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Background. Recent studies have demonstrated safety, feasibility, and decreased
hospital length of stay for patients with weakness acquired in the intensive care unit
(ICU) who receive early physical rehabilitation. The scored Physical Function in
Intensive Care Test (PFIT-s) was specifically designed for this population and dem-
onstrated excellent psychometrics in an Australian ICU population.

Objective. The purpose of this study was to determine the responsiveness and
predictive capabilities of the PFIT-s in patients in the United States admitted to the
ICU who required mechanical ventilation (MV) for 4 days or longer.

Methods. This nested study within a randomized trial administered the PFIT-s,
Medical Research Council (MRC) sum score, and grip strength test at ICU recruitment
and then weekly until hospital discharge, including at ICU discharge. Spearman rho
was used to determine validity. The effect size index was used to calculate measure-
ment responsiveness for the PFIT-s. The receiver operating characteristic curve was
used in predicting participants’ ability to perform functional components of the
PFIT-s.

Results. From August 2009 to July 2012, 51 patients were recruited from 4 ICUs
in the Denver, Colorado, metro area. At ICU discharge, PFIT-s scores were highly
correlated to MRC sum scores (rho�.923) and grip strength (rho�.763) (P�.0005).
Using baseline test with ICU discharge (26 pairs), test responsiveness was large
(1.14). At ICU discharge, an MRC sum score cut-point of 41.5 predicted participants’
ability to perform the standing components of the PFIT-s.

Limitations. The small sample size was a limitation. However, the findings are
consistent with those in a larger sample from Australia.

Conclusions. The PFIT-s is a feasible and valid measure of function for individuals
who require MV for 4 days or longer and who are alert, able to follow commands, and
have sufficient strength to participate.
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Agrowing body of evidence
supports the use of early
mobilization and physical

rehabilitation for patients while in
the intensive care unit (ICU). Recent
studies have demonstrated safety,
feasibility, and decreased ICU and
hospital length of stays for patients
with ICU-acquired weakness (ICU-
AW) who receive early physical reha-
bilitation.1–4 It is important to be
able to objectively document patient
functional status, assist with prog-
nostication, and measure the impact
of rehabilitation strategies on patient
outcomes.

Recently, 3 tests specific to the
ICU population were developed: the
Functional Status Score for the ICU,5

the Chelsea Critical Care Physical
Assessment Tool,6 and the Physical
Function in Intensive Care Test
(PFIT).4,6,7 These tests have docu-
mented safety, feasibility, and
responsiveness in pilot studies and
provide important information about
patients’ functional abilities. How-
ever, only the PFIT has undergone
additional psychometric testing for
validation and scale analysis with
patients admitted to an Australian
ICU for at least 5 days.4,7

The PFIT was specifically developed
for use with patients who are criti-
cally ill who may never reach the
ability to perform the Six-Minute
Walk Test (6MWT) or other sub-
maximal exercise tests.7 It includes 5
items: amount of assistance for sit-to-
stand transfers, strength for shoulder
flexion, strength for knee extension,
marching in place, and an upper
extremity (UE) endurance task of
arm elevation to 90 degrees of shoul-
der flexion.7 Denehy et al4 used prin-
cipal component analysis to further
refine the test components, which
resulted in the removal of the UE
endurance item. An ordinal score
was obtained for the new 4-item
PFIT, and Rasch analysis was used
to convert this score to an interval

score. This summary score is referred
to as the PFIT-s.4 The PFIT-s scores
range from 0 (able to perform
strength testing only with a maximal
score of 2/5 for shoulder and knee)
to 10 (performance without any dif-
ficulty).4 Hence, it is possible to test
patients who are able to perform
only certain parts of the test. The
PFIT-s provides an objective measure
of endurance (marching in place)
for task performance of patients in
the ICU, which in addition to typical
strength and functional assessments
may be important to examine and
track over the course of a patient’s
hospital stay. In addition, the objec-
tive data from the PFIT-s can be used
to guide exercise prescription. By
recording rate of perceived exertion
during marching in place, the PFIT-s
provides an objective way to pre-
scribe and evaluate exercise at an
appropriate dose to achieve a train-
ing effect for patients at the bed-
side.4 In addition, the PFIT-s pro-
vides assessment of heart rate, blood
pressure, respiratory rate, and oxy-
gen saturation during a more strenu-
ous activity.

Because patients who experience
critical illness are a heterogeneous
population in regard to severity
and recovery, it is important to try
to delineate patient characteristics
to better develop physical therapist
examination and intervention and
to understand recovery trajectories.
Comorbid conditions (such as sep-
sis), ICU length of stay, and age
are factors that help to identify dis-
tinct phenotypes of patients with
ICU-AW.8 Individuals who require
mechanical ventilation (MV) have
greater risk of developing ICU-AW.9

Therefore, patients who need MV
may represent a distinct subset of
patients in the ICU.

The original validation of the PFIT-s
included patients admitted to an Aus-
tralian ICU for 5 days; however, a
specific MV duration was not

required. Hence, it is important to
establish the utility of the PFIT-s for
patients in the United States who
require MV. The overall purpose of
this investigation was to validate
findings of Denehy and colleagues4

to patients in a US medical ICU who
required MV for 4 days or longer.
Specifically, we report on the psy-
chometric properties of the PFIT-s
with respect to: (1) convergent
validity of the PFIT-s with the
Medical Research Council (MRC)
sum score and grip strength mea-
sured using hand-held dynamom-
etry; (2) change in PFIT-s over time,
including responsiveness of the test;
and (3) ability of the PFIT-s to predict
hospital discharge disposition.

Method
Participants
This was a longitudinal observational
study. All of our patients were also
participants in an ongoing trial of
intensive physical therapy for
patients who are critically ill
(ClinicalTrials.gov: NCT01058421).
Participants in the parent study were
all admitted to an ICU and required
MV through an endotracheal tube
for 4 days or longer. All patients
were English speaking and lived
within a 161-km (100-mile) radius
from the study site. Exclusion
criteria included: (1) age �18 years;
(2) diagnosis of pre-existing disease
of the peripheral motor nervous
system (eg, Guillain-Barré syndrome,
myasthenia gravis, polymyositis,
amyotrophic lateral sclerosis); (3) any
central nervous system disorder
that would compromise participa-
tion (eg, cerebrovascular accident,
anoxic encephalitis, meningitis fol-
lowing head trauma, spinal cord
injury); (4) fewer than 2 limbs in
which muscle strength could be test-
ed; (5) referred from another hospi-
tal for patients who required MV for
more than 24 hours; (6) pregnancy;
(7) myocardial infarction within the
last 3 weeks, unstable angina, or his-
tory of unstable arrhythmias, includ-
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ing ventricular tachycardia and atrial
fibrillation (heart rate greater than
100 bpm); (8) pulmonary embolism
within the last 6 weeks; (9) history of
severe aortic stenosis; (10) presence
of a dissecting aortic aneurysm;
(11) disorder that made it unlikely
that the patient will survive 6
months, which was determined
through consultation with the medi-
cal team and based on patient acuity;
(12) severe physical or cognitive
impairment that would impair ability
to exercise; and (13) burn greater
than 30% of body surface area.

Consent was obtained from either
a proxy or the patient prior to
enrollment in the study. Once the
participant was able, continuation
of consent was sought from the
participant.

Procedure
After patients were enrolled in the
parent study, a physical therapist
conducted daily assessments to
determine medical stability and abil-
ity to consistently follow commands.
Once patients were able to follow
at least 2 of the commands from
De Jonghe and colleagues’ awaken-
ing criteria (Fig. 1),9 a physical ther-
apist examination (baseline testing)
was initiated. If a patient demon-
strated delirium during the ICU stay,
medical management was instituted
and patients were screened daily
by a physical therapist to determine
ability to follow commands. Mea-
surements were repeated every 7

days thereafter, up to 28 days or hos-
pital discharge. In addition, the ICU
discharge time point was defined as
within �3 days of discharge from
the ICU. For the validation aspect
of this study, outcomes measured
included PFIT-s, MRC sum score, and
grip strength. If participants were
capable, additional measures of func-
tion were administered, including
the Timed “Up & Go” Test (TUG),
Berg Balance Scale (BBS), and Six-
Minute Walk Test (6MWT). These
measurements were obtained by
physical therapists blinded to parent
study group assignment. Demo-
graphic information included age,
sex, Acute Physiology and Chronic
Health Evaluation II (APACHE II)
score, MV days, ICU and hospital
length of stay, ICU diagnosis, signifi-
cant medical history, and discharge
disposition.

Outcome Measures
The original PFIT was used for test-
ing of all participants because valida-
tion of the PFIT-s had not yet been
reported at the time of initiation of
the parent study. The original PFIT
has excellent interrater reliability
for the marching-in-place compo-
nent (intraclass correlation coeffi-
cient [ICC]�.999 to 1.00).7 In recent
work, Denehy et al4 reported con-
vergent validity of the revised PFIT-s
with the TUG (r��.60, 95% confi-
dence interval [95% CI]��.70 to
�.46), 6MWT (r�.41, 95% CI�.24
to .55) and MRC sum score
(rho�.49; 95% CI�.33 to .62). In
addition, the effect size index (ESI)
revealed a large responsiveness to
change (ESI�0.82, 95% CI�0.66 to
0.99) from the ICU baseline testing
time point to ICU discharge. The
only difference between the original
5-item PFIT and the revised 4-item
PFIT-s version was the UE endurance
component. Therefore, for quanti-
fying baseline and outcome data,
we excluded the UE endurance com-
ponent scores when scoring the
PFIT-s.4

The MRC sum score includes
strength testing of 3 upper extremity
and 3 lower extremity muscle
groups and results in a score, which
ranges from 0 to 60. The MRC sum
score was first used by Kleyweg et
al10 to quantify strength for patients
with Guillain-Barré syndrome. De
Jonghe et al9 reported that the MRC
sum score can be used to diagnose
ICU-acquired paresis if the sum score
is less than 48/60. In a cohort of
patients requiring MV for 5 days or
more, Ali et al11 reported high inter-
rater reliability and correlation with
the diagnosis of ICU-acquired paresis
(Pearson correlation coefficient�
.96; P�.001 for both). Recent stud-
ies examining MRC sum scores in
patients who are critically ill have
shown interrater reliability ICC val-
ues of .95 for sum score and .83 for
individual muscle group scores.12,13

Hermans et al13 reported disagree-
ment in interrater reliability for
muscle scores of 4 (good) and 5
(normal), which were attributed to
the person-to-person variability in
applied resistance.

Handgrip was first assessed by Ali et
al11 in a population of patients who
were critically ill with cutoff scores
of less than 11 kg (men) and less
than 7 kg (women), providing the
best sensitivity (80.6%), specificity
(83.2%), positive predictive value
(63.0%), and negative predictive
value (92.3%) for diagnosis of ICU-
acquired paresis. For patients who
are critically ill and able to follow
commands, the interrater reliability
is high (ICC�.93–.98).12–14 Recently,
Baldwin et al14 reported minimal
detectable differences for handgrip
strength of 7.1 kg on the left and 5.7
kg on the right and recommended a
minimum of 5 seconds of holding
the contraction to achieve most
accurate results. For this study, grip
strength values were obtained by
using the maximum value of the left
and right scores.

Can patient follow the command?

● “Open/close your eyes.”

● “Look at me.”

● “Open your mouth and stick out your
tongue.”

● “Nod your head.”

● “Raise your eyebrows when I have
counted to 5.”

Figure 1.
Awakening criteria.8
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There was no imputation of missing
data. Participants who were unable
to perform grip strength testing or
all components of muscle strength
testing were excluded from ana-
lyses. For the PFIT, some patients
were unable to perform the sit-to-
stand or marching-in-place compo-
nent but could complete shoulder
flexion and knee extension com-
ponents. Therefore, patients were
scored on these components per-
formed and included in the analyses.
If unable to perform, a patient
received a zero for a specific compo-
nent of the test.

Protocol
Once patients were medically stable
and sufficiently alert, based on De
Jonghe and colleagues’ awakening
criteria,9 the baseline physical thera-
pist examination was performed.
All components of the PFIT were
attempted first, followed by muscle
strength testing for MRC sum score
and finally grip strength. The PFIT
was performed based on descrip-
tions by Skinner and colleagues.7

Sit-to-stand with assistance was
recorded. Marching in place was per-
formed next, and number of steps
taken and time were recorded.
Finally, shoulder flexion and knee
extension strength in a sitting posi-
tion were recorded. Before and after
the PFIT, blood pressure, oxygen sat-
uration, and Borg Rating of Per-
ceived Exertion (RPE) on the 0 to
10 category ratio (CR10) scale were
recorded.15 Patients were instructed
to maintain between a 3 to 6 on the
RPE scale during the marching and
UE endurance tasks, representing
moderate to somewhat hard exer-
tion. Because this study began prior
to the PFIT-s development, the UE
endurance portion was recorded but
excluded from scoring.

Next, manual muscle strength of 6
bilateral muscle groups was rated
from 0 (no palpable contraction) to
5 (full force production) using the

MRC sum scoring system.9,10 The
muscle groups tested were shoulder
and elbow flexors, wrist extensors,
hip flexors, knee extensors, and
ankle dorsiflexors; the total possible
score was 60. Once strength testing
was completed, participants were
asked to perform grip strength 3
times with each hand and hold for
5 seconds on each hold using the
Jamar handgrip dynamometer (Sam-
mons Preston Rolyan, Bollingbrook,
Illinois). Participants were placed in
90 degrees of upright sitting with
the elbow at 90 degrees,11,16 and the
average of the 3 trials was recorded
in kilograms.

Based on a participant’s abilities and
physical limitations, the initial assess-
ment required between 15 to 45
minutes to complete. If the partici-
pant was able to perform only mus-
cle strength testing, grip strength,
and bed mobility, the assessment
required 15 minutes; if the partici-
pant was able to complete all
components (ie, muscle and grip
strength, mobility, PFIT, TUG, BBS,
and 6MWT), the assessment required
30 to 45 minutes to complete.

Data Analysis
Demographic information, clinical
acuity, and discharge disposition
are presented as mean (SD) for nor-
mally distributed data and median
(interquartile range [IQR]) for non-
normally distributed data. The PFIT-s
score was computed using the sys-
tem outlined by Denehy et al4 and
included the 4 items of the revised
test. The floor and ceiling effects of
the PFIT-s were calculated by com-
puting the number of participants
who scored either 0 (floor) on all
components or the maximum score
of 10 and expressed as a percentage
of total N. Hand-grip dynamometry
scores of the right and left hands
were averaged, and the best of these
scores was used for all analyses.

The Spearman rank correlation coef-
ficient was used to determine corre-
lations between PFIT-s, MRC sum
score, and hand-grip dynamometry
at ICU discharge. Correlations were
categorized as follows: .25 to .5 as
fair, .5 to .75 as moderate to good,
and greater than .75 as excellent.17

The ESI was used to calculate PFIT-s
responsiveness. An ESI of 0.2 corre-
sponds to small responsiveness, 0.5
to moderate responsiveness, and
0.8 or higher to large responsive-
ness.18,19 Responsiveness was
assessed using paired data at base-
line, at ICU discharge, and post-ICU
discharge. Separate logistic regres-
sion models were used to determine
the predictive ability of the PFIT-s
at baseline and ICU discharge in
regard to discharge disposition.
Three dichotomous discharge dispo-
sition variables were the outcome
of interest (“home or other,” “acute
rehabilitation or other,” and “long-
term acute care [LTAC] or other”).
Age, sex, APACHE II score, MRC sum
score, ICU length of stay, ventilator
days, and past history of chronic dis-
ease (defined as past history of dia-
betes, cirrhosis, cancer, or renal fail-
ure due to human immunodeficiency
virus) were considered as potential
covariates in the models. These cova-
riates were assessed for collinearity.
If 2 covariates had a bivariate corre-
lation of .7 or higher, the covariate
with the least significant association
with the outcome of interest was
omitted from the model. Odds ratios
(ORs) and 95% CIs are reported for
significant models. The level of sig-
nificance was set at .05. Patients who
had died prior to hospital discharge
were not included in these analyses.
The ability of ICU discharge MRC
sum score to predict participants’
ability to perform the sit-to-stand
and marching-in-place components
of the PFIT-s at ICU discharge was
examined using the receiver operat-
ing characteristic (ROC) curve. The
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area under the curve (95% CI), sen-
sitivity, and specificity are reported.

Role of the Funding Source
This work was made possible by
support of the National Institutes
of Health (R01 NR-11051).

Results
From August 2009 to July 2012, a
total of 51 patients were recruited
from 4 ICUs in the Denver, Colo-
rado, metropolitan area; demograph-
ics are given in Table 1. The mean
age of the participants was 50.5
years (SD�16.3). Sixty-three percent
were men. The median ICU length of
stay was 20 days (IQR�12–26), and
median number of days on ventilator
was 12 (IQR�8–24). Baseline testing
occurred a mean of 15 days (SD�11)
post-ICU admission.

Due to medical acuity and inability
to follow at least 2 commands, many
participants were not able to per-
form the PFIT-s (15/51, 29%), muscle
strength testing (15/51, 29%), or grip
strength (19/51, 37%) at study enroll-
ment (Fig. 2). However, 34 partici-
pants completed baseline PFIT-s test-
ing prior to the ICU discharge time
point (within 3 days of ICU dis-
charge) (Tab. 2). Of the 34 baseline
tests, 32% (11/34) of the participants
scored the lowest possible score of
0, indicating a floor effect of the test.
These individuals were character-
ized by a median MRC sum score of
30/60 and a median grip strength
of 2.5 kg, which is 6% to 10% of
the expected value for healthy indi-
viduals20 and indicates ICU-AW. The
grip strength median (IQR) scores
reported in Table 2 and data used
in the correlations between grip
strength, PFIT-s score, and MRC
sum score at ICU discharge were
obtained by using the maximum
value of the left and right scores.
These participants were all able to
complete the shoulder and knee
strength testing components of the
PFIT-s, but as they were graded as

2 or less for strength, their overall
PFIT-s remained 0.

At ICU discharge, 39 patients com-
pleted testing, 2 remained unable,
and 6 died prior to testing. Four dis-
charge tests were not recorded due
to patient refusals (n�3) or the ther-
apist was unable to obtain data
(n�1). Regarding floor effect at ICU
discharge, only 5% (2/39) scored 0.
The ceiling effect at ICU discharge
was also 5%, with 2 of 39 partici-
pants scoring 10. Intensive care unit
discharge PFIT-s testing occurred a
mean of 8 days (SD�4) from baseline

PFIT-s testing. The PFIT-s, MRC sum
score, and grip strength scores are
presented in Table 2. This study
demonstrated no adverse events dur-
ing the PFIT-s testing, which is simi-
lar to findings of other studies using
this measure in the ICU.4,7

Because the PFIT-s contains shoulder
and knee strength assessment, we
hypothesized that MRC sum score
and grip strength would be corre-
lated with the composite score. At
ICU discharge, PFIT-s was highly
correlated to MRC sum score

Table 1.
Participant Demographics (N�51)a

Variable Measurements

Age (y), X (SD) 50.5 (16.3)

Sex, % male (n) 63 (32)

APACHE II score, X (SD) 18.2 (5.5)

ICU length of stay (d), median (IQR) 20 (12–26)

Vent days, median (IQR) 12 (8–24)

Hospital length of stay (d), median (IQR) 26 (15–45)

ICU diagnosis category, % (n)

ALI/ARDS 27 (14)

Pneumonia 27 (14)

Sepsis 22 (11)

Aspiration 10 (5)

Postoperative 8 (4)

Other 6 (3)

Past history, % (n)

Diabetes 24 (12)

Cirrhosis 20 (10)

Cancer 14 (7)

Chronic renal insufficiency 6 (3)

Lung transplant 8 (4)

Liver transplant 2 (1)

HIV 2 (1)

Discharge disposition, % (n)

Home 51 (26)

LTAC 27 (14)

Deceased 12 (6)

Rehabilitation 10 (5)

a APACHE II�Acute Physiology and Chronic Health Evaluation II, ICU�intensive care unit, vent
days�days of mechanical ventilation, ALI/ARDS�acute lung injury/acute respiratory distress syndrome,
HIV�human immunodeficiency virus, LTAC�long-term acute care.
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(rho�.923) and grip strength
(rho�.763) (P�.0005).

In addition to convergent validity,
this study also investigated respon-
siveness of the PFIT-s. Comparisons
were made at 2 sets of time points,
baseline with ICU discharge and ICU
discharge, with the next test point
(follow-up) after ICU discharge.
Using baseline test with ICU dis-
charge (26 pairs), test responsive-
ness was large (1.14). At follow-up
PFIT testing (n�21 pairs), an average
of 5.67 days (SD�2.01) post-ICU dis-
charge, responsiveness was moder-
ate (0.59).

Higher PFIT-s scores at baseline
(OR�0.63, 95% CI�0.40 to 0.99,
P�.043) and ICU discharge
(OR�0.70, 95% CI�0.51 to 0.98,
P�.038) were significantly associ-
ated with a reduced likelihood of
discharge to LTAC. However, LTAC
group numbers were small, and the
sensitivity of these models was only
44% and 30%, respectively. Men
were 3.7 times (95% CI�1.02 to
13.35) more likely be discharged
home than women (P�.045). In this
analysis, 3 discharge outcomes were
evaluated: home versus other, LTAC
versus other, and rehabilitation ver-
sus other. Long-term acute care was

the only discharge disposition signif-
icantly associated with PFIT-s scores.
Numbers in the group that was dis-
charged to inpatient rehabilitation
were low (n�5). At baseline and
ICU discharge, PFIT-s scores did not
predict discharge home (P�.087).
Higher numbers of days of MV pre-
dicted discharge to LTAC (OR�1.17,
95% CI�1.05 to 1.30, P�.004). One
outlier who was ventilated for 62
days and discharged home was
excluded from this model. The MRC
sum score is a diagnostic marker of
ICU-AW, but we do not know how
changes of MRC sum score over time
relate to function. Therefore, we
examined the ability of the MRC sum
score at ICU discharge to predict
whether the patient could perform
the sit-to-stand component (and,
therefore, also the marching-in-place
component) of the PFIT-s. Five par-
ticipants were able to perform the
sit-to-stand component but not the
marching-in-place component. In
the ROC analysis, 14 participants
were unable to perform the sit-to-
stand and marching-in-place compo-
nents (scored as 0), and 24 partici-
pants were able to perform the sit-
to-stand component (scored as 1).
The AUC was 0.93 (95% CI�0.85 to
1.00). An MRC sum score cut-point
of 41.5 had a sensitivity of 85.7% and
a specificity of 83.3% in predicting
whether an individual would be
unable to perform the sit-to-stand
and marching-in-place components
of the PFIT-s at ICU discharge.

Discussion
This investigation extends the initial
validation of the PFIT-s reported by
Denehy and colleagues.4 The US
sample differed from the Australian
sample in 3 important ways: First, all
of the individuals in the US sample
required MV for greater than 4 days
compared with 55% for the Austra-
lian sample. Possibly, those in Aus-
tralia had less severe primary disor-
ders, necessitating reduced days on
the ventilator, or this finding simply

51 participants recruited

34 participants completed
PFIT-s testing prior to ICU

discharge

39 participants completed
PFIT-s at ICU discharge

17 participants did not complete
testing
–2 unable
–6 deceased
–3 refused
–1 incomplete data
–5 other 

11 participants did not complete
testing
–2 unable
–6 deceased
–3 other

Figure 2.
Participant flow. PFIT-s�scored Physical Function in Intensive Care Test, ICU�intensive
care unit.

Table 2.
PFIT-s, MRC Sum Score, and Grip Strength Scores at Each Time Pointa

Outcome Measure

Baseline ICU Discharge

n Median (IQR) n Median (IQR)

PFIT-s (0–10) 34 3.2 (0.0–4.0) 39 5.4 (2.6)b

MRC sum score (0–60) 34 30.0 (24.0–42.3) 38 47.0 (33.75–56.0)

Grip strength (kg) 30 2.5 (0.0–8.4) 36 12.4 (5.5–23.6)

a PFIT-s�scored Physical Function in Intensive Care Test, MRC�Medical Research Council,
ICU�intensive care unit, IQR�interquartile range.
b Normally distributed data presented as mean (SD).
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reflects a difference in medical prac-
tice between the 2 countries. Sec-
ond, the US cohort had ICU length
of stays that were almost 3 times
longer than those of the Australian
group (20 days versus 7 days, respec-
tively). Third, a greater percentage
of patients in the US cohort devel-
oped sepsis (US cohort�22%, Aus-
tralian cohort�6.9%). Sepsis and ICU
length of stay have been linked to
differences in patient disability and
recovery.2,8 These factors point to
the US population being a different
patient population in regard to dis-
ability and recovery trajectory.

Although patients in the US sample
differed substantially from those in
Australia, patient demographics were
similar to the Australian cohort in
regard to mean age (US cohort�51
years, Australian cohort�61 years),
ICU admission diagnoses, and medi-
cal acuity, as reflected by mean
APACHE II score (US cohort�18,
Australian cohort�20).4 It is impor-
tant to note that the APACHE II mea-
sures mortality, not morbidity. In
addition, Schweickert et al2 reported
that initial APACHE II scores were
not associated with return to func-
tional independence by hospital dis-
charge for patients who were criti-
cally ill.

In recent work, Denehy et al4

reported convergent validity of the
revised PFIT-s with the TUG (r�
�.60, 95% CI��.70 to �.46),
6MWT (r�.41, 95% CI�.24 to .55),
and MRC sum score (rho�.49, 95%
CI�.33 to .62). In addition, the ESI
revealed a large responsiveness to
change (ESI�0.82, 95% CI�0.66 to
0.99) from the ICU baseline testing
time point to ICU discharge. We
extended the findings in several
ways. The PFIT-s was highly corre-
lated with grip strength (rho�.763).
Baseline PFIT-s scores predicted dis-
charge to LTACs. Also, an MRC sum
score cut-point of 41.5 had a sensi-
tivity of 85.7% and a specificity of

83.3% in predicting whether the par-
ticipant would be unable to perform
the sit-to-stand and marching-in-
place components of the PFIT-s at
ICU discharge, which has not been
reported previously. Finally, Denehy
et al4 reported moderate correla-
tions of the PFIT-s with MRC sum
score (rho�.49) for patients admitted
to ICUs in Australia. However, we
found a strong correlation (rho�.92).
This finding was possibly because
all of the participants in our sample
required MV for at least 4 days,
increasing the likelihood of ICU-AW.

It is important to note that the Aus-
tralian and US health care systems
differ in regard to discharge disposi-
tion. Both the study by Denehy et al4

and the current study demonstrated
similar percentages of patients being
discharged to home (51% and 58%,
respectively) and for those who
expired (12% and 8%, respectively).
However, 27% of the US sample
were admitted to LTAC facilities,
whereas 23% of the Australian
cohort were admitted to acute reha-
bilitation facilities. This difference
reflects the fact that LTACs are not
part of the Australian health care
system.

The PFIT-s is particularly well suited
for use in the ICU. Because the
PFIT-s contains a combination of
body system impairments as well
as functional components, physical
therapists can begin to objectively
categorize strength and functional
deficits early in a patient’s hospital
stay. Thus, the test can be adminis-
tered very early in recovery, while
the patient is substantially limited
in functional abilities, providing
objective data about underlying
impairments and function for early
commencement of rehabilitation
strategies. In contrast to MRC sum
score and grip strength, the PFIT-s
allows the physical therapist to
assess vital sign response (heart rate,
respiratory rate, blood pressure, and

oxygen saturation) and RPE during
a strenuous activity. By incorporat-
ing vital sign response and RPE, the
PFIT-s can inform exercise intensity
for patients in the ICU who are typ-
ically unable to perform traditional
submaximal exercise tests such as
the 6MWT or step tests. Exercise
can be prescribed from the different
components. For example, marching
in place can be given as an exercise
at 80% of the measured test cadence
or duration, providing a means for
systematic progression of exercise
intensity. Future research regarding
use of the PFIT-s to guide exercise
prescription and progression is an
important next step.

Furthermore, by using the PFIT-s at
initial physical therapist examination
and at ICU discharge, an objective
assessment of change in overall func-
tional ability can easily be captured,
which may assist with discharge
planning. In addition, this measure
allows for assessment of functional
limitations (such as transfers, stand-
ing, and challenges to dynamic bal-
ance), which can directly influence a
patient’s ability to perform activities
such as gait and stair negotiation.

The PFIT-s has limitations that
should be considered. This measure
is not appropriate for patients who
are unable to follow commands. In
this respect, it is similar to all voli-
tional tests for patients in the unique
environment of the ICU. These limi-
tations were reflected in floor effects
for both the US and Australian
cohorts. At baseline testing, 32% of
our cohort scored the lowest possi-
ble score for the PFIT-s versus 21.5%
reported by Denehy et al.4 One
explanation for the higher floor
effect with our population is seda-
tion issues surrounding MV. Further-
more, at ICU discharge, there contin-
ued to be a floor effect (5%) for the
US population but not for the Austra-
lian cohort, again possibly reflecting
differences in health care practices
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in the 2 countries. Because of the
heterogeneity of patient abilities and
deficits, no single measure is appro-
priate for all patents with ICU-AW,
and the PFIT-s appears best suited
for patients early in the critical care
stay.21

Before attempting to administer the
PFIT-s in the ICU, we recommend
testing grip strength and MRC sum
score to ensure that the patient
has sufficient ability to follow com-
mands. Because portions of the MRC
sum score are part of the PFIT-s, this
testing will reduce overall time of
administration. Although grip strength
and MRC sum score are important
markers of body system impair-
ments, these measures provide lim-
ited information regarding the
patient’s ability to carry out basic
functional activities. In contrast, the
PFIT-s provides important informa-
tion about abilities that are impor-
tant to function, such as sit-to-stand
performance and maintaining bal-
ance and postural control while per-
forming an endurance test.

As patients become medically stable
and transition to the medical floor,
the PFIT-s remains appropriate in a
high proportion of patients. In addi-
tion, tests of additional activities
of daily living and walking may be
indicated. Several investigations of
patients with ICU-AW used the Bar-
thel Index as both a self-report and
performance measure to categorize
patients’ ability to perform activities
of daily living.2,22–24 In addition, the
TUG4,25,26 and 6MWT4,20,27–29 have
been reported for use after ICU dis-
charge. Depending on patient recov-
ery, these measures also may be
appropriate for the subacute or
outpatient setting. A combination of
additional tests and measures may
need to be identified to address the
long-term deficits in strength and
function reported in this popula-
tion28,30 and more generally in mea-
suring the functional and perfor-

mance impairments of survivors of
the ICU with post–intensive care
syndrome.4,30–32

We acknowledge that the sample
size was small, which is a limitation
to this study. However, the findings
in this sample are consistent with
those in a similar sample in Australia,
lending support to their validity.4

In conclusion, the PFIT-s is a feasible
and valid measure of function for
individuals who require MV in the
ICU and who are alert, able to follow
commands, and have sufficient
strength to participate. This measure
can be applied in combination with
other existing measures of body sys-
tem impairments to fully assess the
impact of activity limitations of peo-
ple diagnosed with ICU-AW in the
ICU setting. In addition to being
a useful examination strategy, the
PFIT-s can help direct physical ther-
apy intervention. Finally, findings in
this sample are consistent with those
of Denehy et al4 while extending
their initial validation.
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