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A b s t r A c t

Patients in the intensive care unit (ICU) are often exposed to prolonged immobiliza-
tion, thus they lose their functional ability. Therefore, it is crucial to assess patients’ 
functional ability during their stay in and upon their discharge from the ICU. Several 
scales have been used so far for the assessment of functional ability, impairment and/or 
disability in ICU patients. These outcome measures include several assessment scales, 
such as the Barthel Index, the Functional Independence Measure, the Functional Status 
Score for the ICU, the Physical Function ICU Test Modified Rankin Scale, the Karnof-
sky Scale Index, the 4P questionnaire, the Glasgow Outcome Scale, and the Disability 
Rating Scale. The choice of the most appropriate assessment scale will depend on the 
specific patient population, the diagnosis and rehabilitation phase and the psychological 
properties of the available measurement. The aim of the present review is to describe 
the functional assessment scales for ICU, to examine the psychometric evidence for reli-
ability and validity and to summarize the strengths and the weaknesses of these scales.

I N t r O D U c t I O N

During an intensive care unit (ICU) stay, patients are often exposed to prolonged bed 
rest, dysfunction of vital organs, sepsis, hypoxemia and neuromuscular drug toxicity. As a 
result, the cardiovascular system status may be impaired and critical illness neuromuscular 
syndromes may occur.1 Both of the these conditions may delay ventilator weaning and 
increase ICU and hospital stay.2 In particular, the prolonged immobility and inactivity 
may result in loss of muscle strength and endurance, and loss of balance and neuromus-
cular coordination, further leading to total functional impairment, and thus impaired 
quality of life. Research has shown that after 1 week of bed rest, muscle strength may 
decrease as much as 20%, with an additional 20% loss of remaining strength occurring 
each subsequent week.3 Therefore, examining the functional ability and starting early 
mobilization of ICU patients should increase the weaning success rate, decrease ICU 
and hospital stay, and improve their quality of life in the ICU and beyond.4,5

Due to the functional impairment of ICU patients during their stay in the unit, 
there is a need to assess functional ability upon their discharge from the unit. Further-
more, the cost of caring for the survivors of ICU after their discharge from the unit 
is quite high and the impact of an effective functional treatment for them would be 
significant economically and socially. Thus, the development and use of a functional 
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outcome measure is necessary in order to assess and improve 
their functional ability, increasing the number of patients who 
are discharged from ICU. However, the choice of a functional 
assessment outcome measure is crucial for the evaluation 
and choice of the best provision of their rehabilitation. Thus, 
selecting an inappropriate functional assessment outcome 
measure may lead to incorrect conclusions regarding the 
benefits of treatment.6 

Few outcome measures have been used to assess the func-
tional ability of ICU patients.7-10 Furthermore, Nickol et al11 
and Shukla et al12 in their reviews discussed general outcome 
measures for only traumatic brain injury (not in an ICU setting), 
including quality of life measures. Also, Black et al13 describe 
generic and disease-specific outcome measures of adult critical 
care survivors. More recently, Gosselink et al14 reviewed outcome 
measures for assessing sedation, level of cooperation, cardiores-
piratory status, muscle and respiratory strength, and functional 
performance of ICU patients. There has not been any recent 
review examining the use and psychometric properties for only 
functional assessment scales in a general ICU setting, which 
includes patients with different pathologies, e.g., traumatic brain 
injuries, general surgeries, respiratory diseases, neuromuscular 
diseases, etc. Therefore, the aims of the present study were (a) 
to describe the functional outcome measures of ICU patients, 
i.e., purpose, number of items, description of subscales, response 
format and scoring, (b) to examine the psychometric evidence 
for reliability (internal consistency and test-retest) and valid-
ity (content, construct, criterion and discriminant), and (c) to 
summarize the strengths and the weaknesses of the existing 
functional outcome measures. 

c H A r A c t e r I s t I c s  
O F  A  M e A s U r e M e N t  s c A L e  

O F  I N t e N s I v e  c A r e  P A t I e N t s

It is useful to determine the characteristics of an assessment 
scale of intensive care patients. In order for an assessment tool 
to be used, it should be reliable, reproducible, validated, easy 
to use and sensitive to any clinical change. Firstly, the scale 
should be simple to administer to the patient population. The 
patients’ responses should be scored only by the scale instructions 
and not subjectively. Second, the scale must be reliable which 
means that it should contain three measurement properties: 
internal consistency, test-retest reliability and measurement 
error. Reliability refers to the degree to which the measurement 
instrument is free from measurement error15 and estimates the 
extent to which scores for patients who have not changed are 
the same for repeated measurements under several conditions: 
(a) using different sets of items from the same measurement 
tool (internal-consistency), (b) across time (test-retest), (c) by 
different persons (i.e., raters) on the same occasion (inter-rater) 
and (d) by the same person (i.e., raters or responders) on differ-

ent occasions (intra-rater).16 Third, the scale must be validated, 
which means that the instrument measures the construct(s) it 
purports to measure.15 validity contains three measurement 
properties: content validity, construct validity and criterion 
validity. Fourth, the results of the scale should be reproducible 
over time. It should have sensitivity and responsiveness to detect 
small changes which impact function and not demonstrate a 
ceiling effect as functional ability improves, allowing discrimina-
tion between high functioning survivors. Lastly, the scale should 
ideally be free to administer (i.e., no copyright fee).11

D e s c r I P t I O N  O F  t H e  F U N c t I O N A L 
A s s e s s M e N t  s c A L e s  I N  A N  I c U

The most common scales in the literature which have been 
used in a general ICU are the following: the Barthel Index, the 
Functional Independence Measure, the Functional Status Score 
for the ICU, the Physical Function ICU Test Modified Rankin 
Scale, the Karnofsky Scale Index, the 4P questionnaire, the Glas-
gow Outcome Scale, and the Disability Rating Scale (Table 1).

( Α )  B a r t h e l  I n d e x  ( B I )

The Barthel Index (BI)17 has been used to measure physical 
functioning and was improved upon by the Functional Inde-
pendence Measure (FIM). It measures the capacity to perform 
10 basic activities of daily living. In particular, items are divided 
into groups that relate to self-care (feeding, grooming, bathing, 
dressing, bowel and bladder care and toilet use) and mobility 
(ambulation, transfers and stairs climbing). It gives a quantita-
tive estimation of the patient’s level of dependency with scoring 
from 0 (totally dependent) to 100 (totally independent). The 
range of BI was described by classifying the patients as having 
minimal or no disability (BI score, >90), moderate disability 
(BI score, 55–90) or severe disability (BI score <55). This tool 
has been reported to have high reliability.18

( B )  F u n c t I o n a l  I n d e p e n d e n c e  M e a s u r e 
( F I M )

The FIM19 is the most widely accepted functional assess-
ment tool used for assessing basic functional activities of ICU 
patients and their progress during in-patient rehabilitation.20,21 
Two separate domains of items comprise the motor domain 
consisting of 13 items and the cognitive domain consisting 
of 5 items. The FIM is a multi-dimensional measure which 
assesses self-care, sphincter control, transfers, locomotion, 
communication, and social cognition in addition to cognitive 
and motor sub-scales. FIM scores range from 1 to 7; a FIM 
item score of 7 is categorized as “complete independence,” 
while a score of 1 is “total assistance”. Each dimension is then 
added, yielding a possible total score between 18 (complete 
dependence) and 126 (complete independence). Precision, 
inter-rater reliability and validity have been established.22-24 At 
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tAbLe 1. Functional Assessment Scales in the ICU

1) Barthel Index (BI): it measures the capacity to perform 10 basic activities of daily living
● self-care (feeding, grooming, bathing, dressing, bowel & bladder care & toilet use) & mobility (ambulation, transfers 

and stairs climbing)
● scoring ranges from 0 (totally dependent) to 100 (totally independent)
● BI index score >90: minimal or no disability 
● BI index 55-90: moderate disability 
● BI index <55: severe disability

2) Functional Independence Measure (FIM): the most widely employed functional assessment tool 
● motor domain (13 items) 
● cognitive domain (5 items)
● FIM scores: 1 (total assistance) - 7 (complete independence) for each variable
● FIM total score: 18 (complete dependence) - 126 (complete independence)

3) Functional Status Score for the ICU (FSS-ICU): consists of 3 pre-ambulation categories (rolling; supine to sit transfer; & 
unsupported sitting) and 2 ambulation categories (sit to stand transfers; & ambulation)
● Rating: 1 (total dependent assistance) - 7 (complete independence) scale 
● Score: 0-35 (0 score: unable to perform a task due to physical limitations or medical status)

4) 4P questionnaire: evaluates physical and psychosocial problems following ICU recovery
● 4P: Patients, Physical, Psychosocial and Problems 
● 4P comprises 53 items: 16 physical items, 26 psychosocial items and 11 follow-up ICU care items, scored on a 5-point 

Likert scale measuring level of agreement from ‘‘strongly agree’’ to ‘‘do not agree at all’’

5) Physical Function ICU Test (PFIT): used with critically ill patients who may not be able to mobilize away from the 
bedside, employing 4 domains 
● amount of assistance for sit to stand, rated from 0 (no physical assistance required) to 3 (assistance of 3 people required)
● strength for shoulder flexion and knee extension (rated on the Oxford Muscle Test Scale)
● marching in place (number of steps taken & the time required to complete these steps), & 
● an upper extremity endurance task of arm elevation to 90° shoulder flexion (number of times both upper extremities 

are lifted above 90° of shoulder flexion)

6) Karnofsky Performance Scale Index: a descriptive, ordinal scale that ranges from 100 (good health) to 0 (dead) and 
emphasizes physical performance and dependency
● Karnofsky index of 70–100: a favorable functional outcome measure

7) Modified Rankin Scale (mRS): quantifies independence and disability, with a scale of 6 grades (0-5)
● 0, no symptoms; 
● 1, no significant disability despite symptoms; 
● 2, slight disability; 
● 3, moderate disability; 
● 4, moderately severe disability

8) Glasgow Outcome Scale (GOS): provides a global assessment of function (see text for modified GOS scales)
● score 1: good recovery;
● score 2: moderate disability;
● score 3: severe disability;
● score 4 vegetative state;
● score 5: death

9) Disability Rating Scale (DRS): a common outcome measure of impairment, disability and handicap; the scale is intended 
to assess accurately general functional changes over the course of recovery
● Impairment ratings: “Eye Opening”, “Communication Ability” and “Motor Response”
● Level of disability: Ability for “Feeding,” “Toileting” and “Grooming”
● Handicap: “Level of Functioning” and “Employability”
● Rating for each functioning area: scale of 0 to either 3 or 5
● Maximum score (29): extreme vegetative state
● Lowest score (0): a person without disability
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rehabilitation discharge and particularly at one year post injury, 
ceiling effects of the FIM were observed in the moderate and 
severely neurologically impaired population.25

( c )  F u n c t I o n a l  s t a t u s  s c o r e  F o r  t h e  I c u 
( F s s - I c u )

The FSS-ICU21 is an ordinal scale similar to FIM used for 
in-patient rehabilitation in ICU. The FSS-ICU consists of 3 
pre-ambulation categories: (a) rolling, (b) supine to sit trans-
fers and (3) unsupported sitting; and 2 ambulation categories: 
(a) sit to stand transfers and (b) ambulation. Each functional 
category is rated using a 1 (total dependent assistance) to 7 
(complete independence) scale with a score from 0-35. A score 
of 0 is assigned if a patient is unable to perform a task due 
to physical limitations or medical status. The reliability and 
validity of the FSS-ICU has not been previously reported.10

( d )  4 p  q u e s t I o n n a I r e

Akerman et al26 developed the 4P questionnaire for evaluat-
ing physical and psychosocial problems following ICU recovery. 
The questionnaire was named 4P after its major content: Patients, 
Physical, Psychosocial and Problems. It comprises 53 items: 16 
physical items, 26 psychosocial items and 11 follow-up ICU care 
items. All items were based on a literature review and from clini-
cal and theoretical experiences as ICU nurses regarding health 
and recovery after ICU26.24 The items were scored on a 5-point 
Likert scale measuring level of agreement from ‘‘strongly agree’’ 
to ‘‘do not agree at all’’. There was also an option to answer ‘‘not 
relevant’’. The questionnaire showed good construct validity in 
all three sets and had strong factor loadings for all three sets. 
The questionnaire has good concurrent validity compared with 
the Questionnaire SF-12. Internal consistency was shown to have 
reliable indices and stability reliability on retesting was good for 
the physical and psychosocial factors.26

( e )  p h y s I c a l  F u n c t I o n  I c u  t e s t  ( p F I t )

The PFIT27 is a reliable and responsive outcome measure 
that was developed for use with critically ill patients who may 
not be able to mobilize away from bedside. The test had 4 
domains and has been shown to be both reliable and sensitive 
to change.27 The 4 domains are: (a) amount of assistance for sit 
to stand, (b) strength for shoulder flexion and knee extension, 
(c) marching in place, and (d) an upper extremity endurance 
task of arm elevation to 90° shoulder flexion. The amount of 
assistance required to stand is rated from 0 (no physical assis-
tance required) to 3 (assistance of 3 people required). Strength 
for shoulder flexion and knee extension is rated on the Oxford 
Muscle Test Scale. For marching in place, the examiner records 
the number of steps taken and the time required to complete 
these steps. For the upper extremity endurance component, 
the numbers of times both upper extremities are lifted above 
90° of shoulder flexion are recorded as well as the time to 
complete this task. The PFIT has demonstrated reliability and 

good responsiveness to change and thus may be advantageous 
to use as a supplement for documenting changes in mobility for 
a sub-population identified in the critical care environment.27

( F )  K a r n o F s K y  p e r F o r M a n c e  s c a l e  I n d e x 
( K A r N O F s K Y  s t A t U s  s c A L e /  K A r N O F s K Y 
I n d e x /  K a r n o F s K y  s c o r e )

The Karnofsky Index score28 is among the recommended 
outcome measures for scoring of intensive care patients.13 It is 
used to give an indication of the patient’s functional status. This 
measurement tool is a well-established tool with proven validity 
and reliability for the assessment of independent functioning in 
the critically ill patients.13 It is a descriptive, ordinal scale that 
ranges from 100 (good health) to 0 (dead) and emphasizes physi-
cal performance and dependency. A Karnofsky index of 70–100 
is generally considered a favorable functional outcome measure.

( g )  M o d I F I e d  r a n K I n  s c a l e  ( M r s )

The mRS29 quantifies independence and disability rather 
than performance of specific tasks. The scale consists of 6 grades 
from 0 to 5, as follows: 0, no symptoms; 1, no significant disability 
despite symptoms; 2, slight disability, whereby the subject is un-
able to carry out all previous activities, but is able to look after 
own affairs without assistance; 3, moderate disability when the 
subject requires some help, but is able to walk without assistance; 
4, moderately severe disability with the subject being unable to 
attend to own bodily needs without assistance; 5, severe dis-
ability when the subject is bedridden, incontinent and requires 
constant nursing care and attention.30 The scale was found to 
have good inter-rater agreement in acute stroke patients, but 
problems with the interpretation and relevancy of the scale in 
the hospitalized setting raise concerns about validity.31

( h )  g l a s g o w  o u t c o M e  s c a l e  ( g o s )

The GOS32 provides a global assessment of function and has 
been used in ICU settings.33 It is well validated34 and has a score 
of 1 which indicates a good recovery; 2 moderate disability; 3 
severe disability; 4 vegetative state; and 5 death. In particular, 
the range of outcomes was described by classifying the patients 
as having minimal or no disability (Glasgow Outcome Score, 
1), moderate disability (Glasgow Outcome Score 2), or severe 
disability (Glasgow Outcome Score, 3 or 4). Due to some 
shortcomings35, the GOS was modified and a structured inter-
view was proposed to accurately categorize patient’s disability. 
This version is called the GOS-Extended (GOSE/GOSe). This 
extended version of the scale separates each of the three higher 
function categories into two, thus making eight categories in 
total. It has been prospectively demonstrated that the validity 
criterion of the GOSe generally exceeds the GOS and it is 
more sensitive to change than the GOS. The GOSe has good 
reliability in neurological patients.36,37 Recently an alternate 
GOSE rating system has been proposed. First, patients are 
rated on GOS scores, and second, they are subcategorized on 
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GOSE scores, using structured questionnaire and narratives 
with central review committee. Through this system, GOSE 
scores can be categorized more accurately38. The GOS includes 
good recovery and moderate disability and the GOSe includes 
severe disability, vegetative state and death.12

( I )  d I s a B I l I t y  r a t I n g  s c a l e  ( d r s )

The DRS39 is a common outcome measure of impairment, 
disability and handicap. The scale is intended to assess accurately 
general functional changes over the course of recovery. The 
first three items (“Eye Opening”, “Communication Ability” 
and “Motor Response”) reflect impairment ratings. Ability for 
“Feeding,” “Toileting” and “Grooming” reflect level of dis-
ability. The “Level of Functioning” and “Employability” reflects 
handicap. Each of the areas of functioning is rated on a scale of 
0 to either 3 or 5, with the highest scores representing the higher 
level of disability. The maximum score is 29 (extreme vegetative 
state) and 0 for a person without disability. Many studies have 
reported good reliability and validity coefficients for the DRS.40

D I s c U s s I O N

Experimental studies have examined the functional ability 
of ICU patients during their stay and after discharge by using 
valid scales.7-10 However, no previous study has reviewed the 
use and psychometric properties of only functional assessment 
scales in a general ICU setting. Therefore, the purpose of the 
present review was to assess only the functional assessment 
scales for ICU patients, to examine reliability and validity of 
them, and to summarize their strengths and weaknesses.

Scales are usually the preferred method of assessing the 
functional outcome measure of patients. However, because 
scales are worded, scored, designed, and constructed differently, 
clinicians must be cautious when choosing an appropriate out-
come measure. Different ICUs, such as stroke, cardiac, surgery, 
or respiratory units, determine specific functional outcome 
measures relevant to patient population. Outcome measures 
can also be classified according to their utility in specific settings, 
like acute stage, in-patient rehabilitation, and at follow up after 
discharge. Before choosing an outcome measure, one should first 
determine what needs to be measured, be it functional activity, 
impairment, capacity, performance, disability, and/or handicap 
and what type of administration one wants to be selected, e.g. 
testing in a laboratory, observation, or report by the patient. 
Each instrument should be reviewed for actual content and syl-
labus and instructions required for administration and scoring.12

Limitations still exist in all used scales when assessing 
patients in the ICU. First, there is a need for sufficient details 
in the questionnaire and in the instructions for the individual 
collecting the data to have reliable and valid responses. Second, 
a reasonable period of time is needed for improvement and 
stabilization of neurological, surgical or respiratory patients’ 

recovery before assessment. Therefore, a lot of useful time may 
be lost during the injury incidence and the functional measure 
which means drop-outs and loss of follow-up in clinical trials.11

The outcome measures that have been reviewed in the 
present study appear to have specific shortcomings. Zanni et 
al21 reported that there are no methods for assessing functional 
status that have been specifically validated in ICU patients. 
Regarding the use of FIM for critical care environments, it 
is often employed in a subjective self-report format several 
months after ICU admission.41 Furthermore, several items 
of the total FIM cannot be assessed in an ICU setting (e.g., 
stairs) and a total score cannot be given. Although the ability 
of this tool to detect changes in the rehabilitation setting is 
high, there is a ceiling effect which limits the usefulness of it in 
assessing change after discharge from rehabilitation.25 Also, it 
consolidates all transfer types (from bed mobility to standing 
transfers) into one task, which may lead to a floor effect for 
chronically critically ill populations.10 Gosselink et al42 report 
that the validated FIM does not evaluate basic mobility skills 
(e.g., rolling), which are more relevant for weak ICU patients. 
Until further validation work is done, this limitation is common 
to all publications in this field and was addressed through using 
methods similar to prior ICU publications.43,44

However, the FSS-ICU includes tasks more appropri-
ate for critically ill patients. The relevant to the ICU setting 
functional tasks, such as (1) rolling, (2) transfer from supine 
to sit, (3) sitting at the edge of bed, and (4) transfer from sit 
to stand, are evaluated. These 4 tasks, plus ambulation, were 
combined in the cumulative FSS-ICU, which is a simple sum 
of the 5 individual scores.21 However, reliability and validity 
of this new measure have not yet been reported.

Regarding the PFI test, although it is a reliable and respon-
sive outcome measure, it is only described in a small sample 
of patients who were able to sit out of bed, stand from a chair, 
and march in place.27 Many patients in ICU are not able to 
perform these out of bed tasks. Additionally, the PFIT does 
not assess ambulation. Therefore, the PFIT is likely to have 
both a floor and ceiling effect in an ICU population.10 Future 
research should aim to develop a PFIT score and investigate 
the ability of the PFIT to predict ICU readmission risk and 
functional outcome including ambulation.27

The Karnofsky Index has been used to evaluate the 2–3 
years of surviving re-admitted patients after discharge and 
identify possible determinants of their functional outcome.33 

Riachy et al45 assessed the functional outcome of acute stroke 
patients at ICU discharge. The measurement properties of the 
Karnofsky Index have been subject to some limited investiga-
tion in critical care survivors. There is some evidence of their 
construct and criterion validity and their responsiveness, but 
reliability has not been investigated.13

The Barthel Index has been used widely, because it is short 
and it does not need experienced examiner. It has been used 
to measure physical functioning in clinical settings, especially 
neurological patients (i.e., stoke and traumatic brain injuries) 
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at ICU discharge7,46,47 and at baseline, discharge and follow 
up.48 However, its psychological properties have received little 
attention, thus it is not possible to comment on their usefulness 
in critical care.27 Therefore, due to limited research regarding 
its measurement properties in critical care patients and survi-
vors, future studies should investigate the reliability, validity 
and responsiveness in the ICU environment.

The DRS is a common outcome measure of impairment, 
disability and handicap of neurological patients from the stage 
of coma in the ICU to their release to the community. Although 
the DRS is short and has an easy scoring system, it can assess 
general functioning rather than specific functional changes and 
cannot detect small functional changes in patients with mild 
impairment.49 The major disadvantages of DRS relate to the fact 
that it requires more specialized training for its implementation 
by the rater, and to a high inter-rater variability.12 The mRS 
quantifies independence and disability rather than performance 
of specific tasks particularly in stroke patients. Jeng et al46 as-
sessed the functional outcomes of 850 acute stroke patients 
at discharge from an ICU. Further studies should explore the 
Modified Ranking Scale’s validity in the ICU setting.

The present study is an overview, as the authors have not 
conducted a systematic review and testing of the described as-
sessment scales. Future studies may proceed to examine and 
test additional types of reliability and validity in all the existing 
functional scales with large ICU samples. Further investigations 
should focus on cross-cultural translation in the Greek language 
of the current instruments. The content validity must be assessed 
using a judge expert panel and the construct validity by using 
exploratory and confirmatory factor analysis. The exploratory fac-
tor analysis may examine the factor structure of the instrument. 
The confirmatory factor analysis further assesses the factorial 
validity supporting the instrument’s model fit. Lastly, in future 
studies, it would also be beneficial to investigate whether a tool 
is used for research and/or for clinical purpose.

c O N c L U s I O N

Assessing functional outcome is considered standard of care 
for the rehabilitation personnel, and is essential to document 
the effectiveness of treatment interventions. An important 
consideration when choosing a functional scale in the ICU is to 
determine first the patient population, its characteristics and its 
rehabilitation stage. Some measures may be most appropriate 
for individuals with severe activity limitations who are not able 
to sit, stand and walk, while other measures are most appropriate 
for patients who function at a higher level. The examiner may 
include a series of measures, some of which are not appropriate 
for patients at initial enrolment into a study, but are appropriate 
as the patient’s condition improves minimal activity restrictions, 
and is ready for discharge to an assisted or independent living 
environment. To date only few outcome measures have been 

developed specifically for chronically critically ill patients to 
measure function in a long-term acute care hospital setting. 
However, these current outcome measures have some limitations 
with their psychological properties. Therefore, further research 
should investigate the utility and the cross cultural validation/
reliability of the existing functional outcome measures.

r e F e r e N c e s

1. Topp R, Ditmyer M, King K, Doherty K, Hornyak J III. The 
effect of bed rest and potential of prehabilitation on patients 
in the intensive care unit. AACN Clin Issues 2002; 13:263-276.

2. De Jonghe B, Lacherade JC, Durand MC, Sharshar T. Critical 
illness neuromuscular syndromes. Crit Care Clin 2007; 23:55-69.

3. Perme C, Chandrashekar R. Early mobility and walking pro-
gram for patients in intensive care units: creating a standard of 
care. Am J Crit Care 2009; 18:212-221.

4. Morris PE. Moving our critically ill patients: mobility barriers 
and benefits. Crit Care Clin 2007; 23:1-20.

5. Needham DM. Mobilizing patients in the intensive care unit: 
improving neuromuscular weakness and physical function. JA-
MA 2008; 300:1685-1690.

6. Bruton A, Conwway JH, Holgate ST. Reliability: what is it, and 
how is it measured? Physiotherapy 2000; 86:94-99.

7. van der Schaaf M, Dettling DS, Beelen A, et al. Poor functional 
status immediately after discharge from an intensive care unit. 
Disabil Rehabil 2008; 30:1812–1818.

8. Berney S, Haines K, Skinner E, Denehy L. Safety and feasibil-
ity of an exercise prescription approach to rehabilitation across 
the continuum of care for survivors of critical illness. Phys Ther 
2012; 92:1524-1535.

9. Burtin C, Clerckx B, Robbeets C, et al. Early exercise in criti-
cally ill patients enhances short-term functional recovery. Crit 
Care Med 2009; 37:2499–2505.

10. Thrush A, Rozek M, Dekerlegand JL. The clinical utility of the 
Functional Status Score for the Intensive Care Unit (FSS-ICU) 
at a long-term acute care hospital: a prospective cohort study. 
Phys Ther 2012; 92:1536-1545. 

11. Nichol AD, Higgins AM, Gabbe BJ, Murray LJ, Cooper DJ, 
Cameron PA. Measuring functional and quality of life out-
comes following major head injury: Common scales and check-
lists. Injury Int J Care Injured 2011; 42:281–287. 

12. Shuklaa D, Devia BI, Agrawalb A. Outcome measures for trau-
matic brain injury. Clin Neurology Neuros 2011; 113:435–441.

13. Black NA, Jenkinson C, Hayes JA, et al. Review of outcome 
measures used in adult critical care. Crit Care Med 2001; 29: 
2119–2124.

14. Gosselink R, Needham D, Hermans G. ICU-based rehabilita-
tion and its appropriate metrics. Curr Opin Crit Care 2012; 18: 
533–539.

15. Mokkink LB, Terwee CB, Patrick DL, et al. International consen-
sus on taxonomy, terminology, and definitions of measurement 
properties for health-related patient-reported outcomes: results 
of the COSMIN study. J Clinical Epidem 2010; 63:737–745.

16. Scholtes vA, Terwee CB, Poolman RW. What makes a meas-



170

HOSPITAL CHRONICLES 8(4), 2013

urement instrument valid and reliable? Injury Int J Care Injured 
2011; 42:236–240.

17. Mahoney FI, Barthel DW. Functional evaluation: the Barthel 
Index. MD State Med J 1965; 14:61–65.

18.  Post MW, visser-Meily JM, Gispen LS. Measuring nursing 
needs of stroke patients in clinical rehabilitation: A comparison 
of validity and sensitivity to change between the Northwick Park 
Dependency Score and the Barthel Index. Clin Rehabil 2002; 
16:182–189.

19. Granger Cv, Hamilton BB, Keith RA, Zielesny M, Sherwin FS. 
Advances in functional assessment for medical rehabilitation. 
Top Geriatr Rehabil 1986; 1:59–74.

20. Schweickert W, Pohlman M, Pohlman A, et al. Early physical and 
occupational therapy in mechanically ventilated, critically ill pa-
tients: a randomized controlled trial. Lancet 2009; 373:1874-1882.

21. Zanni J, Korupolu R, Fan E, et al. Rehabilitation therapy and 
outcomes in acute respiratory failure: an observational pilot 
project. J Crit Care 2010; 25:254-262.

22. Dodds TA, Martin DP, Stolov WC, Deyo RA. A validation 
of the Functional Independence Measurement and its perfor-
mance among rehabilitation inpatients. Arch Phys Med Rehabil 
1993; 74:531–536.

23. Linacre JM, Heinemann AW, Wright BD, et al. The structure 
and stability of the Functional Independence Measure. Arch 
Phys Med Rehabil 1994; 75:127–132.

24. Hamilton B, Laughlin J, Granger C, Kayton R. Interrater 
agreement of the seven level Functional Independence Meas-
ure (FIM). Arch Phys Med Rehabil 1991; 72:790.

25. Hall KM, Mann N, High W, Wright J, Kreutzer J, Wood D. 
Functional measures after traumatic brain injury: ceiling effects 
of FIM, FIM + FAM, DRS and CIQ. J Head Trauma Rehabil 
1996; 11:27–39.

26. Αkerman E, Fridlund B, Erssona A, Granberg-Axιll A. Devel-
opment of the 3-SET 4P questionnaire for evaluating former 
ICU patients’ physical and psychosocial problems over time: A 
pilot study. Inten Crit Care Nursing 2009; 25:80—89.

27. Skinner EH, Berney S, Warrillow S, Denehy L. Development of 
a physical function outcome measure (PFIT) and a pilot exer-
cise training protocol for use in intensive care. Critical Care and 
Resus 2009; 11:110-115. 

28. Schag CC, Heinrich RL, Ganz PA. Karnofsky performance 
status revisited: reliability, validity, and guidelines. J Clin Oncol 
1984; 2:187–193. 

29. van Swieten JC, Koudstaal PJ, visser MC, Schouten HJA, van 
Gijn J. Inter observer agreement for the assessment of handicap 
in stroke patients. Stroke 1988; 19:604–607.

30. Bonita R, Beaglehole R. Modification of Rankin Scale: recov-
ery of motor function after stroke. Stroke 1988; 19:1497–1500.

31. Zhao H, Collier JM, Quah DM, Purvis T, Bernhardt .J. The 
Modified Rankin Scale in Acute Stroke Has Good Inter-Rater-
Reliability but Questionable validity. Cerebrovasc Dis 2010; 29: 
188-193.

32. Jennett B, Bond M. Assessment of outcome after severe brain 
damage. Lancet 1975; 1:480–484.

33. Conlon N, O’Brien B, Herbison GP, Marsh B. Long-term func-
tional outcome and performance status after intensive care unit 

re-admission: a prospective survey. British J Anaesth 2008; 100: 
219–223.

34. Kastenbauer S, Pfister HW. Pneumococcal meningitis in adults: 
spectrum of complications and prognostic factors in a series of 
87 cases. Brain 2003; 126:1015–1025.

35. Anderson SI, Housley AM, Jones PA, Slattery J, Miller JD. 
Glasgow outcome score: an inter-rater reliability study. Brain 
Inj 1993; 7:309–317.

36. Pettigrew LE, Wilson JT, Teasdale GM. Reliability of ratings 
on the Glasgow Outcome Scales from in-person and telephone 
structured interviews. J Head Trauma Rehabil 2003; 18:252–258.

37. Wilson JT, Pettigrew LE, Teasdale GM. Structured interviews for 
the Glasgow Outcome Scale and the extended Glasgow Outcome 
Scale: guidelines for their use. J Neurotrauma 1998; 15:573–585.

38. Lu J, Marmarou A, Lapane K, Turf E, Wilson L, et al., IMPACT 
Group. A method for reducing misclassification in the extended 
Glasgow outcome score. J Neurotrauma 2010; 27:843–852.

39. Rappaport M, Hall KM, Hopkins K, et al. Disability Rating 
Scale for severe head trauma: coma to community. Arch Phys 
Med Rehabil 1982; 63:118–123.

40. Eliason MR, Topp BW. Predictive validity of Rappaport’s Dis-
ability rating scale n subjects with acute brain dysfunction. Phys 
Ther 1984; 64:1357–1360.

41. Dennis DM, Hebden-Todd TK, Marsh LJ, Cipriano LJ, Par-
sons RW. How do Australian ICU survivors fare functionally 6 
months after admission? Crit Care Resusc 2011; 13:9-16.

42. Gosselink R, Bott J, Johnson M, et al. Physiotherapy for adult 
patients with critical illness: recommendations of the European 
Respiratory Society and European Society of Intensive Care 
Medicine Task Force on Physiotherapy for Critically Ill Pa-
tients. Inten Care Med 2008; 34:1188–1199.

43. De Jonghe B, Sharshar T, Lefaucheur JP, et al. Paresis acquired 
in the intensive care unit: a prospective multicenter study. 
JAMA 2002; 288:2859-2867.

44. De Jonghe B, Bastuji-Garin S, Durand MC, et al. Respiratory 
weakness is associated with limb weakness and delayed weaning 
in critical illness. Crit Care Med 2007; 35:2007-2015.

45. Riachy M, Sfeir F, Sleilaty G, et al. Prediction of the survival 
and functional ability of severe stroke patients after ICU thera-
peutic intervention. BMC Neurology 2008; 8:24.

46. Jeng JS, Huang SJ, Tang SC, Yip PK. Predictors of survival and 
functional outcome in acute stroke patients admitted to the 
stroke intensive care unit. J Neurol Sciences 2008; 270:60–66.

47. Navarrete-Navarro P, Rivera-Fernandez R, Lopez-Mutuberria 
MT, et al. Outcome prediction in terms of functional disability 
and mortality at 1 year among ICU-admitted severe stroke pa-
tients: a prospective epidemiological study in the south of the 
European Union (Evascan Project, Andalusia, Spain). Intensive 
Care Med 2003; 29:1237–1244.

48. Intiso D, Amoruso L, Zarrelli M. et al. Long-term functional 
outcome and health status of patients with critical illness poly-
neuromyopathy. Acta Neurol Scand 2011; 123:211–219.

49. Hall KM, Hamilton B, Gordon WA, Zasler ND. Characteris-
tics and comparisons of functional assessment indices: disability 
rating scale. Functional independence measure and functional 
assessment measure. J Head Trauma Rehabil 1993; 8:60–74.


