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Components of intensive care include resuscitation, cardiorespiratory stabilization,
reversal of organ/system dysfunction or failure, treatment of the underlying pathology,
weaning from external support of vital organs, and supportive interventions (e.g., physio-
therapy, psychological interventions) aimed at paving the way to an uneventful recovery
and rehabilitation. Depending on patient values, goals and preferences, the holistic inten-
sive treatment(s) may be limited or withdrawn and replaced/followed by end-of-life care
interventions for the prevention or alleviation of any distressing symptoms (e.g., dyspnea,
pain etc.) [1].

Current treatment recommendations for specific subgroups of critically ill patients
are based on a systematic and rigorous evaluation of published evidence, including the
results of randomized controlled trials (RCTs). When the Grading of Recommendations,
Assessment, Development and Evaluation approach is adopted, evidence quality is rated
as high, moderate, low, or very low and evidence profiles (summaries) are generated using
the online Guideline Development Tool (https://gdt.guidelinedevelopment.org, accessed
on 30 May 2022) [2-4].

Over the past decade, and especially over the past 3 years of the coronavirus disease
2019 (COVID-19) pandemic, several potentially beneficial interventions were tested in mul-
ticenter RCTs. Relevant published evidence has already been partly systematically reviewed
and/or meta-analyzed. Pertinent, prominent examples include (1) noninvasive techniques
of respiratory support (e.g., high-flow nasal canula, continuous positive airway pressure),
prone positioning (for >16 consecutive hours per day with lung-protective ventilation)
and veno-venous extracorporeal membrane oxygenation (ECMO) in acute respiratory
distress syndrome (ARDS) of varying severity [5-10]; (2) use of RCT evidence-supported
physiological targets such as ventilator driving pressure of <15 cm HyO during low-tidal
volume ventilation in ARDS [11]; (3) adjunctive hydrocortisone with or without fludro-
cortisone in septic shock, and dexamethasone in ARDS (of COVID-19 or non-COVID-19
etiology) [12-16]; (4) targeted temperature management (e.g., hypothermia or normother-
mia with target temperature of 33 or <37.5 °C, respectively) after cardiac arrest [17-19];
(5) vasopressin, stress-dose steroids, and epinephrine in in-hospital cardiac arrest [20-24];
(6) early inhibition of fibrinolysis by tranexamic acid in acute severe bleeding due to trauma
and in postpartum hemorrhage [25-27]; (7) nucleotide inhibition of severe acute respiratory
syndrome coronavirus 2 RNA-dependent RNA polymerase [28,29]; and (8) immunomodu-
lating interventions such as interleukin (IL)-6 receptor blockade, Janus kinase inhibition, or
IL-1 alpha and IL-1 beta antagonism guided by soluble urokinase plasminogen receptor
plasma levels in COVID-19 [30-34].

Beneficial interventions are frequently based on robust physiological, mechanistic
data. For example, prior studies have shown that prone position reduces transpulmonary
pressure (i.e., lung parenchymal stress) and the tidal volume to end-expiratory lung volume
ratio (i.e., lung strain or tidal parenchymal deformation) in severe ARDS [35,36]. In contrast
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to the supine or semirecumbent position, shape matching of the “cone-like” lung to the
“cylinder-like” chest wall and gravitational forces act in opposite directions in the prone
position [37]. This attenuates the derecruitment of the dependent ventral lung units,
while dorsal and medial lung units are being recruited following the relief of the supine
position-associated, external compression of small airways by the abdominal contents
and heart, respectively [37,38]. Supine position’s transpulmonary pressure gradient is
reduced by pronation [37,38]. Whenever dorsal lung recruitment prevails over ventral
lung derecruitment, pronation is associated with a lower lung stress distributed more
homogenously over an increased number of aerated lung units [35,37,38]. Concurrently,
dorsal lung perfusion is maintained, resulting in improved ventilation-perfusion matching,
reduced shunt fraction, and improved oxygenation [35,37,38]. Carbon dioxide clearance
may also improve following pronation, partly because of reduced overdistention of the
dependent, ventral lung, and concurrent sparing from overdistention of the nondependent,
dorsal lung [37]. Pronation may result in reduced dead space ventilation and lower
PaCO, [35], and these physiological benefits may translate into improved survival to
hospital discharge [39].

During the COVID-19 pandemic, intensive care practice was guided by the prompt
issuance of guidelines including recommendations based on both direct and indirect (i.e., ex-
trapolated from other viral pneumonias) evidence [4] and by an abundance of concurrently
emerging RCT data [8,28-34]. Furthermore, two simplified models of COVID-19-related
ARDS (CARDS) were proposed as opposite extremes of a pathophysiological spectrum
that includes “intermediate stages” with overlapping characteristics. The least severe form
of CARDS (termed “type L") comprises low lung elastance and weight, and is relatively
unresponsive to positive end-expiratory pressure (PEEP). The most severe form (termed
“type H”) comprises extensive computerized tomographic consolidations, high lung elas-
tance and weight, and is responsive to PEEP [40]. In this context, it was postulated that high
lung stress secondary to vigorous, spontaneous inspiratory effort during “type L” CARDS
may result in patient’s self-inflicted lung injury, thereby expediting transition to “type H”
CARDS [40,41]. Accordingly, timely endotracheal intubation of hypoxemic/hypercapnic
COVID-19 patients with evidence of high breathing work (e.g., phasic contraction on
palpation of the sternomastoid muscle) has been suggested [41,42].

The COVID-19 mass casualty crisis and dismal outcomes of severe CARDS have also
prompted the introduction and/or preliminary evaluation of interventions such as awake
prone positioning and pronation during ECMO, respectively. Recent physiological data
suggest that awake pronation may reduce the respiratory rate and work of breathing in
CARDS patients supported by continuous positive airway pressure [43]. However, in
a recent RCT of 400 CARDS patients receiving noninvasive respiratory support, awake
pronation did not significantly reduce intubation rates or in-hospital mortality, and this
mandates further evaluation in larger RCTs [44]. Pronation might also disrupt a potentially
vicious cycle of ongoing native lung damage during ECMO [45]. In a recent meta-analysis,
pronation during ECMO improved oxygenation, reduced driving pressure, and was associ-
ated with a cumulative survival rate of 57%; however, it was also associated with prolonged
ECMO runs and ICU length of stay [46].

The COVID-19-associated, compelling need for new and effective life-sustaining and
curative interventions in the presence of periodic healthcare systems’ saturation has also
prompted the issuance of ethical guidelines including evidence-based recommendations
about advance care planning, shared decision making, and rationing of resources [47,48].
Ethical, legal, and pandemic-related challenges pertaining to ECMO use in cardiac arrest
have also been analyzed [49].

The current special issue on “Key Advances in the Treatment of the Critically I11”
primarily aims to highlight major aspects of the rapidly evolving knowledge of the mech-
anisms and pathophysiology of critical illness (including COVID-19), and the rapidly
accumulating evidence on the efficacy of new life-sustaining and/or therapeutic interven-
tions. Reports on the ethics of end-of-life decisions and practices are also encouraged.
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Abstract: Background: Assessment of physical and respiratory function in the intensive care unit
(ICU) is useful for developing an individualized treatment plan and evaluating patient progress.
There is a need for measurement tools that are culturally adapted, reliable and easy to use. The
Chelsea Critical Care Physical Assessment Tool (CPAX) is a valid measurement tool with strong
psychometric properties for the intensive care population. This study aims to translate, adapt and
test face validity and inter-rater reliability of the Norwegian version of CPAx (CPAXx-NOR) for use
in critically ill adult patients receiving prolonged mechanical ventilation. Method: CPAx-NOR was
forward backward translated, culturally adapted and tested by experts and patients for face validity.
Thereafter tested by 10 physiotherapists in five hospitals for inter-rater reliability. Results: The
experts and pilot testers reached consensus on the translation and face validity. Patients were tested
at time point A (n = 57) and at time point B (n = 53). The reliability of CPAXx-NOR at “A” was 0.990
(0.983-0.994) and at “B” 0.994 (0.990-0.997). Based on A+B combined and adjusted, the ICC was 0.990
(95% CI0.996-0.998). Standard error of measurement (SEM) was 0.68 and the minimal detectable
change (MDC) was 1.89. The Bland—-Altman plot showed low bias and no sign of heteroscedasticity.
CPAx-NOR changed with a mean score of 14.9, and showed a moderate floor effect at the start of
physiotherapy and low ceiling effects at discharge. Conclusion: CPAx-NOR demonstrated good face
validity and excellent inter-rater reliability. It can be used as an assessment tool for physical function
in critically ill adults receiving prolonged mechanical ventilation in Norway.

Keywords: physiotherapy; physical function; early rehabilitation; measurement tool; critical illness;
CPAX; critical care

1. Introduction

Intensive care unit-acquired weakness (ICU-AW) is common, and if patients survive,
it negatively affects quality of life [1] and leads to continuing physical, cognitive and mental
impairments [2-5]. Early rehabilitation starting in the ICU seems to both prevent ICU-AW
and improve rehabilitation outcomes [6]. Assessment of several aspects of physical function
is essential when developing a treatment plan and evaluating patient progress, as well
as to ensure continuity of care from the ICU to the hospital ward [7-9]. Physiotherapists’
main responsibility in the multidisciplinary ICU team is to assess and improve the patients
respiratory- and general physical function [7-9]. Many measurement tools with adequate
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psychometric properties have been developed for use with ICU patients [10]; however, most
of these lack important relevant aspects with regards to respiratory and cough function.

The Chelsea Critical Care Physical Assessment Tool (CPAX) is an observation-based
measurement tool developed by Dr. Evelyn Corner. The tool is unique as it incorporates
assessment of respiratory function and cough, and both functional and specific muscle
testing [10-12]. CPAXx is valid for the intensive care population and has been translated
and tested in different languages, including Danish, Swedish, German and Chinese. It
has demonstrated strong psychometric properties and excellent inter-rater reliability in all
translations [13-16]. Considering these aspects CPAx-NOR is minding an important gap in
early rehabilitation in critically ill patients in Norway.

To make the measurement tool available and ready for implementation in Norway; it is
necessary to agree on a translated and adapted Norwegian version and to test its reliability
and ability to detect changes in physical function. It is important to investigate systematic
and random errors and establish the minimal detectable change to make the Norwegian
version a reliable outcome measure in a Norwegian ICU population.

The aims of this study were to translate, cross-culturally adapt and test face validity
of the Chelsea Critical Care Physical Assessment Tool into Norwegian (CPAx-NOR) and
to test its inter-rater reliability in critically ill adult patients receiving prolonged mechani-
cal ventilation.

2. Materials and Methods

The study had two stages:

Stage I (August 2021-January 2022): Translation, discussions on face validity and
cross-cultural adaption of CPAx to Norwegian, and

Stage II (February 2022-September 2022): Evaluation of CPAx-NOR's inter-rater reliability

The reporting of this study has been structured according to the STROBE recommen-
dations for observational studies [17].

2.1. Chelsea Critical Care Physical Assessment—CPAx

CPAXx consists of ten different items graded from 0 (unable/dependent) to 5 (inde-
pendent) on a Guttman scale. The ten items are summarized in an aggregated total score,
which indicates the total need for help with a minimum score of 0 (completely dependent)
and a maximum score of 50 (independent). The patient is observed and assessed bedside,
and the only equipment needed is a handheld dynamometer for measuring grip strength.
The use of CPAXx is considered feasible in clinical practice, and its visual display makes it
easy to understand for both healthcare professionals and patients [11].

2.1.1. Stage I. Translation and Cross-Cultural Adaption

Based on international recommendations [18-20], a step-by-step forward-backward
translation including cross-cultural adaptation with a multidisciplinary expert committee
was conducted. The CPAx-NOR was completed in agreement with the original developer,
Dr. Evelyn Corner. The process is illustrated in Figure 1 (Step 1 to 3).

As rehabilitation is a multidisciplinary process in the ICU, it was important to en-
sure that CPAx-NOR was easy to understand both for multidisciplinary teams and for
patients. The expert committee members, eight persons, were therefore carefully chosen
from hospitals in the South-East health region to involve a broad professional environment.
The committee consisted of one senior ICU nurse PhD, one anesthesiologist, one former
intensive care patient and five physiotherapists. Three of the physiotherapists had long
experience in ICU (>10 years), MSc and specialization in ICU physiotherapy (including
two of the authors, CMS and AKB). The other physiotherapists had little ICU experience,
whereas one was newly educated. The physiotherapists in the expert committee did not
participate in the data collection to test reliability.

The preliminary CPAx-NOR (T12) was then tested in a pilot conducted by another
three physiotherapists employed at three of the included hospitals. The physiotherapists:



J. Clin. Med. 2023, 12, 5033

one male and two female with experience ranging from 2-15 years, were not involved in
the translation process. They tested one patient each. During a roundtable discussion with
the three physiotherapists and CMS and AKB, the final version of CPAX-NOR was agreed
upon with one minor change (Figure 1, Step 4).

*Forward translation into Norwegian by two native-speaking Norwegians with
excellent English language skills, resulting in versions T1 and T2:
+a professional translator with no knowledge of CPAx.

Step 1: +a physiotherapist with no knowledge of CPAx and no ICU experience.

*T1 and T2 were consolidated into version T12:

+The consolidated version was reviewed by a multidisciplinary expert commuttee.

+ Disagreements were resolved in a digital round table discussion. Three expenienced
ICU physiotherapists i the expert commaittee made the final decisions. This process
was documented.

+ Cultural adaptions were approved by the oniginal developer.

* Backward translation of T12 into English by two native-English speaking persons
with excellent Norwegian language skalls, resulting in versions Bl and B2:
+a professional translator with no knowledge of CPAx