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Background. Several tests have recently been developed to measure changes in
patient strength and functional outcomes in the intensive care unit (ICU). The
original Physical Function ICU Test (PFIT) demonstrates reliability and sensitivity.

Objective. The aims of this study were to further develop the original PFIT, to
derive an interval score (the PFIT-s), and to test the clinimetric properties of the
PFIT-s.

Design. A nested cohort study was conducted.

Methods. One hundred forty-four and 116 participants performed the PFIT at ICU
admission and discharge, respectively. Original test components were modified using
principal component analysis. Rasch analysis examined the unidimensionality of the
PFIT, and an interval score was derived. Correlations tested validity, and multiple
regression analyses investigated predictive ability. Responsiveness was assessed using
the effect size index (ESI), and the minimal clinically important difference (MCID)
was calculated.

Results. The shoulder lift component was removed. Unidimensionality of com-
bined admission and discharge PFIT-s scores was confirmed. The PFIT-s displayed
moderate convergent validity with the Timed “Up & Go” Test (r��.60), the Six-
Minute Walk Test (r�.41), and the Medical Research Council (MRC) sum score
(rho�.49). The ESI of the PFIT-s was 0.82, and the MCID was 1.5 points (interval scale
range�0–10). A higher admission PFIT-s score was predictive of: an MRC score of
�48, increased likelihood of discharge home, reduced likelihood of discharge to
inpatient rehabilitation, and reduced acute care hospital length of stay.

Limitations. Scoring of sit-to-stand assistance required is subjective, and cadence
cutpoints used may not be generalizable.

Conclusions. The PFIT-s is a safe and inexpensive test of physical function with
high clinical utility. It is valid, responsive to change, and predictive of key outcomes.
It is recommended that the PFIT-s be adopted to test physical function in the ICU.
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With a growing worldwide
interest in early rehabilita-
tion in the intensive care

unit (ICU),1–3 there is now a chal-
lenge to develop sensitive and appro-
priate methods of measuring change
in patient strength and functional
outcomes. Measures used in other
patient populations and clinical set-
tings to prescribe and evaluate the
effects of exercise programs such as
the Six-Minute Walk Test (6MWT) or
Timed “Up & Go” Test (TUG) are
impractical in the ICU environment.
These tests require space to perform
and may require management of sev-
eral drips, drains, and oxygen deliv-
ery systems while the patient is walk-
ing and turning that render the test
difficult to carry out.

Several recent articles have
described tests that have been spe-
cifically designed for use in the ICU
phase of the patient continuum of
care.4–6 However, few tests have
reported reliability and sensitivity in
this patient population. Skinner et
al5 reported excellent reliability for
the Physical Function ICU Test
(PFIT) using the intraclass correla-
tion coefficient (ICC; range�.996–
1.00) and sensitivity to change
(mean increase in cadence, knee
extension strength, and shoulder
flexion strength) in a small sample of
patients posttracheostomy.5 A sec-
ond test, the Functional Status Score
for the Intensive Care Unit (FSS-ICU)
test, has high clinical utility and dem-
onstrated a small responsiveness to
change in 101 patients at a long-
term acute care facility (effect
size�0.25).7 The original PFIT had
low clinical utility in its original
form, with each test component
reported separately. Given the bur-
geoning volume of research related
to strength and mobility in the ICU,
there is an urgent need for objective
functional tests with robust clinimet-
ric properties and high clinical util-
ity. Scoring the original PFIT offers
scope for improved clinical utility

and use in research to compare func-
tion and response to intervention in
ICU patient populations. Addition-
ally, developing an interval score
from the ordinal “rank” score may
provide added advantages in relation
to interpretation and precision in
research.8

The primary aim of this research was
to use Rasch analysis to assess the fit
of the ordinal PFIT items and the
unidimensionality of the test. If
found to be unidimensional, we
aimed to transform the ordinal scor-
ing system to an interval scoring sys-
tem. The secondary aim was to
assess the following clinimetric
properties of the newly developed
interval-scored Physical Function
ICU Test (PFIT-s): validity, respon-
siveness, minimal clinically impor-
tant difference (MCID), and predic-
tive ability.

Method
Study Design
This study was nested within our
larger randomized controlled trial
(RCT)9 measuring the effectiveness
of exercise rehabilitation in survivors
of the ICU.

Participants
One hundred fifty participants
recruited to our RCT were assessed.
The study protocol for the larger
RCT was published previously, and
inclusion and exclusion criteria are
detailed in the protocol.9 All partici-
pants provided written informed
consent initially or continuation of
consent from initial next of kin
consent.

For the nested study, we calculated
that a sample size of 100 would pro-
vide 95% confidence within �0.5
logits.10 Therefore, Rasch analysis
was conducted on 2 independent
samples: ICU admission and dis-
charge PFIT data. All available data
were used in the Rasch analyses
(n�144 at ICU admission and n�116

at ICU discharge). Paired data were
used for clinimetric calculations
(n�116).

Procedure
The original test was previously
reported,5 and original components
are given in Table 1. The PFIT was
administered by trained physical
therapists who were between 4 and
6 years from graduation, and 5 differ-
ent physical therapists performed
the tests during data collection. The
PFIT was measured at (or near) day 5
post-ICU admission (recruitment
time point in RCT) if participants
were able to follow 3 of 5 simple
commands to measure wakeful-
ness11 and at ICU discharge. Partici-
pants who were unable to perform
the test between trial recruitment
and 10 days of ICU admission were
scored as zero as this was considered
an indication of the effect of illness
severity on functional capacity. The
test components requiring effort
(marching on the spot and bilateral
shoulder lifts) were performed using
the Borg Scale of Perceived Exer-
tion,12 where patients were asked to
work to a Borg scale score between
3 and 4 on the modified scale. This
Borg scale score represents “moder-
ate” to “somewhat hard” levels of
exertion and was used to permit pre-
scription of the same relative inten-
sity across participants. The proce-
dure for the test was described
previously.5

All tests were performed once the
participants were slide transferred
from bed to sit in a chair. The sit-to-
stand component from the chair was
performed first and then marching in
place once standing, followed by the
2 strength tests once seated again in
the chair. Instructions and encour-
agement were standardized through-
out the test. The number of assis-
tants to aid standing from sitting is
part of the scoring system of the test;
no other aids were used in this com-
ponent. Walking frames were used if
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needed to provide support once the
participant was standing, but no
other assistance was offered when
marching in place.

The PFIT was compared with 3 other
functional tests: the Medical
Research Council (MRC) muscle test,
the 6MWT, and the TUG. Seven days
after awakening,11 manual muscle
strength was tested and scored using
the MRC muscle test, which is a mea-
sure of strength used to quantify
muscle weakness; the range of MRC
muscle test scores is 0 to 60. A clin-
ical diagnosis of ICU-acquired weak-
ness (ICUAW) is made based upon a
sum score of less than 48/60. The
reliability of the MRC sum score has
been examined in the critically ill
population with conflicting results.
Hough and colleagues13 reported
poor agreement in the ICU
(kappa�.38) and excellent agree-
ment after ICU discharge
(kappa�1.0), whereas Hermans and
colleagues14 found good agreement
in the ICU (kappa�.68). At ICU dis-
charge, both the 6MWT and the TUG
were performed. The 6MWT is a
commonly used, simple, and inex-
pensive submaximal test of physical
function. It has been found to corre-
late moderately with peak oxygen
uptake measured by formal exercise
testing (r�.5–.7) in cardiorespira-
tory impaired populations.15 The

TUG is a test of functional mobility in
older adults. It measures the time (in
seconds) taken to stand from a chair,
walk 3 m, and return to the sitting
position.16 For both the 6MWT and
TUG, standardized instructions were
given, and 2 6MWTs were per-
formed to reduce variability associ-
ated with practice effects17; the best
value was recorded. Participants
who used a gait aid during TUG test-
ing also completed the test without a
gait aid, and the best value was
recorded.

In addition to functional tests, 2
patient-report outcome measures of
health-related quality of life
(HRQoL)—the 36-Item Short-Form
Health Survey version 2 (SF-36v2)
and the Assessment of Quality of Life
(AQoL)—were included for correla-
tions, as they were used as part of
the larger trial at recruitment and at
3, 6, and 12 months post-ICU dis-
charge. Post-hospital discharge out-
come measures were performed at
hospital outpatient appointments or
home visits, as required. The SF-36v2
is an 8-domain, generic health status
questionnaire18 that has been vali-
dated19 and recommended for use20

in the ICU population. It was admin-
istered to participants as close to
enrollment in the RCT as possible
(day 5 post-ICU admission or later) as
a “then test,” where participants ret-

rospectively estimated their premor-
bid HRQoL. The AQoL is a multi-
attribute utility instrument assessing
handicap arising from health states.
It consists of 15 questions, each with
4 response levels. The health utility
index, the most commonly used item
from the AQoL, ranges from 1.00
(best HRQoL state) to �0.04 (worst
HRQoL state), where 0.00 is a death-
equivalent state.21 The AQoL has not
yet been validated for use in the crit-
ical care setting.

Statistical Analyses
The analyses were considered in 2
parts. The first part involved review-
ing the components of the original
test, assessing the unidimensionality
of the PFIT, and developing a score
for the test to address the first study
aim. The second part involved ana-
lyzing the clinimetric properties of
the test using the interval score
developed in part 1.

Part 1: Development of the
PFIT-s. As recommended by Ten-
nant and Pallant,22 prior to conduct-
ing Rasch analysis, exploratory prin-
cipal component analysis (PCA) was
used to broadly assess the dimen-
sionality of the original 5-item PFIT.
Principal component analysis was
performed on all available admission
data (n�144) using varimax rotation.
Rasch analysis, based on item
response theory, was then used to
investigate the unidimensionality of
the PFIT. Rasch analysis can provide
evidence of construct validity, as it
establishes whether a scale is mea-
suring a single unidimensional trait
(in this case, function) or is influ-
enced by other constructs (eg,
behavior).23 Response bias (referred
to as differential item function)
related to the personal attributes (eg,
sex, age) of different subgroups of
patients can be established, and the
difficulty hierarchy of test items in
the scale can be evaluated.24 The
RUMM2020 Rasch measurement
software program (version 4.0,

Table 1.
Components of the Original and Modified Versions of the Physical Function ICU Test
(PFIT)

Original 5-Component PFIT New 4-Item PFIT

Assistance (sit to stand)a Assistance (sit to stand)a

Cadence (steps/min)b Cadence (steps/min)b

Shoulder (flexion strength)c Shoulder (flexion strength)c

Knee (extension strength)c Knee (extension strength)c

Bilateral shoulder lifts (lifts/min)

a Sit-to-stand assistance (0, 1, or 2 people needed).
b Calculated on maximal marching on the spot duration and number of steps.
c Greatest of left and right using the Oxford grading system (muscle strength recorded as: 0�no
contraction, 1�visible/palpable muscle contraction, 2�movement across gravity, 3�movement against
gravity, 4�movement against gravity with some resistance, or 5�movement against gravity with full
resistance.
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1997–2004, RUMM Laboratory Pty
Ltd, Duncraig, Australia) was used to
perform the Rasch analyses. Overall
fit to the model (unidimensionality)
was reported if the chi-square value
for item trait interaction was greater
than .05 and then confirmed using
the t-test procedure recommended
by Tennant and Pallant.22 Item fit
residuals greater than �2.5 were
used to identify multidimensionality
or redundancy of items. Differential
item functioning was assessed for
age (20–49, 50–69, 70� years), sex,
and Acute Physiology and Chronic
Health Evaluation II (APACHE II)
score (7–17�mild, 18–22�moder-
ate, 23��severe, as assessed at ICU
admission). An ordinal score was
derived and conversion to an interval
score was achieved using Rasch anal-
ysis. Further information explaining
Rasch analysis is provided in the
eAppendix (available at ptjournal.
apta.org).

The ordinal scoring ranges for
cadence were developed using clin-
ically sensible cutpoints that approx-
imated the tertile values for each
item taken from the complete data
set. Due to the importance of anti-
gravity muscle strength in function-
ing, the ranges for muscle strength
were based on the Oxford grading
system.25 Four clinically sensible cat-
egories were used for the sit-to-stand
item based on the level of assistance
required to complete the task. Ceil-
ing and floor effects were calculated
as the number of participants who
scored the highest or lowest possible
score, respectively, divided by the
total sample size. No imputation of
missing data was undertaken. The
newly developed ordinal scale was
called the PFIT-s.

Part 2: Clinimetric properties of
the PFIT-s. Convergent validity is
present when 2 measures believed
to reflect a similar underlying con-
struct have a moderate to high cor-
relation.8 Correlations (r and rho)

were used to test for convergent
validity of the ICU discharge PFIT-s
against the TUG and 6MWT, which
were measured concurrently at ICU
discharge, and the MRC sum score
obtained 7 days after awakening.11

The MRC scores were dichotomized
to � (ICUAW) or � (no ICUAW) a
score of 48/60.11 Discriminant valid-
ity is present when measures of 2
different constructs present different
results, demonstrating the instru-
ment has the ability to discriminate
between the constructs.8 Discrimi-
nant validity was measured for the
PFIT-s by comparing it with a mea-
sure of a different construct: body
mass index (BMI). Correlations were
defined as: .0 to .25�no relationship,
.25 to .5�fair relationship, .5 to
.75�moderate to good relationship,
and �.75�good to excellent
relationship.8

Multiple regression analyses were
conducted to investigate the predic-
tive utility (the ability of an instru-
ment to predict future health states)
of the admission PFIT-s. Linear and
binary logistic regression modeling
were applied for continuous and
dichotomous outcomes, respec-
tively. Potential baseline covariates
were patient age, sex, APACHE II
score, ventilation status at day 5 post-
ICU admission, BMI, SF36v2 physical
component summary (PCS) and
physical function summary (PFS)
scores, and AQoL utility scores.
Potential covariates with a signifi-
cant univariate correlation with out-
come and an absence of collinearity
were initially included in the regres-
sion model and retained if identified
as a significant factor in the model.
Admission PFIT-s interval score was
the variable of interest and was ini-
tially included in each regression
model. The outcomes of interest in
the regression models were: MRC
sum score defining ICUAW (�48
or �48), discharge destination,
acute care hospital length of stay,
28-day or 12-month mortality, ICU or

hospital readmission within the
12-month trial follow-up period,
AQoL utility score, and SF-36v2 PFS
or PCS score (at 3, 6, and 12 months
post-ICU discharge).

The effect size index (ESI)26 was
used to calculate measurement
responsiveness for the PFIT-s. A pos-
itive ESI denotes improvement in
health status. Effect size indexes of
0.2, 0.5, and 0.8 have been inter-
preted to represent small, moderate,
and large responsiveness to change,
respectively.27

The MCID is the minimum change
that needs to occur to reflect a clin-
ically meaningful change in patient
function. A systematic review per-
formed by Norman et al28 concluded
that half the baseline standard devia-
tion is often a good approximation of
the MCID, regardless of whether
obtained from distributional or
anchor-based methods. This method,
therefore, was used to approximate
the MCID for the PFIT-s.

Results
The flow of participants through the
nested PFIT study and the flow of the
PFIT scoring development and anal-
yses are shown in Figures 1 and 2,
respectively. Participant demograph-
ics are given in Table 2. The median
(interquartile range [IQR]) number
of days from ICU admission to the
performance of the first (admission)
PFIT was 6 (5–9), and the median
(IQR) number of days between the
PFIT measures was 4 (2–10). All
available data were used in the anal-
yses. One hundred forty-four partic-
ipants of the total sample (n�150)
completed the admission PFIT, and
116 participants completed the dis-
charge PFIT. The main reasons for
missing data at admission were
death, confusion, and sedation. No
adverse events occurred during any
PFIT. Adverse events were defined
in our previously published work.5

At ICU discharge, 119 participants
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(79%) completed the 6MWT, and 97
participants (65%) completed the
TUG; 27 participants were unable to
complete the TUG due to an inability
to stand up from the chair.

Part 1: Development of the
PFIT-s
The results of PCA of the original
5-item PFIT indicated that all items
loaded on the first of 2 components
except the shoulder lifts per min-
ute item (see eTab. 1, available at
ptjournal.apta.org). Based on the
results of the exploratory PCA anal-
ysis, Rasch analysis was subse-
quently conducted both with and
without the shoulder lifts item
included (Tab. 1).

Fit to the model (unidimensional-
ity). Fit to the Rasch model was
improved with: (1) the removal of
the shoulder lifts per minute item
and (2) removal of disordered thresh-
olds for the shoulder and knee
strength items, by rescoring from the
0 to 5 Oxford grading scale to a 0 to
3 score as outlined in Table 3. For
the new 4-item PFIT, fit to the model
was achieved at ICU admission with
a total item chi-square value of 5.89
(df�8, P�.66). Some deviation from
the model was identified at dis-
charge (total item �2�16.91, df�8,
P�.03). However, overall fit to the
model was achieved with the pooled
dataset (combined admission and
discharge data), and unidimensional-
ity was indicated in the admission
and discharge datasets using the
t-test procedure with point estimates
of 3.47% and 1.71%, respectively.
There was no DIF (response bias) by
age, sex, or APACHE II score at
admission. Significant systematic DIF
by sex was identified for the maxi-
mum knee extension item at dis-
charge (for a given ability, male par-
ticipants scored systematically
higher in knee extension strength
than female participants, P�.001).

Score development. An ordinal
scoring system (0–12) and an inter-
val scoring system (0–10) were
developed, which were called the
PFIT-s to distinguish them from the
original PFIT. The ordinal scale was
developed based on pooled admis-
sion and discharge data from the
PFIT-s components using the classi-
fication shown in Table 3, where the
ordinal score is obtained out of 12
(adding scores out of 3 for the 4
items). The interval score was
obtained using Rasch analyses. The
ordinal and interval scoring systems
and conversion algorithm are given
in Table 4. For the PFIT-s, a floor
effect of 21.5% was found at admis-
sion, as 31 out of a total of 144 par-
ticipants did not score. A ceiling
effect of 22.2% was identified at dis-
charge, as 26 out of 117 participants
achieved the highest score.

Part 2: Clinimetric Properties of
the PFIT-s
Validity. Convergent validity was
present, as a significant moderate
correlation was found for the dis-
charge PFIT-s with the TUG
(r��.60, 95% confidence interval
[95% CI]��.70 to �.46, P�.001),
the 6MWT (r�.41, 95% CI�0.24 to
0.55, P�.001), and the MRC muscle
test (rho�.49, 95% CI�.33 to .62,
P�.001, n�105). Low correlation
was observed between the BMI and
the admission PFIT-s scores (r�
�.011, 95% CI��0.18 to 0.16,
n�137), demonstrating divergent
validity.

Responsiveness. The ESI for the
PFIT-s was 0.82 (95% CI�0.66 to
0.99), which represents a large
responsiveness to change.27 The
MCID was calculated to be 0.5 �
3.06 (standard deviation at ICU

Excluded n=614
Permanent neurological damage
n=145 

Spinal cord injury n=73
Refused consent n=122
Outside metropolitan area n=132
Imminent death n=63
Inadequate English n=44
Inability to exercise n=17
Other n=18

Completed ICU admission 
PFIT 

n=144 

Completed ICU discharge 
PFIT 

n=116

Consented, baseline 
assessment, randomized

n=150 

Screened for recruitment
(day 5 in ICU)

N=764 

Noncompleters (n=6)
Withdrawn n=2 
Deceased n=4 

Noncompleters (n=34)
Withdrawn n=10
Deceased n=14
Hospital 
discharge/transfer n=7 
Unable to assess n=2 
Unable to complete n=1

•

••
•
••
•

•

Figure 1.
Participant flow through the nested Physical Function ICU Test (PFIT) study.
ICU�intensive care unit. Twenty-eight participants completed ICU admission but not
ICU discharge PFIT measures.
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admission)�1.5 points on the
10-point interval PFIT-s scale. This
value represents 15% of the scale
width.

Predictive utility. At ICU admis-
sion, the PFIT-s demonstrated pre-
dictive utility for several patient and
hospital outcomes, and higher PFIT-s
scores (better function) were posi-
tively associated with: obtaining a
higher MRC sum score (being
stronger) (�48) (odds ratio
[OR]�1.28, P�.001); discharge
home (OR�1.20, P�.01), and
reduced likelihood of discharge to
inpatient rehabilitation (OR�0.86,
P�.02).

Higher admission PFIT-s scores (bet-
ter function) also were associated
with reduced acute care hospital
length of stay (B coefficient��2.13,
P�.001). Higher admission PFIT-s
score and lower age were significant
factors in determining AQoL utility
scores at the 3-, 6-, and 12-month
follow-ups (PFIT-s B coeffi-
cient�0.04, P�.05) at each time
point (see eTab. 2, available at
ptjournal.apta.org). The admission
PFIT-s did not have predictive ability
for ICU or hospital readmission,
28-day or 12-month mortality, or
SF-36v2 PCS or PFS score at 3-, 6-, or
12-month follow-up (results not pre-
sented). Increasing age (B coeffi-
cient�0.03, P�.03) and APACHE II
score (B coefficient�0.08, P�.01)
were associated with increased like-
lihood of 12-month mortality.

Discussion
This study has established that the
PFIT-s is a unidimensional, valid, and
responsive objective measure of
physical function that has moderate
correlations with other commonly
used functional and strength mea-
sures. Previous work by our group
established the reliability of the
PFIT.5 The clinimetric testing of the
PFIT-s supports its validity and
responsiveness, and this is the first

Exploratory PCA 

Modified PFIT
Components 

Bilateral Shoulder
Flexion Lifts
Removed 

Rasch Analysis:
Measurement Properties

Interval Scale (0–10) 

Analyses of PFIT-s
Clinimetric Properties 

Analyses of PFIT-s
Predictive Utility 

Convergent Validity:
TUG, 6MWT, and MRC 
Responsiveness
MCID 

MRC 
LOS 
Discharge 
home/rehabilitation
AQoL
Mortality

Figure 2.
Flow of Physical Function ICU Test (PFIT) scoring development and analyses.
PFIT-s�new 4-item PFIT; PCA�principal component analysis, TUG�Timed “Up & Go”
Test (a test of functional mobility in older adults; it records the time taken in sec-
onds for participants to stand from a chair, walk 3 m, return, and sit down again);
6MWT�Six-Minute Walk Test (the test measures the distance that a person can quickly
walk on a flat, hard surface in 6 minutes, is self-paced and submaximal, and reflects the
functional exercise level for daily physical activities); MRC�Medical Research Council
muscle test (a test designed to evaluate muscle strength in which 3 muscle groups of
the upper and lower limbs are given a score from 0 [paralysis] to 5 [normal muscle
strength]; the range of scores is 0–60, and scores �48 indicate ICU-acquired weak-
ness); MCID�minimal clinically important difference; LOS�length of stay (ICU and
acute care hospital); AQoL�Assessment of Quality of Life instrument (a multi-attribute
utility instrument comprising 15 items in 5 dimensions assessing health-related quality
of life; the AQoL utility score was designed to allow the calculation of quality-adjusted
life-years).

A Physical Function Test for the Intensive Care Unit

6 f Physical Therapy Volume 93 Number 12 December 2013



ICU quantitative test of function to
be reported that has been compared
with other commonly used tests.
The PFIT-s can be used to improve
clinicians’ and researchers’ ability to
measure the effectiveness of
selected treatments and to objec-
tively compare the functional physi-
cal capacity of patients across their
ICU stay.

The environment of the ICU pres-
ents unique challenges to measuring
functional outcomes. Measuring
muscle strength and function in the
ICU has several limitations, as
patients need to be awake and coop-
erative to undertake most of the mea-
sures.29 Success of volitional testing,
therefore, will depend on patient
characteristics and sedation prac-
tices in different units.30 In Australia,
the ratio of nurses to patients, seda-
tion practices, and the role of the
physical therapist may differ from
other countries,31 and any research
published in an ICU population must
consider these differences for the
generalizability of the findings.

Several authors have developed
instruments to measure function spe-
cifically in the ICU setting.4–6 Zanni
et al6 developed the FSS-ICU using
the Functional Independence Mea-
sure (FIM) as a guide and chose the
most relevant domains for use in the
ICU. The FSS-ICU includes 2 tasks
from the FIM and 3 other measures.
Each task is given a score between 1
(complete assistance) and 7 (com-
plete independence) and assesses:
ambulation, rolling, sitting, supine to
sitting, and sit-to-stand transfers and
was tested in a medical ICU.
Although the PFIT-s also includes a
form of ambulation (marching in
place), the other components are
quite different from the FSS-ICU. The
original PFIT was developed by our
group in 2007, before any other spe-
cific tests had been developed and
despite little interest from physical
therapists in rehabilitation in the ICU

or outcomes to measure change in
this population. Given that our
results demonstrated a floor effect at
ICU admission in our population of
moderately unwell medical and sur-
gical patients, it is possible that we
did not include test items at a low
level to cover the ICU population
range of abilities. The most common
reason for inability to perform the
test at this time point was that the
patient was not awake. Any voli-
tional test, therefore, would be diffi-
cult to perform. Conversely, we also
demonstrated a ceiling effect at ICU
discharge of similar magnitude, sug-

gesting we need higher-order tasks.
These tasks may include walking
away from the bed, but further devel-
opment of the PFIT-s is warranted to
address these issues.

Yet, finding one measure of function
that is applicable to all patients may
not be possible, and use of 2 (or
more) different tests may be neces-
sary to measure level of function
effectively.32 The recent publication
of use of the FSS-ICU in a long-term
acute care hospital did not include
full clinimetric testing of this out-
come,7 although the responsiveness

Table 2.
Participant Demographicsa

Characteristic
Total Sample

(n�144)

Clinimetric
Sample
(n�116)

Age (y), X (SD) 60.4 (15.8) 59.3 (15.4)

Sex (% male) 63 60

BMI (kg/m2), X (SD) 27.7 (5.8) 27.7 (5.6)

APACHE II, X (SD) 19.3 (6.0) 18.8 (6.0)

ICU diagnosis (%)

Pneumonia 17.4 15.5

Cardiac 11.8 8.5

Cardiac surgery 22.9 23

Other surgery 15.9 18

Liver disease/transplantation 9.7 11

Cardiac arrest 5.6 5

Sepsis 6.9 6

Renal 3.5 3.5

Other 6.3 9.5

28-d mortality (%) 5.6 0.9

12-mo mortality (%) 19.4 14.7

ICU LOS (d), median (IQR) 7 (6–10) 7 (6–11)

ICU LOS, �10 d (%) 33.6 33.6

Acute LOS (d), median (IQR) 22.0 (13.0–36.0) 22.5 (16.0–38.8)

ICUAW, (% yes) 19.4 19.8

MV (h), median (IQR) 98.0 (44.75–169.3) 92.0 (35.5–163.0)

MV at day 5, % (n) 52.8 (76) 49.1 (57)

Readmissions,b % (n) 36.1 (52) 50.0 (58)

Discharged to home, % (n) 57.6 (83) 63.8 (74)

a BMI�body mass index; ICU�intensive care unit; APACHE II�Acute Physiology and Chronic Health
Evaluation, a disease severity scoring system for adults admitted to the ICU; LOS�length of stay;
IQR�interquartile range; ICUAW�ICU-acquired weakness; MV�mechanical ventilation.
b Readmissions�acute care hospital readmissions during 12-mo study follow-up period.
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was assessed to be 0.25 (effect size
for entire sample) and the results
appear promising. It is early in the
development of accurate functional
tests in the ICU and beyond ICU dis-
charge, and further research in this
area should be and will be forthcom-
ing in the future. A framework for
reporting outcomes in ICU related to
the World Health Organization’s
International Classification of
Functioning, Disability and Health
(ICF) model has been suggested.33

Using this model will allow clinicians
to choose one or more tests to assess
the activity limitations of patients
using, for example, the PFIT-s or
6MWT. These test results can inform
rehabilitation and post–acute care
needs.

In order to perform the original test,
patients needed to be out of bed in a
sitting position. With the PFIT-s, it is
possible to perform isolated tasks
and still obtain a score. For example,
if a patient cannot move out of bed,
strength testing can be performed
with the patient in bed or sitting on
the edge of the bed. The lower score
obtained is reflective of the acuity of
the patient at the time of measure-

ment. Additionally, components of
the test can be performed earlier if
the patient is assessed while awake.
It is not necessary to wait until 7 days
after awakening as we did in this
study. This approach was followed
to obtain PFIT measurements at the
same time, as recommended for
MRC muscle test measurements.11

Providing an interval score using
RASCH analyses allows a more pre-
cise and sensitive measure of change
compared with an ordinal score
within and across individuals.8,34 It
also provides a method for more
accurately measuring and monitor-
ing clinical patient changes than
ordinal measures. However, in a clin-
ical situation with no means of con-
verting to an interval score, the ordi-
nal score can easily be used by
clinicians at the bedside.

Unidimensionality is an important
attribute of a measure. Functional
scales should reflect one construct,
making the comparison between
scores in individuals more valid.8

The PFIT-s measured only function,
as demonstrated using the combina-
tion of admission and discharge data.

The PFIT-s scores correlated mod-
erately with the MRC muscle test
scores, perhaps because there are 2
measures of strength within the
PFIT-s. Conversely, there may be a
true correlation between strength
and function in this population. In
comparing the PFIT-s with the MRC,
the fact that there is controversy
regarding the reliability and utility of
within-ICU measurements obtained
with the MRC muscle test must be
taken into account,13,14,35 as should
the fact that currently both isometric
and through-range techniques are
utilized to test strength. Variability
between raters on the MRC muscle
test may alter the correlation of this
measure with other tests.

The PFIT-s also demonstrated predic-
tive ability and may facilitate the
identification of patients who are
more likely to require rehabilitation
and those who are more likely to
have improved HRQoL (as measured
using the AQoL) after discharge. This
finding presents the possibility of tar-
geting of scarce resources both in
the ICU and beyond. If these patients
are targeted with intensive physical
therapy early in the ICU, outcomes

Table 3.
Classification of Component Scores Used in the Physical Function ICU Test (Scored) (PFIT-s) Ordinal Score

PFIT-s Components

Assistance
Cadence

(steps/min) Shoulder Strengtha Knee Strengthb

0�unable 0�unable 0�grade 0, 1, or 2 0�grade 0, 1, or 2

1�assist � 2 1��0–49 1�grade 3 1�grade 3

2�assist � 1 2�50–�80 2�grade 4 2�grade 4

3�no assistance 3�80� 3�grade 5 3�grade 5

a Maximum strength of left or right shoulder flexion using the Oxford grading system.
b Maximum strength of left or right knee extension using the Oxford grading system.

Table 4.
Ordinal Scores and Equivalent Interval Scores for the Physical Function ICU Test (Scored) (PFIT-s)a

Scale PFIT-s Score

Ordinal 0 1 2 3 4 5 6 7 8 9 10 11 12

Interval 0 2 3.2 3.9 4.4 4.9 5.4 5.9 6.4 7.1 7.9 8.8 10

a Algorithm for conversion from ordinal to interval score�5.418 � (1.068 � logit location of ordinal score).
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may be improved later, reducing
time in ongoing rehabilitation.35,36

Use of the PFIT-s to predict patient
outcomes warrants further research.

The added advantage of the PFIT-s,
in combination with use of the Borg
Scale of Perceived Exertion, is that it
allows the objective prescription of
exercise at an appropriate level for
the patient to achieve a training
effect. For example, a percentage of
the time of marching in place in the
test can be used to commence sub-
sequent rehabilitation sessions, and
this time can be increased as the
patient improves. This successful
method of exercise prescription is
used in other patient populations
such as in pulmonary rehabilitation,
where the 6MWT is used to pre-
scribe exercise as well as evaluate
outcome.17,37 Prescribing exercise in
this way assists in training patients at
an adequate level for their ability and
to achieve a training response at a
given point in time. Using this
approach to exercise prescription
intensity was safe in an Australian
ICU setting, with no serious adverse
events recorded.38

Limitations
There were missing data for the
MRC muscle test, as it was difficult
to perform this test at ICU admis-
sion due to patients being sedated.
This difficulty was reported in a
recent study.29 We acknowledge
that the measure of MCID using the
distribution-based method of Nor-
man and colleagues28 in this study
may be criticized.39,40 However,
there is currently no consensus for
defining the MCID, although it is
common to use several different
methods.40 It is argued that MCID
values are designed to determine the
clinical significance of changes in
individual participants, and translat-
ing these values to group mean
scores (or extrapolating even further
to between-group differences) may
not be valid.39,41 The MCID is also

applied across a given score range.
However, the score range may vary
with disease severity, and this limita-
tion may need to be considered.40

Another limitation is that, like the
FIM, the scoring of the assistance
level provided to the patient in the
sit-to-stand task is somewhat subjec-
tive despite standardized methods
and instructions. The amount of
assistance is scored based on ability
of the patient to stand and the 2
therapists’ subjective assessment of
the amount of help required. We
determined the cadence cutpoints
for the ordinal scale based on tertiles
in our population. These cutpoints
may not be generalizable to other
populations with varying levels of ill-
ness, and further research should be
undertaken in different populations
of patients.

Conclusions
The PFIT-s measured between days 5
to 10 of ICU admission in a sample of
participants who were in the ICU for
a minimum of 5 days was simple,
inexpensive, and had high clinical
utility. It was shown to measure one
construct, to have validity compared
with commonly used functional
tests, and to be predictive of several
important patient parameters related
to function. However, floor and ceil-
ing effects existed. We recommend,
therefore, that the PFIT-s be adopted
for use to measure physical function
in patients in the ICU or in those
discharged to longer-term care in
combination with other measures.
Future research should be aimed at
identifying several tests that may
define physical function and could
be used as a test battery to measure
activity limitations, taking into con-
sideration floor and ceiling effects of
each test for survivors of the ICU.
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eAppendix.
Rasch Analysis Informationa

Rasch analysis is a measurement model that is used to assess the psychometric properties of a rating scale, in
particular unidimensionality.

Data from individual items of a scale, which are summed to give a total score, are compared with expected measures
using the Rasch model. A number of fit statistics are used to test how well the observed scores fit the Rasch model’s
expected scores. For example, with a dichotomous questionnaire item used to measure anxiety, the probability of
a person responding positively to an item is a function of the difference between his or her anxiety level and the
anxiety level expressed by a positive response to the question.

Item-person interaction statistics are transformed to z scores; if the items and patients fit the model, z scores
approximate the normal distribution (mean�0, standard deviation�1). The chi-square statistic also is used to assess
the hierarchical ordering of questionnaire items (item-trait interaction).

Causes of deviations from expected scores are investigated. For example, in a well-fitting model, individuals with
higher levels of anxiety should respond with higher scores, and those with lower anxiety levels should respond with
lower scores. Among other reasons, poor model fit may be a result of too many item response options or wording
of items causing the patient’s item responses to be inconsistent.

The Rasch model can be used to test for:

• unidimensionality of items—a requirement of items in a scale. This property can be assessed by looking at residual patterns
(differences between expected and observed scores) and differential item functioning (DIF). Residuals between �2.5
indicate acceptable fit to the model.

• category ordering—do item response options in a particular question behave how they should?
• DIF (item bias)—the probability of a person responding positively to an item should not be dependent on a particular trait

(eg, sex, body mass index). For example, male and female patients with the same anxiety levels should demonstrate the same
probability of responding positively to an anxiety level item. If the probability between sexes is not the same, the
questionnaire item can be said to display DIF by sex, which violates the unidimensionality requirement.

A linear transformation (data on an interval scale) can be obtained from the raw ordinal data if fit to the Rasch model
is achieved, allowing parametric statistical analyses to be performed on data that are normally distributed.

a Pallant J, Tennant A. An introduction to the Rasch measurement model: an example using the Hospital Anxiety and Depresssion Scale (HADS). Br J Clin
Psychol. 2007;46:1–18.
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eTable 1.
Principal Components Analysis (Component Matrixa)

Component

1 2

Assistance .847 .399

Cadence .891 .308

ShoulderMax .512 .807

KneeMax .629 .699

Lifts .906

a Varimax rotation with Kaiser normalization. Shoulder lift item was the only item that did not load on the first component.

eTable 2.
Predictive Equations for Acute Care Hospital Length of Stay and Assessment of Quality of Life (AQoL) Utility Scores

Variable Predictive Equation

Acute care hospital length of stay 41.292 – (admission PFITa score � 2.126)

3-mo AQoL utility score 0.819 � (0.036 � PFIT score) – (0.008 � age)

6-mo AQoL utility score 0.806 � (0.035 � PFIT score) – (0.007 � age)

12-mo AQoL utility score 0.827 � (0.027 � PFIT score) – (0.007 � age)

a PFIT�Physical Function ICU Test.
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