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ABSTRACT

Purpose: To investigate the predictive validity of the Chelsea Critical Care Physical Assessment tool
(CPAXx) at intensive care unit (ICU) discharge in critically ill adults for their 90-day outcomes.

Materials and methods: This prospective clinimetric study investigated four theory-driven, a-priori
hypotheses in critically ill adults recruited within 72-144 h of mechanical ventilation. The primary hypoth-
esis was a moderate accuracy (AUROC = 0.750) in predicting residence at home within 90days.
Secondary hypotheses included discrimination between hospital discharge destinations, correlation with
subsequent health-related quality of life and length of ICU stay.

Results: We observed a good accuracy (AUROC = 0.778) of the CPAx at ICU discharge in predicting a
return to home within 90days. The CPAx score significantly increased between the discharge groups
“undesirable” < “rehabilitation” < “home” (p < 0.001), but was not associated with 90-day health-related
quality of life (physical: r=0.261, mental: r=0.193). Measured at baseline, CPAx scores correlated as
expected with length of ICU stay (r = —0.443).

Conclusions: The CPAx at ICU discharge had a good predictive validity in projecting residence at home
within 90 days and general discharge destinations. The CPAx might therefore have clinical value in predic-
tion, though it does not seem useful to predict subsequent health-related quality of life.
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> IMPLICATIONS FOR REHABILITATION

e The CPAx is a valid and reliable measurement instrument to evaluate critically ill adults’ physical func-
tion and activity, in addition the CPAx might be useful to predict rehabilitation needs.
e The CPAx had a moderate to good predictive validity with three out of four a-priori hypothe-

ses accepted.

e A CPAx score of >18 at critical care discharge has a sensitivity of 80% and a specificity of 70% in pre-

dicting a return to home within 90 days.

e The CPAx might consequently be valuable to identify critically ill adults’ rehabilitation needs, to
advise on their potential trajectory of recovery or to screen patients for follow-up after hos-

pital discharge.

Introduction

Survivors of critical illness often experience functional disability
and reduced health-related quality of life after hospitalisation
[1-3]. Only about 33% will return to work within three months of
discharge, which raises concerns about financial security or social
isolation potentially worsening health-related quality of life [4].
Early rehabilitation starting in the intensive care unit (ICU)
improves functional outcomes and reduces the duration of

mechanical ventilation and ICU length of stay [5,6]. However, it
may not be solely sufficient to counter long-term functional dis-
ability [6] or to increase health-related quality of life [7]. Returning
home is an important outcome for patients and their families [8].
Early identification of patients at risk for subsequent functional
impairment may help to provide targeted multidisciplinary
interventions.
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The Chelsea Critical Care Physical Assessment tool (CPAx) is a
performance-based measurement instrument to assess respiratory
function, functional mobility and grip strength in critically ill
adults [9]. The evaluation of the CPAx is based on observation
and its ten items are rated on a 6-point Guttman scale from 0
(=dependent/unable) to 5 (=independent). The CPAx has estab-
lished clinimetric properties such as an excellent interrater-reliabil-
ity [9], construct and cross-sectional validity across the ICU and
hospital stay [10], responsiveness [11] along with low floor and
ceiling effects in a general ICU population [12]. The clinical value
of the CPAx therefore lies in the evaluation of critically ill adults’
physical function and activity across the ICU and hospital.
However, the CPAx may also have a relevant role in predicting
patients in need of further multidisciplinary rehabilitation as indi-
cated by one previous study exploring hospital discharge destina-
tions [12]. More research is therefore needed to study the
usefulness of the CPAx for prediction in survivors of critical illness.

In order to expand the clinimetric properties of the CPAx and
to test whether the CPAx has clinical value in population-predic-
tion, this study aimed to investigate the predictive validity of the
CPAXx in critically ill adults assessed at ICU discharge. We hypoth-
esised that the CPAx at ICU discharge would have a moderate
accuracy in predicting a good outcome, which has been defined
as residing at home 90 days after ICU discharge.

Material and methods
Design and setting

This prospective, single-centre, clinimetric study was the second
part of a larger clinimetric project conducted in the mixed ICU of
an academic hospital in Switzerland (Department of Intensive
Care Medicine, Inselspital, Bern University Hospital, Switzerland).
The first part aimed to investigate the measurement properties
(validity and reliability) of the German CPAx and has been pub-
lished previously [10]. The local Ethics Committee approved the
project on 14 August 2017 (ID 2017-01396), which was subse-
quently performed in accordance with the Declaration of Helsinki,
Swiss federal law and Good Clinical Practice guidelines. We based
our methodology on the consensus-based standards for the selec-
tion of health measurement instruments (COSMIN) [13] and report
trial-results according to the STROBE statement [14].

Participants

Eligible participants were critically ill adults (aged >18years) who
were mechanically ventilated for >72h and in sufficient command
of German. We excluded patients who were wheelchair users,
lived in a care facility, had already participated in >2 studies (con-
founding) or who had a planned discharge within the next 24 h, a
neurological ICU admission diagnosis (CPAx not yet validated),
ongoing palliative treatment, a pre-existing mental disability,
transfer from an external ICU (with >3days length of stay at
external ICU), or an ICU re-admission (within the same hospital
stay). Potential participants were screened by a research nurse
and a senior physiotherapist. Written informed consent was
obtained from eligible patients’ relatives prior to commencement
of data collection, and then from participants once they regained
the capacity to provide informed consent.

Procedures and measurements

The complete study procedures have been published earlier [10].
In brief, the CPAx score was obtained after a standard

physiotherapy session by certified physiotherapists at baseline
(between 72 and 144 h of ventilation), at ICU discharge and at
hospital discharge. All therapists completed the short, official
online training (<2 h) before using the CPAx during routine care.
This study was conducted in Switzerland, accordingly, the cross-
culturally validated, highly reliable (ICC >0.9) German CPAXx ver-
sion was used [10]. A research nurse collected demographic and
hospital data such as duration of mechanical ventilation and hos-
pital discharge destination. For the purpose of establishing pre-
dictive validity of the CPAx, all participants were followed-up for
90 days after ICU discharge by the research team. We prospect-
ively defined a good outcome as “residence at home 90 days after
ICU discharge.” Non-survivors were identified from hospital data-
bases. Survivors were contacted by phone and asked for their cur-
rent residence, working status and whether they would agree to
complete a questionnaire about their health-related quality of life.
Short Form 36 (SF-36) questionnaires were then sent by post with
a stamped, addressed return-envelope. The SF-36 is a multidimen-
sional, patient-reported measurement instrument for health-
related quality of life that provides two component summaries for
physical and mental health that incorporate normative data
(based on the US population 1990: population mean = 50+ 10)
and have established validity and reliability in critically ill
patients [15].

Hypotheses

Predictive validity determines the ability of a measurement instru-
ment to predict a selected criterion in the future [16]. We con-
structed the following a-priori hypotheses, based on our
theoretical conceptual model [10] which takes into account previ-
ous research as well as influencing factors of constructs that are
not measured by the CPAXx (for example social support or pain):

Primary outcome

1. The CPAx score at ICU discharge would have a moderate
accuracy with an Area Under the Receiver Operating
Characteristic curve (AUROC) of 0.75 in predicting a good
outcome defined as residence at home 90 days after
ICU discharge.

Secondary outcomes (order of clinical importance)

2. The CPAx score at ICU discharge can differentiate between
three hospital discharge destinations (home, rehabilitation or
an undesirable discharge such as a transfer to an external
hospital or death). Accordingly, we hypothesised that the
CPAx at ICU discharge would increase in the following
ranked order: “undesirable” < “rehabilitation” < “home.”

3. The CPAXx score at ICU discharge would have a positive, low
correlation with the SF-36 mental component summary 90
days after ICU discharge (r=0.2-0.4) and a positive, moder-
ate correlation with the SF-36 physical component summary
90 days after ICU discharge (r=0.4-0.7).

4. The CPAx score at ICU baseline (measured between 72 and
144 hours of mechanical ventilation) would have a negative,
low to moderate correlation with days of mechanical ventila-
tion and the length of ICU stay (r = —0.3 to —0.6).

Statistical analysis

Descriptive statistics were used to investigate patient demograph-
ics and score distribution. The CPAx is an ordinal scale, accord-
ingly, data is presented as medians with interquartile range (IQR)
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Figure 1. Study flow.

and categorical data as numbers with percentages. Analyses were
performed with SPSS (IBM SPSS Statistics Version 25).

We performed a prospective sample size calculation for the
primary outcome of returning home within 90 days of leaving the
ICU with MedCalc (version 19.3.1). According to the study by
Corner et al. [12] we anticipated a ratio of 2:1 for a good outcome
“home within 90 days” whereby Corner’s study indicated “home
after hospital discharge.” With a power of 0.8, an « of 0.05 and an
expected AUROC of 0.75 as per our a-priori hypothesis (null
hypothesis: AUROC = 0.5) a total sample size of 42 (n=28 for a
good and n=14 for a negative outcome) was necessary [17,18].
To compensate for drop-outs, we aimed to recruit 60 participants.
The primary hypothesis was analysed using a receiver operating
characteristic (ROC) and the respective area under the ROC curve
(AUROCQ). The optimal cut-off point with the corresponding sensi-
tivity and specificity was chosen based on ROC-curve coordinates
and clinical relevance. To investigate hypothesis number two, the
three prespecified discharge groups “undesirable,” “rehabilitation,”
and “home” were tested for an increased ranked order with the
nonparametric Jonckheere-Trend-Test [19,20]. The assumption of
homogeneous variances between the three groups was investi-
gated with the Levene Test. Statistical significance was defined as
p <0.05 using Bonferroni correction for pairwise comparisons.
Hypotheses three and four were investigated with Spearman’s
rank correlation coefficient.

Results

Sixty patients were recruited for this study from 21 November
2017 to 25 May 2019 of whom 50 had CPAx scores assigned at
ICU discharge. The study flow including the 90-day follow-up is
reported in Figure 1. Descriptive data about participants’ demo-
graphics, baseline characteristics and outcomes are presented in
Table 1.

Primary outcome

Hypothesis 1: The AUROC of the CPAx at ICU discharge predicting
a good outcome was 0.778 (95%-Cl 0.644-0.912, p-value = 0.001,
standard error 0.068, n=50: positive n=30, negative n=20)
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Table 1. Descriptive participant data.

Median
Number [25%, 75%]
Variables (n) or n (%)
Age (years) 58 68 [56, 73]
Gender (male) 58 41 (70.7%)
BMI (kg/m?) 58 26 [22.8, 29.1]
Weight (kg) 58 75.5 [70, 94]
APACHE Il score (0-71)° 58 32 [28, 36]
SOFA score (0-24)* 58 12 [10, 14]
ICU diagnosis on ICU admission
Cardiac surgery 58 15 (25.9%)
Other surgery 7 (12.1%)
Respiratory insufficiency 15 (25.9%)
Hemodynamic insufficiency 13 (22.4%)
Trauma 5 (8.6%)
Neurology/neurosurgery -
Gastroenterology 1 (1.7%)
Other 2 (3.4%)
ICU days until study inclusion (days) 58 3.84 [3.41, 4.70]
Length of stay in ICU (days)° 58 7.97 [6.69, 12.85]
Duration of mechanical ventilation (days)b 58 6.81 [5.30, 11.51]
Length of stay in hospital (days)® 58 21.08 [11.72, 27.18]
ICU mortality® 58 8 (13.8%)
ICU and hospital mortality” 58 9 (15.5%)
90-day mortality 58 19 (32.8%)
CPAx at baseline (0-50) 58 503 7]
CPAx at ICU discharge (0-50) 50 18.5 [14, 26]
CPAx at hospital discharge (0-50) 32 43.5 [37.5, 46.5]
ICU discharge destination
Hospital wards 58 34 (58.6%)
External ICU 13 (22.4%)
External hospital 3 (5.2%)
Died 8 (13.8%)
Hospital discharge destination
Rehabilitation 58 24 (41.4%)
External hospital 20 (34.5%)
Home 5 (8.5%)
Died 9 (15.5%)
Outcomes 90 days after ICU discharge
Home 58 30 (51.7%)
IcU 1(1.7%)
External hospital 2 (3.4%)
Rehabilitation facility 6 (10.3%)
Died 19 (32.8%)
Return to work 90 days after ICU discharge 36¢ 14 (38.9%)
SF-36 physical health sum-score® 28 38.7 [33.0, 44.9]
SF-36 mental health sum-score® 28 52.2 [46.9, 58.4]

2ICU admission.

PAt original hospital (excluding external hospitals).

“T-values where the population mean is 50 and the SD is 10; based on US-
population 1990.

dUnknown status: n=3 of 39 survivors.

BMI: Body mass index; APACHE: acute physiology and chronic health evaluation;
SOFA: sequential organ failure assessment; ICU: intensive care unit; SF-36: Short
Form 36 questionnaire.

(Figure 2). Accordingly, a CPAx score of >18 predicts a good out-
come (residence at home within 90 days) with a sensitivity of 80%
and a specificity of 70% (Supplemental file 1, Table S1). For this
cut-off score, the positive predictive value is 80% and the nega-
tive predictive value 70% (Supplemental file 1, Table S2). The
hypothesis is accepted.

Secondary outcomes

Hypothesis 2: The three discharge groups met the assumption of
homogenous variance (Levene Test p=0.198 based on medians,
p=0.115 based on means). The CPAx score at ICU discharge
increased in a ranked order between the three hospital discharge
destinations (p <0.001, n=>50: undesirable n=21, rehabilitation
n=24, home n=5) (Figure 3). The hypothesis of an increasing
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ranked order of CPAx scores (“undesirable” < “rehabilitation” <
“home”) could therefore be accepted. Additionally, the CPAx
scores at ICU discharge significantly differed after Bonferroni-
adjustments for repeated testing for the following discharge desti-
nations:  “undesirable”  versus  “rehabilitation”  (p=0.001),
“undesirable” versus “home” (p =0.001) and “rehabilitation” versus
“home” (p =0.023).

Hypothesis 3: The correlations of the CPAx score at ICU dis-
charge with the SF-36 mental component summary and the phys-
ical component summary 90days after ICU discharge were very

ROC-Curve

Sensitivity

00 02 0.4 0.6 08 1.0
1 - Specificity
Diagonal segments are produced by ties.

Figure 2. ROC-Curve for a good outcome “residence at home within 90 days of
ICU discharge.” Sensitivity: true positive rate, 1-specificity: false positive rate

50

40

30

20

CPAXx atICU discharge

low and outside the expected ranges (Table 2). Consequently, the
hypothesis was rejected.

Hypothesis 4: The CPAXx score at ICU baseline correlated within
the expected values with the subsequent days of mechanical ven-
tilation and ICU length of stay (Table 2). The hypothesis
was accepted.

Discussion

This prospective, clinimetric study found that the CPAx at ICU dis-
charge has a good predictive validity in predicting residence at
home within 90days of discharge as well as hospital discharge
destination (home, rehabilitation, undesirable discharge, e.g.,
transfer to an external hospital or death). However, the CPAx did
not seem suitable to predict health-related quality of life within
90days of ICU discharge. A CPAx assessment between 72 and
144h of mechanical ventilation may further be used to predict
the length of ICU stay and the duration of mechanical ventilation.
The CPAx can therefore be partially recommended for prediction,
for example, to identify candidates for a targeted, in-hospital
rehabilitation, to advise patients on their probable trajectory of
recovery or to recognise candidates for multidisciplinary follow-up
after ICU discharge. Similarly, the CPAx at ICU baseline could be
used to identify risk for prolonged mechanical ventilation, which
is a risk factor for subsequent functional disability [21].

Table 2. Hypothesis-testing with correlation.

Spearman’s rank
correlation

Prior hypothesis n coefficient (r) Confirmed
CPAx at ICU discharge with

SF-36 mental sum-score (r=0.2-0.4) 28 0.193 No

SF-36 physical sum-score (r=0.4-0.7) 28 0.261 No
CPAx at ICU baseline with

days of mechanical ventilation 58 —0.499"" Yes

(r=—-03to —0.6)
ICU length of stay (r = —0.3 to —0.6) 58 —0.443" Yes

**p < 0.001.
Bold text indicates acceptance of the a-priori hypothesis.

undesirable

rehabilitation

home

Discharge group

Figure 3. CPAx score at ICU discharge across the three discharge groups.



The evaluation of the predictive validity of the CPAx has not
been the primary aim of other studies. However, our results are
somewhat supported by Milton et al. [22] who investigated pre-
dictors for poor physical function within 3months of ICU dis-
charge. Although they did not aim to investigate the predictive
validity of the CPAx with pre-specified hypotheses as recom-
mended by the COSMIN guidelines, they found that the CPAx
remained the only significant predictor among the risk factors
explored including age, previous comorbidities, severity of illness
or ICU length of stay. Their calculated AUROC (0.68 [95%-Cl
0.61-0.76]) was somewhat lower, but comparable to ours (0.78
[0.64-0.91]). However, caution is warranted because only half of
the ten CPAx items were assessed in the study by Milton et al.
[22] and there may have been bias due to measurement error
(interrater reliability for four items: kappa <0.60). The CPAx at ICU
discharge has been previously identified as being able to discrim-
inate between seven hospital discharge destinations (p <0.001)
[12]. Given that this was a single-centre study in the UK, it is
important to generalise this finding to other settings. We included
less destinations because our hospital is a tertiary centre with
many referrals from the region and thus only few people are
directly discharged home; yielding too little data. Instead we
investigated a previously defined ranked order with the
Jonckheere-Trend-Test, which has more power than a traditional
Kruskal-Wallis-Test [19]. Together these results confirm that the
higher the CPAx score at ICU discharge, the higher the likelihood
of a hospital discharge to home. More importantly, this might
help clinicians to identify candidates in need of targeted rehabili-
tation after ICU discharge, for example, on acute wards. The clin-
ical value of using the CPAx for prediction may further include
patient-information on a probable trajectory of recovery or to rec-
ognise candidates for multidisciplinary follow-up after discharge.
The CPAx could therefore be helpful to adapt expectations.

The CPAx at ICU discharge did not seem useful to predict
health-related quality of life after 3 months. Estrup et al. [23] simi-
larly did not find an association between activity levels in the first
week of ICU discharge and physical functioning after 3 months.
Reasons may include the small sample size and a high drop-out
rate due to patient death in both our study and theirs. However,
it seems most likely that other factors such as pre-ICU comorbid-
ities [24] or social support [25] are more relevant to 3-month
health-related quality of life than physical functioning at ICU dis-
charge. Further prospective cohort studies are needed to investi-
gate individuals’ determinants of quality of life.

The predictive validity of the CPAx is comparable to the
Functional Status Score for the ICU (FSS-ICU), which is another
excellent measure of physical function in the ICU. Similar to the
CPAx, the FSS-ICU is useful to predict hospital discharge destin-
ation and/or length of subsequent hospital stay [26]. Thereby a
cut-off score of FSS-ICU >19/35 at ICU discharge predicted a hos-
pital discharge to home with a sensitivity of 83% and a specificity
of 74% [27]. However, to our knowledge, there is no study that
has investigated the predictive validity of the FSS-ICU at up to 3-
months after ICU discharge. Still, the preference of using one
measurement over the other may rather be due to different
physiotherapy practices in respiratory care between the American
and European continents [12]. Accordingly, we would recommend
the CPAx to physiotherapists with a role in weaning from mech-
anical ventilation because in contrast to the FSS-ICU the CPAx
takes respiratory function into account.

This study has limitations. The study aimed to investigate the
predictive validity of the CPAx with a-priori hypotheses in the tar-
get population. While we established that the validity of the CPAx
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for population-based prediction, a larger sample size with nar-
rower confidence intervals is needed for individual prediction. The
chosen cut-off may therefore be overestimated for individual pre-
diction and should be confirmed in future studies [28]. However,
the patient-centred outcomes in our study have clinical value.
They do not aim to influence decision making processes, but
rather to help patients shape their expectations about their
potential trajectory of recovery. Our definition of a “good out-
come” did not consider independency or the amount of support
at home. While physical health-related quality of life was substan-
tially below population norms, half of survivors were able to go
back to work within 90 days. Results from this single-centre study
may not be generalisable to other health-care systems or non-ter-
tiary regional hospitals with more diverse discharge destinations
(e.g., care-home). The predictive validity of the CPAx only applies
to the investigated factors (residence at home within 90 days, hos-
pital discharge destination, subsequent ICU length of stay) and
was only sufficiently powered for the primary outcome (residence
at home within 90days). More research would be necessary to
investigate whether the CPAx would be useful to predict other
outcomes, for example, functional capacity or independency at
three months. The major strength of this study is the assessment
of the CPAx in the target population during routine care which
was independent of the patient-reported outcomes such as the
SF-36 and the 90-day outcome.

Conclusions

The CPAx at ICU discharge has clinical value to predict a return to
home within 90 days of discharge in critically ill, mechanically ven-
tilated adults, thereby a cut-off score of >18/50 indicates a return
to home with a sensitivity of 80% and a specificity of 70%. The
CPAx may also be used to anticipate hospital discharge destin-
ation and thus the need for further rehabilitation. However, con-
trary to our hypothesis the CPAx did not prove useful to predict
3-month health-related quality of life.

Acknowledgements

We would like to thank all participating physiotherapists and
research nurses as well as the patients and their families. We also
thank Roger Hilfiker for his statistical advice.

Disclosure statement

SE, MLV, VS, AK, DS, CHGB declare that they have no competing
interests. JS, BZ report the following potential conflicts of interest:
The Department of Intensive Care Medicine has or has had in the
past research and development/consulting contracts with Edwards
Lifesciences Services GmbH, Phagenesis Limited and Nestlé. The
money was paid into a departmental fund, and none of the authors
received any financial gain. The Department of Intensive Care
Medicine has received in the past unrestricted educational grants
from the following organizations for organizing bi-annual postgradu-
ate courses in the fields of critical care ultrasound, management of
ECMO and mechanical ventilation: Pierre Fabre Pharma AG (formerly
known as RobaPharm), Pfizer AG, Bard Medica S.A, Abbott AG,
Anandic Medical Systems, PanGas AG Healthcare, Orion Pharma,
Bracco, Edwards Lifesciences AG, Hamilton Medical AG, Fresenius
Kabi (Schweiz) AG, Getinge Group Maquet AG, Drager Schweiz AG,
Teleflex Medical GmbH. No personal financial gain resulted from
respective development/consulting contracts and/or grants. None of
these companies had a role in this study.



6 S. EGGMANN ET AL.

Funding

This research was funded by the PhD Grant 2018 from the Swiss
Foundation for Physiotherapy Science and by a research grant
from physioswiss, both received by SE. The funders had no role in
the study design, the collection, analysis and interpretation of
data, or in writing the manuscript.

ORCID

Sabrina Eggmann

http://orcid.org/0000-0002-7379-7343

Data availability statement

The dataset supporting the conclusions of this article is included
within the article as a supplemental file (Supplemental file 2).

References

(11

[4]

(5]

[6]

(7]

(o

(1]

Eggmann S, Luder G, Verra ML, et al. Functional ability and
quality of life in critical illness survivors with intensive care
unit acquired weakness: a secondary analysis of a rando-
mised controlled trial. PLoS One. 2020;15(3):e0229725.
Hopkins RO, Suchyta MR, Kamdar BB, et al. Instrumental
activities of daily living after critical illness: a systematic
review. Ann Am Thorac Soc. 2017;14(8):1332-1343.
Schefold JC, Wollersheim T, Grunow JJ, et al. Muscular
weakness and muscle wasting in the critically ill. J Cachexia
Sarcopenia Muscle. 2020;11(6):1399-1412.

McPeake J, Mikkelsen ME, Quasim T, et al. Return to
employment after critical illness and its association with
psychosocial outcomes. A systematic review and meta-ana-
lysis. Ann Am Thorac Soc. 2019;16(10):1304-1311.

Zhang L, Hu W, Cai Z, et al. Early mobilization of critically
ill patients in the intensive care unit: a systematic review
and meta-analysis. PLoS One. 2019;14(10):e0223185.
Waldauf P, lJiroutkova K, Krajcova A, et al. Effects of
rehabilitation interventions on clinical outcomes in critically
ill patients: systematic review and meta-analysis of random-
ized controlled trials. Crit Care Med. 2020;48(7):1055-1065.
Taito S, Yamauchi K, Tsujimoto Y, et al. Does enhanced
physical rehabilitation following intensive care unit dis-
charge improve outcomes in patients who received mech-
anical ventilation? A systematic review and meta-analysis.
BMJ Open. 2019;9(6):€026075.

Major ME, van Nes F, Ramaekers S, et al. Survivors of crit-
ical illness and their relatives. A qualitative study on hos-
pital discharge experience. Ann Am Thorac Soc. 2019;
16(11):1405-1413.

Corner EJ, Wood H, Englebretsen C, et al. The Chelsea critical
care physical assessment tool (CPAXx): validation of an innova-
tive new tool to measure physical morbidity in the general
adult critical care population; an observational proof-of-con-
cept pilot study. Physiotherapy. 2013;99(1):33-41.

Eggmann S, Verra ML, Stefanicki V, et al. German version of
the Chelsea critical care physical assessment tool (CPAx-
GE): translation, cross-cultural adaptation, validity, and reli-
ability. Disabil Rehabil. 2021. DOI:10.1080/09638288.2021.
1909152.

Corner EJ, Hichens LV, Attrill KM, et al. The responsiveness
of the Chelsea critical care physical assessment tool in
measuring functional recovery in the burns critical care

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]
[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

population: an observational 2015;41(2):
241-247.

Corner EJ, Soni N, Handy JM, et al. Construct validity of the
Chelsea critical care physical assessment tool: an observa-
tional study of recovery from critical illness. Crit Care. 2014;
18(2):R55.

Mokkink LB, Terwee CB, Patrick DL, et al. The COSMIN
study reached international consensus on taxonomy, ter-
minology, and definitions of measurement properties for
health-related patient-reported outcomes. J Clin Epidemiol.
2010;63(7):737-745.

von Elm E, Altman DG, Egger M, et al. The strengthening
the reporting of observational studies in epidemiology
(STROBE) statement: guidelines for reporting observational
studies. Lancet. 2007;370(9596):1453-1457.

Heyland DK, Hopman W, Coo H, et al. Long-term health-
related quality of life in survivors of sepsis. Short Form 36:
a valid and reliable measure of health-related quality of
life. Crit Care Med. 2000;28(11):3599-3605.

de Vet HCW, Terwee CB, Mokkink LB, et al. Measurement in
medicine: a practical guide. Cambridge: Cambridge
University Press; 2011.

Hanley JA, McNeil BJ. The meaning and use of the area
under a receiver operating characteristic (ROC) curve.
Radiology. 1982;143(1):29-36.

Sample size calculation: area under ROC curve. MedCalc
Software Ltd; 2021. Available from: https://www.medcalc.
org/manual/sample-size-ROC-AUC.php.

Jonckheere AR. A distribution-free k-sample test against
ordered alternatives. Biometrika. 1954;41(1-2):133-145.
Bewick V, Cheek L, Ball J. Statistics review 10: further non-
parametric methods. Crit Care. 2004;8(3):196-199.

Yang T, Li Z, lJiang L, et al. Risk factors for intensive care
unit-acquired weakness: a systematic review and meta-ana-
lysis. Acta Neurol Scand. 2018;138(2):104-114.

Milton A, Schandl A, Soliman |, et al. ICU discharge screen-
ing for prediction of new-onset physical disability-a multi-
national cohort study. Acta Anaesthesiol Scand. 2020;64(6):
789-797.

Estrup S, Kjer CKW, Vilhelmsen F, et al. Physical function
and actigraphy in intensive care survivors-a prospective 3-
month follow-up cohort study. Acta Anaesthesiol Scand.
2019;63(5):647-652.

Griffith DM, Salisbury LG, Lee RJ, et al. Determinants of
health-related quality of life after ICU: importance of
patient demographics, previous comorbidity, and severity
of illness. Crit Care Med. 2018;46(4):594-601.

Langerud AK, Rustgen T, Smastuen MC, et al. Health-related
quality of life in intensive care survivors: associations with
social support, comorbidity, and pain interference. PLoS
One. 2018;13(6):e0199656.

Huang M, Chan KS, Zanni JM, et al. Functional status score
for the ICU: an international clinimetric analysis of validity,
responsiveness, and minimal important difference. Crit Care
Med. 2016;44(12):e1155-e1164.

Tymkew H, Norris T, Arroyo C, et al. The use of physical
therapy ICU assessments to predict discharge home. Crit
Care Med. 2020;48(9):1312-1318.

Bhandari PM, Levis B, Neupane D, et al. Data-driven meth-
ods distort optimal cutoffs and accuracy estimates of
depression screening tools: a simulation study using indi-
vidual participant data. J Clin Epidemiol. 2021;137:137-147.

study. Burns.


https://doi.org/10.1080/09638288.2021.2022785
https://doi.org/10.1080/09638288.2021.1909152
https://doi.org/10.1080/09638288.2021.1909152
https://www.medcalc.org/manual/sample-size-ROC-AUC.php
https://www.medcalc.org/manual/sample-size-ROC-AUC.php

	1
	Abstract
	Introduction
	Material and methods
	Design and setting
	Participants
	Procedures and measurements
	Hypotheses
	Primary outcome
	Secondary outcomes (order of clinical importance)

	Statistical analysis

	Results
	Primary outcome
	Secondary outcomes

	Discussion
	Conclusions
	Acknowledgements
	Disclosure statement
	Funding
	Orcid
	Data availability statement
	References


