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Abstract

Purpose Performance status is an important factor in determining quality of life, the choice of treatment, and prognostic tool in
patients. All scoring systems currently in use measure the patient’s performance subjectively. A new method of objective
assessment of performance ECOG/WHO grades 2 and 3 was constructed and tested.

Methods A performance meter—an adapted USB data logger with a mercury tilt switch—was constructed. The device was
tested in a feasibility study on 33 residents of a retirement home. Parallel to the objective assessment, each resident gave their own
estimate of their performance, and each resident was in turn assessed by the nursing staff.

Results With the performance meter, 4 residents (12%) were assessed as PS >3 in comparison with 8 (24%) and 7 (21%)
residents with an ECOG score >3 estimated by patients themselves and nursing staff respectively.

Conclusion Subjective scoring—estimated by patients themselves and by nursing staff—showed underestimation of patients’
performance. In 12% of patients, a better performance score was observed with objective measurement in comparison with

subjective assessment. Performance meter could be a useful tool for health care professionals for type of care decisions.
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Introduction

Performance status (PS) is a reliable indicator for the patient’s
general condition. In clinical practice, it is an indispensable
prognostic factor and useful tool in predictive models for sur-
vival and treatment decision [1-3]. A better PS suggests a
better prognosis. PS is an important factor for determining
the choice of treatment (surgery, radiation, chemotherapy) or
the intensity of palliative treatment in cancer patients [4].

The Zubrod score, first published in 1982, has since been
adapted into the nearly identical WHO and ECOG (Eastern
Cooperative Oncology Group) scores. These scores are entire-
ly subjective and depend on the experience and opinion of the
rater. Different health care professionals score PS differently.
The existing literature cites both good and bad inter-rater reli-
ability [5].
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Cancer patients with PS 0-1 are the best candidates for
surgery, chemotherapy, and trials. It has been documented
that the benefit of modern chemotherapy for advanced colo-
rectal cancer applies not only to fit, young patients, butalso to
the elderly and patients with PS 2 [6]. Both the elderly and PS
2 patients are underrepresented in clinical trials and treat-
ment strategy [7]. Thus, objective measurement is needed.
Accurate measurement of patient physical activity besides
other factors that are also taken into account when selecting
the appropriate treatment would help oncologists select the
most appropriate treatment options. Accelerometer-based
monitoring and electronic activity monitoring (EAM) sys-
tems, measuring numbers of steps taken and/or the amount
of time spent performing activities at different intensities,
were tested in cancer patients with promising results
[8-10]. Is it really possible to be objective in performance
status assessment? The only statement we see that has poten-
tial to be measured is a statement in the ECOG system about
staying in bed, where one of the descriptions of activity is
based on the position of the body. There are distinctions be-
tween ECOG 2 and 3 on the basis of being recumbent or
supine. Grade ECOG 2 marks the position of the body as
being up and about more than 50% of waking hours, and
grade ECOG 3 marks the state as confined to bed or chair
50% or more of waking hours (Table 1) [11].
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Table 1  ECOG performance status

Grade ECOG performance status

0 Fully active, able to carry on all pre-disease performance without restriction

1 Restricted in physically strenuous activity but ambulatory and able to carry out work of a light or sedentary nature, e.g., light house work,
office work

2 Ambulatory and capable of all self-care but unable to carry out any work activities; up and about more than 50% of waking hours

3 Capable of only limited self-care; confined to bed or chair more than 50% of waking hours

4 Completely disabled; cannot carry on any self-care; totally confined to bed or chair

5 Dead

Oken M, Creech R, Tormey D, et al. Toxicity and response criteria of the Eastern Cooperative Oncology Group. Am J Clin Oncol. 1982;5:649—655

There is a need to develop a new objective device that can
numerically measure share of waking hours being up, citation
that is also part of ECOG score. New objective device could
replace subjective judgment of patient’s activity and could
descry between ECOG 2 and ECOG 3 score but not in
Karnofsky score which has a higher number of choice but
no numerical cut levels. The intention of the study is to test
an objective tool for PS measurement on the basis of being
recumbent or supine and compare these results to nursing staff
and patients self -assessment of PS.

Besides objective measurement of patient physical activity,
other factors are also taken into account when selecting the
appropriate treatment that would help oncologists select the
most appropriate treatment options.

Methods

Non-cancer patients were tested for practical reason. The idea
was to find representative group of older subjects for testing
feasibility, usability, and practicability of a new device for PS
measurement. Retirement institution seemed to be appropri-
ate, since residents and nursing staff measurement could be
compared. Residents with cognitive impairment were exclud-
ed. This was a prospective, observational, feasibility study.

Performance status device

A Logger data performance status device (LDPS) prototype
was developed. Electrical engineers were asked to construct a
simple and cheap device for this purpose. They used USB data
logger found on the market (Voltcraft DL-111K USB
Temperature Data Logger), which normally measures temper-
ature at regular intervals. A tilt switch mounted over the tem-
perature sensor provided constant output regarding the hori-
zontal and vertical positions of the instrument. Due to its sim-
ple technology in production process, there was no need for
calibration between measurements. A pencil-like data logger
was used, as fixation of the instrument is crucial. It was fixed
to an underlying base with upper and lower clips. In general, a
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vertical position indicates the upright position of the individ-
ual, while a horizontal position of the instrument indicates
supine position of the individual. After experimenting with
the position of the device on various parts of the body (the
leg, shirt pocket, taped to the torso), it was decided that the
best part of the body was the presternal region, tie region, and
mode of attachment was with a crocodile clip to a shirt at two
points, top and bottom; thus, the device was held quite firmly
in place with no shift because of torso movement (Fig. 1). The
movements of the residents were constantly measured with
sampling interval of 10 min, thus eliminating the problem of
overabundance of data to process, and unnecessary short re-
cords of temporary excessive movements of the torso. This
seemed reasonable as some brief activity, for example going to
the toilet, cannot be judged as being up.

Positions between < 60 and > 60° were tested as horizontal
and vertical respectively, i.e., the supine and upright position
of the individual torso. It is an arbitrary definition based upon
observation and some preliminary measurement with LDPS in
presternal region that normal daily body movement, walking,
and sitting are characterized with the inclination of the device
>60° and lying in a bed, head or back elevation, or anti-
Trendelenburg position were registered as inclination of the
device < 60%.

Fig. 1 Active device in place. Note upper and bottom fixation
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Participants

The study group of this feasibility study was chosen
from a retirement institution. The reason for this decision
was the possibility to have a uniform cohort of individ-
uals with chronic illness and other age-related sickness
which could best resemble patients affected by cancer
and cancer treatment. At the beginning of the study, a
closed group of permanent residents in one department
with nursing staff was instructed at a group meeting
about the idea of the study, PS characteristics, protocol
of the study, and LDPS performances. ECOG PS 0-5
scale was used. The ECOG scale was developed by the
Eastern Cooperative Oncology Group (ECOG) and pub-
lished in 1982. It circulates in the public domain and is
therefore available for public use (Table 1) [11]. ECOG
PS 0 represents full activity, 1 represents restricted phys-
ically activity, 2 is up more than 50% of waking hours, 3
represents confined to bed or chair more than 50% of
waking hours, 4 is totally confined to bed or chair, and
5 means dead. Residents and nursing staff were precisely
informed about ECOG PS characteristics, and every
score was discussed. They were asked to make self-
judgment at the end of the monitoring time.

Residents were basically accepted at retirement home as
ECOG <£2. Although mutual assistance was observed be-
tween the residents, and eventually, some could be in worse
condition. No one was hospitalized for at least 6 months prior
to data of acquisition. Participation of the residents was vol-
untary, and informed consent was obtained at the beginning.
All residents were ambulatory, no wheelchair users, and no
resident in the study had the diagnosis of past or recent cancer
or acute inflection. Alongside electronic measurement, their
performance status was independently assessed by them-
selves, and by the nursing staff.

Residents were monitored only for 1 day. The matron of the
department actively participated in the study with an obliga-
tion to permanently control protocol implementation.

Protocol

The matron of the department was responsible for the
study and administration. In the morning, she fixed the
LDPS to one resident with information to ensure that the
device was fixed at the base and that turning of the
device had to be reported to the nursing staff. Nursing
staff assessed ECOG rate on the basis of the resident’s
self-care ability and activities during the day. Three
ECOG scores were gathered for one resident in 1 day,
one per 8-h nurse shift. The LDPS was picked up by the
matron the next morning; it was restarted and fixed to
another resident. No calibration was needed for new
measurement. At the end of the study, the LDPS was

delivered to the conductor of the study with the PS
values of the resident and nursing staff recorded in the
protocol note.

One LDPS was used. The recording interval was be-
tween 9 a.m. and 10 p.m. “Waking hours” was defined
as the interval between 9 a.m. (waking of residents, dis-
tribution of breakfast and medication etc.) and 10 p.m.
(the average bedtime of the residents), and the results
were calculated accordingly. Data were uploaded to a
computer via USB. The data for each resident are shown
either graphically, indicating the time on the X-axis and
body position of the instrument on the Y-axis, or as a set
of numeric values in a table (Table 2).

Data were analyzed by hand, values TEMP = 0.0 were rec-
ognized as upright, active position and values TEMP > 0.0 as
laying, resting position.

Table 2 Text data output (example). Different daily time is shown and
differences in numbers under TEMP. TEMP number indicates position of
the body (e.g., TEMP value 0.0 represent upright position, values >0
represent supine position)

DATE DP TIME TEMP RH
1 01 Oct. 2008  09:54:00  —40.0 0.0 0.0
2 01 Oct. 2008  10:04:00  —40.0 0.0 0.0
3 01 Oct. 2008  10:14:00  —40.0 0.0 0.0
4 01 Oct. 2008  10:24:00  —40.0 0.0 0.0
5 01 Oct. 2008  10:34:00  —40.0 0.0 0.0
6 01 Oct. 2008  10:44:00 —40.0 0.0 0.0
7 01 Oct. 2008  10:54:00  —40.0 0.0 0.0
8 01 Oct. 2008  11:04:00  —40.0 0.0 0.0
31 01 Oct. 2008  14:54:00  —40.0 0.0 0.0
32 01 Oct. 2008  15:04:00  —40.0 0.0 0.0
33 01 Oct. 2008  15:14:00  —40.0 0.0 0.0

34 01 Oct. 2008
35 01 Oct. 2008
36 01 Oct. 2008
37 01 Oct. 2008
38 01 Oct. 2008

15:24:00 31,6 402 164
15:34:00 319 406 168
15:44:00 320 403 168
15:54:00 321 407 170
16:04:00 322 397 167

39 01 Oct. 2008  16:14:00  —40.0 0.0 0.0
40 01 Oct. 2008  16:24:00  —40.0 0.0 0.0
41 01 Oct. 2008  16:34:00  —40.0 0.0 0.0

119 01 Oct. 2008
120 01 Oct. 2008
121 01 Oct. 2008

05:34:00 344 53.0 234
05:44:00 343 534 234
05:54:00 343 525 231

122 01 Oct. 2008  06:04:00  —40.0 0.0 0.0
123 01 Oct. 2008  06:14:00  —40.0 0.0 0.0
124 01 Oct. 2008  06:24:00  —40.0 0.0 0.0
125 01 Oct. 2008  06:34:00  —40.0 0.0 0.0
126 01 Oct. 2008  06:44:.00  —40.0 0.0 0.0
127 01 Oct. 2008  06:54:.00  —40.0 0.0 0.0
128 01 Oct. 2008  07:04:00 —40.0 0.0 0.0
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Statistics

Data gathered were categorical variables. Agreement in PS
assessment between three methods was calculated. Chi square
test and Kappa test were used. Statistical data analysis was
performed using SPSS for Windows version 19.0 (SPSS
INC/IBM Corporation, Somers, NY, USA). P value of <
0.05 was used to define significance.

Results

The study was conducted from December 2014 to February
2015. Thirty-three mobile residents of a retirement home
completed the monitoring protocol (26 female, 7 male),
and their average age was 84.6 years (65-101 years).
Common comorbidities were chronic heart disease (n =
18), chronic obstructive pulmonary disease (n = 11), diabe-
tes mellitus (n = 7), rheumatic problems (n = 7), and others
(n =3). Residents with even mild signs of cognitive impair-
ment were excluded from the study..

Adherence to the device was 100%. No change in posi-
tion or movement was noticed during measurement time
when fixed at two points, and participants did not have
any complaints wearing it. The device is not in the market
yet. PS assessment by three different methods is presented
in Table 1. In general, 76% of residents estimated them-
selves to be in good performance status, e.g., PS <2.
Nursing staff found 79% residents to have PS <2 while
LDPS registered 88% residents to be PS <2. Residents
and nursing staff also rated for PS 0, PS 1, and PS 2
(Table 3). The residents rated themselves better in compar-
ison to nurses. Forty-four percent of residents rated them-
selves as PS 0 and PS 1 in comparison to 35% residents with
PS 0 or PS 1 assessed by nurses. Two and three residents
were classified as PS 0 by themselves and nursing staff
respectively. There was no registration of PS 4 resident.

The LDPS registered four residents (12%) with ECOG >3
in comparison to 8 (24%) and 7 (21%) residents with self-
estimation and nursing staff respectively. The difference is
not statistically significant (P =0.42) (Table 4).

Agreement of the three methods is presented in Table 5.
The greatest agreement is between resident and nursing staff
and minimal agreement is between resident and LDPS. The
difference is not statistically significant (P =0.32).

Table 3  PS assessment by three different methods

ECOG rate 0 1 2 3 4
Resident n 2 9 14 8 0
Nursing staff n 3 6 17 7 0
LDPS n 29 4
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Table 4 Results for each of the raters adapted for comparison with the
objective assessment

Assessment by ECOG score <2 ECOG score >3
Resident 25
Nursing staff 26
LDPS 29

The degree of agreement for ECOG >3 was also calculated
using Cohen’s kappa test, which showed lower site of agree-
ment: self-score and the nursing staff (k = 0.57), the nursing
staff and LDPS (k=0.25), and self-score and LPDS (k=
0.0006) respectively.

Discussion

Our goal was to develop a device which will be able to chal-
lenge the human factor in the assessment of important input
data forpotentially life-changing decisions.

An average ECOG score of residents was 1.76, in compar-
ison to 1.82 estimated by nursing staff. However 9, 7, and 4
residents were rated PS >3 according to themselves, nurses,
and LDPS, respectively. It means that residents rated them-
selves more critically. It was reported that patients tend to
score themselves lower than professionals [12]. Our results
suggest that 4 (residents’ assessment) and 3 (nurses’ assess-
ment) residents were graded with worse PS (PS >3 instead of
PS < 3) compared to LDPS. In real life, it means that 12 and
9% of residents were rated worse by themselves and nurses,
respectively, in comparison to LDPS measurement. If a sub-
jective grade is accepted in the therapy decision process, it
theoretically means that cca. 10% of individuals receive pal-
liative treatment instead of potentially curative treatment or
that cca. 10% of individuals have less chance for specific
treatment. However, treatment decisions are not based only
on PS, but other factors are also considered, such as age and
disease characteristics.

However, we do not have information about the amount of
time spent in a recumbent or upright position but percentage

Table 5 Agreement in PS assessment between three methods
Agreement in PS Different PS
n % n %
R: NS 28 85 5 15
R: LDPS 23 70 10 30
NS: LDPS 26 79 7 21

PS performance status, R resident, NS nursing staff, LDPS Logger data
performance status
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of time being up or recumbent as percentage of time around
50% which was chosen as cut-off value between PS 2 and PS
3 is critical as minimal difference in percentage around 50%
has important impact on PS 2 or PS 3 classification. This is
one of the weaknesses of the study.

A high degree of agreement for PS <2 between residents
and nursing staff was evidenced. These can be attributed to the
relatively low average grade PS score in the study, as various
studies have shown that the agreement is higher in the lower
grades (PS 0-2) than in the higher ones (PS 3—4). The existing
literature cites both good and bad inter-rater reliability of PS
scores. It is difficult to conclude which health care profes-
sionals PS assessments are more accurate [5, 13—15].

The LDPS study can be compared to other studies that
tested some tools for physical activity measurement. One
of these tools is accelerometer-based monitoring that mea-
sures step count. It was reported that in frail patients with
advanced cancer and reduced PS, the device was accurate
in providing estimates of body positions and step count
[8]. The other tool is the electronic activity monitoring
(EAM) systems. They measure the number of steps taken
and the amount of time spent performing activities at dif-
ferent intensities. The potential of EAM devices has been
explored in various disease settings to date including gy-
necology patients with polycystic ovarian syndrome,
obese patients in pre-bariatric surgery survey, patients
with chronic obstructive pulmonary disease, with chronic
kidney disease, and psychiatry patients with depression
[9]. The accuracy of EAM devices has also been con-
firmed in patients with colorectal cancer [10]. The EAM
ActivPAL™ monitor was used in patients with thoracic
cancer. The mean time spent each day in a range of ac-
tivities, e.g., standing or stepping, or their frequency, e.g.,
number of sit-to-stand transitions and steps taken, were
calculated and compared according to ECOG PS. The
results showed that physical activity levels decline across
the range of ECOG PS categories studied [16]. The LDPS
on the other hand measures time of being upright or su-
pine, situation which is the base of ECOG score system.
Potential advantage of LDPS tool is measurement % of
time being up or supine and support ECOG grading which
also distinguishes % of time being up or supine. LDPS
ECOG scores is only part of ECOG score judgment and
for adequate scoring other patients’ ability (for example
capable of self-care) has also to be taken into account. It
is clear that a decision between curative and palliative
treatment cannot be made only on the basis of a single
ECOG assessment. We believe that an LDPS device could
be an additional help for PS assessment together with the
patient him/herself deciding PS, accompanying persons,
physicians, and nursing staff, or it could be a further
source of support in PS evaluation in inconsistent or
doubtful grading.

LDPS can be also a useful tool for PS measurements to be
added to different models for survival of terminally ill pa-
tients, as it can objectively identify ECOG >3 PS [17, 18].
LDPS could also have a place in helping to enhance validation
of prognostic scores in patients undergoing chemotherapy and
at candidate selection for clinical trials [19].

Technically, this attempt for objective assessment of the PS
yielded promising results, since the LDPS device itself is sol-
id, objective, practical, handy to use, and cheap. Adherence to
the device was 100%. No change in position or movement
was noticed during measurement time when fixed at two
points, and participants did not have any complaints wearing
it. The results are also promising as difference between
ECOG <2 and ECOG 3 is directly and easily evidenced, al-
though number of participants in the study is small and differ-
ences are not statistically significant.

Weaknesses of the study are small sample group, relatively
senior group of residents, non-cancerous patient’s population,
limited time of observation, one measurement only, and prob-
lematic LDPS numbers around 50%. Unfortunately, the
amount of time spent in a supine or upright position, which
would make judgment better, was not registered, but just per-
centage of time spent in an upright position.

Conclusion

The results show that more patients were classified as having a
better PS with the tool. However, the sample size is rather
small and difference was not significant.

However, the sample size is rather small and difference
was not significant. In 12% of patients, a better perfor-
mance score was observed with objective measurement in
comparison to subjective judgment. In combination with
standard measurements of PS, LDPS may provide a more
accurate assessment of functional status. A relatively sim-
ple, well-attested USB data logger like LPDS can work as
support for health care professionals in treatment decision
as well as an incentive device for the individuals and for
self-control.
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