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ABSTRACT

Background A simple and efficient exercise test possible
in a small space is welcome to supplement 6 min walk test
(6MWT) that demands a 100 feet corridor to perform.
Methods The proposed two chair test (2CT) makes a
person to sit and move five times between two chairs
placed face to face at 5 feet apart and note the changes

in pulse-rate (PR) and arterial oxygen saturation (Sp0,)

at every 105 for 2 min after that. Comparison of the
post-exercise measurements (PR and Sp0,) with a repeat
performance in same patients was done for reproducibility
and doing the same after GMWT and 2CT in another set

of patients was meant for for acceptability. The statistical
analysis was made on moment to moment change, mean
maximal difference and mean cumulative difference for the
measurements using p value, z-score, r value and principal
component analysis (PCA).

Findings A total of 40 and 60 volunteers were included
for testing reproducibility and acceptability. On both the
sets, the difference in most of comparisons between the
measured variable (PR and Sp0,) showed the p values
remaining insignificant (>0.05), and z-score being <1 SD
of the corresponding other and the correlation coefficients
(r) remaining excellent (>0.9). Furthermore, the PCA shows
complete overlapping. The post-exercise changes did not
corelate the walking distance in 6MWT.

Interpretation The proposed 2CT demands small space
and appears reproducible and comparable with 6MWT in
terms of its post-exercise impact on PR and Sp0,. This
novel test also appears more of cardiopulmonary reserve
specific.

INTRODUCTION

Six minutes walk test (6MWT) is a sub-
maximal exercise test has been popular in
the domain of cardio-respiratory diseases.'°
It has been found helpful in pretreatment
and post-treatment comparison in pulmo-
nary rehabilitation,1 % heart failure,3 chronic
obstructive pulmonary disease (COPD),*
pulmonary hypertension,” lung surgery®” and
lung volume reduction.” Even a single meas-
urement of the test has been proved useful to
understand the functional status of patients
with several conditions, such as COPD,9

Key messages

» Can we make a simple and reproducible exercise
test that can substitute 6 min walk test (6MWT)?

» Two chair test can potentially substitute 6MWT.

» It is simple, reproducible, comparable to 6MWT
as regards the post-exercise recovery response in
terms of pulse rate and saturation, and performable
in a consultation room itself.

cystic fibrosis,'’ heart failure'' and peripheral

vascular disease,'” Finally, and most impor-
tantly, the test has been proved as a predictor
of mortality in heart failure,"> COPD'* ' and
primary pulmonary hypf:rtension.16

The distance covered in the process is
noted as 6min walking distances (6MWD)
that reflects global physiological response to
exercise. Hence, it is not a cardio-respiratory
specific exercise test to appreciate the ability
or debility of a subject with symptoms of
cardiopulmonary compromise. Moreover, the
test demands an unobstructed indoor walking
space of over 100 feet.'” This remains a logistic
constraint in many situations. Hence, there is
an unmet need of an easily performable but
efficient substitute of 6MWT that require
minimum space and less time to perform.
There were efforts to evolve such substitutes
as 3min step tf:st,18 shuttle walk test,19 2 it to
stand test but none could match the accep-
tance of 6BMWT.?" This manuscript deals with
another novel effort, the 2 chair test (2CT),
meant to substitute the 6MWT.

METHODS

Decision for and description of the test (2CT)
The prospective test was discussed in details at
the planning stage itself. A team of pulmonol-
ogists and cardiologists (Kolkata PH group)
finally decided in favour of 2CT (see later)
on consensus after considering other feasible
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options been proposed. A pilot survey on its performance
was also reviewed by the group. The group decided to
establish the reproducibility of 2CT and also to compare
it with 6MWT before finally accepting it. It was decided
to have two sets of patients in this pilot observation (each
having a numerical strength >30) for testing reproduci-
bility and for comparison with 6MWT on available phys-
iological parameters in a common and defined fashion
to compare. A good comparability was taken as ‘accepta-
bility’ of the test. The decision process took into consid-
eration the space requirement, the ease of performing
the test and the concerned safety issues.

The proposed test was termed as ‘two chair test’ (2CT).
It involved a person to sit and walk between two chairs as
an exercise and the physiological impact is quantitatively
measured in terms of change in arterial oxygen satura-
tion (SpO,) and pulse-rate (PR) counted post-exercise.
Two ordinary wooden chairs (with flat back-rest, no hand
rest, the sitting surface being 48 cm above the ground
level) are to be placed face to face at a distance of 5 feet
(from anterior to anterior ends) facing each other. First,
a patient needs to sit on any one of them and rest for a
few minutes till his PR and SpO, remains stable continu-
ously at least for 30s. At this point, the baseline PR and
the SpO, are recorded and the patient is then asked to
get up and walk to the other chair and sit there before
getting up and returning to the previous chair. This is
recorded as single movement. The patient is directed to
make five similar movements otherwise continuously at

his/her own pace with freedom to stop in between for
dyspnoea or any physical discomfort or fatigue. There is a
provision for premature termination of the test following
the recommendation by American Thoracic Society on
6MWT for chest pain, intolerable dyspnoea, leg cramps,
staggering, turning pale or ashen, and diaphoresis.17 In
case of stopping in between or premature termination,
it is mandatory to note the number of movements and
details of events including the duration, reasons, status as
PR, blood pressure and SpO,. The contraindications for
the test were kept as the same for 6 MWT.'” The patients
were allowed to use their anti-angina or other drugs as
routine without any modification of the schedule and
emergency use of nitro-glycerine was allowed, if neces-
sary. Oxygen supplementation was offered to those who
required prolonged time (more than 30s) to show signs
of recovery from desaturation or had severe desatura-
tion (SpO, <80%). After completing the five movements
PR and SpO, were measured and recorded immediately
and thereafter at an interval of every 10s for next 2min.
The discussed commonalities and differences of 2CT
with 6MWT as perceived by the group was detailed (see
table 1).

The decision for five movements were made on the
basis of a pilot observation on six volunteers (patients)
who were subjected to 4, 5 and 6 movements in 2CT and
also the 6MWT with adequate rest (30 min) in between
the performances. The cumulative changes in PR and
SpO, after five movements showed best corelationship

Table 1 The comparison between 2CT and 6MWT

Qualities

6MWT

2CT

Physiological measurement
Assessment

Nature

Pace

Duration of exercise
Pre-performance direction
Premature termination
Encouragement during performance

Oxygen supplementation, if necessary,
after or at premature termination

Looked for

Space required
Other instruments

Emergency back up
Personnel
Safety

Walking distance
Functional capacity

Sub-maximal exercise; walking in
100 feet corridor

Self-controlled
6min

Given

Allowed

Not allowed
Allowed

Distance covered

Long walking space (hall/corridor)

BP machine, and a
pulse oximeter

Oxygen and emergency medicines

Trained for basic life support
Safe

Post-exercise change in PR and SpO,

Cardiopulmonary response and
decompensation

Sub-maximal exercise; changing seating from
one chair to other five times

Self-controlled
No fixed duration
Given

Allowed

Not allowed
Allowed

Post-exercise desaturation and change in PR
(pulse rate) for 2min

Consultation room

Two chairs, and a
pulse oximeter

Oxygen and emergency medicines
Trained for basic life support
Likely safe

Elaborates the basic commonalities and differences between 2CT and 6MWT
BP, blood pressure; 2CT, two chair test; 6BMWT, 6 min walk test; PR, pulse-rate; SpO,, arterial oxygen saturation.
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Table 2 The comparison between 4, 5 and 6 movements in two chair test (2CT) with BMWT in terms of cumulative changes

in pulse-rate and SpO,

Number of movements

n=6 After GBMWT 4 5 6

Mean cumulative pulse change 55.14+46.64 43.07+45.84 63.64+55.71 74.5+61.82
Mean cumulative SPO2 change per patient -6.5+4.25 -4.92+2.67 -8.28+4.77 —-8.35+6.33
Cumulative pulse change 772 603 891 1043
Cumulative SpO, change -91 -69 -116 -117
Maximum de-saturation -6 -4 -6 -5
Maximum pulse change 34 26 32 35
Correlation-ship of the performance with GMWT in terms of

a) cumulative change in pulse rate 0.92 0.96 0.93

b) cumulative change in SpO, 0.88 0.95 0.89

Showing that the 2CT with five movements matches best with 6MWT as regards the cumulative changes in PR and SpO,

PR, Pulse rate; SpO,, arterial oxygen saturation.

(r=0.96, 0.95) with the same after 6MWT (table 2). Simi-
larly, in another pilot observation on 20 volunteers, the
duration taken for the exercise showed no effective
correlation (r=-0.287, r=—0.284, respectively for change
in pulse rate and SpO,) with the cumulative change in
PR and SpO,,.

Two clinical assistants were trained to perform the test
and allowed to do it independently on authorisation
following satisfactory ratification of their performance
as per the protocol on sham tests involving healthy
volunteers and actual performance of the test on a few
patients. The protocol decided was to do the tests seri-
ally as (1) two 2CTs for reproducibility and (2) a 2CT
followed by 6MWT for comparison of the impact of 2CT
to that of 6MWT. There was no provision to repeat the
6MWT to account for any learning effect or possible,
though unlikely, fatigue effect from performing the 2CT.
Provision of stand-by oxygen and proper resuscitative
measures were kept ready. They remained blindfolded
about the details of ailments of the subjects selected.

Selection of subjects

Subjects were randomly selected by a physician on the
basis of convenience. Any subject with the presence short-
ness of breath as the major symptom could be recruited.
The exclusion criteria for the test included unwilling-
ness to give a written consent, acute myocardial infarct
in the preceding 4weeks or perceived cardiovascular
instability on clinico-radiological assessment or gross
left ventricular dysfunction in echocardiography, gross
musculoskeletal problem as advanced osteoarthritis of
knees, vertigo or neurological disorder affecting normal
movement, baseline hypoxaemia at rest (SpO, <90%),
gross dyspnoea and fatigue from any reason, existing
cardiac dysrhythmia and surviving on pacemaker beats,
and any other systemic problems that can affect the exer-
cise performance adversely.

Patient and public involvement

Subjects eligible for the study were directly informed
regarding the need and rationality of the proposed exer-
cise test by the consultant concerned before recruitment.
The mode of performance and the risks involved were
also elaborated before taking their consents. The result
of the study was discussed with each of them soon after
the performance by the same consultant.

Looking for reproducibility and comparison with 6MWT
Reproducibility of the test was verified on a set of patients
by repeating the same test two times on the same day
following a gap of at least 30 min or satisfactory stabilisa-
tion of PR and SpO, whichever is later.

For comparison between 2CT and 6MWT, a different
set of patients was selected. They underwent the 2CT first
as per the protocol and then after subsequent stabilisa-
tion (having been debarred from any physical activities
and no medication or beverage was allowed), 6MWT was
done as per the standard protocol by the same set of clin-
ical assistants in all of them. Following the performance
of the 6MWT, the PR and the SpO2 were measured in
protocol as is done after 2CT.

Statistical analysis

Statistical packages including, (GraphPad Prism, 7;
Metboanalyst 4.0), were used for statistical analysis. Z-test,
Student’s t-test and Spearman’s correlation were used to
compare the two 2CT results as validation of reproduci-
bility in the first set of volunteers. Further, post-exercise
changes of PR and SpO, following 2CT were compared
with the same recorded after 6MWT. The comparisons
were done in terms of ‘moment to moment’, ‘mean
maximum difference’ (MMD) and ‘mean cumulative
difference’ (MCD) of the changes. The MCD cumula-
tive difference for each patient means the sum up of all
the moment to moment differences for PR or SpO,. The
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Figure 1

(A and B) Elaborates corelationship between the initial and the repeat tests as regards the changes in PR (A) and

SpO, (B) with the correlation coefficient (r) being 0.99 and 0.98 respectively signifying excellent reproducibility. (C and D)
Similar corelationships (r being 0.97 and 0.91respectively) for post-exercise changes in pulse rate (PR) (C) and arterial oxygen
saturation(SpO,) (D) between 2CT and 6MWT suggest excellent comparability. (2CT, two chair test, PR, pulse-rate; SpO,,

arterial oxygen saturation).

Spearman’s correlation equation was also applied to see
the relationship between the changes.

Principal component analysis (PCA), an unsuper-
vised classification modelling method, aims to find the
directions that best explain the variance in a data set
(without referring to class labels) were also done. The
data are summarised into much fewer variables which are
weighted average of the original variables.

RESULTS
All the patients recruited for the study, completed
five movements uneventfully. None of them needed

A Comparison between cumulative pulse change with
distance covered(r=-0.09)
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supplemental oxygen or any medication. The results
show reproducibility of the 2CT in all the 40 patients
without any significant statistical difference between the
initial and the repeat 2CT results (table 3). There was
excellent correlations between the initial and repeat test
in terms of PR (r=0.99) and SpO, (r=0.98) (figure 1A,B).
The PCA also shows complete overlapping of the samples
from two independent tests (figure 2), confirming no
significant difference between them.

The result of comparison between the post-exercise
changesin the same parameters (PRand SpO,) in another
set of patients (n=60) reflect that 2CT and 6MWT are

B Comparisonbetweencumulative SPO2 change per
patient withdistance covered (r=0.09)
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Figure 2 (2A and 2B) Elaborates the co-relationship of the post-exercise mean cumulative chnages in pulse rate and arterial
oxygen saturation (SpO,) with the distance covered in BMWT (6 minute walk test)
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Figure 3 2CT versus 2CT: score scatter plots from the
principal component analysis shows no difference of
clustering between the initial (red) and repeat (green) two
chair test performances by the same patients; the result
support that the reproducibility is near perfect. The pulse
rate and SpO, values collected at every 10 seconds were
used for the analysis. (2CT, two chair test.SpO,, arterial
oxygen saturation) .

well comparable (table 4). The correlation between the
changes observed after the 2CT and 6MWT were excel-
lent (r=0.97 for PR and r=0.91for SpO,; figure 1C,D). The
PCA also shows near complete overlapping of the samples
from two independent tests (figure 3), confirming no
significant difference between them.

The mean cumulative changes in PR and SpO,, both
correlates poorly with the distance walked in 6MWT
(r=0.09) and (r=0.09), respectively (figure 2A,B).

DISCUSSION
Our objective was to establish the reproducibility of 2CT
and its comparability to 6MWT. The reproducibility has
been established directly by four statistical end points
as the p values <0.05, the z-scores remained close to
zero for all the comparisons, excellent corelationships
between the initial repeat PR and SpO, (figure 1A,B) and
complete overlapping of the results in PCA (figure 2).
The comparison between 2CT and 6MWT was possible
as regards their impact on the post-exercise PR and SpO,
on same patients (n=60) that underwent both the exer-
cises. The same statistical parameters of comparison as
p value and zscore (table 4), r (figure 1C,D) and PCA
overlapping (figure 3) are again suggestive of excellent
similarity between the two sets of results. Presuming
the mean change of any measurement after 6MWT as
reference, the values of the same measurement in 2CT
falling within 1 SD of the former suggests an acceptable

quantitative similarity. Thus, the observed z-scores close
to 0 or smaller than 1 SD have proved the excellent
comparability in between 2CT and 6MWT as regards
the measured post-exercise impact. Again, the excel-
lent corelationship (r=0.97and r=0.91, respectively)
for PR and SpO, (figure 1C,D) suggest similar trend of
change for them. This comparability between the two
tests again endorses the reproducibility of 2CT indirectly
since 6MWT itself is found to be highly and even better
reproducible than forced expiratory volume in 1 .22
The observation is unlikely to have been influenced by
any change in the physiological status as both the tests
were done on the same patients on the same day within
30min of each other without any exercise, feeding or
extra medication in between.

6MWT, a globally accepted and practiced test, was
preceded by 12min walk by Balke in early 60s to evaluate
functional capacity.*** It was successful for assessing phys-
ical fitness of a healthy person and functional capacity of
patients of chronic bronchitis.”> ** The 6BMWT was intro-
duced later as a better tolerated test; and a better marker
of the capacity for daily activities.?*?’

Being sub-maximal, both 2CT and 6MWT integrate
global physiological response of all the systems involved
in exercise (pulmonary, cardiac, circulatory, haemato-
logical, and neuromuscular, etc). However, while 6MWT
marks the distance walked, the 2CT takes into account
the post exercise changes of PR and SpO, for 2min.
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Figure 4 2CT versus 6MWT: score scatter plots in
principal component analysis (PCA) show similar and
overlapping clustering between the 2CT (red) and 6MWT
(green) of the same patients supporting the fact that the
two tests are highly comparable. Pulse rate and atrerial
oxygen saturation (SpO,) values from periodic intervals
were used for the analysis as described in the protocol.
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The walking distance is likely contributed by some other
factors than those that determine the changes in PR and
the SpO,. This is apparent from the walking distance not
correlating well to the MCD (mean cumulative change)
of PR and SpO, (figure 4A,B). Since PR and SpO, relate
to cardiopulmonary status both at rest and following
exercise, their measurements in 2CT, therefore, reflect
the recovery response of the cardiopulmonary stress
been imposed by the exercise. Hence, the measurements
made in 2CT are likely reflective of the equilibrium
between the cardiopulmonary reserve and the uniformly
imparted cardiopulmonary stress. The 2CT, therefore,
needs to be ratified with standard physiological assess-
ment parameters of cardiopulmonary exercise test. The
inclusion of other variables as the dyspnoea status, quality
of life, lung function and other invasive or non-invasive
physiological measurements may turn useful.

The post-exercise change in PRand SpO, are important.
The exercise induced desaturation (measured just before
and immediately following exercise) has been found
related to poor lung function status, resting oxygen satu-
ration and increased mortality in COPD.” The heart rate
recovery (difference between heart rate at peak exer-
cise and following 1min of termination of 6MWT) in
patients with heart failure (irrespective of ejection frac-
tion) has been found to be a more powerful prognostic
indicator than the 6MWD as far as major cardiac events
are concerned on longitudinal follow—up.29 Therefore,
the post-exercise measurements of PR and SpO, may be
proved useful both in health and disease.

Some of our patients had delayed recovery beyond
2min. This phenomenon may have useful physiological
significance and should be investigated adequately. A
repeat test could reaffirm the revelation for both vali-
dation and comparison. Similarly, the protocol should
have included a cross over attempt with 6MWT followed
by 2CT to nullify the questionable influence of possible
fatigue out of the first performance although we allowed
adequate rest between the two and the baseline state
before the tests were similar as regards the parameters
noted.

The prospect of the test (2CT) needs attention and
research. The assessment of deviation and the pattern of
changes including the recovery response may be useful
for diagnosis of poor cardiopulmonary reserve from a
disease or its complications or presence of comorbidities.
It can also reflect the impact of an intervention longitu-
dinally. We have already used the concept of measuring
the maximum deviation of SpO, from baseline (‘desatu-
ration max’) for treatment decision in patients of COPD-
pulmonary hypertension successfully.”’ The test should
be applied to normal population of different age groups
in both the sexes to make a normal range to compare the
abnormal results. Since the test requires a small space,
it can be done at bedside and be used for real-time tele-
appreciation of patients’ status. It is a simple, repeatable,
reproducible and well-tolerated test demanding less
logistic resource and cardiopulmonary reserve specific.

A repeat performance of the test may prove useful to
follow a diseased. The test demands further validation in
different disease states.
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