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a b s t r a c t
Purpose: The purpose of this study was to determine the interrater reliability of the Perme Intensive Care Unit
Mobility Score.
Materials and methods: This was a prospective observational study. Data were collected from 20 patients
admitted in a cardiovascular intensive care unit. The interrater reliability was tested using the intraclass
correlation coefﬁcient with 95% conﬁdence interval and the Cohen κ coefﬁcient of 0.9, using a 2-tailed α of .05
to provide a 90% power.
Results: The 15 items of the Perme ICU Mobility Score were individually analyzed. Interrater reliability (Cohen
κ coefﬁcient) for items 2, 3, 5, 6, 7, 8, 13, and 15 was 1.0000; for item 1, 0.8276; item 4, 0.8000; item 9, 0.6000;
item 10, 0.7297; item 11, 0.7260; item 12, 0.7872; and item 14, 0.9048; the intraclass correlation coefﬁcient
(95% conﬁdence interval) was 0.9880 (0.97743-0.99859).
Conclusions: The Perme ICU Mobility Score is a reliable tool to assess mobility status of patients admitted to
the cardiovascular intensive care unit in a speciﬁc moment in time, which can be an important tool for
research and clinical practice.
© 2014 Elsevier Inc. All rights reserved.

1. Introduction
Early mobility activities in intensive care unit (ICU) are advocated
as a strategy to improve functional recovery during and after
prolonged critical illness, reduce ICU-acquired weakness, and delirium but also to decrease hospital and ICU stay [1,2]. There is a lack of a
reliable and valid ICU-speciﬁc tool to assess mobility status during
critical illness [3].
Outcomes reported in investigations of early mobility activities are
primarily length of ICU and hospital stay, duration of mechanical
ventilation, muscle strength, function, and mortality [4]. However,
none of these outcomes are a speciﬁc and sensitive assessment of
patient mobility status. Scales and tools commonly used to measure
functional status, a concept related to mobility, are the Barthel Index
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[5], Functional Independence Measure [6], Physical Function ICU Test
(PFIT) [7], and Functional Status Score for Intensive Care Unit (FSS-ICU)
[3]. None of the above tools, however, included any speciﬁc ICU-related
items that may impact functional mobility.
Establishing the interrater reliability of a tool is essential to the
reproducibility of measurements and the accuracy of inferences
drawn from such measurements [8]. The Perme ICU Mobility Score is a
novel tool, which was developed for patients in any ICU setting and
also with any diagnosis. The Perme ICU Mobility Score consists of 15
items grouped in 7 categories: mental status, potential mobility
barriers, functional strength, bed mobility, transfers, gait, and
endurance. The category “potential mobility barriers” includes ICU
environment-speciﬁc items that can potentially interfere with
progressive mobility [9]. The Perme ICU Mobility Score, presented in
the Appendix, ranges from 0 to 32, and the scale uses a maximum
range of 2 to 4 points for each of the 15 items. A high total score
indicates few mobility barriers and minimal assistance required for
mobility activities, and a low score indicates more barriers to mobility
and greater assistance needed for mobility.
The purpose of this study was to test the interrater reliability of the
Perme ICU Mobility Score for patients admitted to the cardiovascular
ICU (CVICU). This setting was chosen because of the high acuity of
patients, steady census, and an established culture and practice of
early and progressive mobility.
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2. Methods
This was a prospective observational study. Two members of the
research team simultaneously collected the Perme ICU Mobility
Scores. Data for this prospective observational study were collected
between February 2013 and March 2013. Twenty consecutive patients
who were admitted to the 40-bed CVICU at Houston Methodist
Hospital, Houston, TX, were enrolled in this study. The inclusion
criteria were patients older than 18 years who were referred to
physical therapy and who met criteria to participate in physical
therapy according to the CVICU guidelines as proposed by Perme and
Chandrashekar [10]. A sample size of 19 subjects was determined to
be necessary to achieve an intraclass correlation (ICC) of 0.9, using a 1sided α value of .05 and power of 0.80 [11]. A sample size of at least 19
subjects, using the same values for α and power, was also calculated as
adequate to determine κ values of 0.85 or greater for 2 raters [12].
There were no exclusion criteria. The Houston Methodist Hospital
Institutional Review Board approved this study, and informed consent
was waived, as this was a prospective observational study that
conformed to current practices in the CVICU.
3. Procedure
The raters selected to participate in this study did not contribute in
the initial development of the tool, and before the initiation of this
study, they were trained in how to obtain the Perme ICU Mobility
Score. Rater “A” has 11 years of clinical experience and is board
certiﬁed by American Board of Physical Therapy Specialties as a
cardiovascular and pulmonary clinical specialist. Rater “B” is also a
physical therapist and has more than 5 years of clinical experience in
addition to participating in a 1-year ICU-focused clinical fellowship.
The 2 raters collected the score after the initial physical therapy
evaluation. Rater “A” assessed the patient, and the rater “B” observed
the entire process but did not physically touch the patient as part of
the assessment. Both raters completed the score sheet immediately
after ﬁnishing the physical therapy evaluation. The score sheets were
completed separately without any communication between the raters
in an attempt to avoid bias. The total time spent to ﬁll out the score
sheet by both raters was collected to estimate the time taken for the
completion of the tool. The rater “B” was responsible for collecting the
nonidentiﬁable patient characteristics; Acute Physiology and Chronic
Health Evaluation (APACHE) II, ICU and hospital length of stay, and
discharge location.

Table 1
Patient characteristics
Characteristics

Median/percentage, n = 20

Age (y) median (IQR)
Sex
Male
Female
BMI (kg/m2)
LOS, median (IQR)
ICU (d)
Hospital (d)
APACHE II score, median (IQR)
Surgical procedures/diagnosis
Lung transplant
Coronary artery bypass
Pneumonia
LVAD
Other
Discharge location
Home
LTAC
SNF
Other

64.5 (20-86)
60%
40%
25.15 (13.3-40.9)
4 (1-42)
18 (4-73)
16.5 (7-30)
7 (35%)
4 (20%)
2 (10%)
1 (5%)
6 (30%)
9 (45%)
5 (25%)
3 (15%)
3 (15%)

BMI indicates body mass index; LOS, length of stay; LVAD, left ventricular assist device;
LTAC, long-term acute care; SNF, skilled nursing facility; Other, hospice, nursing home.

ICU Mobility Score was 21.5 (SD, 7.10), 15% of the patients were on
mechanical ventilation, and 65% required intravenous drips. Fifty
percent of the patients were able to ambulate on the ﬁrst physical
therapy session. Of these patients, 4 patients were able to ambulate
more than 100 ft in 2 minutes.
The weighted Cohen κ coefﬁcient ranged from 0.60 to 1.0, and the
percentage of agreement ranged from 80% to 100% for each item as
detailed in Table 2. Interrater reliability (Cohen κ coefﬁcient) was 1.0
for items 2, 3, 5, 6, 7, 8, 13, and 15. Item 9 (κ = 0.6000) had the lowest
κ value and agreement. The Bland-Altman plot for the agreement
between the observers is illustrated in Fig. 1 and supports the close
agreement. The interrater reliability, estimated from ICC, was 0.98,
and results from this calculation are in Table 3. An item-by-item with
the total score for both raters is presented in Table 4.
The average time to ﬁll out the Perme ICU Mobility Score was 1
minute and 12 seconds. The time to complete the score was obtained
from a mean of 40 assessments by 2 observers for the 20 patients
enrolled in the study.
6. Discussion

4. Statistical analysis
Data are presented using descriptive analysis including median
and interquartile range (IQR) for continuous data and percentages for
categorical data. The ICC was used to quantify relative interrater
reliability. It provides limited information on measurement error,
which means that a high ICC does not necessarily indicate a low
possibility of measurement error [13,14].
The Cohen κ coefﬁcient was also used to determine the agreement
between observers. It measures the degree of agreement between the
scores and includes a correction for any agreement, which may occur
by chance [15,16]. The strength of agreement associated with the κ
statistics was classiﬁed according to Landis and Koch [15]. BlandAltman plots were also planned to compare interrater agreement. All
statistical analyses were performed using STATA version 11 software
(StataCorp, College Station, TX).
5. Results
The 20 subjects enrolled in the study had a median (IQR) of 64.5
(20-86) years, and the characteristics are summarized in Table 1. At
the time of the initial physical therapy evaluation, the mean Perme

This report is an initial step in determining the consistency of
scoring in a new tool to test the interrater reliability of the Perme ICU
Table 2
The agreement between 2 observers
Perme ICU Mobility Score
item

n = 20
Agreement (%)

Expected (%)

κ

1. Alertness
2. Follow commands
3. Mechanical ventilation
4. Pain
5. Lines and tubes
6. Drips
7. Legs
8. Arms
9. Supine to sit
10. Static sitting balance
11. Sit to stand
12. Static standing balance
13. Transfer from bed to chair
14. Gait
15. Endurance

95.00
100.00
100.00
90.00
100.00
100.00
100.00
100.00
80.00
95.00
85.00
90.00
100.00
95.00
100.00

71.00
100.00
74.50
50.00
90.50
54.50
66.50
81.50
50.00
81.50
45.25
53.00
51.50
47.50
34.00

0.8276
1.0000
1.0000
0.8000
1.0000
1.0000
1.0000
1.0000
0.6000
0.7297
0.7260
0.7872
1.0000
0.9048
1.0000
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Fig. 1. Bland-Altman plot for the agreement between the observers.

Mobility Score for patients admitted to the CVICU. As calculated a
priori, the sample of 20 subjects provided sufﬁcient power (N0.9) to
evaluate the tool for interrater reliability. However, we recognize that
a larger and more heterogeneous sample will be required for
additional psychometric evaluation before recommending wider
adoption. Results supported the Perme ICU Mobility Score as a
reliable tool in this small sample size of patients who were admitted
to the CVICU. Testing the interrater reliability of a tool is an initial step
in tool psychometrics, estimating how consistently different observers arrive at the same score [17]. According to Landis and Koch
guidelines [14], the Perme ICU Mobility Score showed an excellent
interrater agreement estimated from ICC of 0.98801, and the narrow
conﬁdence interval of 0.97743 to 0.99859 further supports interrater
reliability for the overall score. The Bland-Altman plot demonstrates
that the 2 observations are consistently within 2 points of each other,
a 6% variation of the 32-point total score and less than 1 SD from the
mean (SD, 6.7; Table 3).
The κ coefﬁcient ranged from moderate (κ = 0.6) to perfect
agreement (κ = 1.0). Of the 15 items in the Perme ICU Mobility Score,
8 had perfect κ coefﬁcients [14]. An additional 6 items had substantial
to almost perfect agreement and acceptable κ values. These items
were static sitting balance (bed mobility category), sit to stand, and
static standing balance (transfers category). The supine-to-sit item in
the bed mobility category was the 1 item with a moderate agreement
(80%) and κ value (0.6). The 3 items in the transfer category had
substantial agreement with a κ value ranging from 0.72 to 0.78. The
explanation of the lower agreement and κ values in both bed mobility

Table 3
Intraclass correlation coefﬁcient of interrater reliability
ICC

Asy. SE

95% conﬁdence interval

0.98801
Estimated SD of patient effect
Estimated SD within patient
Estimated interrater reliability of a
patient mean (evaluated at n = 2.00)

0.00540

0.97743

0.99859
6.73258
0.7416198
0.99397

and transfers categories reﬂects the difference between “hands on”
and “hands off” approaches. Only 1 physical therapist (rater “A”)
provided direct hands-on assessment during the sessions. The other
physical therapist (rater “B”) observed the entire process and did not
have the opportunity to physically touch the patient. As a result, the
second rater was not able to accurately judge the degree of assistance
required by the patient during vertical movements and may not have
been consistently able to discern the difference between moderate
assistance (2 points) and minimum assistance or supervision only
(3 points). Nonetheless, a κ value of 0.6 is acceptable for early tool
development [14].
The high κ values for the items can also be associated with the
relatively narrow selection of choices in scoring each item. According
to Fricke et al [18], a 7-point scale tends to produce a greater variance
than a 4-point scale. The scale used in the Perme ICU Mobility Score
uses a maximum range of 2 to 4 points for each item. A small selection
of 4 choices for the rater creates an increase in the κ statistics [19,20].
However, we justify the limited choices in scoring each item as
important for clinicians—a smaller range in responses does not
require extensive training before use and reduces the time needed to
use the tool. We suggest that the limited choices are useful not only
clinically but also capture key features of patient conditions that will
provide trend data for researchers about whether mobility progresses,
remains the same, or declines over time. Future testing of trend data is
needed to validate this aspect of the Perme ICU Mobility Score.
The Perme ICU Mobility Score provides a total score of a patient's
mobility status in a speciﬁc moment in time. The clinical importance
of this ICU-speciﬁc tool is its focus on the physical performance for
patients requiring intensive care. These patients can have multiple
medical problems possibly needing sedation along with tubes and
lines that can limit both independent and assisted mobility activities.
It is important to note that the functional strength assessment is
focused on the patient's ability to move their limbs against gravity.
The inclusion of the endurance test measuring the distance walked in
2 minutes provides additional insight about the patient's potential for
higher level of activities. Under item 15, if the patient is capable of
walking but is unable to do so due to lack of resources or a multitude
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Table 4
Item-by-item with total Perme ICU Mobility Score for both raters

Mean
SD
Median

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

Total score

1.85
0.38
2

1.05
0
1

0.925
0.36
1

0.65
0.50
1

0.175
0.22
0

0.5
0.48
0

1.825
0.74
2

2.05
0.48
2

2.625
1.03
3

2.975
0.85
3

2.6
1.07
3

2.7
1.08
3

1.325
1.40
0

1.85
1.52
1.5

1.375
1.20
0.5

21.475
6.71
22

of barriers, the rater should score it a zero. The authors do not know
any other available tool that is specﬁc to the ICU setting that also
measures patient's endurance status.
The FSS-ICU was described by Zanni et al [3] to be used as an
outcome measurement in ICUs. The FSS-ICU demonstrated validity in
that it was able to to discriminate among discharge settings and
successive changes in function for patients in Long-term acute care
hospital (LTACH) setting. However, the FSS-ICU has not been tested in
acutely ill ICU patients as was the Perme Mobility Score [21]. The PFIT
is an outcome measure used to prescribe and evaluate exercise and
mobilization of patients in the ICU. Skinner et al [35] reported the
results of the PFIT in 12 patients and demonstrated good interrater
reliability. Two therapists concurrently observed 10 PFIT tests, which
consisted of 2 components: marching on the spot and bilateral
shoulder ﬂexion. The PFIT test required participants to stand from a
standardized chair. In contrast, the Perme ICU Mobility Score included
in-bed as well as walking activities. Unlike the PFIT, the Perme ICU
Mobility Score allowed for a measure of function earlier in the disease
process when a patient may be unable to sit in a chair and also later
when a patient may be able to walk. Another aspect to be considered
is the fact that the PFIT is a tool for measurement of exercise capacity,
as opposed to the Perme ICU Mobility Score, which was developed
speciﬁcally to measure functional mobility status.
The Chelsea Critical Care Physical Assessment Tool (CPAx) is
another tool to measure physical mobility in the general adult critical
care population. The components of the CPAx are respiratory function,
cough, moving within the bed, supine to sitting on the edge of the bed,
dynamic sitting, sit to stand, standing balance, transferring from bed
to chair, stepping, and grip strength [22]. In contrast, the Perme ICU
Mobility Score does not require a dynamometer to test grip strength.
In addition, the Perme ICU Mobility Score may be easier to use as it
does not require additional equipment and respiratory assessment. In
the United States, the physical therapist does not typically evaluate
respiratory function or cough and, thus, may need additional training
to use the CPAx or require input from the respiratory therapist and
nursing staff.
One of the advantages of the Perme ICU Mobility Score is the
relative ease of use because it takes less than 2 minutes to complete
the entire scoring form. Measuring patient mobility status with the
Perme ICU Mobility Score is a practical approach that reﬂects common
and accepted parameters related to safe patient mobility in ICU. It can
be quickly completed at the end of physical therapy interventions.
This preliminary report suggests that the tool can be reliably scored
following training.
The Perme ICU Mobility Score was developed to be used in any ICU.
However, ﬁndings from this study cannot be generalized to other
critically ill populations. The sample size in this study is limited to
patients in CVICU at 1 institution. Further testing is needed to support
reliability among a greater variety of ICU patients, settings, and tool
users. Future studies using the Perme ICU Mobility Score can establish
linkages with prognostic indicators (eg, determine if a low score is
associated with low functional status preadmission), compare the
scores in similar or different diagnosis or conditions (anticipating that
a more severe diagnosis, APACHE score, or number of therapeutic
interventions are associated with lower mobility at admission), and
determine whether trend Perme ICU Mobility Scores predict patient
recovery (eg, when the score improves by a certain factor, the patient
is ready for the next step in progressive mobility or an upward trend

score is associated with either a dependent or independent discharge
location following ICU).
7. Conclusion
The Perme ICU Mobility Score demonstrated interrater reliability
for the CVICU population, which is an important ﬁrst step in this tool's
development process. Measurement of mobility status has important
implications for ICU clinical practice and research. Researchers will
beneﬁt from a speciﬁc tool that reﬂects mobility status of patients in
the ICU rather than tools designed to assess mobility in other settings.
A reliable and valid ICU-speciﬁc tool to assess mobility status during
critical illness will help clinicians document progression, setbacks,
and quality improvement measures in response to mobility initiatives.
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