, for example your date of birth, living 
arrangements, previous employment, in addition to your past medical history 
and other conditions you may have (visit one only). Some of this information 
can be provided by you, and some can be collected from your medical notes. 
We will also ask you some questions about your current levels of physical 
function, activity and quality of life at that time. 

2. We will ask you to complete a series of questionnaires so that we can find out 
about your physical function, health related quality of life and any pain or 
stress you might be experiencing. 

3. We will measure your daily activity levels using a small activity monitor. This 
monitor will worn around the waist on an elasticated belt. It will be worn for 7 
days and only while you are awake.  

4. We will measure the physical function of your hands and your exercise ability 
to walk in a short walking test. 

5. A blood sample may be taken to measure inflammation. When blood samples 
are taken, this will be taken by a fully qualified member of staff.  Your blood 
sample can be stored on site and then moved to Queen’s University for 
analysis as required.  

6. On your final appointment we will conduct an exit interview with you. We will 
ask you about your views, about things that may have influenced your 
physical function and physical activity during the study period. This exit 
interview will be audio-recorded (with your permission) and then a member of 
our research team will listen to the recording and type notes from it and 
summarise the information from the recording. The recording and the typed 
notes will be kept anonymously with the other study data, and the recording 
will be deleted after the study. 
 
Each follow-up visit will last approximately 2 hours 30 minutes with breaks 
included.  
 
Storage of blood samples for future use 
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With your permission, we would like to store some of the samples you have 
given us at the end of the study for future use. These samples will be stored in 
Queen’s University Belfast.  Storage of these samples will enable us to 
undertake more research if new knowledge and technology becomes available. 
We do not know for sure what these future studies will be but this may involve 
sharing samples with collaborators abroad or research in collaboration with 
partners such as commercial companies. If this is happens, the samples shared 
would be anonymous and external investigators or organisations would not be 
able to identify you. Anonymized data collected as part of the study may also 
be used to understand the sample analyses.  You can indicate on the consent 
form if you agree to let us retain samples for future use in other ethically 
approved studies.  
 
Expenses 
Patients will be reimbursed up to £15-20 for travel expenses incurred whilst 
attending the follow-up assessments, depending on distance from the site.  
  
Do I have to take part? 
The decision to take part is up to you.  If you decide to take part you will be 
asked to sign a consent form. However, you are free to withdraw from the study 
at anytime and without giving a reason. If you decide not to take part in the 
study or choose to withdraw at any time, your care will not be affected. 
 
If you decide to withdraw from the study we will ask you at this time if; 
A. You want to withdraw entirely and want us to destroy all the information 
we collected about you. 
B. You want to withdraw from further participation, but will allow us to keep 
the information we collected about you. 
  
Your decision will be respected. The study doctor can also take you out of the 
study at any time if it is in your best medical interests to stop your participation.   
 
What are the possible disadvantages? 
 
There is a very small risk that during the course of assessments an unexpected 
health concern could be identified. In this case your health concern will be 
discussed with the research team in order to determine any course of action.  
Your GP will be informed of your participation in the study and if indicated you 
will also be advised to contact your GP.  
Taking part in some of the measurements may slightly increase exercise 
symptoms, for example shortness of breath and muscle soreness. The only 
other possible disadvantage of taking part is the inconvenience it may cause 
you to attend the hospital for the 3 follow-up assessments after you are 
discharged from hospital. 
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What are the possible benefits of taking part? 
This study is unlikely to have any direct benefits to your health. You will be 
contributing towards much needed research into understanding physical 
activity levels and quality of life in survivors of critical illness following discharge 
from the ICU. 
 
What if something goes wrong? 
If you have a concern about any aspect of the study, please speak to the 
researchers who will do their best to answer your question and address your 
concern (contact information can be found on page 5. If you remain concerned 
and wish to discuss your concerns with someone else, or make a complaint, 
you can do this through the NHS Complaints Procedure. Details can be 
obtained from the information stated below.  

Address: Complaints Department, McKinney House, 6th Floor, Musgrave 
Park Hospital,  BT9 7JB  
 
Telephone: 028 9504 8000 

 
Email: complaints@belfasttrust.hscni.net   

 

If you are harmed taking part in this research you have the right for a legal 
action for compensation against the Western Health and Social Care Trust, but 
you may have to pay for legal costs. The normal NHS complaints mechanism 
will still be available to you. 

Will my taking part in this study be kept confidential? 

All information that is collected about you during the course of the study will be 
kept strictly confidential. Any information about you that leaves the hospital will 
have your name and address removed so that you cannot be recognised. The 
information will be stored securely.  

Involvement of the General Practitioner 

If specific details about you need to be passed on, the researchers will ask your 
permission to do this. You will also be asked if you mind having the research 
team contacting your doctor on the ward about your participation. You will be 
given the opportunity to ask your doctor for advice about taking part if you wish. 
Your GP who provides care to you on discharge from hospital will be notified 
that you are participating in this study. 

What will happen to the results of the study? 

The study is expected to take three years, commencing in September 2017.  
We hope to publish the results shortly after this, in medical journals, medical 
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websites and press releases.  At this point we will be happy to forward a 
summary of the results of the study if you wish, by contacting the research team 
via the study email address in the “Further information and contact details” box 
below. You will also be able to access the results via local newsletter and 
support groups in HSC Trusts where these are available. 

Who is funding and organising the study? 

The study is funded by the Department for Employment and Learning (DEL) 
and the Seed Funding Northern Ireland Clinical Research Facility. The study is 
being organised by a research team that involves physiotherapists, doctors and 
nurses (from Western Health and Social Care Trust). The team is led by Dr 
Brenda O’Neill. 

Who has reviewed the study? 

To protect your interests, all research involving NHS patients is looked at by an 
independent group of people, called a Research Ethics Committee. This study 
has been looked at by the Health and Social Care Research Ethics Committee 
A (HSC REC A) in Northern Ireland and they have given their approval. 

Further information and contact details 

Dr Brenda O’Neill 

Senior Lecturer in Physiotherapy 

Ulster University  

Centre for Health and Rehabilitation 
Technologies  

Institute for Nursing and Health Research 

Room 1F119 

Jordanstown, Shore Road 

Newtownabbey, Co. Antrim 

BT37 0QB 

Dr James McNamee 

Consultant in Critical Care Medicine 

The Regional Intensive Care Unit 

Royal Victoria Hospital 

Grosvenor Road 

Belfast 

BT12 68A 

 

If you would like further information about this study please use the email or telephone 
number provided below 

Email: PhysFunctionAfterICU@ulster.ac.uk 

Telephone: (028) 90368778 

If we are unable to take your call please leave a message along with the best time of 
day or evening to call you back.  
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THANK YOU VERY MUCH FOR YOUR TIME. 
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Appendix 2 : Informed Consent Form for the Physical Activity and Function after ICU study. 

 

V 4 16.07.17 Participant Consent Form 

 

 

                       

 

Participant Consent Form 
 
Participant Identification Number:          

Title of Project:   Physical Function and Activity, as well as correlates in Survivors of 
Critical Illness after Discharge from the Intensive Care Unit (ICU) 
 
Name of Researchers:  Ms Alanna Rogan, Ms Natasha Green, Dr Brenda O’Neill, Dr 
James McNamee  

Please initial box 

• I confirm that I have read and understand the information sheet dated  

(16.07.17 Version 4) for the above study. I have had the opportunity to 

consider the information, ask questions and have had these answered 

satisfactorily.  

• I agree to take part in the above study; including the procedures mentioned in 

the participant Information Sheet.  

 

• I understand that relevant sections of any of my medical notes and data 

collected during the study, may be looked at by responsible individuals from 

the research team where it is relevant to my taking part in research. I give permission 

for these individuals to have access to my records and understand that my identity 

will remain strictly confidential. 

 

• I understand that my participation is voluntary and that I have a right to 

withdraw at any time, without giving any reason, without my medical care or 

legal rights being affected. 
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• I understand that if I decide to withdraw from the study I have two options. I 

can either give permission for these individuals to destroy all the information 

they have collected about me, or I can withdraw from the study and allow the 

researchers to keep the information they collected about me.  

 

• I agree to my GP being informed of my participation in the study. 

 

• I agree to my interview in the fourth appointment being audio recorded.  
 

 
• I agree to anonymised quotes from my interview being used in the 

presentation of results. These quotes have generic identifiers (e.g. gender + 

reason of ICU admission). 

 

• I agree to data being collected about me during the course of the study being  

stored securely in Ulster University for up to a period of 10  years after the study 

has finished.  

• I agree to have in total approximately 20mls of blood to be collected from me 

at each assessment. 

 

• I understand that decisions about future use of my donated blood sample will be made 

by senior members from the research team and that my sample may be used 

in future studies.  

 

•  I understand that my blood sample will be stored in the local hospitals or clinical 

research facility before being moved to Queen’s University for analysis. I 

understand after research studies have been completed, if the sample is not 

retained, Queen’s University will arrange lawful and respectful disposal of the 

sample.   

 

 

 

_____________________  ____________ ___________________ 
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Name of Participant   Date   Signature 

 

____________________            ____________            ____________________ 

Name of person taking consent Date   Signature 

(If different from researcher) 

 

___________________  ____________        ____________________ 

Researcher    Date   Signature 

 
For further information about the study please contact Dr Brenda O’Neill, Dr James McNamee, 
Ms Alanna Rogan or Ms Natasha Green. 
 
Dr Brenda O’Neill 

Senior Lecturer in Physiotherapy 

Ulster University  

Centre for Health and Rehabilitation 
Technologies 

Institute for Nursing and Health Research 

Room 1F119, Jordanstown 

Shore Road, Newtownabbey  

Co. Antrim 

BT37 0QB 

 

Dr James McNamee 

Consultant in Critical Care Medicine 

The Regional Intensive Care Unit 

Royal Victoria Hospital 

Grosvenor Road 

Belfast 

BT12 68A 

 

 

If you would like further information about this study please use the email or telephone number 
provided below 

Email:  PhysFunctionAfterICU@ulster.ac.uk 

Telephone: (028) 90368778  

If we are unable to take your call please leave a message along with the best time of day or 
evening to call you back.         
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study. 

 

Research Volunteers Needed 
 

Physical function and activity, as well as correlates, in survivors of 

critical illness following discharge from the Intensive Care Unit 

(ICU). 
 

We are a team of researchers and healthcare staff who are exploring 

how to help people who have had a stay in an Intensive Care Unit.  We 

would like to invite you to take part in our research study.   

 

You may be suitable to participate in this study because you have had a 

stay in an intensive care unit. In this study we will explore physical 

function and activity after your discharge from ICU. We will also explore 

if there is any relationship between function or activity and other clinical 

measures e.g. mental health. This would require up to 4 visits to 

complete these measurements during the year after your discharge from 

hospital. 

 

Our aim is to use the results to find out about how to help survivors of 

critical illness, and also when to give help after leaving hospital.  

 

We have attached a Participant Information Sheet, to tell you more 

about the study, and how you can get involved. 

 

Thank you very much for taking the time to read this information. We will 

contact you in the near future with more info about the study 
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The Physical function and activity after ICU Project Team 
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Appendix 4: Case-Report Form (CRF) for the Physical Activity and Function after ICU 
Study 

 

 

 

Physical Activity and Function after ICU 
Study. 

 
 

 

Case Report Form 

 
Protocol Number:  

 

Site:  

 

Participant Number:  

 



Participant ID Number Site Number Date 
_ _ _ 

 
_ _ _ _ _ / _ _ _ / _ _ _ _ 
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CONTENTS 
For full details on outcome measure administration and Case Report Form (CRF) completion, please 
refer to the accompanying booklet: ‘Instruction booklet for Outcome Measure administration and 
Case Report Form (CRF) completion’. 

 

OUTCOME ASSESSMENT VISIT 1: Initial BASELINE ASSESSMENT     Page 3  

OUTCOME ASSESSMENT VISIT 2: 6 WEEKS FOLLOW-UP ASSESSMENT    Page 70 

OUTCOME ASSESSMENT VISIT 3: 6 MONTH FOLLOW-UP ASSESSMENT   Page 78 

OUTCOME ASSESSMENT VISIT 4: 12 MONTH FOLLOW-UP ASSESSMENT   Page 86 
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OUTCOME ASSESMENT VISIT 1: Initial BASELINE ASSESMENT 

Visit 1: Conducting the Study Visit  
 

Date: _ _ / _ _ _ / _ _ _ _ 

Signature of Staff conducting Visit: ______________________________ 

Checklist of activities to be completed 
 
 

1. Consent Form           
2. Demographics           
3. Standardised numerical (0-10) pain scale       
4. Functional Assessment Measure (UK FIM +FAM)   
5. Clinical Frailty Scale       
6. Modified Shuttle Walk Test 1     
7. Functional Limitations Profile (FLP)      
8. SF-36 (Physical Functioning Component)    
9. Hand Dynamometry          
10. PTSS-14           
11. Healthcare utilisation        
12. ActiGraph® Activity Monitor.     
13. Modified Shuttle Walk Test 2      
14. Blood Sample       
15. Date of next apppointment         

        
                

- Ensure all documents have the participant ID number, site and date recorded along the top 
- Photocopy consent form x 3: original site file; copy to medical notes; copy to participant 
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Checklist of equipment and questionnaires   
 

Visit 1: Conducting the Study Visit  

Date: _ _ / _ _ _ / _ _ _ _ 

Signature of Staff conducting Visit: ______________________________ 

1. Blood Sampling Pack        
2. Standardised numerical (0-10) pain scale  questionnaire   
3. Functional Assessment  Measure (UK FIM +FAM) questionnaire  
4. Modified Shuttle Walk Test CD-ROM      
5. Borg Rating of Perceived Exertion Scale      
6. CD-Player          
7. CD Duster          
8. Oxygen saturation monitor        
9. Nail polish remover         
10. Modified Shuttle Walk Test  Form        
11. Tape Measure         
12. Cones           
13. Functional Limitations Profile (FLP) questionnaire     
14. SF-36  (Physical Functioning Component) questionnaire   
15. Hand Dynamometer          
16. PTSS-14 questionnaire         
17. Healthcare utilisation questionnaire      
18. Healthcare utilisation aide memoire       
19. ActiGraph® Activity Monitor       
20. ActiGraph® Activity Monitor Diary Sheets      
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Participant Eligibility & Screening   

Inclusion Criteria  

 Please circle Date  Source of 
confirmation 

Is participant 18 years or 
above? 

Yes No           _ _ / _ _ _ / _ _ _ _   

Did the patient receive 
Mechanical Ventilation > 48 
hours during ICU 
admission? 

Yes No _ _ / _ _ _ / _ _ _ _  

Is the patient living at 
home (self-care or carer), 
or planned discharge to 
home? 

Yes No _ _ / _ _ _ / _ _ _ _  

Is the patient deemed 
medically fit to participate 
in the study (e.g. Modified 
Shuttle Walk Test)? 

Yes No _ _ / _ _ _ / _ _ _ _  

 
Exclusion Criteria  
 

 

If all inclusion criteria questions are answered ‘Yes’ and all exclusion criteria questions are 
answered ‘No’ then the patient is potentially eligible to participate 

 
Please circle 

Date Source of 
confirmation 

Does the patient have a clear 
negative disease trajectory or 
clear degenerative pathway as 
identified by their physician 

Yes 
 

No 
 

_ _ / _ _ _ / _ _ _ _ 
 

Does the patient have a life 
expectancy of <6 months? Yes 

 
No 

_ _ / _ _ _ / _ _ _ _  

Does the patient have a head 
injury, spinal cord injury or a 
neurological event where 
there is a planned specialist 
care pathway to e.g. head 
injury unit/stroke unit?  

Yes 
 

No 
 

_ _ / _ _ _ / _ _ _ _ 
 

Does the patient have any 
cognitive impairment affecting 
ability to participate exercise 
assessments or complete 
questionnaires? 

Yes No 
 _ _ / _ _ _ / _ _ _ _ 
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Informed Consent  

 Date Signature of Staff Completing  
The Participant was first given 
the PIS  

_ _ / _ _ _ / _ _ _ _  

I confirm that the participant 
was given the opportunity to 
ask questions 

_ _ / _ _ _ / _ _ _ _  

I confirm that the participants 
written consent was obtained 
before any study-specific 
procedures were performed 

_ _ / _ _ _ / _ _ _ _  

The Participant signed consent 
form VERSION 4 on 

_ _ / _ _ _ / _ _ _ _  

Participant given a copy of 
their signed consent form 

_ _ / _ _ _ / _ _ _ _  

Original consent form stored in 
___________________ 

_ _ / _ _ _ / _ _ _ _  

Documented sticker in medical 
notes  

_ _ / _ _ _ / _ _ _ _  

G.P Letter Sent _ _ / _ _ _ / _ _ _ _  
Contact card has been 
provided 

_ _ / _ _ _ / _ _ _ _  
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Demographics 

Gender (Please circle)  Male / Female Notes  
Age at consent (Years) ______ years  

 
 

Weight (before ICU 
admission if known) 

_______ kg  
 

 

Current Weight at visit 1  _______ kg  
ICU admission diagnosis   Central Nervous System  

 Cardiovascular System 
 Respiratory System 
 GIT/Hepatology 
 Renal   
 Toxicology 
 Haematology 
 Orthopaedic  
 Sepsis  
 Other  

If other please specify _________________ 

 

Co-enrolment 
(i). Has the patient been 
co-enrolled in another 
study   

Yes  No  
 
If Yes, name of the study ____________________ 

 

ICNARC number _______________  

Length of Hospital Stay _____ Days   

Length of time spent in 
ICU 

_____ Days   

Date of discharge from 
critical care  

_ _ / _ _ _ / _ _  

Date of discharge from 
hospital, and (ii) location 
of discharge  

_ _ / _ _ _ / _ _   
 
___________ 

 

Acute Physiology and 
Chronic Health Evaluation 
(APACHE II) Score 

  

Living arrangement   Alone 
 With Partner  
 Family Member   

 

Stairs – Does the patient 
use stairs in their 
household? 

 Yes  
 No  
 No stairs in household  

 



Participant ID Number Site Number Date 
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Mobility before ICU   Independent  
 Assistance with one carer  
 Assistance with two carers  
 Walking Aid _________________ 

 

Education  Some secondary school or less 
 Secondary school qualifcations  
 Vocational College - (BTEC) 
 A-Levels 
 University Degree  
 Post-graduate degree  

 

Occupation 
 

 Attending school outside the home 
 Taking educational course at home 
 Seeking work 
 Working full or part time ( either outside the 

home or at a home-based business) 
 Full time homemaker 
 Not attending school or working due to my 

health  
 Not working for other reasons/ retired 

 

During the past three 
months, have you been off 
work for reasons NOT 
related to your health? 

 Yes 
 No 

 

Marital Status 
 

 Single 
 Married 
 Widowed 
 Divorced 
 Separated 

 

Ethnic Origin   White 
 Irish Traveller 

Asian/Asian British  
 Indian 
 Pakistani  
 Bangladeshi 
 Chinese  
 Any other Asian background. Please describe: 

____________________________ 
Black/African/Caribbean/Black British  

 African 
 Caribbean  
 Any other Black/African/Caribbean background. 

Please decribe: _______________ 
Other ethnic group 

 Arab 
 Any other ethnic group. Please describe: 

___________________________ 
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 Any other Mixed/Multiple Ethinic background. 
Please describe: 
 
___________________________ 
 



Participant ID Number Site Number Date 
_ _ _ 
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Medical History 

Do you suffer from any medical condition(s)?  

Please tick the box that applies.       Yes □    No □ 

If yes, please state the date and source of confirmation of any medical conditions and add to the 
medical history log. 

 

 

 

 

 
 

Medication  
 

Are you on any medication(s)? 

Please tick the box that applies.   
  
    Yes  No  
If yes, please state the name of the medication(s) and add to the medication history log. 
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Clinical Frailty Scale  

The Clinical Frailty Scale (CFS) is a nine-point clinician judgement-based tool that provides a 
simple, reproducible measure of frailty  
 

Please read the description boxes below and record the patients Clinical Frailty Score (1-9) 
that best describes the patient _____ 

Score Description  
1 Very Fit People Who are robust, active energetic and 

motivated. These people commonly exercise 
regularly. They are among the fittest of their 
age. 

2 Well People who have no active disease symptoms 
but are less fit than category 1. Often, they 
exercise or are very active occasionally, e.g. 
seasonally  

3 Managing Well People whose medication problems are well 
controlled, but are not regularly active beyond 
routine walking. 

4 Vulnerable  While not dependent on other for daily help, 
often symptoms limit activities. A common 
complaint is being “slowed up”, and/or being 
tired during the day. 

5 Mildly Frail These people often have more evident slowing, 
and need help in high order IADLS (finances, 
transportation, heavy housework, medications). 
Typically, mild frailty progressively impairs 
shopping and walking outside alone, meal 
preparation and housework. 

6 Moderately Frail People need help with all outside activities and 
with keeping house. Inside, they often have 
problems with stairs and need help with 
bathing and might need minimal assistance 
(cuing, standby) with dressing. 

7 Severely Frail  Completely dependent for personal care, from 
whatever cause (physical or cognitive) Even so, 
they seem stable and not at high risk of dying 
(within- 6 months)  

8 Very Severely Frail Completely dependent, approaching the end of 
life. Typically, they could not recover even from 
a minor illness.  

9 Terminally Ill  Approaching the end of life. This category 
applies to people with a life expectancy < 6 
months, who are not otherwise evidently frail.  
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Standardised Pain Scale 

Signature of staff completing Standardised 
Pain Scale  

 

Date (DD/MMM/YYYY) and time performed _ _ / _ _ _ / _ _ _ _      _ _ : _ _ 

Numeric Pain Rating Scale score (0-10)  

 

Functional Assessment Measure (UK FIM +FAM) 

Questionnaire Date Completed Time Performed 

UK FIM + FAM _ _ / _ _ _ / _ _ _ _ _ _ : _ _ 
 

Clinical Frailty Scale  

Assessment  Date Completed Time Performed 

Clinical Frailty Scale _ _ / _ _ _ / _ _ _ _ _ _ : _ _ 
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Modified Shuttle Walk Test 1  

Signature of staff completing Modified Shuttle Walk Test ____________________________ 

Date (DD/MMM/YYYY) _ _ / _ _ _ / _ _ _ _ 

Time performed _ _: _ _ 

Was the test stopped at any time point? Please tick the box that applies.    

    Yes     No  

If yes, please tick any of the symptoms that 
apply to the patient  

 Can’t keep up with bleep  
 Shortness of breath  
 Chest pain  
 Light-headedness 
 Fatigue  
 Leg cramps  
 Back pain  
 Persistent SpO2 <85% 
 Any other reason  ______________ 

Modified Shuttle Walk Test 1  Distance Result 
(meters) 

 

________ meters  

 

If not completed, please provide reason: 

 
 

 

 
Functional Limitations Profiles (FLP) Questionnaire  

Questionnaire Date Completed Time Performed 

Functional Limitations Profile 
(FLP) Questionnaire  

_ _ / _ _ _ / _ _ _ _ _ _ : _ _ 

 
SF-36 (Physical Functioning Component) Questionnaire  

Questionnaire Date Completed Time Performed 

SF-36 (Physical Functioning 
Component)  Questionnaire  

_ _ / _ _ _ / _ _ _ _ _ _ : _ _ 
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14 
 

 
Hand Dynamometry  

 

 
PTSS-14 Questionnaire  

Questionnaire Date Completed Time Performed 

PTSS-14 Questionnaire  _ _ / _ _ _ / _ _ _ _ _ _ : _ _ 
 

Healthcare Utilisation  

Questionnaire Date Completed Time Performed  
Healthcare Utilisation  _ _ / _ _ _ / _ _ _ _ _ _ : _ _ 

 

 
 

 
 

 
 

Signature of staff completing Hand 
Dynamometry 

 

Date (DD/MMM/YYYY) and time performed _ _ / _ _ _ / _ _ _ _      _ _ : _ _ 

Dominant hand (tick one)  Right               Left 

Dominant Hand: Trial 1  _____________kg 

Dominant Hand: Trial 2 _____________kg 

Dominant Hand: Trial 3 _____________kg 

Non- Dominant Hand: Trial 1 _____________kg 

Non- Dominant Hand: Trial 2 _____________kg 

Non- Dominant Hand: Trial 3  _____________kg 

If not completed, please provide reason: 
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ActiGraph® Activity Monitor Familiarisation Checklist 

Signature of staff administering ActiGraph Activity Monitor ____________________________ 

Date (DD/MMM/YYYY) and time performed                 _ _ / _ _ _ / _ _ _ _          _ _: _ _ 

 Completed         Yes/No 
If no, please provide reason 

Explained to the participant when to wear the 
Actigraph 

Yes / No 

Explained to the participant when not to wear the 
Actigraph 

Yes / No 

The participant has been shown where to wear the 
ActiGraph  
(record the dominant side in the participant’s activity 
monitor instrument manual) 

Yes / No 
 

__________ side  

Explained to the participant what to do if they have 
any issues with the Actigraph  

Yes / No 

Give the participant the activity monitor diary and 
activity monitor instruction manual  

Yes / No 

 

Please record the ID number for the ActiGraph given to the participant (located on the back of each 
ActiGraph): 

ID Number: ________________     

 

Activity Monitor Downloading and Data Checking  
 
The participant’s ActiGraph data has been downloaded and data checked  
 
By Whom ____________________ 
 
Date (DD/MMM/YYYY) and time performed                 _ _ / _ _ _ / _ _ _ _          _ _: _ _ 
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Modified Shuttle Walk Test 2 

Signature of staff completing Modified Shuttle Walk Test ____________________________ 

Date (DD/MMM/YYYY) _ _ / _ _ _ / _ _ _ _ 

Time performed _ _: _ _ 

Was the test stopped at any time point? Please tick the box that applies.    

    Yes     No  

If yes, please tick any of the symptoms that 
apply to the patient  

 Can’t keep up with bleep  
 Shortness of breath  
 Chest pain  
 Light-headedness 
 Fatigue  
 Leg cramps  
 Back pain  
 Persistent SpO2 <85% 
 Any other reason  ______________ 

Modified Shuttle Walk Test 2  Distance Result 
(meters) 

 

________ meters  

 

If not completed, please provide reason: 

 
 

 

Blood – Lab Samples  

QUB sample ID _______________ 

   Signature of staff completing  
Blood Collected   Yes 

Date and time 
performed 
_ _ / _ _ _ / _ _ _ _ 
_ _ : _ _  

 No 
If no, please 
provide 
reason: 

 

 WCC result:   

 CRP result:   

 Plasma – number 
of  aliquots stored  
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Next Appointment  

Next appointment scheduled for: _ _ / _ _ _ / _ _ _ _                          _ _ : _ _ 

Progress Notes/ Additional Information 
 

Start Date: _ _ / _ _ _ / _ _ _ _     End Date: _ _ / _ _ _ / _ _ _ _ 
 

 

 

 

 

 

 

 

 

 

 

 

Co-ordinator Signature: _________________   Date: _ _ / _ _ _ / _ _ _ _   
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18. Expression 
Spoken and written language, 
gesture, Effective use of symbols 
or communication charts / aids 
etc.  

 

7  Expresses complex ideas 
clearly. 
6  Takes extra time, or uses an 
assistive device (such as an 
augmentative communication 
system)/ Mild difficulty 
expressing complex and abstract 
ideas  
5 Receives help to express 
basic needs only rarely  (less 
than 10% of the time) 
4  Receives help to express 
basic needs only rarely  (less 
than 25% of the time) 
3  Expresses basic daily needs 
more than half of the time. 
Indicates the general topic but 
requires listener to guess or 
question to determine the full 
message, even when in context.  
2  Expresses basic daily needs 
less than half of the time - 
listener provides more than half 
the effort. Uses only single 
words or gestures e.g. able to 
reliably indicate yes / no. May 
also use pointing within the 
environment 
1  Unable to express/ 
inappropriately express or 
inconsistently despite prompting 

 

19. Reading 7  Reads and completely 
understands complex material  
6  Reads and understands 
complex sentences or short 
paragraphs, but may 
demonstrate reduced speed or 
retention problems 
5  Reads and understands 
short simple sentences but 
shows increased difficulty with 
length or complexity.  
4  Recognises single words and 
familiar short phrases 
consistently 
3  Reads letters and recognises 
objects / pictures  
2  Recognises identical objects 
or letters 
1  Unable to match or 
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recognise identical letters 
consistently 

20. Writing 7  Writes full paragraphs with 
acceptable speed and accuracy 
in spelling, grammar and 
completeness  
6  Writes sentences and short 
paragraphs accurately, may take 
extra time or make occasional 
spelling / grammatical errors, or 
requires certain equipment, e.g. 
a word processor 
5  Writes phrases or simple 
sentences, evidence of spelling, 
grammar or syntax errors. 
4  Writes simple words and 
occasional phrases to express 
ideas, but with spelling errors 
and / or reduced legibility 
3  Writes their own name 
(cueing may be required) and 
some familiar words, legibility is 
poor 
2  Writes some letters 
spontaneously, able to trace or 
copy letters or numbers 
1  Unable to copy letters or 
simple shapes 

 

21. Speech Intelligibility 7  Speaks intelligibly in all 
situations, including talking to 
strangers and over the 
telephone.  
6  May take more time or uses 
compensatory strategies such as 
slowing down or reducing 
background noise. Self-corrects 
when not understood.  
5  May need occasional 
prompting to slow down or 
otherwise modify output to 
improve intelligibility. Produces 
sentences intelligible to most 
people in most situations 
4  Produces simple phrases 
that are intelligible to most 
people. 
3  Uses words or phrases that 
are intelligible only by familiar 
people or within the given 
situation. 
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2  Produces single sounds and 
/ or syllables, recognisable only 
by familiar listeners or within 
context 
1  Does not produce any 
recognisable speech or speech 
sounds.  

22. Social Interaction 7  Socially appropriate and 
cooperative   
6  Interacts appropriately with 
staff, other patients and family 
members only in structured or 
modified environments / taking 
medication that is required for 
control of unwanted behaviours  
5  Receives help to interact 
appropriately only rarely 
4  Receives occasional help to 
interact appropriately and 
control behaviour, such as 
temper tantrums or abusive 
language.  
3  Receives help to interact 
appropriately or control 
behaviour but still manages for 
themselves more than half the 
time 
2  Receives frequent 
intervention to control 
behaviour, requires help more 
often than not 
1  Receives constant 
intervention to control 
behaviour and interact 
appropriately with others 

 

23. Emotional Status 
Frequency and severity of 
depression, anxiety, euphoria, 
frustration, agitation.  

 

7  Exhibits an appropriate 
emotional response without help 
from others 
6  Patient is taking medication 
for control of emotional 
problems  
5  Patient receives an 
intervention only at the level of 
set up (e.g. planned counselling 
sessions/ structured 
environment)  
4  Patient receives direct 
intervention only once a week or 
less often  
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3  Receives constant 
interventions  (e.g. several times 
a week but not daily) 
2  Receives constant 
interventions  (e.g. daily) 
1  Receives constant 
interventions  (e.g. many times a 
day) 

24. Adjustment to Limitations 
Denial / insight, awareness and 
acceptance of limitations 

 

7  Demonstrates awareness 
and acceptance of their 
limitations 
6  Has difficulty coping with 
limitations/ patient has 
unrealistic expectations for the 
future  
5  Has difficulty coping with 
limitations. Willing to learn but 
still requires set up or planned 
support to use new ways of 
functioning.  
4  Receives occasional 
(unplanned) help to cope with 
limitations, and to use new 
strategies 
3  Has some awareness of 
limitations. Needs moderate 
help or direction to cope with 
them, but still manages more 
than half the time 
2  Has minimal awareness of 
limitations / needs help more 
than half the time 
1  Basically no awareness of 
limitations 

 

25. Leisure Activities   
Engagement in leisure activities 
has 3 components or steps:  
1. Choosing the activity (e.g. they 
may choose to swim)  
2. Arranging to take part (e.g. 
getting to the swimming pool)  
3. Performing the activity (e.g. 
swimming)  

 

7 The person engages in and 
pursues a wide range of leisure 
activities without assistance or 
any special equipment.  
6 Uses leisure time without 
help but choice is limited, or 
special equipment is required / 
take more than a reasonable 
amount of time 
5 Is prompted just at the start, 
i.e. is lacking in initiative or 
motivation, but is then 
independent 
4 Receives help for just one of 
the 3 steps 
3 Receives help for two of the 
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steps 
2 Receives help for all 3 steps, 
but is then able to engage in and 
enjoy an activity  
1  Unable to engage in leisure 
activities, despite assistance 

26. Problem Solving 
Skills related to solving problems 
of everyday living and dealing with 
unplanned events or hazards  

 

7  Consistently recognises if 
there is a problem 
6  Takes extra time to solve 
problems /demonstrates slight 
difficulty in initiation, decision or 
self-correction in unfamiliar 
situations  
5 Receives cues from others to 
solve routine problems only in 
stressful or unfamiliar situations 
(but <10% of the time).  
4  Receives minimal direction 
for routine problems 
3  Receives moderate direction 
but still manages to solve 
problems themselves more than 
half the time. 
2  Receives direction more 
than half the time to initiate, 
plan or complete simple daily 
activities 
1  Unable to solve problems 

 

27. Memory 7  Recognises people 
frequently encountered - 
executes requests of others 
without being reminded 
6  Has mild difficulty 
remembering people frequently 
encountered or remembering 
daily routine. Uses self-initiated 
cues e.g. diary.  
5  Receives reminders from 
others only occasionally or under 
stressful conditions (<10% of the 
time). 
4  Minimal prompting: 
Receives incidental external cues 
from others (<25% of the time). 
:  
3  Receives moderate 
prompting from others but still 
remembers and recognises more 
than half of the time 
2  Receives prompting by 
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others more than half of the 
time 
1  Recognises and remembers 
<25% of the time, or effectively 
not at all 

28. Orientation 
Orientation includes consistent 
orientation to:  

1. Person  

2. Place  

3. Time  

4. Situation  

 

7  completely orientated in all 
4 aspects, without cues 
6  Does take more than a 
reasonable time to respond 
/uses self- initiated or 
environmental cues  
5  Orientated with cues from 
others  
4  Orientated to 3 out of 4 
aspects and receives only 
incidental external cues from 
others (<25% of the time) 
3  Orientated to 2 out of 4 
aspects . Receives external cues 
from others but less than half of 
the time 
2  Orientated to only 1 out of 
the 4 aspects and receives 
frequent cues (more than half of 
the time) 
1  Disorientated to person, 
place, time or situation, or is 
orientated for less than 25% of 
the time 
 
 

 

29. Concentration 
The length of time the person is 
able to concentrate on purposeful 
activity.  

 

7  Able to concentrate on a 
task for 30 minutes without 
assistance to maintain 
concentration  
6  Has difficulty ‘getting back 
on track’ following distraction / 
has difficultly with switching 
attention to a new task 
5  Concentrates on an activity 
for a minimum of 30 minutes, 
with supervision or prompting to 
‘stay on track’ 
4  Concentrates on an activity 
for 15 minutes, with assistance 
as necessary to ‘stay on track’  
3  Concentrates for between 
5-15 minutes, as above 
2  Concentrates on an activity 
or task for more than a minute, 
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but less than 5, and may be 
easily distractible or it may be 
difficult to gain their attention. 
1  Unable to concentrate on an 
activity for more than 1 minute 

30. Safety Awareness 7  Fully able to maintain own 
safety  
6  Receives some degree of 
supervision but only with new or 
complex activities / concern for 
safety with complex activities  
5  Safe to be left to cope with 
routine activities for more than 
half a day, e.g. while other family 
members are out at work  
4  Is safe to be left alone for 
periods of 2 hours or more, but 
requires a safety check, for 
example, at meal times.  
3  Safe to be left alone for 
short periods of up to 2 hours, 
sufficient to allow their carer to 
go out briefly to the shops etc. 
able to summon help in an 
emergency 
2  Rrequires somebody 
constantly present in the vicinity 
and would not be safe to be left 
alone,  even for a short period, 
for instance while the carer pops 
out to the shops. Unable to 
summon help in an emergency.  
1  Requires constant one to 
one supervision 

 

Totals   
Communication (5-35)   
Cognitive/psychosocial (9-63)   
Total Cognitive Subscore (14-98)   
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Version 1  

Modified Shuttle Test 1 

Predicted Maximum Heart Rate (220 – age)  
Calculate 85% of predicted max HR  

  

 Resting Pre-MSWT Once test has 
stopped  

Two minutes after 
test has finished  

HR    
SpO2    
BORG Scale Score    

 

Level 1   3 

Level 2    7 

Level 3     12   

Level 4      18 

Level 5       25 

Level 6        33 

Level 7         42 

Level 8          52 

Level 9           63 
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Level 10            75 

Level 11             88 

Level 12              102 

Level 13               117 

Level 14                133 

Level 15                 150 

Total Distance (m) : (total number of shuttles x 10): ________ 

Reason for stopping test: _____________________________ 

Functional Limitations Profile 

Version 2.2 

We are interested in the activities that you do in carrying on your life and any changes that 
describe you today that are related to your health. 

This questionnaire lists statements that describe things people often do when they are not 
well.  Even if you think you are well, some of these statements may stand out, because they 
describe you and are related to your health.  As you read each statement in the 
questionnaire, think of yourself today.  When you read a statement that describes you and 
is related to your health, place a tick in the box to the right of the statement.  For example: 

 I am not driving my car  

If you have not been driving for some time because of your health and are still not driving 
today, you should tick this statement. On the other hand, if you never drive or are not 
driving today because your car is being repaired, you should not tick it.  Tick a statement 
only if you are sure it describes you and is due to health. 

 

NOTE: At the bottom of each page of the self-administered questionnaire, you should 
indicate that you have read all the statements on the page by ticking the following 
statement: 

 

TICK HERE WHEN YOU HAVE READ ALL STATEMENTS ON THIS PAGE 
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AMBULATION ITEMS (MAXIMUM POSSIBLE SCORE = 1006) 

The following statements describe walking and use of stairs.  Remember, think of yourself today.  
Only tick the box if you agree with the statement, and if it is due to the state of your health? 

                      ITEM  WEIGHT 

 1. I walk shorter distances or often stop for a rest. - (054) 

 2. I do not walk up or down hills. - (064) 

 3. I only use stairs with a physical aid; for example, a handrail, stick or 
crutches. 

- (082) 

 4. I only go up and down stairs with assistance from someone else. - (087) 

 5. I get about in a wheelchair. - (121) 

 6. I do not walk at all. - (126) 

 7. I walk by myself but with some difficulty; for example, I limp, wobble, 
stumble or I have a stiff leg. 

- (071) 

 8. I only walk with help from someone else. - (098) 

 9. I go up and down stairs more slowly; for example, one step at a time 
or I often have to stop. 

- (062) 

10. I do not use stairs at all. - (106) 

11. I get about only by using a walking frame, crutches, stick, walls, or 
hold on to furniture. 

- (096) 

12. I walk more slowly. - (039) 
 

 

TICK HERE WHEN YOU HAVE READ ALL STATEMENTS ON THIS PAGE 
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BODY CARE AND MOVEMENT ITEMS (MAXIMUM POSSIBLE SCORE = 1927) 

The following statements describe how you move about, bath, go to the toilet, dress yourself today.  
Only tick the box if you agree with the statement, and it is due to the state of your health.           

  ITEM  WEIGHT 

13. I make difficult movements with help; for example getting in or out of 
the bath or car. 

- (082) 

14. I do not get in and out of bed or chairs without the help of a person or 
mechanic aid. 

- (100) 

15. I only stand for short periods of time. - (067) 

16. I do not keep my balance. - (093) 

17. I move my hands or fingers with some difficulty or limitation. - (066) 

18. I only stand up with someone's help. - (093) 

19. I kneel, stoop or bend down only by holding onto something. - (061) 

20. I am in a restricted position all the time. - (124) 

21. I am very clumsy. - (047) 

22. I get in and out of bed or chairs by grasping something for support or by 
using a stick or walking frame. 

- (079) 

23. I stay lying down most of the time. - (120) 

24. I change position frequently. - (0513) 

25. I hold onto something to move myself around in bed. - (082) 

26. I do not bathe myself completely; for example, I need help with bathing. - (085) 

27. I do not bathe myself at all, but am bathed by someone else. - (100) 

28. I use a bedpan with help. - (107) 

29. I have trouble putting on my shoes, socks, or stockings. - (054) 

30. I do not have control of my bladder. - (122) 

31. I do not fasten my clothing; for example, I require assistance with 
buttons, zips or shoelaces. 

- (068) 

32. I spend most of the time partly dressed or in pajamas. - (075) 

33. I do not have control of my bowels. - (124) 

34. I dress myself, but do so very slowly. - (043) 

35. I only get dressed with someone's help. - (082) 
 

TICK HERE WHEN YOU HAVE READ ALL STATEMENTS ON THIS PAGE 
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MOBILITY ITEMS (MAXIMUM POSSIBLE SCORE = 0727) 

These next statements describe how you get about the house and outside. Only tick the box if you 
agree with the statement, and it is due to the state of your health. 

36. I only get about in one building. - (076) 

37. I stay in one room. - (101) 

38. I stay in bed more. - (091) 

39. I stay in bed most of the time. - (114) 

40. I do not use public transport now. - (052) 

41. I stay at home most of the time. - (079) 

42. I only go out if there is a lavatory nearby. - (064) 

43. I do not go into town. - (047) 

44. I only stay away from home for short periods. - (046) 

45. I do not get about in the dark or in places that are not lit 
unless I have someone to help. 

- (057) 

 

TICK HERE WHEN YOU HAVE READ ALL STATEMENTS ON THIS PAGE 
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HOUSEHOLD MANAGEMENT ITEMS (MAXIMUM POSSIBLE SCORE = 0695) 

The following statements describe your daily work, around the home.  When you answer, think of 
yourself today.  Only tick the box if you agree with the statement, and it is due to the state of your 
health. 

46. I only do housework or work around the house for short periods of 
time or I rest often. 

- (050) 

47. I do less of the daily household chores than I would usually do. - (037) 

48. I do not do any of the daily household chores that I would usually 
do. 

- (090) 

49. I do not do any of the maintenance or repair work that I would 
usually do in my home or garden. 

- (075) 

50. I do not do any of the shopping that I would usually do. - (084) 

51. I do not do any of the cleaning that I would usually do. - (078) 

52. I have difficulty using my hands; for example, turning taps, using 
kitchen gadgets, sewing or doing repairs. 

- (078) 

53. I do not do any of the clothes washing that I would usually do. - (075) 

54. I do not do heavy work around the house. - (059) 

55. I have given up taking care of personal or household business 
affairs; for example, paying bills, banking or doing household accounts. 

- (069) 

 

TICK HERE WHEN YOU HAVE READ ALL STATEMENTS ON THIS PAGE 
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RECREATION AND PASTIME ITEMS (MAXIMUM POSSIBLE SCORE = 0383) 

The following statements describe the activities you usually do in your spare time, for relaxation, 
entertainment or just to pass the time. Again, think of yourself today.  Only tick the box if you agree 
with the statement, and it is due to the state of your health. 

56. I spend shorter periods of time on my hobbies and recreation. - (032) 

57. I go out less often to enjoy myself. - (027) 

58. I am cutting down on some of my usual inactive pastimes; for 
example, I watch TV less, play cards less, or read less. 

- (050) 

59. I am not doing any of my usual inactive pastimes; for example, I 
do not watch TV, play cards, or read. 

- (091) 

60. I am doing more inactive pastimes instead of my other usual 
activities. 

- (043) 

61. I take part in fewer community activities. - (025) 

62. I am cutting down on some of my usual physical recreation or 
more active pastimes. 

- (034) 

63. I am not doing any of my usual physical recreation or more 
active pastimes. 

- (081) 

 

TICK HERE WHEN YOU HAVE READ ALL STATEMENTS ON THIS PAGE 
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SOCIAL INTERACTION ITEMS (MAXIMUM POSSIBLE SCORE = 1289) 

These statements describe your contact with family and friends today.  Only tick the box if you agree 
with the statement, and it is due to the state of your health. 

64. I go out less often to visit people.  - (031) 

65. I do not go out at all to visit people. - (091) 

66. I show less interest in other people's problems; for example, I don't 
listen when they tell me about their problems; I don't offer to help. 

- (050) 

67. I am often irritable with those around me; for example, I snap at 
people or criticize easily. 

- (064) 

68. I show less affection. - (044) 

69. I take part in fewer social activities than I used to; for example, I go to 
fewer parties or social events. 

- (025) 

70. I am cutting down the length of visits with friends. - (031) 

71. I avoid having visitors. - (073) 

72. My sexual activity is decreased. - (064) 

73. I often express concern over what might be happening to my health. - (044) 

74. I talk less with other people. - (044) 

75. I make many demands on other people; for example, I insist that they 
do things for me or tell them how to do things. 

- (076) 

 

76. I stay alone much of the time. - (091) 

77. I am disagreeable with my family; for example, I act spitefully or 
stubbornly. 

- (086) 

78. I frequently get angry with my family; for example, I hit them, scream 
or throw things at them. 

- (103) 

79. I isolate myself as much as I can from the rest of my family. - (100) 

80. I pay less attention to the children. - (059) 

81. I refuse contact with my family; for example, I turn away from them. - (109) 

82. I do not look after my children or family as well as I usually do. - (066) 

83. I do not joke with members of my family as much as I usually do. 

 

 

-  (038) 

TICK HERE WHEN YOU HAVE READ ALL STATEMENTS ON THIS PAGE   
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EMOTION ITEMS (MAXIMUM POSSIBLE SCORE = 0693) 

The next statements describe your feelings and behaviour.  Again, think of yourself today.  Only tick 
the box if you agree with the statement, and it is due to the state of your health. 

84. I say how bad or useless I am; for example, that I am a burden 
on others. 

- (089) 

85. I laugh or cry suddenly. - (058) 

86. I often moan and groan because of pain or discomfort. - (067) 

87. I have attempted suicide. - (141) 

88. I behave nervously or restlessly. - (048) 

89. I keep rubbing or holding areas of my body that hurt or are 
uncomfortable. 

- (059) 

90. I am irritable and impatient with myself; for example, I run 
myself down, I swear at myself, I blame myself for things that 
happen. 

- (079) 

91. I talk hopelessly about the future. - (096) 

92. I get sudden frights. - (056) 
 

 

TICK HERE WHEN YOU HAVE READ ALL STATEMENTS ON THIS PAGE  
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ALERTNESS ITEMS (MAXIMUM POSSIBLE SCORE = 0711) 

These statements describe your general alertness today. Only tick the box if you agree with the 
statement, and it is due to the state of your health. 

 93. I am confused and start to do more than one thing at a time. - (074) 

 94. I have more minor accidents; for example, I drop things, I trip and 
fall, or I bump into things. 

- (090) 

 95. I react slowly to things that are said or done. - (052) 

 96. I do not finish things I start. - (045) 

 97. I have difficulty reasoning and solving problems; for example, 
making plans, making decisions, or learning new things. 

- (078) 

 98. I sometimes get confused; for example, I do not know where I am, 
who is around, or what day it is. 

- (115) 

 99. I forget a lot; for example, things that happened recently, where I 
put things, or to keep appointments. 

- (085) 

100. I do not keep my attention on any activity for long. - (052) 

101. I make more mistakes than usual. - (049) 

102. I have difficulty doing things which involve thought and 
concentration. 

- (071) 
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Participant ID Number Site Number Date 
_ _ _ 

 
_ _ _ _ _ / _ _ _ / _ _ _ _ 

 

35 
 

SLEEP AND REST ITEMS (MAXIMUM POSSIBLE SCORE = 0591) 

These statements describe your sleep and rest activities today. Only tick the box if you agree with 
the statement, and it is due to the state of your health. 

103. I spend much of the day lying down to rest. - (096) 

104. I sit for much of the day. - (062) 

105. I sleep or doze most of the time, day and night. - (111) 

106. I lie down to rest more often during the day. - (072) 

107. I sit around half asleep. - (084) 

108. I sleep less at night; for example, I wake up easily, I don't fall 
asleep for a long time, or I keep waking up. 

- (086) 

109. I sleep or doze more during the day. - (080) 
 

TICK HERE WHEN YOU HAVE READ ALL STATEMENTS ON THIS PAGE 

(MAXIMUM POSSIBLE PSYCHOSOCIAL DIMENSION SCORE = 3667) 
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EATING ITEMS (MAXIMUM POSSIBLE SCORE = 0706) 

The following statements describe your eating and drinking habits.  Only tick the box if you agree 
with the statement, and it is due to the state of your health. 

110. I eat much less than usual. - (034) 

111. I feed myself but only with specially prepared food or special 
utensils. 

- (076) 

112. I eat special or different food; for example, I follow a soft 
food, bland, low salt, low fat, or low sugar diet. 

- (052) 

113. I eat no food at all, but I take liquids. - (113) 

114. I just pick or nibble at my food. - (039) 

115. I drink less fluids. - (033) 

116. I feed myself with help from someone else. - (095) 

117. I do not feed myself at all but have to be fed. - (121) 
 

NB: INTERVIEWER MAY RESPOND ON BEHALF OF CLIENT 

118. I eat no food at all except by tubes or intravenous infusion. 

 

- (143) 

TICK HERE WHEN YOU HAVE READ ALL STATEMENTS ON THIS PAGE 
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COMMUNICATION ITEMS (MAXIMUM POSSIBLE SCORE = 0685) 

I am going to read out some statements about how much you talk to other people and write.  Please 
think about yourself today.  Only tick the box if you agree with the statement, and it is due to the 
state of your health. 

119. I have trouble writing or typing. - (050) 

120. I communicate mostly by nodding my head, pointing, or using 
sign language, or other gestures. 

- (127) 

121. My speech is understood only by a few people who know me 
well. 

- (094) 

122. I often lose control of my voice when I talk; for example, my 
voice gets louder or softer or changes unexpectedly. 

- (059) 

123. I don't write except to sign my name. - (084) 

124. I carry on a conversation only when very close to other people 
or looking directly at them. 

- (059) 

125. I speak with difficulty; for example, I get stuck for words, I 
stutter, I stammer, I slur my words. 

- (076) 

126. I am understood with difficulty. - (089) 

127. I do not speak clearly when I am under stress. - (047) 
 

TICK HERE WHEN YOU HAVE READ ALL STATEMENTS ON THIS PAGE 
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WORK ITEMS (MAXIMUM POSSIBLE SCORE = 0520) 
 
The next group of statements has to do with any work you usually do other than managing your 
home.  By this we mean anything that you regard as work that you do on a regular basis. 
 
Do you usually do work other than managing your home?  YES   NO 
 
IF YES, COMPLETE THE WORK SECTION BELOW STARTING WITH ITEM 129 
 
IF NO, I USUALLY DO NOT WORK OTHER THAN MANAGING MY HOME PLEASE COMPLETE ITEM 128 : 
 

Are you retired? YES NO 

If you are retired, was your retirement due to your health? YES NO 

If you are not retired, but are not working, is this due to your health? 

 

YES NO 

128. I do not work at all (INCLUDES RETIRED BECAUSE OF HEALTH) - (361) 

129. I do part of my job at home. - (040) 

130. I am not getting as much work done as usual. - (041) 

131. I often get irritable with my workmates; for example, I snap at them or 
criticize them easily. 

- (042) 

132. I work shorter hours. - (052) 

133. I only do light work. - (056) 

134. I only work for short periods of time or often stop to rest. - (065) 

135. I work at my usual job but with some changes; for example, I use 
different tools or special aids or I swap jobs with someone else. 

- (036) 

136. I do not do my job as carefully and accurately as usual. - (050) 

 

TICK HERE WHEN YOU HAVE READ ALL STATEMENTS ON THIS PAGE 
(MAXIMUM POSSIBLE FLP SCORE = 10023) 
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Acute Version 2.0 

SF-36 (Physical Functioning Component) 

INSTRUCTIONS:  This survey asks for your views about your health.  This information will 
help keep track of how you feel and how well you are able to do your usual activities. 

Answer every question by marking the answer as indicated.  If you are unsure about how to 
answer a question, please give the best answer you can. 

 
1. In general, would you say your health is: 
 
 (circle one) 
 
    Excellent ................................................................................................. 1 
 
    Very good ............................................................................................... 2 
 
    Good ....................................................................................................... 3 
 
    Fair .......................................................................................................... 4 
 
    Poor ........................................................................................................ 5 
 
 
 
2. Compared to one week ago, how would you rate your health in general now? 
 
 (circle one) 
 
    Much better now than one week ago .................................................... 1 
 
    Somewhat better now than one week ago............................................. 2 
 
    About the same as one week ago ........................................................... 3 
 
    Somewhat worse now than one week ago ............................................. 4 
 
    Much worse now than one week ago ..................................................... 5 
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3. The following questions are about activities you might do during a typical day.  Does 
your health now limit you in these activities?  If so, how much? 
 
 (circle one number on each line) 

 

 ACTIVITIES 

Yes, 

Limited 

A Lot 

Yes, 

Limited 

A Little 

No, Not 

Limited 

At All 

 a. Vigorous activities, such as running, lifting heavy 
objects, participating in strenuous sports 1 2 3 

 b. Moderate activities, such as moving a table, pushing a 
vacuum cleaner, bowling, or playing golf 1 2 3 

 c. Lifting or carrying groceries 1 2 3 
 d. Climbing several flights of stairs 1 2 3 
 e. Climbing one flight of stairs 1 2 3 
 f. Bending, kneeling, or stooping 1 2 3 
 g. Walking more than a mile 1 2 3 

 h. Walking half a mile 1 2 3 

 i. Walking one hundred yards (91 meter) 1 2 3 

 j. Bathing or dressing yourself 1 2 3 
 
 
4. During the past week, have you had any of the following problems with your work or other 
regular daily activities as a result of your physical health? 
 (circle one number on each line) 

 YES NO 
 a. Cut down on the amount of time you spent on work or 
other activities 1 2 

 b. Accomplished less than you would like 1 2 

 c. Were limited in the kind of work or other activities 1 2 

 d. Had difficulty performing the work or other activities 
(for example, it took extra effort) 1 2 

 
 

 
 

5. During the past week, have you had any of the following problems with your work or other 
regular daily activities as a result of any emotional problems (such as feeling depressed or 
anxious)? 
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 (circle one number on each line) 

 YES NO 

 a. Cut down on the amount of time you spent on work or other activities 1 2 

 b. Accomplished less than you would like 1 2 

 c. Didn't do work or other activities as carefully as usual 1 2 
 
 
 
 
6. During the past week, to what extent has your physical health or emotional problems 
interfered with your normal social activities with family, friends, neighbours, or groups? 
 
 (circle one) 
 
    Not at all ................................................................................................. 1 
 
    Slightly .................................................................................................... 2 
 
    Moderately ............................................................................................. 3 
 
    Quite a bit ............................................................................................... 4 
 
    Extremely................................................................................................ 5 
 
 
7. How much bodily pain have you had during the past week? 
 (circle one) 
 
    None ....................................................................................................... 1 
 
    Very mild ................................................................................................ 2 
 
    Mild ........................................................................................................ 3 
 
    Moderate................................................................................................ 4 
 
    Severe ..................................................................................................... 5 
 
    Very severe ............................................................................................. 6 
 

8. During the past week, how much did pain interfere with your normal work (including both 
work outside the home and housework)? 
 (circle one) 
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    Not at all ................................................................................................. 1 
 
    A little bit ................................................................................................ 2 
 
    Moderately ............................................................................................. 3 
 
    Quite a bit ............................................................................................... 4 
 
    Extremely................................................................................................ 5 
 
 
9. These questions are about how you feel and how things have been with you during the 
past week.  For each question, please give the one answer that comes closest to the way you 
have been feeling.  How much of the time during the past week - 
 (circle one number on each line) 

 

All 

of the 

Time 

Most 

of the 

Time 

A Good 

Bit of 

the 
Time 

Some 

of the 

Time 

A Little 

of the 

Time 

None 

of the 

Time 

 a. Did you feel full of life? 1 2 3 4 5 6 

 b. Have you been a very nervous 
person? 

1 2 3 4 5 6 

 c. Have you felt so down in the dumps 
that nothing could cheer you up? 1 2 3 4 5 6 

 d. Have you felt calm and peaceful? 1 2 3 4 5 6 

 e. Did you have a lot of energy? 1 2 3 4 5 6 

 f. Have you felt downhearted and low? 1 2 3 4 5 6 

 g. Did you feel worn out? 1 2 3 4 5 6 

 h. Have you been a happy person? 1 2 3 4 5 6 

 i. Did you feel tired? 1 2 3 4 5 6 

 
 
 
 
 
10. During the past week, how much of the time has your physical health or emotional 
problems interfered with your social activities (like visiting with friends, relatives, etc.)? 
 
 (circle one) 
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    All of the time ......................................................................................... 1 
 
    Most of the time ..................................................................................... 2 
 
    Some of the time .................................................................................... 3 
 
    A little of the time ................................................................................... 4 
 
    None of the time .................................................................................... 5 
 
 
 
 
11. How TRUE or FALSE is each of the following statements for you? 
 
 (circle one number on each line) 

 Definitely 
True 

Mostly 
True 

Don't 
Know 

Mostly 
False 

Definitely 
False 

 a. I seem to get ill a little 
easier than other people 1 2 3 4 5 

 b. I am as healthy as anybody 
I know 1 2 3 4 5 

 c. I expect my health to get 
worse 1 2 3 4 5 

 d. My health is excellent 1 2 3 4 5 
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UK-PTSS-14 

Version 1 

This form should not take longer than about 5 minutes to complete. The form has 
two sections, Part A and Part B. 
 
PART A 
This consists of four statements about your memory of the time you spent on the 
Intensive Care Unit. Read each statement. If a statement is FALSE, tick the NO box. 
If the statement is TRUE, tick the YES box. Please answer ALL four questions. Tick 
only ONE box for each statement. If you make a mistake, simply cross out the wrong 
answer and tick the correct box. 
 
PART B 
This consists of 14 statements about how you have been feeling in the past few 
days. You need to decide HOW OFTEN you have been feeling this way in the past 
few days. 
 
If you have NOT EVER felt or experienced what the statement says in the past few 
days, circle 1 (never). 
 
If you have been feeling or experiencing it ALL THE TIME, circle 7 (always). 
 
Otherwise, circle one of the numbers in between that best describes how much you 
have been feeling or experiencing what the statement says in the past few days. 
 
Please circle only one number for each statement. If you make a mistake, simply 
cross it out and circle the correct number. PLEASE be sure to choose a number for 
ALL 14 statements. 
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UK-PTSS – 14 
 

A. When I think back to the time of my severe illness and the time I spent in the 
ICU, I remember:  

 
Nightmares       No   Yes 

Severe Anxiety or Panic     No    Yes 

Severe Pain       No    Yes 

Troubles to breathe, feelings of suffocation   No    Yes 

B. Presently (this means in the past few days) I suffer from:  

 
1.  Sleep problems 

never                                                                                                                  always 
1                  2                     3                     4                    5                     6                  7 

 

 

 
 

 

 
2.       Nightmares 
never                                                                                                                  always 
1                  2                     3                     4                    5                     6                  7  

 
 

3. Depression, I feel dejected/downtrodden 
never                                                                                                                  always 
1                  2                     3                     4                     5                     6                  7 

 
 

4. Jumpiness, I am easily frightened by sudden sounds or sudden movements 
never                                                                                                                  always 
 
1                  2                     3                     4                    5                     6                  7 

 
 

5. The need to withdraw from others 
never                                                                                                                  always 
1                  2                     3                     4                     5                     6                   7 

 
 

6. Irritability, that is, I am easily agitated/annoyed and angry  

never                                                                                                                  always 
1                  2                     3                     4                     5                     6                   7 

 

7. Frequent mood swings 
never                                                                                                                  always 
1                  2                     3                     4                     5                     6                  7 
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B. Presently (this means in the past few days) I suffer from: 

 
8.  A bad conscience, blame myself, have guilt feelings 

 

never                                                                                                                  always 
1                  2                     3                     4                    5                     6                  7 

 

 

 
 

 

 
 

9.   Fear of places and situations, which remind me of the Intensive Care Unit 
never                                                                                                                  always 
1                  2                     3                     4                    5                     6                  7  

 
 

10. Muscular tension 
never                                                                                                                  always 
1                  2                     3                     4                     5                     6                  7  

 
 

11. Upsetting, unwanted thoughts or images of my time on the Intensive Care Unit  
never                                                                                                                  always 
 
1                  2                     3                     4                    5                     6                  7 

 
 
 

12. Feeling numb (e.g. cannot cry, unable to have loving feelings) 
never                                                                                                                  always 
1                  2                     3                     4                     5                     6                   7 

 
 

13 Avoid places, people or situations that remind me of the Intensive Care 
Unit 

 

never                                                                                                                  always 
1                  2                     3                     4                     5                     6                   7 

 
14. Feeling as if my plans or dreams for the future will not come true 
never                                                                                                                  always 

   1                  2                     3                     4                     5                     6                   7 
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Version 1 09.06.17 

Healthcare Utilisation  

 
Visit 1:  +/- 2 weeks Discharged from the ICU 

 

This questionnaire asks about health and support services you have used BEFORE 
you were discharged from hospital following your stay in Intensive Care 

 

The information you give us will be confidential. Your answers will not affect any 
treatment you may be receiving now or any treatment you might receive in the 
future. 

 
Please tick the box(es) that best describes where you have stayed BEFORE you were 
discharged from hospital following your stay in Intensive Care 

(Please tick all that apply). 
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Your Place of Residence 
 
1) Please tick the box that best describes where you stayed BEFORE you were admitted to 
Intensive Care.  

 Please tick the box  that best describes where you 
stayed BEFORE you were admitted to Intensive Care 

(please tick one box only). 

Own home  

With family / friends(s).  

Residential care home  

Nursing home  

Sheltered housing/ warden 
controlled residence 

 

Respite care  

Rehabilitation hospital  

Other (please specify)  
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Support Received 
 
2) Did you receive any help with your care BEFORE your stay in Intensive Care? (e.g. home 
help, carer, meals on wheels) 
 
Please tick the box that applies.       Yes     No  

 
If yes, please tick the boxes that best describes any help you received BEFORE your stay in 
Intensive Care. 
 

Service Please tick the box(es) if you received any help with 
your care BEFORE your stay in Intensive Care. 

Home care worker / home 

help) 

 

Meals on wheels  

Carer   

Other (please specify) __________ 
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Health Care Service Use 
 
3) Have you recently been referred or used any health care services SINCE you have been 
discharged from Intensive Care?  

Please tick the box that applies.       Yes     No  
 

 

If yes, please tick the boxes that best describe any of the following services you have 
received.  
 

 

Have you visited/used any of these 
services? 

Please tick the box if you have visited/used 
this service 

GP  
Nurse  
Social worker  
NHS physiotherapist  
Occupational therapist  
Speech therapist  
Dietician  
Psychological therapist? e.g. psychologist, 
psychiatrist  
Counsellor  
Hospital admission/stay (If not still in 
Hospital)  
Hospital outpatient appointment  
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Study Title: Physical function and activity, as well as correlates, n survivors of critical illness following 
discharge from the Intensive Care Unit (ICU): A prospective longitudinal cohort study 
 
PARTICIPANT ID NUMBER:     _______                                                         SITE NUMBER: _______ 

 

 

 
 
 
 
 
PARTICIPANT ID NUMBER:    _______                                           SITE NUMBER: _______ 

 

 

 

 

 

 

Please write down any health or support service used 
This includes, for example, GP visit at the practice or GP 
telephone. 

Place a tick here/ or write the date(s) 
if possible when you used this 
service. 

Visit 1  
(2 weeks of 
discharge) 

 
 
 
 

  

Visit 2 
(6 weeks) 

 
 
 
 

 
 
 
 
 
 
 

 

Visit  3 
(6 months) 

 
 

 
 
 
 
 
 

 

Visit  4 
(12 months) 

 
 
 
 

 
 
 
 
 
 
 
 

 

 
This sheet has been provided to help you remember any services you use. 
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V3 08.07.17 

Activity Monitor Participant Instruction Manual 

 

General Instructions  

1) You will be provided with the activity monitor once 
you have agreed to do the study. 

2) The researcher will explain how to set up and use 
the monitor for each visit. For follow up visits, it will be 
provided to you directly by one of the team or posted 
to you. 

3) Before each visit the activity monitor should be worn for seven full days in a 
row during waking hours. 

4) Please take off the activity monitor during night-time sleeping and put it on 
again each morning after you wake up. You need to make sure the device is 
placed in the same position every time it is taken off (it may be useful to set 
the activity monitor beside your keys / wallet / phone so that you remember to 
attach it the next day). 

5) If you usually take a nap during the day, please keep the activity monitor on 
during this time. 

Please remove the activity monitor when you have a shower/bath 
because it is not waterproof. Put it on again straight away after your 
shower/bath. 

Using the ActiGraph® 
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1) You should wear the ActiGraph® (Picture 1) which is 
attached to the ActiGraph® belt on the hip area of the 
waist on your dominant side (i.e. _________ side) 
(Picture 2).  

2) The device must fit snugly against your body to 
prevent errors when recording data (Please note the 
device can be worn above or beneath clothing so 
does not have to be worn against the skin). 

Please make sure the monitor sits level on your waist as in Picture 2 and 
is not tilting forwards or to the side. 

3) The green light flashing on the ActiGraph® is normal, and indicates that 
everything is working properly. 

4) If the red light on the ActiGraph® flashes at any time or if the elastic belt 
becomes loose / detaches from the ActiGraph®, please contact the research 
team as below: 

 

 

 

 

 

 
 

 
 

 

Email: PhysFunctionAfterICU@ulster.ac.uk 

Telephone: (028) 90368778 

 

 

 

mailto:PhysFunctionAfterICU@ulster.ac.uk
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Activity monitors returned:   Date______ Time_______ 

*Please record the times to the nearest 5 minutes 

 

DATE 
Time you put on the 
ActiGraph 

 

Time you took 
off the 
ActiGraph 

Amount of time and reason/s 
you didn’t wear the monitor/s 
during the day 

Example 
Sat 4th  Feb 
2017 10.15am 11.30pm 

8.00-10.15am (Forgot to put 

belt on when getting out of bed) 

Day of 
Visit 1 

    

Day 1 
    

Day 2 
  

 

  

Day 3 
  

 

  

Day 4 
  

 

  

Day 5 
  

 

  

Day 6 
  

 

  

Day 7 
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Activity monitors returned:   Date______ Time_______ 

*Please record the times to the nearest 5 minutes 

 

DATE 
Time you put on the 
ActiGraph 

 

Time you took 
off the 
ActiGraph 

Amount of time and reason/s 
you didn’t wear the monitor/s 
during the day 

Example 
Sat 4th  Feb 
2017 10.15am 11.30pm 

8.00-10.15am (Forgot to put 

belt on when getting out of bed) 

Day of 
Visit 2 

    

Day 1 
    

Day 2 
  

 

  

Day 3 
  

 

  

Day 4 
  

 

  

Day 5 
  

 

  

Day 6 
  

 

  

Day 7 
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Activity monitors returned:   Date______ Time_______ 

*Please record the times to the nearest 5 minutes 

 

DATE 
Time you put on the 
ActiGraph 

 

Time you took 
off the 
ActiGraph 

Amount of time and reason/s 
you didn’t wear the monitor/s 
during the day 

Example 
Sat 4th  Feb 
2017 10.15am 11.30pm 

8.00-10.15am (Forgot to put 

belt on when getting out of bed) 

Day of 
Visit 3 

    

Day 1 
    

Day 2 
  

 

  

Day 3 
  

 

  

Day 4 
  

 

  

Day 5 
  

 

  

Day 6 
  

 

  

Day 7 
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Activity monitors returned:   Date______ Time_______ 

*Please record the times to the nearest 5 minutes 

 
 

 

 

DATE 
Time you put on the 
ActiGraph 

 

Time you took 
off the 
ActiGraph 

Amount of time and reason/s 
you didn’t wear the monitor/s 
during the day 

Example 
Sat 4th  Feb 
2017 10.15am 11.30pm 

8.00-10.15am (Forgot to put 

belt on when getting out of bed) 

Day of 
Visit 4 

    

Day 1 
    

Day 2 
  

 

  

Day 3 
  

 

  

Day 4 
  

 

  

Day 5 
  

 

  

Day 6 
  

 

  

Day 7 
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Version 1  

Modified Shuttle Test 2 

Predicted Maximum Heart Rate (220 – age)  
Calculate 85% of predicted max HR  

  

 Resting Pre-MSWT Once test has 
stopped  

Two minutes after 
test has finished  

HR    
SpO2    
BORG Scale Score    

 

Level 1   3 

Level 2    7 

Level 3     12   

Level 4      18 

Level 5       25 

Level 6        33 

Level 7         42 

Level 8          52 

Level 9           63 

Level 10            75 

Level 11             88 

Level 12              102 

Level 13               117 

Level 14                133 

Level 15                 150 

Total Distance (m) : (total number of shuttles x 10): ________ 

Reason for stopping test: _____________________________ 
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Appendix 5: Charlson Co-Morbidiry Index [Charlson et al., 1987] 

 

Charlson Comorbidity Index Scoring  

Condition Weight 
Myocardial Infarction 1 

Congestive heart failure 1 
Peripheral vascular disease 1 

Hemiplegia 2 
Pulmonary disease 1 

Diabetes 1 
Diabetes with end organ image 2 

Renal disease 2 
Mild liver disease 2 

Severe liver disease 3 
Gastric or peptic ulcer 1 

Cancer (lymphoma, leukaemia, solid tumor) 2 
Metastatic solid tumor 6 

Dementia or Alzheimer’s 1 
Rheumatic or connective tissue disease 1 

HIV or AIDS 6 
Hypertension 1 

Skin ulcers/cellulitis 2 
Depression  1 

Warfarin 1 
 



Appendix 6: Data checking for ActiGraph analysis for the Physical Activity and 
Function after ICU study.  

The analysis of the ActiGraph physical activity data involved a rigorous process consisting of 
several steps. There is little guidance available regarding the number of valid days to be 
considered for data analysis. Therefore, to ensure the optimal analysis of ActiGraph data, 
quality checks were performed by NG and JW. JW completed his PhD in Activity in Patients 
with Bronchiectasis and gained experience in downloading and analysing ActiGraph data.  

A minimum wear time of 10 hours per day over seven consecutive days is the most commonly 
reported wear time in an older population [Wolff-Hughes et al.,2015; Choi et al., 2012] and is 
recommended for a data set to be valid [Byrom and Rowe, 2016]. However, given the number 
of patients that failed to meet this requirement (where 29.6% of the available data sets met the 
criteria).We decided to further explore the literature by identifying studies that have included 
physical activity instruments to measure physical activity after critical illness (Chapter 2). 
Based on the findings, we explored the combination hours and days that have been previously 
implemented for measuring free-living physical activity in survivors of critical illness. We 
explored the data sets using different combinations on the 27 datasets we had received up to 
November 2019: 4 days with 10 hours of wear (where 74% of the available data sets met the 
criteria), 2 days with 6 hours (where 81.4% of the available data sets met the criteria), 1 day 
with 6 hours (where 88.8% of the available data sets met the criteria), and 2 days with 8 hours 
(where 74% of the available data sets met the criteria). It was then decided we were going to 
use a minimum wear time that yielded optimal data sets for analysis and best reflected the ICU 
population included in this study. In November 2019, it was then decided to include all data 
sets that included a minimum of 2 days with 8 hours of minimum wear time [Borges et al., 
2015].  

 



 

Appendix 7: Physical Activity and Function after ICU study Protocol 

V7 04.10.2018 
Protocol  

 
Project Title: Physical Function and Activity, as well as correlates, in Survivors of Critical 
Illness Following Discharge from the Intensive Care Unit (ICU): A Prospective Longitudinal 
Cohort Study. 

 
CI: Dr Brenda O’Neill  
Research team: Professor Judy Bradley, Dr Bronagh Blackwood, Professor Danny McAuley, 
Dr Fidelma Moran, Alanna Rogan, Natasha Green, Professor Ian Bradbury 
 
Background to the project: It has been clearly reported that overall Health Related Quality 
of Life (HRQoL) is markedly reduced even up to 5 years following discharge after critical 
illness. However, currently little is known about the recovery of survivors of critical illness in 
terms of physical function and activity. The inclusion of outcome measures relating to physical 
function and activity are uncommon in critical care research. A recent systematic review of 
long term outcome measures in critical illness identified many studies (n=425) that included 
instruments such as e.g. quality of life, and participation restriction, but only 25 of these studies 
included measures of physical activity limitation and these were 6MWT (20), timed up n go (4 
studies), and 1 study each for Locomotion score, Rise from a chair, 50 meter walk test, 
Incremental Shuttle Walk Test (ISWT), 4 meter walk speed, and standardized exercise test 
with ergometer use [Turnbull 2016]. Instruments to assess impairment and activity limitations 
in the critically ill vary widely; some (20/33) instruments have been reported to have 
established clinimetric (utility, validity, reliability and/or responsiveness) properties in this 
population [Parry 2015]. In our recent study “REVIVE”, patients found it difficult to identify 
which of the outcome measures in the trial were most useful for assessing their recovery, 
although many reported that the performance based measures helped them to see their 
progress, and that questionnaire based instruments appeared repetitive (McDowell et al 
Thorax 2016(S). The measurement of physical function and activity over a longer period of 
time would provide important new information about the trajectory of recovery after critical 
illness.  
 
A few recent publications have attempted to explore predictors of outcome for survivors of 
critical illness. Age and length of mechanical ventilation have been shown to predict disability 
and one-year recovery [Herridge et al 2016], but again in these studies inclusion of outcome 
measures relating to function and activity are uncommon. One study has recently reported the 
presence of inflammation after critical illness and an association with poor physical recovery 
assessed by the Rivermead Mobility Index after discharge from ICU but the follow up period 
in this study was short (3 months after ICU discharge) [Griffith et al 2016]. The measurement 
of physical function, activity and inflammation, as well as the patient baseline demographics, 
would help predict the outcome of survivors of critical illness and identify those likely to have 
a poorer trajectory of recovery so that therapy could be targeted towards these patients.  
 
While research has explored some aspects of what education and information patients might 
find helpful following critical illness [McDowell et al 2013], there is little data after recovery 
about what patients felt actually facilitated their physical/functional outcome one year after the 
event which lead to the ICU admission. 
 



Rationale: The trajectory of recovery in terms of physical function and activity has not been 
fully explored in this population. This makes it difficult to know which patients are at risk of 
poorer function after critical illness, and which patients might benefit from follow up 
rehabilitation. It is important that clinicians and researchers are able to define a population(s) 
that might benefit from an intervention and help to determine an outcome measure(s) suitable 
for assessing the impact of future physical rehabilitation interventions.  Limited information on 
the validity of outcome measures in critical care presents challenges for progressing research 
and guidelines for practice. Data which could help to direct future care pathways in this 
population is essential, and the urgent need for research in this area has been highlighted in 
recent guidelines (NICE 2009). 
 
 
Aims: To explore changes in long term physical function, activity, inflammation and quality of 
life in survivors of critical illness following discharge from the Intensive Care Unit (ICU).  
Objectives: 
• To explore patterns/the trajectory of function, physical activity, inflammatory markers 
and quality of life in survivors of critical illness following discharge from the Intensive Care Unit 
(ICU) at one year.  
• To explore relationships between physical function, activity, and correlates including 
health related quality of life, mental health and other clinical outcomes in survivors of critical 
illness following discharge from the Intensive Care Unit (ICU).  
• To explore patients’ views about what factors have influenced their outcomes relating 
to physical function and activity. (Exit Interviews). 
 
Methods to be used 
Study design. A prospective longitudinal cohort study in patients following critical illness.  
Setting: Patients who have had an admission to an adult intensive care unit (ICU) in Northern 
Ireland. 
Recruitment of participants. Patients discharged from the ICU following critical illness will 
be recruited (n=144).  
Inclusion criteria are:  
• age ≥ 18 years,  
• ICU admission which included mechanical ventilation > 48 hours,  
• planned discharge to home (self-care/carer),  
• willing and able to participate,  
• deemed medically fit to take part in the study.  
Exclusion criteria are:  
• anyone with a clear negative disease trajectory or clear degenerative pathway as identified 

by their physician,  
• life expectancy of <6 months,  
• head injury, spinal cord injury,  
• neurological event where there is a planned specialist care pathway to e.g. head injury 

unit/stroke unit,  
• cognitive impairment affecting ability to understand/complete the outcome measures or 

questionnaires,  
• declined consent or unable to give consent,  
• any other condition based on the PIs/research teams views would preclude participation. 
 
 
At each site the NICRN critical care staff will screen the patients notes and consider their 
eligibility in collaboration with the PI; the PI will then approve the decision to include/exclude 
the patient based on the eligibility criteria. 
 



All patients satisfying the eligibility criteria will be given written information about the study 
following discharge from the intensive care unit. They will be approached initially by NICRN 
research staff in collaboration with the clinical team to enquire if they are interested and willing 
to take part in the study. If willing to participate, they will be asked to provide written informed 
consent and will be asked to attend a baseline assessment.  
A screening log of all non-recruited patients and the reason for exclusion will be maintained. 
However, the research team will not have access to identifiable information about patients 
who have not given consent and only summary information from this will be provided to the 
research team. 
 
An assessment will be completed for each patient who is eligible for inclusion and who 
consents to participate; this will be completed prior to and at every visit. Staff will be trained in 
the procedures for conducting the appointment, including assessing the general wellness of 
the patient on the day, and we have a plan for designated contacts for each site should they 
have any concerns for patient safety or wellness.  
 
An assessment will be also completed for each site by completing the orientation template 
which is included in the research staff site orientation. At each site initiation visit there will also 
be an opportunity to identify any additional risk for that specific site.  
 
SWAT Sub-Study: 
 
One approach of testing the effectiveness of recruitment or retention methods is by conducting 
a trial ‘nested’ within an ongoing study, referred to as a SWAT (Study Within A Trial). The 
SWAT concept aims to highlight and identify a variety of methodological strategies so that 
high quality clinical research can be conducted. This approach enables patients to be 
randomly allocated to two or more different strategies, in order to later analyse any 
associations between recruitment/retention rates and any specific methodological strategies 
used.  
 
Despite the importance of achieving high levels of patient recruitment and retention, very few 
clinical studies focus on recruitment strategies relating to survivors of critical illness, so at 
present, the specific benefits of using a SWAT for maximising recruitment and retention are 
unknown. 
 
The aim of the SWAT sub-study is to assess the relative effectiveness of methods used to 
optimise recruitment and retention within the “Physical Function and Activity in survivors of 
Critical Illness Following Discharge from the Intensive Care Unit (ICU)” study. 
 
The primary aim of the SWAT sub-study is to assess the relative effectiveness of methods 
used to optimise recruitment and retention. The specific objectives for this research are:  
 
I. To explore if the nature of the signature, and inclusion of a photograph on the invitation 
letter given to potential participants impacts on their recruitment to the study. 
II. To explore if giving enrolled participants a thank you card at the end of each study-
related visit impacts on their retention in the study. 
 
These objectives will be met by implementing three SWATs in the “Physical Function and 
Activity in Survivors of Critical Illness Following Discharge from the Intensive Care Unit (ICU)” 
study within various hospital sites across Northern Ireland. 
 
The SWAT protocol (Appendix 1) covers the SWATs to be implemented and the methodology 
for each of the three separate SWATs embedded into this study.  
 
 



Procedures and data collection. Following consent, the following will be recorded: 
demographics, ICU diagnosis, co-morbidity using the Charlson co-morbidity scale, and illness 
severity using Acute Physiology and Chronic Health Evaluation II (APACHE II) score and 
frailty using the Clinical Frailty Scale [Rockwood et al 2005]. Patients will be asked questions 
to establish views on their baseline status in relation to physical function, activity and quality 
of life. Functional and physical assessment will be conducted prior to hospital discharge (or 
within 2 weeks of discharge) (T1), and following discharge at 6 weeks +/- 2 weeks (T2), 6 
months +/- 2 weeks (T3), 12 months +/- 2 weeks (T4). Each visit is estimated to last 
approximately 2 hours and 30 minutes.  
 
Data generated from this study will be manually collected in handwritten format and 
electronically (e.g. ActiGraph® activity monitor). Hard copy Clinical Record Forms (CRFs) will 
be used to collect data for this study, and will act as source data. The data will then be 
uploaded to a secure electronic Clinical Record Form (eCRF) on an electronic data capture 
system (Clindox) for subsequent analysis. The hard copies of the CRF with patient identifiers 
will be stored in a locked cabinet. The link between the patient identifiers and patient names 
will be stored separately according to local governance requirements. The eCRF is a 
password secure electronic system only accessible by members of the research team via 
personal passwords.   
 
Researchers involved in taking blood will receive appropriate training, will wear gloves and 
discard all needles and syringes using local procedures to minimise the risk of infection or 
puncture. Not all patients in the study need to provide blood samples, and not all sites will be 
set up to access samples. When blood samples have been provided, they will be stored at 
local sites e.g. in the clinical research facility before being transported to Queen’s University 
Belfast (QUB) for analysis of markers of systemic inflammation and microbiological analysis. 
Plasma inflammatory response biomarkers will be assessed, which may include but are not 
limited to, plasma CRP, cytokines (including but not limited to TNFα, IL1β, IL6, IL8), proteases 
and antiproteases, adhesion and activation molecule expression (including but not limited to 
sICAM1). In addition, QUB will act as the central recipient for samples for future research. 
Samples will be stored in QUB under the custodianship of Professor McAuley and in 
accordance with the donor consent for future use. Any future use of the samples will be subject 
to ethical approval, as appropriate. QUB will arrange lawful and respectful disposal of the 
samples.   
 
Although it is unlikely to happen we will provide the outcome measures in order of priority 
[See: Procedure for order of completion of outcome measures] so that if a patient is 
unable/declines to do a specific outcome measure the the remaining outcome measures can 
be completed in a standardised order.  
 
Outcome measures will include: 
1. Exercise capacity will be measured with the Modified Shuttle Walk Test (MSWT). The 

MSWT is a valid and standardised test of exercise capacity which is responsive to exercise 
based interventions in other populations [Bradley et al 1999]]. Furthermore the ISWT was 
used in our study (REVIVE) and demonstrated the feasibility and responsiveness of this 
measure [McDowell et al, Thorax 2016].  

2. Physical function will be measured using the Functional Assessment Measure (UK 
FIM+FAM) which includes activities of daily living [Turner Stokes et al 1999] 

3. Physical activity will be assessed using an ActiGraph® activity monitor. The ActiGraph® is 
tri-axial accelerometer worn on a belt around the waist. It measures body acceleration as 
counts per unit time; using defined cut points for accelerometer counts it is possible to 
measure activity at different intensities e.g. light, moderate, vigorous intensity, as well as 
measure number of steps. It is a valid measure of physical activity in different populations 
[Bradley 2015, Van Remoortel 2012] PA measurement will made be using the ActiGraph® 
at T1 from the point of consent to discharge (maximum of 7days), and at all time-points 



thereafter we will aim for 7 days wear time (excludes sleep) to include at least once 
weekend day.  

4. Hand grip strength will specifically be measured by dynamometry [Gilbertson 1994]. 
5. Pain using a standardised numerical (0-10) pain scale [McCaffery and Paserso 1999]. 
6. Health Related Quality of Life (HRQoL) will be measured using Functional Limitations 

Profile (FLP) questionnaire. The FLP questionnaire is a well validated and widely used 
generic instrument to measure health status in a variety of conditions including critical 
illness [Patrick 1989]. It provides an estimate of sickness related dysfunction and has both 
physical and psychosocial dimensions. It was used in the REVIVE study [McDowell et al, 
Thorax 2016]. We will also measure physical function using the physical functioning (PF) 
subscale of the SF-36v2. This has been shown to be an acceptable, reliable and valid tool 
following critical illness [Ware 2000]. 

7. The Post-Traumatic Stress Scale (PTSS-14) will be used as a screening instrument for 
Post-Traumatic Stress Disorder [Twigg et al 2006].  

8. Measures of systemic inflammation will be assessed. Plasma inflammatory response 
biomarkers, which may include but are not limited to, plasma CRP, cytokines (including 
but not limited to TNFα, IL1β, IL6, IL8), proteases and antiproteases, adhesion and 
activation molecule expression (including but not limited to sICAM1) will be measured. 

9. Healthcare utilization will be recorded at each visit and patients will be offered an aide 
memoire to assist with this.  

 
Exit Interviews. To explore patients’ views about what factors have influenced their longer 
term outcomes in physical function and activity i.e. at the 6-month appointment, and the 12-
month appointment or final appointment in the case of early termination. This will provide 
additional information to the objective measures we are collecting. 
 
Recall can be difficult, therefore, we will present/remind patients of their initial score on the 
measures of interest relating to physical function and activity (i.e. modified shuttle test, their 
physical activity levels (step counts), UK FIM+FAM score, and SF36 physical function scores). 
We will then ask questions to help patients reflect on how they reached their current outcome, 
and to compare this to their views at the start of study and to their usual state before ICU 
admission. We will ask patients e.g. What factors have influenced your ability to be where you 
are now physically (physical outcome)?, What factors have influenced the changes in your 
walking and mobility since discharge from the ICU?. , What has influenced your changes since 
d/c from ICU?. Not all OMs will be recalled for this exit interview and we will not include quality 
of life scores or measures that include psychological assessment. Therefore, we do not 
anticipate the exit interview will elicit a strong emotional response. However, if patients do 
become distressed this would highlight the need for further intervention and in this case we 
would advise them to return to their GP. We can also provide details of “ICU steps” which is a 
UK patient support forum for people who have had a stay in ICU and which is readily 
accessible publically. 
 
The interviews will be recorded to allow later analysis of data. 
 
Data analysis.  
The statistical analysis for this study has been developed in conjunction with the study 
statistician and the analysis will be in line with achieving the aims and objectives of the study. 
The primary aim is to explore changes in physical function, activity, and other measures over 
time so we will plot the trajectory of how e.g. physical function tracks across the year to look 
for patterns of recovery. If appropriate and depending on what these patterns look like, we will 
use correlations to explore relationships between functional status and clinical outcomes and 
health related quality of life. Correlations will also be used to explore relationships between 
baseline status and functional outcomes along the disease trajectory, i.e. 6 weeks, 6 months 
and 12 months following discharge from the ICU.  



If appropriate, we will use logistical regression modelling to relate baselines co variates and 
changes in physical function to the probability of recovery at 12 months. Recovery at 12 
months will be based on pre admission ICU physical function. We will also include 
descriptive statistics to summarise the study populations’ demographic and clinical 
characteristics. This is not a randomized controlled trial and the final statistical analysis plan 
for this study is dependent on how the data presents at the end of the study. In line with 
other stake holders we plan to review our analysis plans at our monthly project team 
meetings and ensure that any updates are incorporated into the main data analysis.  
 
A thematic analysis will be used to analyze data from the exit interviews [Burnard et al 1991, 
2008].   
 
Sample size and feasibility of recruitment.   We have reviewed the sample size and 
recruitment rates in relevant literature in critical care, as well as the recruitment rates of some 
of our own previous studies to agree a realistic sample size for this study. The sample sizes 
in longitudinal studies in critical care or in physical rehabilitation studies which assess 
outcomes at several time points across 1-2 years range from <100 up to 3000 with most 
studies recruiting between 100-200 participants. In our previous studies we have recruited 
about 2 - 3 patients per site per month and based on including 4 sites initially (progressing to 
5), and for this study we will aim to recruit 3 patients per site per month over a 12 month period.  
With support from the NICRN and our 2 PhD students to recruit and assess patients, we have 
estimated a target of n=144  patients for this study. This number will provide sufficient data 
which to meet the aims of this study, and allow sufficient time for follow-up appointments of 
the last participants recruited. We will explore the progress with recruitment and retention at 
each of our monthly project team meetings  
 
There will be no other studies requiring measurement of physical performance competing for 
this patient population. We will apply for study adoption with the NICRN Critical Care. We have 
contacted the lead for the NICRN Critical Care to discuss competing studies and pathways for 
co-enrolment. In the absence of any biological reason patients could be co enrolled with other 
studies in critical care and this would be explored on a study by study basis and with 
discussion and permissions from relevant CIs. If co-enrolment does occur duplication of any 
common measurements will be avoided to minimise patient burden. Sufficient patients will be 
available to achieve adequate and timely patient recruitment. 
 
Personal and Public Involvement. To provide personal and public (PPI) involvement in the 
design and conduct of the study we have secured the involvement of two PPI representatives 
who will be central to providing lay involvement in all aspects of the study, and in particular, in 
advising on study methodology, patient information and consent forms. To date a service user 
(AK) reviewed and provided feedback on the Consent form, Patient Information Sheet (PIS) 
and Patient Invite Letter.  Overall positive feedback and small amendments were made based 
on his views. Moving forward AK will continue to provide input. Additionally, we have a service 
user with past experience of a stay in ICU (CV) who will provide PPI during the study. They 
have also provided feedback on the PIS and overall study concept.  
 
The PPI representatives will be asked to review any relevant study materials as needed during 
the study, and their views will be reported back at the project team meetings. They will be 
invited to project team meetings at least on an annual basis for an update and review of the 
study progress (with more frequent consultation if needed). 
 
An additional PPI was involved in the design of the patient invitation letters for the SWAT sub-
study. This person has provided lay involvement in the development of the patient invitation 
letters and thank you cards, and in particular the layout and the design of the two documents.  
 



Time course of project.  The study documents will be submitted for approval by the Ulster 
University Filter Committee (Jan 2017), and Ethical approval, Research Governance (August 
2017). Set-up and training (Jan 2017 to August 2017). Patient recruitment and trial execution 
will be conducted over the following twenty four months: recruitment September 2017 to 
August 2018); with data collection continuing for patients active in the study until up to August 
2019). Manuscript preparation will be ongoing throughout and finalised for publication in the 
last month (Sept 2019).  
 
 
Dates  01January 

2017 – 
31August  
2017 (8 
months) 

01September  
2017 –
31August  
2018 (12  
months) 

01September 
2018 –  
31August 
2019 (12  
months) 

01September 
2019 – 
30September 
2019  
(1 months) 

Finalise 
ethics/governance, 
conduct set up, 
training 

    

Patient Recruitment     
Outcome assessment     
Data analysis      
Prepare manuscript, 
conference 
presentation 

    

Dissemination to 
patients  

    

 
Proposed Outcome/benefits of the research.  
Overall this study will provide new information about the trajectory of recovery after critical 
illness and help to define a population(s) that might benefit from an intervention. It will help to 
identify factors and measurements which predict those at risk of poor physical and functional 
ability, as well as those who return to healthy pattern of physical and functional ability after 
critical illness. It will help to determine outcome measures suitable for assessing the impact of 
future rehabilitation interventions. It will help us identify what patients felt actually facilitated 
their outcomes in physical function and activity after discharge from the ICU admission. This 
study could potentially provide information which will inform design of future research involving 
patients’ recovery from critical illness. It may also help target the best timing for rehabilitation 
interventions for this population. 
 
This research links to an established programme of work by this research team. We have 
recently completed a phase 2 clinical study and this planned work will help to inform a further 
definitive clinical trial (McDowell et al 2016). 
 
The outcome of the SWAT sub-study could potentially provide new information about effective 
recruitment and retention strategies used in future studies involving survivors of critical illness. 
In addition, it will hopefully highlight and identify effective methodological strategies that could 
optimise recruitment and retention for future longitudinal cohort studies.    
 
 
 
Ethics and Research governance. Ethical approval will be sought prior to commencing this 
study. Participant safety and well-being are protected by implementing Standard Operating 
Procedures (SOPs) as set out in the Research Governance Framework. 
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Appendix 8: Training Manual for the Physical Activity and Function after ICU 
Study 

 

  

 

 

 

 

“Physical function and activity, as well as correlates, in survivors of critical 

illness after discharge from the Intensive Care Unit (ICU)” 

 

 
Training Manual for Outcome Measure 
Administration  
 
Version 1    31.01.18 

 

 

 

 

 

 

 

Contents 

 

Equipment 
required………………………………………..……………………….………………… 
Preparation for study 
visits…………………………………………..………………………………. 



 

 

2 
 

 

Instructions for: 

Standardised Numerical Pain 
Scale………………………………………………………………... 

Functional Assessment Measure (UK 
FIM+FAM)*.………………………………….………….... 

Modified Shuttle Test 
(MST)*………………………………………………………………………. 

Functional Limitations Profile 
(FLP)……………………………………………………………….. 

SF-36 Physical Functioning 
Subscale……………………………………………………………… 

Hand 
Dynamometry…………………………………………………………………………………. 

Post-Traumatic Stress Scale 
14……………………………………………………………………. 

Healthcare Utilisation 
Questionnaire………………………...……………………………………… 

ActiGraph® Physical Activity 
Monitor*...……………………………………………………………. 

Blood 
Samples………………………………………………………………………………………... 

Appendices……………………………………………………………………………………
………. 

 

 

If you have any questions or are unsure about any of the instructions in this training manual, 
please contact us-  

Email: PhysFunctionAfterICU@ulster.ac.uk 

Telephone: (028) 90368778  

Project Team Members 

Professor Bronagh Blackwood, Professor Judy Bradley, Ms Natasha Green (PhD Student), 
Professor Danny McAuley, Dr Fidelma Moran, Ms Alanna Rogan (PhD Student) 

 

 

 
Equipment 

Hospital Anxiety and Depression Scale 
 
 

mailto:PhysFunctionAfterICU@ulster.ac.uk
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Prior to Visit 1 

 
Screening 
• Potential participants will be approached initially by NICRN research staff in 

collaboration with the Principal Investigator (PI) clinical team, to inquire if they are 
interested and willing to take part in the study. A screening log (Appendix 1) of all 
non-recruited patients and the reason for exclusion will be maintained.  

Hard Clinical Record Form (CRF) 

3 chairs and 1 table (not on wheels)  

Blood sample equipment: 
Storage container 
Gloves           
Needle           
Vacuum system components 
Appropriate sampling tubes   
Tourniquet           
Antiseptic wipe       
Gauze swabs         
Adhesive plaster          
Appropriately labelled and tagged Sharps box     
Dedicated tray or identified prepared area 
Phlebotomy chair (Preferable but not essential) 
Copies of questionnaires (Standardised numerical pain scale, UK FIM+FAM*, 
 FLP, SF-36 Physical Functioning, PTSS-14, Healthcare Utilization Questionnaire, 
MST form, Borg Breathlessness Score) 
MST course*, i.e. 2 cones 9m apart, masking tape and measuring tape (so that 
patients would complete 10m when walking around these)  
CD for MST 
CD player and access to mains power source 
Extension lead 
CD Duster  
2 chairs to position at either end of MST course for safety/to allow for rest 
Stopwatch 
Oxygen saturation monitor + spare batteries 
Chalk/masking tape 
Copy of form to record number of shuttles, SpO2 and Heart Rate  
Nail polish remover and cotton wool  
Sure Grip Rubber Soled Slippers  
Jamar Hydraulic Hand Dynamometer 

ActiGraph Activity Monitor*  

Preparation for Study Visits 
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• A SWAT will be implemented within the longitudinal cohort study (Appendix 2). This 

involves there being 3 different types of recruitment packs (Participant Information 
Sheet (PIS), patient invitation Letter and consent form). The pile will be numbered 
and the NICRN research staff should distribute patients with packs in numerical 
order.  
 

• If the patient is willing for further contact, the NICRN research staff will complete 
the handover to the research team (Appendix 3). They will indicate if the patient is 
willing to be followed up on the ward or at a later stage after hospital discharge. 

 
• At regular time points the NICRN research staff will discuss with the Chief 

Investigator (CI) of the number of patients screened and eligible, number of 
patients given (PIS), number of patients recruited after being given a PIS and the 
reasons for patients declining after being given a PIS. 
 

 
Prior to Beginning Visit 1  
• The NICRN staff will then contact a member of the research team (as per local 

arrangement) and provide the patient details to enable follow up.  A member of the 
research team (e.g. AR, NG) will then arrange to attend the site to meet the patient, 
provide further information and, if the patient is willing, obtain consent.  
 

• Once consent has been obtained, the research team member will check the 
patient’s medical notes to make sure they still fit the eligibility criteria for the study. 
A note should be placed in the patient’s medical records to record their participation 
in the study and a letter will be sent out to the patients GP to inform them of their 
participation in the study 
 

• The research team member will then establish if the patient is willing to commence 
the OMs for Visit 1 while they are still on the ward or at a later stage after hospital 
discharge  
 

• If the patient is attending as an outpatient, the research team member should 
phone the patient prior to Visit 1 to advise them to bring in a list of their current 
medication, reading glasses (if applicable), and to wear/bring comfortable shoes 
and clothing to complete the Modified Shuttle Test. The patient should also be 
advised to bring anything else they may require when undertaking exercise (e.g. 
inhalers, GTN spray, Insulin + Accu-chek monitor…) 
 

• The research team member should ensure they have all necessary equipment with 
them at the site (if visit 1 is taking place while patient is on the ward), or in the 
allocated box (labelled ‘ICU’) in the storage room in the Northern Ireland Clinical 
Research Facility (NICRF) (if visit 1 is on an outpatient basis in NICRF). Make sure 
two ActiGraph® activity monitors have been charging for at least four hours, either 
the day of or the day before use. The extra ActiGraph will act as a back-up. See 
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the extract from the hard copy instruction booklet for ActiGraph Version 6 
(Appendix 4) for initialization and data analysis. 

• Complete the ‘Checklist of equipment and questionnaires’ prior to commencing the 
assessment. 

 
• Complete the ‘participant screening and eligibility form’ in the CRF, and confirm 

details: The header consists of Participant ID Number, Site Number and date of 
completion. 
 

• Complete the section of the CRF labelled ‘informed consent’, by signing and dating 
each item at the time of completion.  
 

• Complete as much of the ‘Baseline assessment form/demographics’ as possible 
from the patient’s medical notes (as far as APACHE II score) if the patient is an 
inpatient. The research team member should put a study sticker into the medical 
notes to document the patient’s inclusion in the study.  
 

• Populate the ‘medical history log’ and ‘medications log’ as much as possible from 
the medical notes if the patient is an inpatient.  
 

At visit 1 (T1- baseline assessment) 

• The research team member leading the assessment (AR or NG) should sign and 
date the section of the CRF labelled ‘Visit 1: Conducting the Study Visit’. Complete 
the ‘checklist of activities to be completed’ as each item is completed. 

• Check participant has read and understood the PIS, check consent form has been 
signed/or get consent form signed if not already completed. 
- Please put the original signed consent form into the Site File. 
- Put one copy into the participant’s medical notes along with an up to date PIS 
- Give one copy to the participant. 
- Give one copy to the research team member (lead researcher for visit 1 for that 

participant) who will forward to the GP with GP letter. 
(Do not insert the consent form into the CRF as it must remain anonymised). 
 

• Ask the patient any necessary questions to complete the ‘Baseline Assessment 
Form/Demographics’ sections (if unclear from medical notes or if visit 1 is in 
outpatient setting). Ask the patient the social history questions (from ‘living 
arrangement’ onwards on the CRF). When the ‘ethnic origin’ section is reached, 
show the patient the page and ask them to tick a box themselves. 
 

• Check the medical notes for the patient’s ‘Weight before ICU admission’ and 
‘Current weight at visit 1’. If attending as an outpatient, there are scales available to 
measure weight in the clinical rooms. If this is the case, ask the patient to remove 
any heavy jacket/coat they may be wearing and also their shoes, and ask them to 
step on the scales, before moving into the corridor to conduct the shuttle walk test  
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• Tick ‘yes’ or ‘no’ on the ‘Medical History’ section of the CRF and if yes, populate the 
‘Medical History Log’. Ask the patient if they have any of the medical conditions 
stated, and write down any additional information they provide that was not found 
from their medical notes. 

 
• If the patient attends as an outpatient, ask them if they have a list of their 

medications with them. Populate the ‘Medications Log’ from this. If they do not have 
the list, arrange a suitable time following the assessment for a phone call to check 
this. If they are an inpatient, the drugs ‘kardex’ in the patient’s chart will be an 
accurate list of the medications they are taking whilst on the ward. Remind the 
patient to bring a list of their medications to their next visit. 

 
• The Clinical Frailty Scale is a baseline demographic measurement, however it is 

more appropriate to complete this scale following the UK FIM+FAM questionnaire, 
as the researcher will have a better overall picture of the patient’s physical function 
and frailty at this stage. There is time to do this after the UK FIM+FAM. Both 
research team members attending the assessment should independently choose a 
category with the associated numerical score that best describes the patient, without 
revealing their scores to one another. The research team member (AR or NG) 
leading the assessment should not insert the score onto the Clinical Frailty Scale on 
the baseline assessment form in the paper CRF until after the patient assessment 
when the two researchers agree a score. This is part of a Sub-Study for which the 
protocol can be found in the ‘Sub-Study’ section of the researcher file.  

 
• Complete the outcome measures according to the instructions (Pages 10-14).  
 
The outcome measures will be carried out in the following order provided the patient 
is willing and able to participate; Standardised Numerical Pain Scale, UK FIM+FAM, 
MSWT, FLP, SF-36 Physical Functioning, Hand Grip Dynamometry, PTSS-14, 
Healthcare Utilisation Questionnaire and ActiGraph® Physical Activity Monitor, Blood 
samples. Those marked with Asterix (*) after the name are of the most importance in 
terms of completion in line with our study aims and objectives, in the unlikely event 
where the patient is unable to complete a full set of assessments ( see section 6). 

 
 
At the END of the visit: 

• If the patient scores above 45 in the PTSS-14, read the following aloud: 
“I have noticed that you have scored a little higher than expected on the anxiety 
and/or depression score of the ‘Post-Traumatic Stress Scale- 14’. This means 
that you are at more risk of having Post-Traumatic Stress Disorder, and I would 
advise you to contact your GP about this.” 
 

• If applicable, once you have read the above statement to the participant please record 
in the comments section at the front of the Assessment Visit section that you have 
done so. If the patient wants you to write down the name of the questionnaire to help 
remember what to inform their GP if they wish, it is ok to do so. 
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• For the Functional Limitations Profile questionnaire (FLP), if the participant ticks 
question 87 indicating ‘I have attempted suicide’, you must inform the CI and site PI 
who will take action as appropriate. 
If applicable, once you have informed the PI regarding the above, please record in 
the comments section at the front of the Assessment Visit section that you have done 
so. 
 

• Arrange a provisional next visit date and time with the patient and provide them with 
an appointment card to bring along to their next visit.  

 
• SWATs: The research team member should follow instructions in the SWAT Protocol 

on how to implement SWAT C (Thank you card given at end of visit). 
 

• To book a room in the NICRF for a patient visit, email: NICRF@belfasttrust.hscni.net  
 
After the patient leaves the appointment/returns to ward: Ensure all pages of the 
CRF have the participant ID number, site number and date of completion filled in on 
the top of the page 
 
Prior to Follow-up Visits  
 

• The lead researcher for the assessment (AR or NG) should phone the patient 1 week 
prior to the appointment to ensure the time and date still suits, and remind them to 
bring appropriate footwear and their medication list with them. 
 

• Ask the patient on the phone at this stage if they have had any medical changes since 
the last visit. If they reveal a new condition or change in health status that could affect 
their eligibility in the study, tell them that you need to check with the other investigators 
if the study is still suitable, and arrange a time that suits the patient for you to ring 
back and confirm this.  
 

• If no issues arise from the first phone call, phone the patient again the day before the 
scheduled visit as a reminder and to ensure they are still planning on attending.  

 
 
Follow-up Visits 2 and 3 

• Medical History 
Ask the patient again if they are aware of any changes to their medical history since 
their last visit or have been diagnosed with any new medical conditions. Complete 
the section of the CRF labelled ‘Medical History’ and update the ‘Medical history log’ 
as necessary.  
 

• Medication  
Check the patients’ medication list if they have brought it to their visit, complete the 
‘Medications’ section of the CRF and update the ‘Medications Log’. If they have not 
brought it, arrange a time that suits them for a phone call, and to have their medication 

mailto:NICRF@belfasttrust.hscni.net
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list at hand so that the Medication Log can be updated. Remind the patient to bring 
along a list of their medications to their next assessment. 

 
• Complete the outcome measures according to the instructions (Pages 10-24).  

• Before moving into the corridor for the MST, ask the patient to remove any heavy 
jacket/coat they may be wearing and also their shoes, and ask them to step on the 
weighing scales in a NICRF clinical room.  
 

• SWATs 
The research team member should follow instructions in the SWAT Protocolon how 
to implement SWAT C (Thank you card given at end of visit). 

 
At the END of the visit: Follow instructions on page 7. 
 

Follow-up Visit 4 

• Medical History 
Ask the patient again if they are aware of any changes to their medical history since 
their last visit, or have been diagnosed with any new medical conditions. Complete 
the section of the CRF labelled ‘Medical History’ and update the ‘Medical history log’ 
as necessary.  
 

• Medication 
Check the patients’ medication list and complete the ‘Medications’ section of the CRF, 
and update the ‘Medications Log’  
 

• Complete the outcome measures according to the instructions (Pages 10-24). 
 

• Before moving into the corridor for the MST, ask the patient to remove any heavy 
jacket/coat they may be wearing and also their shoes, and ask them to step on the 
weighing scales in a NICRF clinical room.  

 
• Exit Interview 

Following the full set of outcome measures, the patient will be asked to partake in a 
short exit interview (Appendix 5), where the researcher will ask some questions about 
their views on what influenced their physical function and activity levels over the 12-
month period. Example question: What factors have influenced you to be where you 
are now in terms of your walking ability? 
 

• SWATs 
Follow instructions on how to implement SWAT C (Thank you card given at end of 
visit)  
 

At the END of the visit:  
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• Thank patient for taking part in the research study 
• Give thank you card if applicable  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Time Allowed: 5 minutes 
 

 

 

 

 

 

Standardised Numerical Pain Scale 
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Figure 1. Standardised Numerical Pain Scale  

 
• This is a numeric pain rating scale from which the patient will select a whole 

number from a horizontal scale (Figure 1)  
 

• It is an 11-point scale ranging from '0' (no pain) to '10' (worst pain imaginable) 
 

• Read the following sentence aloud to the patient:  
“We want you to give your pain a number between zero and ten, with zero 
meaning ‘no pain’ and ten meaning ‘the worst pain imaginable’ “ 
 

• Then give the scale and a pen/pencil to the patient and ask the following: “Can 
you circle a number on the scale that best describes your level of pain at this 
moment, zero meaning ‘no pain’ and ten meaning ‘the worst pain imaginable” 
 

• Record the date and time of assessment on the section of the CRF relating to 
the standardised numerical pain scale, as well as the numerical score the 
patient circles on the scale. 
 

 

 

 

 

 

Time Allowed: 25 minutes 

The UK FIM + FAM is a 30-item measurement that evaluates a person’s functional 
status and abilities. There are 18 motor items and 12 cognitive items.  

Record the patient’s ID number, site number and the date + time of assessment on the 
CRF. The second member of the research team (AR or NG) should also score each 
item of the outcome measure on a separate copy of the questionnaire. The two 
research team members should not discuss their scores for the individual items during 
the assessment. 
 
For each item ask the patient: Do you have any difficulties with/receive any help with 
________?  

 
If the answer is no, ask the patient the following: Do you use any modified 
equipment such as _________? 
 
If the answer is yes, ask the patient: What exactly do you receive help with when 
you are _________?  
 
 

Functional Assessment Measure* (UK FIM+FAM) 
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• If the patient performs the task independently and safely, give a score of 7 (Complete 
Independence). 
  

• If the patient does not receive help, but they use an assistive device, take an 
unreasonable amount of time to complete the task, or there are safety considerations; 
score the patient a 6 (Modified Independence). 
 

• If the patient receives help in the form of supervision or set-up, e.g cueing/coaxing, 
help applying an orthosis, setting up equipment for the task, but no physical contact; 
give a score of 5 (Supervision or Set-Up). 
 

• If the patient does >75% or more of the task themselves, and only receives only 
incidental help or placement of equipment in the hand; give a score of 4 (Minimal 
Assistance). 
 

• If the patient does 50% or more of the task themselves, but receives more than 
incidental help; score the patient a 3 (Moderate Assistance). 
 

• If the patient does less than 50% of the task themselves, score the patient a 2 
(Maximal Assistance) 

• If the patient contributes to less than 25% of the effort, score the patient a 1 (Total 
Dependence).  

 
Full scoring details are in the UK FIM+FAM user’s manual, which is located in the 
researcher file. 

While the patient completes this questionnaire, there is time for the researcher to 
score the patient’s Clinical Frailty Scale score now that they have more information 
about the patient. 
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Time allowed: 40 minutes  
 
• Ensure there is another member of staff present and inform other staff in the vicinity 

that the MST will be taking place and where. 
• Insert the participant’s ID number, site number, and the date + time of assessment 

on the CRF. 
• Place two cones 9m apart in a straight line and leave 0.5m around the cones. Place 

a chair at either end for safety (Figure 2) 
. 

• Ensure the participant is wearing comfortable clothing and appropriate shoes; this 
will be in the pre-visit information. If the patient attends in inappropriate footwear 
(e.g open-toe slippers or flip flops), offer them a pair of the Medline Sure Grip 
Rubber Soled Slippers, that will be kept in the box belonging to the study in the 
NICRF equipment store, or in the equipment trolley (if the researcher is seeing the 
patient as an inpatient).  
 

• Confirm medical status has remained unchanged since T1 and that you have taken 
into account any precautions /contraindications and recorded this on the record 
form, as well as calculating the patients’ maximum heart rate (220 minus their age 
in years), and 85% of the maximum heart rate. 
 

• If the patient is a diabetic, ask that they check their blood sugar to ensure it is at 
an appropriate level before beginning the test (See Appendix 6).  
 

Modified Shuttle Test (MST)* 
 
Hospital Anxiety and Depression Scale 
 
 

Figure 2 
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• A comfortable ambient temperature and humidity should be maintained for all tests 
(e.g. a window should be opened if the patient reports being too warm).  
 
 
 
 
 
MST 1 

• The participant should rest for at least 15 minutes before beginning the MST. The 
patient may read or use a phone/iPad if they wish, but should be discouraged from 
talking during this time. 

• Record in sitting: 
 SpO2 (Pulse Oximeter) 
 Heart Rate (Pulse Oximeter) 
 Borg Breathlessness Scale Score- Show the visual scale handout 

and ask the patient to choose an individual number which 
represents how they are feeling right now in terms of their 
breathlessness.  
 

• Ensure there are no scratches on the MST CD before beginning (During 15-minute 
rest period). Dusting the CD with an anti-static duster may be required before use.  

• Play explanation to the participant from the MST CD before the start of the test. In 
this pre-recorded explanation participants are advised that the start of the test is 
indicated by a triple bleep, thereafter the tape emits a single bleep at regular 
intervals. Explanation from the CD is standardised: “Walk at a steady pace, aiming 
to turn around the cone at one end of the course when you hear the first bleep and 
the other end when you hear the next. At first your walking speed will be very slow 
but you will need to speed up at the end of each minute. Your aim should be to 
follow the set rhythm for as long as you can... ...You should stop walking only when 
you become too breathless to maintain the required speed or can no longer keep 
up with the set pace.” 

• Pause the CD and say to the patient “Your aim should be to follow the set rhythm 
for as long as you can and you can walk or run to keep up with the bleeps. You 
should stop walking/running only when you become too breathless to maintain the 
required speed or can no longer keep up with the set pace.” 

• Each minute the speed of walking increases and this is indicated by a triple bleep 
from the CD. The speed at during level 1 of the MST is 1.12mph and this increases 
every minute for 15 minutes until a speed of 6.38mph is reached during level 15. 

• Begin CD. 
• Use the box diagram to record the number of shuttles completed. Tick a box each 

time the patient reaches a cone. 
• To help the participant to establish the routine of the test and the first, very slow 

speed of walking, you should walk alongside the participant for the first minute. 
• If participant reaches the cone before signal, instruct them to remain until the signal 

indicating that they can proceed with the test. 

Use the following standard prompts: 
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- With each triple bleep “Increase your speed now”. 
- If the participant is more than 0.5m away from the cone when the bleep sounds: 
“You are not going fast enough: try to make up the speed this time.” 
(This should be the only verbal contact) 

End of the test is determined: 

• When the participant becomes too breathless to maintain the required speed, or 
• If the participant is more than 0.5m away from the cone when the bleep sounds, 

however you must allow one lap to try and catch up. 
• (If after you have allowed one lap and the participant has still not been able to catch 

up - ensure that you do not count these last two shuttles i.e. only count the shuttles 
that the participant DID make). 

• The participant reaches of 85% of their predicted maximal HR 
• Chest pain or serious angina 
• Evolving mental confusion or lack of coordination 
• Evolving light headedness 
• Leg cramps or extreme leg muscle fatigue 
• SpO2 ≤ 80% 
• Any other clinically warranted reason, recording the reason on the record sheet. 

Once test is finished: 

• Get the participant to sit down. 
• Immediately record oxygen saturation SpO2, HR and Borg. 
• Record oxygen saturation SpO2, HR and Borg again at 2 minutes. 
• Record the total number of shuttles (each 10m lap between cones). 
• Record the reason for terminating the test. The participant can be asked “What do 

you think stopped you from keeping up with the bleeps?” 

The MST is then carried out a second time, with 30mins rest between each test. During 
the 30mins rest between the two MSTs, the following outcome measures will be 
conducted: FLP, SF-36, hand dynamometer, PTSS-14, healthcare utilisation 
questionnaire.  

 

 

 

 

 

Time Allowed: 5 minutes 

• Insert the participant’s ID number and site number on the top of the questionnaire. 
• Give the questionnaire to the participant. 
• Read aloud the instructions from the front of the questionnaire. 
 

Functional Limitations Profile 
 
Hospital Anxiety and Depression Scale 
 
 



 

 

15 
 

If the participant is unclear on the instructions, ask them to keep reading through the 
statements– only tick a box if it describes you and is due to your health. 

 
 The following are some standardized responses when queries arise: 
 
• "I've never been able to do that." SAY:  Yes, we do want to know about things 

you have never been able to do. 
• "I've not been able to do that for some time." SAY:  We want to know about all 

recent or long-standing changes in the things you do. 
• "Some days I can do that, some days I can't." SAY:  Think of yourself today. 
• "It's due to my age." SAY: Would you say that was due to your health or not? 
• "None of this applies to me; I'm perfectly healthy." SAY:  A few of the 

statements may apply to you.  It is therefore important that we do check them all, 
since we are comparing healthy people with less healthy people. 

• "I retired because of my age, not my health” “I have never been employed for 
wages."  SAY:  None of the statements in the work category apply to you. 
Therefore, you do not tick (respond to) any of these items because they do not 
apply to you. 
 

 
 
If the participant ticks question 87 on the FLP indicating ‘I have attempted suicide’, you 
must inform the site PI who will take action as appropriate. 
 
If applicable, once you have informed the PI regarding the above, please record in the 
comments section at the front of the Assessment Visit section that you have done so. 
 
Record the date and time of questionnaire completion in the associated section of the 
CRF. 
 
 
 
 

 

 

 

Time Allowed: 5 minutes 

• Insert the participant’s ID number and site number on the top of the questionnaire  
• Give the questionnaire to the participant. 
• Read aloud the following instructions from the front of the questionnaire: 
 

“This survey asks for your views about your health.  This information will help 
keep track of how you feel and how well you are able to do your usual activities. 

Short Form (36) Physical Functioning Sub-scale 
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Answer every question by marking the answer as indicated.  If you are unsure 
about how to answer a question, please give the best answer you can.” 

 

Questions 1, 2, 6, 7, 8 + 10 provide 5-6 choices of answers. The patient should circle 
the number beside the ONE answer that best reflects their views.  

Questions 3, 4, 5, 9 + 11 require answers related to a number of items listed in a table. 
The patient is given options at the right hand side of the table and are to circle ONE 
number on EACH LINE that best answers the question relating to the item.  

 

Record the date and time of questionnaire completion in the associated section of the 
CRF.  

 

 

 

 

 

 

 

 

 

 
 
 
Time Allowed: 5 minutes 
 

• Insert the participant’s ID number, site number and the date and time 
of assessment on the record form.  

 
• Ask the participant which is their dominant hand and record this on the 

CRF. (Complete the test on the dominant hand first) 
 
 

Hand Dynamometry 
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• Ensure the dynamometer is set to the third handle position from the inside. 
(Figure 3). The handle clip is located at the lower post. If the handle 
is not in the correct position the readings will not be accurate.  
 

• Use the peak-hold knob to rotate the red peak hold needle anti-
clockwise to lie in the zero box (Figure 4). 
 
 
The participant’s body position should be as follows: (This testing 
position MUST be maintained throughout each of the tests) 
 
 
 

o The participant should sit in a straight backed chair with their feet flat 
on the floor. 

o Arm by their side, elbow flexed at 90°, forearm and wrist in a neutral 
position (Figure 5). 
 
The participant’s arm should NOT be supported by you, or by an 
armrest. Do NOT rest arm on table.  
                                                                                       

• Present the dynamometer to the participant vertically and in line with the 
forearm and wrist positions, with the dial facing you (the researcher). 
 

• Lightly hold around the readout dial to prevent inadvertent  
dropping. 
 

• When the participant is positioned properly, say: “Squeeze as hard as you 
can...harder!..harder!...relax.” 
 
 

• Record the scores of three successive trials for each hand tested* (i.e. 3 tests on the 
dominant hand, then 3 tests on the non-dominant hand). 
 
*Ensure you read the outside scale (kg) (Read from the bit that sticks out on the 
red peak hold needle) 
 
NB: The Jamar dynamometer will need serviced at least annually, which the research 
team willl arrange. If the dynamometer has been dropped or there is reason to suspect 
calibration is erroneous, please inform AR/NG/BO’N as soon as possible. The user’s 
manual enclosed in the dynamometer box gives further instructions, including checks 
to make sure the instrument is working properly, and how to adjust the gauge needle 
if it does not rest in the 0 box when you turn it anti-clockwise 
 
 
 
 

Figure 4 

Figure 3 

Figure 5 
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Time Allowed: 10 minutes 

• Insert the participant’s ID number and site number on the top of the 
questionnaire  

• Give the questionnaire to the participant. 
• Read the instructions for ‘Part A’ on the front page of the questionnaire aloud 

to the participant and ask them to complete this section first. 
• Read the instructions to ‘Part B’ aloud to the participant and ask them to now 

complete this section. 
 

When the patient has finished, check the questionnaire for completeness, and 
encourage the patient to respond to any unanswered items.  

 

• "I've never had problems like that." SAY:  Yes, we want to know what problems 
you have/have not experienced. 

• "Some days I am like that; some days I am not." SAY:  Think of yourself in the 
past few days. 

• "None of this applies to me; I'm perfectly fine." SAY:  A few of the statements 
may apply to you.  It is therefore important that we do check them all, since we are 
comparing people who may have different experiences from the Intensive Care 
Unit. 

Record the date and time of assessment in the associated section of the CRF. 

 

 

 

 

 

 

 

 

 

 

 

Post-Traumatic Stress Scale- 14 (UK-PTSS-14) 
Hospital Anxiety and Depression Scale 
 
 

Healthcare utilisation aide memoire/reminder sheet 
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Time Allowed: 5 minutes 

Visit 1 (T1- Baseline Assessment): 

At the end of the baseline assessment the research team member should give the 
healthcare utilisation aide memoire or reminder sheet to the patient. 

Explain the reminder sheet to the patient: 

At each visit, you will be given this questionnaire which will ask you about the 
health and support services you have used during the course of the study, for 
example GP visits, hospital outpatient appointment, physiotherapy, 
Occupational Therapy (OT). 

This reminder sheet has been provided to help you remember any services you 
use. Write down the name of health or support service each time you have an 
appointment or when someone comes to see you at your house. 

 
Visits 2, 3 and 4 (T2, T3, T4) 

When the patient comes back for the 2nd information collecting session (6 weeks) 
remind them about the sheet. If the patient has brought it with them, you can put a 
photocopy into their CRF (which will help them to complete the next Healthcare 
Utilization questionnaire) and give it back to them. If the patient has lost it, provide a 
new one. Remind the patient to bring the reminder sheet with them to the next visits. 

 

 

 

Time Allowed: 5 minutes 

There are specific Healthcare Utilisation Questionnaires  for each study visit, 
ensure you have the correctly labelled version depending on what visit the 
patient is attending. 

• Insert the participant’s ID number and site number on the top of the questionnaire 
• Give the questionnaire to the participant. 
• Ask the participant to read the instructions and complete the questionnaire. 
• If they have trouble reading the questionnaire/ask for clarification: you may read 

and repeat the questions and their response choices verbatim (i.e. do not rephrase 
items). 

• If the participant has brought their ‘Health Care Utilisation Aide 
Memoire/reminder sheet’ with them to visits 2, 3 and 4 or if you have a copy of 
this from their previous appointment, you should instruct the patient to use this to 
help them to complete these questions. 

• When the participant is finished, ensure they have completed the questionnaire. 
• Record the date and time of assessment on the associated section of the CRF. 

 
 
 
 

Healthcare Utilisation Questionnaire 
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Time Allowed: 10 minutes (to give instructions and administer monitor at initial 
assessment, to collect monitor from patient) 

V3 08.07.17 

• Please record the 13-character ID number for the ActiGraph®  
(located on the back of each ActiGraph®) on the hard copy of 
the CRF. 

 
• Explain to the participant what the ActiGraph® is and what it 

measures (“the ActiGraph® is a widely used device which 
monitors your different levels of physical activity and also the 
amount of time you are inactive”). 

ActiGraph®* 
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• The ActiGraph® should be worn on the hip area of the 

waist on the participant’s dominant side (please make 
sure to record this position in the participant’s activity 
monitor instruction manual). 

 
• If the participant is unsure what their dominant side is, 

ask them: 
o Which leg they would kick a football with? 
o Which hand they normally write with? 
o Which leg they would lead with? 

 
• The device must fit snugly against the participant’s 

body to prevent erroneous readings (please note the device can be worn over 
clothing as this is generally the most comfortable for the participant although it can 
be worn against the skin e.g. if the participant is wearing a dress and wants to hide 
it). 

 
• Once the ActiGraph® with the correctly sized belt has been fitted to the participant, 

explain to the participant:  
“The ActiGraph® should be worn all the time, apart from at night when you are 
asleep, aiming for 7 full days including at least one weekend day. Although you 
don’t wear the device when asleep at night, if you want to have a nap during the 
day you can just keep it on. 
The device is not waterproof, so remember not to wear it when washing or 
showering or during water sports or activities. Start wearing the ActiGraph 
tomorrow morning as soon as you get out of bed” 

“You may want to make sure each device is placed in the same position every time it 
is taken off, like for example if you set the activity monitors beside your keys, wallet or 
phone you might be more likely to remember to attach them the next day.” 

• Give the patient an ActiGraph® activity monitor and a stamped padded envelope 
addressed to Alanna Rogan, Ulster University, and instruct the patient to post the 
monitor back after they have completed 7 days’ wear.  

•  

• Explain to the patient that a diary has been provided so that they can record the 
amount of time they wear the activity monitor each day along with reasons for not 
wearing it. Say to the patient: “You can start filling in the diary after visit 1, which is 
today. Use the diary to write down when you put the activity monitor on each 
morning and also when you take it off at night. If you forget to wear the monitor, 
you can write down the time that you didn’t wear it from and the reason why that 
was”  

• Ask the patient if they understand the instructions you have given them and if they 
have any questions. Complete the ActiGraph familiarisation checklist in the CRF. 
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Provide the patient with the activity monitor participant instructions handout and wear-
time diary.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Time Allowed: 10 minutes  

• Insert the participant’s ID number, site number and the date + time of collection on 
the blood sample collection section of the CRF. 

• Ensure a trained member of staff carries out procedure of taking the blood sample. 
 

Procedure 

1. Obtain verbal consent for procedure 

2. Ask the patient about any previous experiences e.g. “Have you had your bloods 
taken recently?” and “Have you had any problems with this before?” 

3. Help the patient get into a comfortable position in a chair with the arm supported, 
whilst maintaining privacy. 

4. Assemble any necessary equipment for venepuncture and remove any packaging 
(except for the sheath on the needle). 

5. Wash hands using soap and water and ensure they are fully dry prior to 
commencing. 

6. Apply a single patient use tourniquet to the upper arm, approximately 10cms above 
the chosen site. Apply tight enough to stop venous bloodflow but an arterial pulse 
should still be felt below the tourniquet.  

7. It may be necessary to gently stroke on the veins or ask the patient to clench and 
unclench the fist. 

8. Assess access to the veins by palpating and visualising the veins. If the veins are 
not palpable, remove the tourniquet and apply some heat to the arm e.g. warm water. 

Blood Samples 



 

 

23 
 

9. Reapply the tourniquet and identify the vein to be punctured. 

10. Apply gloves  

11. Disinfect the skin for 30 seconds with a Blue Clinell wipe and allow to dry to 20 
seconds. Do not repalpate or touch the area after disinfecting.  

12. Use a retractable butterfly needle. Remove the sheath of the needle and ensure 
the bevel is facing upwards.  

16. Apply some traction on the vein a few centimetres below the site.  

17. Insert the needle at a 30-degree angle. Reduce the angle once blood is seen in 
the tubing. 

18. Stabilise the needle with one hand with the barrel of the device resting between 
the index finger and thumb. Use the other hand to push a vacuette bottle onto the 
barrel until it will go no further. Once filled, remove the bottle and invert it 4-6 times. 

19. Collect samples in right order of draw (blue, red, gold, green, purple, pink, grey).  

20. Remove the tourniquet before removing the needle, and activate the safety feature 
to cover the needle. 

21. Apply pressure immediately to the site with cotton wool for 2 minutes. Get the 
patient to use their other hand to take over if required, and ensure they do not bend 
their arm. 

22. Dispose of the venepuncture system into the sharps container.  

23. Ensure the bleeding has stopped and apply a plaster if the patient wishes and is 
not allergic.  

24. Remove gloves and wash hands. 

25. Label bottles with patient’s name, hospital number and/or H+C number and date 
after you have taken the sample. Confirm details on the sample are correct.  

24. Ensure all waste is disposed of in appropriate waste bags.  

25. Follow procedures for spinning/transporting/storing the samples (see section 8.1).  
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Appendix 1. Screening Log for the Physical Activity and Function After ICU 
Study. 

 

 

A  Screen 
No. 

    

B  Date added 
to log 
(dd/mm/yy) 

    

C Hospital 
No.* 

    

D Patient 
Initials* 

    

E DOB     

F 
 
 
 
 

ICU 
Diagnosis 

    

G Intubation 
date & time 
 

    

H Extubation 
date  
& time 

    

I Total hours 
MV 

    

J APACHE II 
Score 

    

K Eligible for 
F/UP at 
ward level? 
(Y/N) 
 

    

L Reason if 
not. 
(Code 
IC/EC. Give 
details as 
appropriate) 

    



 

 

25 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Inclusion Criteria  
IC1. Is the patient 18 years or older? 
IC2. Did the patient receive Mechanical Ventilation >48 hours during ICU admission? 
IC3. Is the patient living at home (self-care or carer), or planned discharge to home? 
IC4. Is willing and able to participate, deemed medically fit to take part in the study 
Exclusion Criteria 
EC1. Does the patient have a clear negative disease trajectory or clear degenerative 
pathway as identified by their physician? 
EC2. Does the patient have a life expectancy of <6 months? 
EC3. Does the patient have head injury, spinal cord injury, neurological event where there 
is a planned specialist care pathway to e.g. head injury unit/stroke unit? 
EC4. Does the patient have a cognitive impairment affecting ability to understand/complete 
the outcome measures or questionnaires?  
EC5. Has the patient declined consent or are they unable to give consent?  
EC6. Does the patient have any other condition based on the PIs/research teams views 
that would preclude participation? 
*These items will be anonymized by the clinical team before reaching the research team 

M Screen No. 
 

    

N Date transferred to 
ward/name of ward 
transferred to. 
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O 
 
 
 
 
 

Other follow on details 
(e.g. handover details 
if transferred) 

    

P 
 
 
 
 
 

Patient given Pack/PIS 
(Y/N) 
 
If Y date, time  
E.g. Y, 23.11.17, 12:30 

    

Q Pack Number     

 
R 
 
 
 
 

REAS
ON 

FOR 
EXCLU
SION 

(please 
tick and 
give 
details 
as 
appropri
ate) 

NOT 
MEETING 
CRITERIA 
(Code IC/EC 
& give details) 

    

DECLINE 
(Include 
reason for 
decline if 
given) 

    

OTHER 
(Give details) 
 

    

S 
 
 
 

Informed consent 
obtained (Y/N) 

 
 
 
 
 

   

T Patient ID Number     

U Date of discharge from 
hospital (dd/mm/yy) 

    

Inclusion Criteria 
IC1. Is the patient 18 years or older? 
IC2. Did the patient receive Mechanical Ventilation >48 hours during ICU admission? 
IC3. Is the patient living at home (self-care or carer), or planned discharge to home? 
IC4. Is willing and able to participate, deemed medically fit to take part in the study 
Exclusion Criteria  
EC1. Does the patient have a clear negative disease trajectory or clear degenerative 
pathway as identified by their physician? 
EC2. Does the patient have a life expectancy of <6 months? 
EC3. Does the patient have head injury, spinal cord injury, neurological event where there 
is a planned specialist care pathway to e.g. head injury unit/stroke unit? 
EC4. Does the patient have a cognitive impairment affecting ability to understand/complete 
the outcome measures or questionnaires?  
EC5. Has the patient declined consent or are they unable to give consent?  
EC6. Does the patient have any other condition based on the PIs/research teams views 
that would preclude participation? 
*These items will be anonymized by the clinical team before reaching the research team 
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Appendix 2. SWAT Protocol 

 

Optimising Recruitment and Retention: Methods for Implementing Studies Within a Trial 
(SWATs) with the study “Physical Function and Activity, as well as correlates, in Survivors of 

Critical Illness Following Discharge from the Intensive Care Unit (ICU): A Prospective 
Longitudinal Cohort Study”. 

 

Introduction  

 

It has been clearly reported that overall Health Related Quality of Life (HRQoL) is markedly 
reduced even up to 5 years following discharge after critical illness1. However, currently little 
is known about the recovery pathway of survivors of critical illness in terms of their physical 
function and activity levels. There has been an increased focus on what happens to survivors 
of critical illness following discharge from the ICU2 and it has been suggested that physical 
rehabilitation could facilitate the recovery of these patients.3 

 

The long-term trajectory of recovery in terms of physical function has not been fully explored 
in this population. This makes it difficult to know which patients are at risk of poorer function 
after critical illness, and which patients might benefit from follow up rehabilitation. 

 

Recruiting survivors of critical illness to participate in research can be challenging, patients can 
often feel overwhelmed by medical information and the ICU environment4. In addition, 
repeated research assessments and outcomes measures may potentially consume the mental, 
emotional and physical energy of patients and theoretically influence the patient’s decision to 
participate in a research study.  

 

Patient dropout is an important consideration when following up survivors of critical illness. A 
systematic review5 has highlighted a wide range (7-100%) of participant retention in a review 
of ICU outcomes and suggested that low patient follow-up rates were an important factor in 
the interpretation of their systematic review findings. Consequently, the need to explore, 
understand and adopt research strategies to maximise patient retention in post-ICU studies is 
essential.  

Clinical research depends on the successful recruitment of an adequate number of patients. If 
the required levels of patient recruitment and their subsequent retention are not met, this has 
implications for the statistical power, likelihood of publication6, internal and external validity7 
of the study. Inadequate numbers of patients can place a financial strain on the research 
funders, therefore the study is more likely to continue for longer than the planned study time 
period, potentially influencing investments from research councils and governments for future 
clinical studies. Therefore, achieving appropriate levels of study participants is crucial.  
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One approach of testing the effectiveness of recruitment or retention methods by conducting 
a trial ‘nested’ within an ongoing trial, referred to as a SWAT (Study Within A Trial). The SWAT 
concept aims to highlight and identify a variety of methodological strategies in order to conduct 
and produce optimum clinical research8. This approach enables patients to be randomly 
allocated to two or more different strategies, in order to later analyse any associations between 
recruitment/retention rates and any specific methodological strategies used. A repository of 
SWAT studies is available online on the Northern Ireland Network for Trials Methodology 
Research Website8. The SWAT repository store8 provides researchers with a library of 
methodological studies for SWATs and a repository for researchers adapting and using SWAT 
designs for their own studies. Researchers also have the option to contribute to meta-analyses 
of the individual SWAT.  

 

Despite the importance of achieving high levels of patient recruitment and retention, very few 
clinical studies focus on recruitment strategies relating to survivors of critical illness, so at 
present, the specific benefits of using a SWAT for maximising recruitment and retention are 
unknown.  

 

The SWAT repository was screened and any SWAT that focused on recruitment and retention 
strategies was identified. 

Eligible patients for clinical studies are generally recruited by invitation letters from the 
consultant principal investigator or from a research team/team member; this is one of the first 
stages in recruitment for any type of study. A specific individual’s signature on the patient 
invitation letter may act as part of a persuasion strategy. It could be suggested that different 
methods of personalisation, such as hand-written signatures from the Principal Investigator or 
from a member of the clinical research team could potentially produce different effects on 
patient recruitment.  

It could also be hypothesized that the inclusion of a photograph on study documents such as 
the patient invitation letter may also produce differences in terms of patient responses and 
recruitment rates. A patient may be more willing and comfortable to participate in a clinical 
study if a friendly image of a doctor-patient interaction is shown. It could be suggested that 
patients may be less inclined to participate in a study when there is no photograph included in 
study documentation.  

A non-monetary incentive such as the use of a hand-written thank you card could be 
considered as a simple, effective gesture of kindness, as well as a key strategy for improving 
patient retention once enrolled onto a study. Patients receiving a thank you card after each 
study visit may feel more valued and appreciated and may be more inclined to attend future 
visits. It could be considered that patients that do not receive a thank you card may be less 
inclined to attend their remaining study visits. 

An individual’s signature on the invitation letter, inclusion of a photograph and the use of thank 
you card could also encourage patients to respond more promptly. 

Project Aims  
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The primary aim of this sub-study is to assess the relative effectiveness of methods used to 
optimise recruitment and retention. The specific objectives for this research are:  
 

I. To explore if the nature of the signature and inclusion of a photograph on the invitation 
letter given to potential participants impacts on their recruitment to the study. 

II. To explore if giving enrolled participants a thank you card at the end of each study-
related visit impacts on their retention in the study. 

 

 

Methods 

 

These objectives will be met by implementing three SWATs in the “Physical Function and 
Activity in Survivors of Critical Illness Following Discharge from the Intensive Care Unit (ICU)” 
study within various hospital sites across Northern Ireland. 

 

SWATs to be implemented: 

SWATs have been submitted to the SWAT Repository Store of the Northern Ireland 
Methodology Hub and details can be found on the webpage (QUB, 2017). SWAT A is a variation 
of SWAT ID 3 on the repository store whilst SWAT B is SWAT ID 53 and SWAT C is SWAT ID 54. 
The first two SWATs (A & B) are focused on the recruitment stage of the trial, whereas the third 
SWAT (C) is focused on the retention of enrolled patients. 

  

The specific SWATs are: 

 

A. The nature of the signature on the invitation letter of the recruitment pack. 
-Interventions in this SWAT: 

I. Invitation letter is personally signed, using wet ink, by the local principal 
investigator (PI).  

II. Invitation letter is generically signed and printed electronically as “The 
Physical Function and Activity Research Team” 

 

B. The inclusion of a generic doctor-patient photograph on the invitation letter 
-Interventions in this SWAT (Appendix 1): 

I. Invitation letter includes a generic doctor-patient photograph 
II. Invitation letter does not include a doctor-patient photograph 

 

C. Giving each participant a thank you card after each study visit (Appendix 2). 
-Interventions in this SWAT: 

I. Personalised thank you card, including the patient’s name is signed, using 
wet ink, by the study staff  
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II. Generic thank you card, not including patient’s name is generically signed 
and printed electronically as “The Physical Function and Activity Research 
Team” 

III. No thank you card 
 

Participating Sites:  

All sites involved in recruitment for the Physical Function and Activity study will participate in 
the SWATs and all the sites are NHS hospitals within Northern Ireland with access to ICUs. The 
implementation of the SWATs will not affect the overall operation of the main study.  

Recruitment Strategy and Patient Screening: 

The participating sites will all use the same recruitment method, which involves approaching 
patients that have had an admission to an adult ICU in Northern Ireland.  

In collaboration with the lead clinician, the Northern Ireland Clinical Research Network (NICRN) 
research staff will screen patient notes in the ICU based on the inclusion and exclusion criteria, 
and the PI will approve the decision to include/exclude the patient based on the eligibility 
criteria. 

Patients will be recruited from Altnagelvin Area Hospital (Western Health and Social Care 
Trust), The Regional Intensive Care Unit in the Royal Victoria Hospital (Belfast Health and Social 
Care Trust) Antrim Area Hospital (Northern Health and Social Care Trust), and from the Ulster 
Hospital (South Eastern health and Social Care Trust). Once a potential participant is identified, 
the Northern Ireland Clinical Research Network (NICRN) staff will pass the study information to 
the patient at that time, and identify if the patient agrees to be approached about the study at 
a later stage.  

 

If the patient agrees they will be approached again on the ward by the Northern Ireland Clinical 
Network (NICRN) research staff or a member of the research team to discuss the study and 
consider consent. Thus following discharge from the intensive care unit and approximately 48 
hours prior to hospital discharge potentially eligible patients will be provided with a 
recruitment pack that contains an invitation letter, patient information sheet and informed 
consent form. After being given this recruitment pack, the patient will be able to assimilate the 
information and ask any initial questions.  

They will be approached again to enquire if they are interested and willing to take part in the 
study. If willing to participate, they will be asked to provide written informed consent and will 
be asked to attend a baseline assessment prior to hospital discharge or within 2 weeks of 
discharge. 

A screening log of all non-recruited patients and the reason for exclusion will be maintained, 
however the research team will not have access to any identifiable information of patients who 
have not given consent to be included in the study; only the summary information from this is 
provided to the research team. 
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Personal and Public Involvement 

To provide personal and public (PPI) involvement in the design of the patient invitation letters 
and thank you cards, we have secured the involvement of one PPI representative. This person 
has provided lay involvement in the development of the patient invitation letters and thank 
you cards, and in particular, the layout and design of the two documents. Overall positive 
feedback and small amendments were made based on his views.  

 

SWATS A & B  

Outcome Measures  

 

1.  Primary outcome: Proportion of patients in each group who received one of the four 
invitation letters who join the Physical Function and Activity study. 

2. Secondary outcome: Proportion of recruited participants in each group who received one of 
the four invitation letters who remain enrolled in the Physical Function and Activity study. 

 

Design and Implementation of these SWATs: 

A 2x2 factorial randomised approach will be used for SWATs A and B to allow a simultaneous 
comparison of the patient invitation letters. The four possible combinations of invitation 
letter are shown in the table below: 

 

 

2x2 design 
Photograph 

With Photograph Without photograph 

N
at

ur
e 

of
 S

ig
na

tu
re

 

Pe
rs

on
al

 

personal signature + 
photo 

personal signature + 
no photo 

G
en

er
ic

 

generic signature +  
photo 

generic  signature +   
no photo 

 

 

SWATs A and B will be implemented for those generic recruitment packs that are passed to 
potential participants.  
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Equal numbers of the four recruitment packs will be prepared by the two PhD Students (Miss 
Alanna Rogan and Miss Natasha Green) and all packs will be given a unique Pack Identifying 
Number located on the envelope. The local PI will sign, using wet ink, a related number of 
invitation letters at appropriate timepoints. 

 

Two independent statistician members (Professor Ian Bradbury and Ms Evie Gardner) will 
randomise the packs into bundles using a block size of 8, so that each bundle of 8 contains two 
of each type of invitation letters. Professor Judy Bradley or Dr. Brenda O’Neill will distribute the 
bundles to the sites with instructions not to alter the sequence of the packs in the bundles or 
the order of the bundles.  

 

When giving recruitment packs to a potential participant in person, site staff will take the top 
most pack from the bundle so that they are handed out in the correct sequence. Before 
recruitment packs are given out, the Pack Identifying Numbers will be recorded on the patient 
screening log. If the site uses more than one member of staff to recruit at a time then the packs 
will be split into two or more piles, with packs then being tracked for sequential use from each 
of the new piles. The unique identifying numbers will be used to link those individuals who do 
or do not enrol into the trial with the type of recruitment pack they were given. 

 

Should a site have limited numbers of recruitment packs left (e.g. of minimum 10 packs left), 
they will request further packs and if they exhaust their supply will default to using the standard 
Physical Function and Activity invitation letters until further pack arrives. Logging and tracking 
of any standard invitation letters will not occur and will not be used in the analysis.  

 

SWATs A & B Analysis: 

The primary analysis will compare the proportion of participants recruited to the physical 
function and activity study depending on the type of recruitment pack they received. Secondary 
analyses will examine retention and the extent/duration of the patient’s participation.
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Schematic diagram for SWATs A & B: 

 

 

 

 

 

 

 

 

 

 

 

 

Patients are directly approached in the 
hospital   

Potential participants are given a recruitment 
pack that contains one of the four invitation 

letters  

The Pack Identifying Number for the 
information pack given to a patient will be 

recorded on the patient screening log. 

 

 is recorded against their Patient 
Identification Number on the screening log 

For recruited patients the patient 
identification number will be recorded to 

allow for analysis of effects on patient 
recruitment and follow-up  



 

 

34 
 
 

 

 

 

SWAT C: 

 

Outcome Measures:   

1. Primary outcome: Proportion of participants in each group who remain in the 
Physical Function and Activity study.  

2. Secondary outcomes: Duration of time that participants in each group that 
remain in the Physical Function and Activity study before they withdraw. 
         

Professor Ian Bradbury and Ms. Evie Gardener will randomise the enrolled patients using their 
Patient Identification Number to either receive a generic thank you card (code 01), a 
personalised thank you card (02) or no thank you card (03) at the end of every study visit they 
attend. The message within the cards is shown in Appendix 2. The relevant numerical code will 
be recorded on the clinical record form for tracking purposes. The two PhD students will hold 
and store the thank you card before distributing them to the patients.  If patients are 
randomised to receive a personalised thank you card, the researcher leading that visit will 
handwrite the patients name and then handwrite their own name to sign the card. If a patient 
has been randomised to receive any of the thank you cards, the relevant card will be 
prospectively inserted into their study file before each scheduled visit. The cards will be given 
to the patients by the researcher at the end of visits T1-T4 as shown below: 

 

Visit Number T1 T2 T3 T4 

Visit Time-point 

Baseline – 

 Prior to discharge (or within 
2 weeks of discharge)  

6 weeks- 
+/- 2 

weeks 

6 months 
+/- 2 

weeks 

12 months -  
+/- 2 weeks 

 

 

SWAT C analysis: 

This third SWAT will compare retention between the three groups and the total time 
participants spend in the Physical Function and Activity study. 
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SWAT C schematic diagram: 

 

 

 

 

 

 

 

 

 

Proposed Outcome/benefits for Implementing Studies Within a Trial (SWATs) 

Overall, this SWAT sub-study will provide new information about the effectiveness of 
recruitment and retention strategies relating to survivors of critical illness. The SWAT sub-study 
will help to highlight and identify any methodological strategies that could optimise 
recruitment of survivors of critical illness into a longitudinal cohort study. It will also help us to 
explore, understand and adopt research strategies to maximise retention of participants in this 
type of study. This SWAT sub-study could potentially provide new information, which could 
help inform the design of methodological strategies used to optimise and improve patient 
recruitment and retention in future research involving patients who have been discharged from 
the ICU.   

 

 

 

 

Study participants are enrolled into the study 

Study participants are randomised using their 
Patient Identification Numbers to receive 

either a generic, personalised or no thank you 
card  
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Appendix 1: Generic doctor-patient photograph 
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Appendix 2: Contents of the Thank You Card  

 

 

 

Generic Thank You Card  

 

 

 

 

 

 

 

 

 

 

 

 

 

Personalised Thank You card 

 

 

 

 

 

 

 

 

 

Thank you for your time in attending your research visit today. 

Due to your involvement in this study, we are able to explore the recovery of patients after an ICU 
stay. 

Your participation will help us  understand  which  patients after an ICU stay  are  at  risk  of  poorer 
function,  and  might  benefit  from  follow  up  rehabilitation. 

Best Wishes, 

* The Physical function and activity after ICU Project Team* 

 

 

Dear < patients name> (Handwritten) 

Thank you for your time in attending this research visit today. 

Due to your involvement in this study, we are able to explore the recovery of patients after an ICU 
stay.  

Your participation will help us  understand  which  patients after an ICU stay  are  at  risk  of  poorer 
function,  and  might  benefit  from  follow  up  rehabilitation. 

 

Best Wishes, 

< Research coordinator signature> (Handwritten)> 
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Appendix 3.  Patient Handover Report 

 

• Please complete all the sections  
 

Handover Information  

Patient Information  

 

Handed over by  
Taken over by  
Hospital Site  
Hospital Number   

Patient Name   
ICU Diagnosis  
ICU LOS  _____ Days 
Patient Location ( e.g. ward, 
outpatients department) 

 

Total hours MV  
APACHE II Score  
Patient eligible for study as per 
inclusion criteria 
 
 

Yes   No  
If yes, time  _ _ : _ _  and 
date _ _ / _ _ _ / __ 
 

Eligibility has been confirmed by the 
PI (patient cannot be recruited until 
yes can be indicated) 

Yes   

Patient given PIS  Yes   No  
If yes, time  _ _ : _ _  and 
date _ _ / _ _ _ / _ _ 

Patient has agreed to be followed up 
by a member of the research team.  

Yes    No  
 

NOTES (e.g. mobility in ICU, co-morbidities, family issues): 
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Appendix 4.Hard copy instruction booklet for the Actigraph 

 
• Make sure two ActiGraph activity monitors have been charging for at least four 

hours. The extra ActiGraph will act as a back-up.  
 

• To charge the ActiGraph, open the top of the device (Picture 1). Make sure 
the USB cable is plugged into the computer and then connect the cable into 
the ActiGraph. 

Make sure the battery is fully charged on each ActiGraph (LED light should be a 
steady green when it is connected into the PC or a flashing green to show the 
battery is charging). If the red light flashes twice or three times when the ActiGraph is 
connected / not connected to the PC, this shows an error has occurred so the 
ActiGraph should not be given to the participant. See following page for more 
information.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

‘ActiLife 6 – User’s Manual’- Retrieved from: 
http://support.theactigraph.com/product/ActiLife-software 

 
• The two ActiGraph activity monitors should have different lengths of elastic belts 

to ensure the participant is fitted with the appropriate length of belt.  
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• Also make sure the PC is switched on and the ActiLife software program is open.  

 
• To initialise the ActiGraph:  

 
1. Once the software has recognised the ActiGraph, press the ‘Initialize’ button which 
opens the ‘Initialize Device(s)’ tab. If the device is not being recognised by ActiLife, 
disconnect the ActiGraph, close and reopen ActiLife 6 and try again.  
 

2. In the ‘Initialize Devices’ tab: 

• Set the ‘Sample Rate’ at 30Hz 
• Tick the ‘Flash LED during delay mode’ and ‘Flash LED during data collection’ 

boxes 
• Make sure the ‘Use Stop Time’ function is NOT ticked 
• Set the ‘Start Date’ for the next day after Visit 1 and ‘Start Time’ for 00:00. 

After this, click the ‘Enter Subject Info’ tab button. 

3. This will open the ‘Enter subject information for initialization’ tab: 

• Under ‘Subject Name’, enter the participant’s ID number. 
• After the information has been entered, click the ‘Initialize All’ button to 

initialise the ActiGraph. 

4. Repeat these steps for the second ActiGraph. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

4 
 

 

 

Appendix 5. Draft Exit Interview  

V2 06.06.17 

 

Draft Exit Interview (Example) 

 

Patients will be shown a summary of their physical and functional outcome data. They 

will then be asked to answer the following questions below in relation to the summary 

data they have just seen to the best of their knowledge. 

 

1. What factors have influenced your ability to be where you are now 
physically? 
 

2. What factors have influenced your ability to be where you are now 
functionally? 
 

3. What factors have influenced your ability to where you are now in terms 
of your walking abilities? 
 

4. Did you notice any physical differences since discharge from the 
intensive care unit? 
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Appendix 6.Diabetes Information for MSWT  

Definition Diabetes mellitus, or simply diabetes, is a group 
of metabolic diseases in which a person has 
high blood sugar, either because the pancreas 
does not produce enough insulin or because 
cells do not respond to the insulin that is 
produced. This high blood sugar produces the 
classical symptoms of polyuria (frequent 
urination), polydipsia (increased thirst) and 
polyphagia (increased hunger). 

There are three main types of diabetes mellitus 
(DM). 

• Type 1 DM results from the body's 
failure to produce insulin, and currently 
requires the person to inject insulin or 
wear an insulin pump. This form was 
previously referred to as "insulin-
dependent diabetes mellitus" (IDDM) or 
"juvenile diabetes". 

• Type 2 DM results from insulin 
resistance, a condition in which cells fail 
to use insulin properly, sometimes 
combined with an absolute insulin 
deficiency. This form was previously 
referred to as non insulin-dependent 
diabetes mellitus (NIDDM) or "adult-
onset diabetes". 

• The third main form, gestational 
diabetes occurs when pregnant women 
without a previous diagnosis of diabetes 
develop a high blood glucose level. It 
may precede development of type 2 DM 

Prevalence 
 

About 3.8 million people in the UK have 
diabetes mellitus 

Pathology and Pathophysiology Type 1 diabetes mellitus is characterized by 
loss of the insulin-producing beta cells of the 
islets of Langerhans in the pancreas, leading to 
insulin deficiency. 

Type 2 diabetes mellitus is characterized by 
insulin resistance, which may be combined with 
relatively reduced insulin secretion. The 
defective responsiveness of body tissues to 
insulin is believed to involve the insulin 
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receptor. However, the specific defects are not 
known.  

Investigations/Diagnosis Diabetes mellitus is characterized by recurrent 
or persistent hyperglycemia, and is diagnosed 
by demonstrating any one of the following: 

• Fasting plasma glucose level 
≥ 7.0 mmol/l (126 mg/dl) 

• Plasma glucose ≥ 11.1 mmol/l 
(200 mg/dL) two hours after a 75 g oral 
glucose load as in a glucose tolerance 
test 

• Symptoms of hyperglycemia and casual 
plasma glucose ≥ 11.1 mmol/l 
(200 mg/dl) 

• Glycated hemoglobin (Hb A1C) ≥ 6.5%. 

Clinical signs and symptoms Key 

The classic symptoms of untreated diabetes 
are: 

• loss of weight, 
• polyuria (frequent urination) 
•  polydipsia (increased thirst)  
•  polyphagia (increased hunger) 
•  Symptoms may develop rapidly (weeks 

or months) in type 1 diabetes, while 
they usually develop much more slowly 
and may be subtle or absent in type 2 
diabetes. 

Prolonged high blood glucose can cause 
glucose absorption in the lens of the eye, which 
leads to changes in its shape, resulting in vision 
changes. Blurred vision is a common complaint 
leading to a diabetes diagnosis. A number of 
skin rashes that can occur in diabetes are 
collectively known as diabetic dermadromes. 

Diabetic emergencies 

People (usually with type 1 diabetes) may also 
present with diabetic ketoacidosis, a state of 
metabolic dysregulation characterized by the 
smell of acetone, a rapid, deep breathing known 
as Kussmaul breathing, nausea, vomiting and 
abdominal pain, and altered states of 
consciousness. 

Management  Physiotherapy 
• NB to remember that exercise generally 

lowers your blood glucose 
Exercise Test 
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• Ensure patient is told to take a light 
carbohydrate snack prior to the exercise 
session and take glucometer with them 

• Ensure researcher/patient has a snack 
bar/sugar drink with them 

• Ensure blood sugar levels are 
checked prior to exercise session 

• If blood sugar level is less than 5.5 
mmols/l (100 mg/dl) prior to exercise, 
take a carbohydrate snack prior to 
beginning the exercise. 

• If blood sugar level is above 
13.9mmols/l then postpone exercise 
testing until blood sugar drops to a safe 
pre exercise range 

• Check blood to see if blood sugar 
dips below 4 mmols/l (70 mg/dl) 
following exercise. 

• Ensure patient drinks plenty of water 
before, during and after exercise 

 
Foot complications 
As most exercise is done standing up, it is 
important to ensure that the patient is wearing 
adequate footwear.  
Therefore, in order to prevent foot problems, 
advise patient: 

• Inspect feet regularly for signs of 
friction or pressure sores. 

• Speak with your physician, podiatrist 
or diabetes educator about proper 
foot care procedures. 

• Buy cotton, absorbent socks. 

Medical  
Diabetes mellitus is a chronic disease, for which 
there is no known cure except in very specific 
situations. Management concentrates on a 
carefully calculated diet, keeping blood sugar 
levels as close to normal as possible, without 
causing hypoglycemia (home glucose testing 
several times a day) and use of appropriate 
medications (insulin in the case of type 1 
diabetes, oral medications, as well as possibly 
insulin, in type 2 diabetes). 

Type 1 diabetes is typically treated with a 
combinations of regular and NPH insulin, or 
synthetic insulin analogs. When insulin is used 
in type 2 diabetes, a long-acting formulation is 
usually added initially, while continuing oral 
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medications. Doses of insulin are then 
increased to effect.  

Metformin is generally recommended as a first 
line treatment for type 2 diabetes 
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Appendix 9: Belfast Health and Social Care Trust Ethical Approval  
 

 
 
 
 
 



 
 
 

 



 



 
 
 
 



Appendix 10: Western Health and Social Care Trust Ethical Approval  
 

 





 



 



 
Appendix 11: Northern Health and Social Care Trust Ethical Approval  

 
 
 
 
 
 
 



 



 
 



 
Appendix 12: Southern Health and Social Care Trust Ethical Approval  

 



Appendix 13: South Eastern Health and Social Care Trust Ethical Approval 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 



 
Appendix 14: 1st Major Amendment  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 



 
 



 
 
 
 
Appendix 15: 2nd Major Amendment  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 



 



 



Appendix 16 -  3nd Major Amendment  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 



 
 



Appendix 17:  Adding members to the research team 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Appendix 18:  Adding members to the research team 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 



Appendix 19:  Adding members to the research team 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 



Appendix 20:  Modification of the patient invitation letters for the sub-study 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 
 



 
Appendix 21:  Updated CV and GCP for a research team member  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 



 
 
 
 
Appendix 22:  Total number of patients that failed to meet the inclusion criteria for the 
Physical Activity and Function after ICU study. 
 

   Sites    

Exclusion Criteria  BHSCT WHSCT NHSCT SEHSCT SHSCT Overall 
Totals 

EC1. Clear negative disease 
trajectory or cleat degenerative 
pathway as identified by the PI 

 
1 

 
1 

 
- 

 
5 

 
41 

 
48 

EC2. Life expectancy <6 months   
8 

 
- 

 
5 

 
15 

 
- 

 
28 

EC3. Head injury, spinal cord injury 
or a neurological event where there is 
a planned specialist care pathway e.g. 
head injury/stroke unit  
 

 
 
 

80 

 
 
 
2 

 
 
 
2 

 
 
 
6 

 
 
 
4 

 
 
 

94 

EC4. Cognitive impairment affecting 
ability to understand/complete the 
outcome measures or questionnaires  
 

 
 
2 

 
 
8 

 
 
3 

 
 
8 

 
 

10 

 
 

31 

EC5. Declined consent or unable to 
give consent  
 

 
- 

 
- 

 
2 

 
8 

 
- 

 
10 

EC6. Condition based om the 
PIs/research team views that would 
preclude participation 

 
 

18 

 
 
2 

 
 
1 

 
 
- 

 
 

15 

 
 

36 
 

IC1.  Below the age 18  3 - - - 2 5 
 

IC3. Not living at home (self-care or 
carer) or planned discharge to home  
 

 
- 

 
1 

 
- 

 
1 

 
3 

 
5 
 

IC4. Not willing or able to 
participate, not deemed medically fit 
to take part in the study  
 

 
- 

 
5 

 
- 

 
6 

 
- 

 
11 

Missed  - - - 1 - 1 
 

EC1/EC2 - - - - 1 1 
 

EC2/EC4 - 1 - - - 1 
 

EC3/EC4  - - 3 - - 3 
 

EC4/EC5 - - 1 - - 1 
 

Deceased 1 33 17 - - 51 
 

Pt d/c 4 - - - - 4 
 

Transferred to ICU 3 - 2 - - 5 



Transferred to another hospital 
outside of Northern Ireland  

 
- 
 

 
1 

 
- 

 
- 

 
- 

 
1 

Transferred to another hospital 2 - 1 - - 3 
 

Severe weakness  3 - - - - 3 
 

Psychological follow-up  1 - - - - 1 
 

For Rehabilitation  2 - - - - 2 
 

Low physical activity levels  1 - - - - 1 
 

Poor rehab potential  3 - - - - 3 
 

Staffing Issues  1 - - - - 1 
 

Extensive pox cardiac seizures  1 - - - - 1 
 

Dependency pre op  1 - - - - 1 
 

Poor mental health  2 - - - - 2 
 

Nursing home  1 - - - - 1 
 
Total 

      
355 

       
 
 
 
 
 
 
 
 
 
 
 
 
 



Appendix 23: Total number of patients that no longer met the inclusion criteria for the 
Physical Activity and Function after ICU study. 
 

Exclusion Criteria  BHSCT WHSCT NHSCT SEHSCT SHSCT Overall 
Totals 

EC1. Clear negative disease trajectory 
or cleat degenerative pathway as 
identified by the PI 

 
- 

- 2 1 - 3 

EC2. Life expectancy <6 months  - - - 2 - 2 

EC3. Head injury, spinal cord injury or 
a neurological event where there is a 
planned specialist care pathway e.g. 
head injury/stroke unit  

 
2 

 
3 

 
- 

 
3 
 

 
- 
 

8 

EC4. Cognitive impairment affecting 
ability to understand/complete the 
outcome measures or questionnaires  
 

 
 
6 

 
 
3 

 
 
6 

 
 
2 

 
 
- 

17 

EC5. Declined consent or unable to give 
consent  
 

12 4 11 4 9 40 
 

EC6. Condition based om the 
PIs/research team views that would 
preclude participation 

8 1 2 - - 11 

IC3. Not living at home (self-care or 
carer) or planned discharge to home  
 

 4 - - - 4 

IC4. Not willing or able to participate, 
not deemed medically fit to take part in 
the study  
 

3 5 - 2 - 10 

Missed on the ward - - 4 2 - 6 
EC3/EC4  - - 2 - - 2 
Readmitted to Intensive Care 4 - - - - 4 
Deceased - - 2 1 1 4 
Lost to follow-up,transferred to another 
hospital 

7 - 1 2 - 10 

Increased dependency by ongoing 
longterm 

- - - 1 - 1 

Discharged prior to contact on the ward 6 1 - - 1 8 
Failed to make contact with patient 
following hospital discharge  

- 1 2 - 4 7 

Patient self-discharged before being 
approached 

1 - - - - 1 

Bilateral Amputation 1 - - - - 1 
Severe weakness  1 - - - - 1 
For Rehabilitation  1 - - 1 - 1 
Staffing Issues 5 - - - - 5 
Total      146 

 
 



 
 
Appendix 24: Consolidated criteria for reporting qualitative studies (COREQ): 32-item 
checklist [Tong et al. 2007]. 

 
 



 
 
 
Appendix 25: Template of the summary table used in the qualitative component of the 
Physical Activity and Function after ICU study. 
 
 
 
 
 

 
 

Physical Activity and Function After 
ICU Study   



 
Appendix 26:  Ethical Approval for the Exploration of physical activity, healthcare 
utilisation in the healthy population and comparison to ICU data study. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Appendix 27: Healthcare Utilisation questionnaire for the healthy population. 
 
 
Version 1 22.02.19 

Healthcare Utilisation 
 

This questionnaire asks about health and support services you have recently used  
 
The information you give us will be confidential. Your answers will not affect any 
treatment you may be receiving now or any treatment you might receive in the future. 

 
Please tick the box(es) that best describes your current situation TODAY  

 
(Please tick all that apply). 
 
 
 
 
 

 
 

 
 
 

 
 
 
 
 
 



 

 

 

 
Your Place of Residence 
 
1) Please tick the box that best describes your current situation TODAY  
 Please tick one box only 

A. Own home  

B. With family / friends(s).  

C. Residential care home  

D. Nursing home  

E. Sheltered housing/ warden 
controlled residence 

 

F. Respite care  

G. Rehabilitation hospital  

H. Other (please specify)  

 
 

 
 
 

 
 

 
 

 

 

 



 

 
 
Support Received 
 
2) Do you receive any help with your care? (e.g. home help, carer, meals on wheels) 
 
Please tick the box that applies.       Yes     No  
 
If yes, please tick the boxes that best describes any help you currently receive. 
 
Service Please tick the box(es) if you receive any help with your 

care  
A. Home care worker / home 

help) 

 

B. Meals on wheels  

C. Carer   

D. Other (please specify) __________ 

  



Health Care Service Use 
 
3) Have you recently been referred or used any health care services? 
Please tick the box that applies.       Yes     No  
 
 

If yes, please tick the boxes that best describe any of the following services you have 
received.  
 
Have you visited/used any of these services? Please tick the box if you have 

visited/used this service 

A. GP  
B. Nurse  
C. Social worker  
D. Physiotherapist  
E. Occupational therapist  
F. Speech therapist  
G. Dietician  
H. Psychological therapist? e.g. 

psychologist, psychiatrist  
I. Counsellor  
J. Hospital admission/stay   
K. Hospital outpatient appointment  
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