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Cardiac rehabilitation exercise prescriptions should be based on exercise
stress tests; however, limitations in performing stress tests in this setting
typically force reliance on subjective measures like the Duke Activity
Status Index (DASI). We developed and evaluated a treadmill-based ex-
ercise tolerance test (ETT) to provide objective physiologic measures
without requiring additional equipment or insurance charges. The ETT is
stopped when the patient’s Borg scale rating of perceived exertion (RPE)
reaches 15 or when any sign/symptom indicates risk of an adverse event.
Outcomes of the study included reasons for stopping; maximum heart
rate, systolic blood pressure, and rate pressure product; and adverse
events. We tested equivalence to the DASI as requiring the 95% confi-
dence interval for the mean difference between DASI and ETT metabolic
equivalents (METS) to fall within the range (-1, 1). Among 502 consecu-
tive cardiac rehabilitation patients, one suffered a panic attack; no other
adverse events occurred. Most (80%) stopped because they reached an
RPE of 15; the remaining 20% were stopped on indications that continu-
ing risked an adverse event. Mean maximum systolic blood pressure,
heart rate, and rate pressure product were significantly (P < 0.001)
below thresholds of the American Association of Cardiovascular and
Pulmonary Rehabilitation. Two patients’ heart rates exceeded 150 beats
per minute, but their rate pressure products remained below 36,000. The
mean difference between DASI and ETT METs was —0.8 (—0.98, -0.65),
indicating equivalence at our threshold. In conclusion, the ETT can be
performed within cardiac rehabilitation, providing a functional capacity
assessment equivalent to the DASI and objective physiologic measures
for developing exercise prescriptions and measuring progress.

aximal exercise testing on entry into cardiac reha-
bilitation (CR) offers the opportunity to identify the
metabolic equivalents (METs) (1) that a patient is
capable of achieving, which would enable easy deter-
mination of a patient’s starting MET level. However, lacking the
resources to perform maximal exercise tests, most CR programs
must determine the starting MET level from the Duke Activ-
ity Status Index (DASI) questionnaire or the 6-minute walk
test. The 6-minute walk test is an objective measure of exercise
tolerance in patients with lung disease and in low-functioning
cardiac patients (2), but is not the most challenging test for
the majority of patients enrolled in CR. And, while METs can
be estimated based on a calculation from the patient’s DASI
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score, our experience shows that some patients overestimate
their ability because they were able to perform the tasks queried
prior to surgery and, without having attempted that task since
surgery, feel that they should still be able to do it, while others
underestimate their postsurgery capability. A third alternative,
relying on standardized approaches not based on measurements
of current exercise capacity to determine exercise intensity (e.g.,
achieving a heart rate of 20 beats per minute above the resting
rate), potentially minimizes the benefit patients derive from
exercise training and slows patient progress (3). We, therefore,
concluded there was a need for a test that could be easily per-
formed in most CR settings and would provide both a challenge
to the majority of patients and physiologic performance data.
We sought to develop such a tool to accurately assess the level
at which to start each patient’s exercise program. As the CR
patient population covers a wide range of functional levels, it
was important that the tool incorporate the flexibility to meet
all needs. This was achieved by providing individualized op-
tions and concomitant, appropriate goals for completion of
rehabilitation. Here, we evaluate the protocol—the Exercise
Tolerance Test (ETT)—developed for both exercise prescrip-
tion outcomes and effectiveness, comparing it to the DASI
scale. This study was approved by the Baylor Research Institute
institutional review board.

METHODS

The CR department at The Heart Hospital Baylor Plano
opened in January 2007. The program is primarily staffed by
three registered nurses and four exercise physiologists, but
chaplains and a registered dietician are also involved in patient
education. Patients are typically in the program 6 to 8 weeks
following hospital discharge and attend classes on each Monday,
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* Select which protocol will be used at entry & discharge (MUST USE SAME PROTOCOL FOR BOTH)
|ENTRY  Date: BP Arm: Right Left CuffSize: 5 M L
] FOUTS Protacol [ITERRY Protocol [] DASHH Protacol
Minutes| Speed/Grade | METS| RPE| HR BP Minutes | Speed/Grade | METS| RPE| HR BP Minutes| Speed/Grade | METS| RPE| HR BP
0-2 3.0/0% 33 0-2 2.0/0% 2.5 0-2 1.0/0% 1.8
2-4 3.0/5% 5.4 2-4 2.0/3.5% 3.5 2-4 1.0/3.5% 23
4-6 3.0/7 5% 6.4 4-6 2.0/7% 4.5 4-6 1.0/7% 2.7
68 3.0M10% 7.4 6-8 2.0M10.5% 5.4 6-8 1.0/10.5% 3.2
8-10 3.012.5% 85 8-10 2.014% 6.4 8-10 1.0/14% 37
1012 3.015% 9.5 10-12 2.2/115% 7.3 10-12 1.115% 41
12-14 3.5/15% 11.0 12-14 2.6M5% 8.4 12-14 1.3/15% 4.7
Protocal stopped when participant reached RPE of 15/20at ______ Minutes anda MET levelof ______ Reason stopped:
Calcul: Starting Level:
Max MET Level x6= METS and Max Met Level x.8= METS Comments:
low limit upper limit
|EXIT Date: BP Arm: Right Left CuffSize: 5 M L
[] FOUTS Protacol [CJTERRY Protocol ] DASHH Protocol
Minutes| Speed/Grade | METS|RPE| HR BP Minutes | Speed/Grade | METS| RPE| HR BP Minutes| Speed/Grade | METS| RPE] HR BP
0-2 3.0/0% 33 0-2 2.0/0% 2.5 0-2 1.0/0% 1.8
2-4 3.0/5% 5.4 2-4 2.0/3.5% 3.5 2-4 1.0/3.5% 2.3
46 3.0/7.5% 6.4 4-6 2.07% 4.5 4-6 1.07% 27
6-8 3.0/10% 74 6-8 2.0/10.5% 5.4 6-8 1.0/10.5% 32
8-10 3.012.5% 8.5 8-10 2.0 4% 6.4 8-10 1.014% 37
10-12 3.0/15% 9.5 10-12 2.2M15% 7.3 10-12 1.1/15% 41
12-14 3.5M15% 11.0 12-14 2.6M5% 8.4 12-14 1.3/15% 47
Protocal stopped when participant reached RPE of 15/20 at Minutes and a MET level of Reason stopped:
Calculate Home Exercise Program Level:
Max MET Level x 6= METS and  Max Met Level x.8= METS Comments:
low limit upper limit
Instructions: 220-age= x .90
Select protocol that best fits participant according to exercise history & assessment -10 bpm if on beta blocker
Document BP, HR & RPE at each stage of the protocol 40% of HR Max =
Stop protocol when pt reaches RPE of 15/20 (or if abnormal hemodynamic changes occur)
Mote number of minutes and MET level where protocol was stopped and reason for stopping (ie. reached RPE 15, arrhythmia, etc.) )
Calculate 1st day exercise session (or home exercise program) at 60-80% of MET level where protocol was stopped Patient Label

Figure. Three different treadmill-based protocols to determine exercise functional capacity.

Wednesday, and Friday. In 2012, the outpatient program Phase
IT volume was just under 6800 visits. The department also offers
inpatient and maintenance programs.

We modified existing stress test protocols to meet the
specific needs of the CR setting, developing three different
treadmill-based protocols to determine exercise functional
capacity (Figure). The ETT was administered in the CR de-
partment. The stopping point for all three of the protocols
was based on the patients rating of perceived exertion (RPE)
of 15 on the Borg scale (2) or the occurrence of any abnor-
mal hemodynamic changes such as arrhythmia, chest pain,
dizziness, decreased blood pressure with increasing exercise,
very high blood pressure, extreme shortness of breath, or any
other symptom that outweighs the benefit of continuing ex-
ercise. As an added precaution, we also calculated the patient’s
maximum “allowed” heart rate using the %HR,,, method
(4) (with an additional 10 beats per minute subtracted for
patients on beta-blockers) and stopped the patient if 90% of
this maximum heart rate was reached.

At each stage of the relevant protocol, blood pressure
(measured every 2 minutes), heart rate (based on three-lead
electrocardiogram tracing), and RPE were documented. Oxy-
gen saturation and peak oxygen uptake were not monitored.
The most challenging protocol moved incrementally from 3.0
mph/0% grade to 3.5 mph/15% grade; the least physically chal-
lenging went from 1.0 mph/0% grade to 1.3 mph/15% grade.
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Patients were assigned METs for every stage for which they
completed any portion.

We determined which protocol to use for each patient based
on information gathered during the initial patient interview:
familiarity with treadmills, age, orthopedic issues, prior/current
exercise routine, and height/leg length. From this we chose the
most difficult protocol we felt the patient could safely perform
for at least 2 minutes. If the interview information was insuf-
ficient to make this determination, we started the patient on
the treadmill and increased the speed until the patient reported
it as a “fast walk” and then started the appropriate protocol
from there.

Patients were instructed on the purpose and process of the
exercise evaluation test before the protocol was started. The 6-20
Borg RPE scale (5) was reviewed prior to starting the test, and
patients were told the test would stop when they reached an
RPE of 15 or at any time they felt the need to stop.

For our demonstration of ETT’s validity, we considered
all patients who entered our CR program between October
30, 2008, and December 29, 2010, and were able to walk on
the treadmill. The institutional review board waived informed
consent for this study under 45 C.ER. § 46.116(d).

We examined the rate pressure products patients reached
during the ETT to ensure they remained below the threshold of
36,000 (corresponding to a maximum systolic blood pressure of
240 mm Hg and a peak heart rate of 150 beats per minute, both
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consistent with the American Association of Cardiovascular and
Pulmonary Rehabilitation guidelines [2]) (6). The validity of
this threshold may be challenged since many CR patients are on
beta-blockers, resulting in decreased heart rates. Nevertheless,
we believe this endpoint is appropriate: whether a patient’s rate
pressure product remains <36,000 because the ETT is stopped
when it reaches that level or because the beta-blockers prevent
the maximum being reached, a potentially hazardous level of
myocardial work is avoided.

We also examined the reasons for stopping the ETT pro-
tocol to determine what proportion of patients stopped for
reasons other than reaching the target RPE of 15. The ability
of few to reach this target would indicate a need to revise this
aspect of the protocol.

Finally, we compared the patientss MET levels measured
by the DASI test to those measured by the ETT to determine
whether the ETT provides an estimate of functional capacity
that is at least equivalent to this commonly used measure.

Patient demographic data and primary diagnosis prompting
referral to the CR program were obtained from administrative
records. The remaining data were collected during the initial
patient assessment, with patients completing both a DASI ques-
tionnaire and one of the three ETT protocols, administered by
exercise physiologists and registered nurses. MET levels were
calculated from the ETT protocols as shown in the Figure and
from the DASI score using the following formula:

1. Estimated peak oxygen uptake in mL/min = (0.43 x DASI

score) + 9.6

2. MET level = 3.5 x estimated peak oxygen uptake in mL/
min

Data were prospectively collected but retrospectively ana-
lyzed.

Outcomes were examined using one-sample # tests, com-
paring mean values for maximum systolic blood pressure,
peak heart rate, and the rate pressure product to the thresholds
(240 mm Hg, 150 beats per minute, and 36,000, respectively).
We used a matched pair equivalence test to determine whether
DASI and the ETT could be considered equivalent measure-
ments (7). Based on our knowledge of exercise physiology and
experience working with METs and the common methods of
assessing functional ability in the CR population, we defined
the difference interval as “mean DASI MET +1” (which was
expected to translate into a 25% to 30% interval, depending on
the exact mean DASI MET level) as the range of equivalence.
We then calculated the 95% confidence interval for the observed
difference between the DASI and ETT METs. A confidence
interval that fell entirely within the (~1, 1) range was considered
to demonstrate equivalence. All analyses were done using SAS
9.2 (Cary, NC).

RESULTS

From October 30, 2008, to December 29, 2010, 504 pa-
tients entered our CR program. Two patients were missing
necessary data for this study and so were excluded, leaving
a final study population of 502 patients. 7able I shows the
demographic characteristics of these patients and the primary

July 2013

Table 1. Characteristics of the study population (N = 502)

Characteristic
Male 383 (76.3%)
Race
White 428 (85.3%)
Hispanic 15 (3.0%)
Black 13 (2.6%)
Asian 13 (2.6%)
Other 33(6.6%)
Age (mean =+ standard deviation; years) 62 + 11
Height (mean + standard deviation; cm) 168 + 4
Weight (mean + standard deviation; kg) 87.4 + 8.6

Primary diagnosis

Coronary artery bypass graft 243 (48.4%)
120 (23.9%)
107 (21.3%)
Myocardial infarction 18 (3.6%)
Other 14 (2.8%)

Percutaneous coronary intervention
Valve surgery

diagnoses for which they were referred to CR. Most patients
were white men, mean age 62 years. Most had had coronary
artery bypass grafting, percutaneous coronary intervention,
valve surgery, or combinations of these procedures.

We observed mean + standard deviation values for maxi-
mum systolic blood pressure, peak heart rate, and rate pressure
product of 143 + 22 mm Hg, 109 + 21 beats per minute, and
15,717 + 4308, respectively, in our study population. All mean
values were significantly lower than their respective threshold
(P < 0.001), and the maximum systolic blood pressure (220
mm Hg) and rate pressure product (31,020) likewise fell below
the thresholds of 240 mm Hg and 36,000. Although we did
observe heart rates higher than the threshold of 150 beats per
minute in two patients (the highest was 160 beats per minute),
peak rate pressure products for both these patients were below
the 36,000 threshold.

Table 2 shows the reasons patients stopped the ET'T proto-
cols. For 80% of the patients, the protocol was stopped because
they had reached the target endpoint of an RPE of 15. With
the exception of one patient, who suffered a panic attack, the
protocol was stopped for the remaining 20% when warning
signs indicated that continuing the protocol carried a risk of
triggering an adverse event. Other than the panic attack, we
observed no adverse events.

The mean + standard deviation MET levels in our popula-
tion were 6.5 + 1.8 METs as measured by DASI and 5.7 + 1.8
METs as measured by the ETT protocols. The mean difference
(95% confidence interval) in MET score between the two tests
was —0.8 (=0.98, -0.65). Since both the lower and upper confi-
dence bounds were within our predefined equivalence interval
(=1, 1), by our criteria, the ETT and DASI are statistically
equivalent tests.
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Table 2. Reasons for stopping the Exercise Evaluation Tool
protocol among 502 cardiac rehabilitation patients

Reason for stopping* n (%)
RPE of 15 reached 412 (82.1%)
90% of heart rate maximum reached 8 (3.5%)
Dyspnea 4 (2.8%)
Orthopedic issues 2 (2.4%)
Drop in blood pressure 1(2.2%)
Electrocardiogram changes 0(2.0%)
Chest pain 6 (1.2%)
Increased blood pressure 6 (1.2%)
Patient request 5 (1.0%)
Dizziness/lightheadedness 3(0.6%)
Reached a maximum allowed heart rate defined by the 2 (0.4%)
patient’s physician and documented in the patient’s

chart

Panic attack 1(0.2%)
Decreased oxygen saturation 1(0.2%)
Patient completed protocol 1(0.2%)

*Target stopping point was a patient’s rating of perceived exertion (RPE) of 15. Other
reasons for stopping were warning signs that continuing the protocol may carry more
risk than benefit.

DISCUSSION

We developed an ETT to meet the needs of CR programs
that, like ours, are unable to routinely perform cardiovascular
stress tests for all patients entering the program. Our tool does
not require a physician to perform the test but, like the cardio-
vascular stress test, provides objective, physiological measures
from which to accurately assess the patient’s functional capacity
and so develop an exercise program that is challenging enough
to ensure the patient reaps the full benefits of CR.

Based on our observations applying this tool to >500 pa-
tients over 2 years, our tool provides an assessment of functional
capability at least equivalent to the validated and commonly
used DASI questionnaire. In our study population, 80% of
patients continued the ETT protocol to reach the target stop-
ping point of an RPE of 15. In the remaining 20%, we stopped
the protocol at early indications that an adverse event may be
triggered by continuing; the only adverse event we observed was
a panic attack experienced by one patient. We also evaluated
patients’ peak rate pressure products during protocol adminis-
tration: the mean maximum value of 15,717 we observed was
significantly below the recognized threshold of 36,000, and the
highest rate pressure product we observed (31,020) was likewise
well below the recognized threshold. An important aspect of
our ETT is its provision of three graded protocols, which gives
the flexibility needed to test each patient at an appropriately
challenging level on program entry, rather than attempting a
“one size fits all” model that would require more intense su-
pervision to avoid overextending patients who arrive in poorer
physical condition.
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The second major aspect of our evaluation of the ETT was
to compare it to the DAST as a measure of functional capability
in CR patients. We chose the DASI for this evaluation both
because it was the method previously used in our program and
because the DASI score can be readily converted to a MET
level (2) (to which we could compare the ETT results) and
has previously been shown to be at least modestly correlated
with METs achieved during exercise testing in cardiac patients
(r=0.31, P =0.0002) (8) and with peak oxygen uptake during
exercise testing (Spearman correlation coeflicient = 0.58, P <
0.0001) (9). Our analysis showed that the ETT was statistically
equivalent to the DASI in assessing functional capability, as
defined by the equivalence range we chose: the 95% confidence
interval surrounding the mean ETT MET level (5.5 to 5.8)
fell well within the predetermined range of equivalence (mean
DASI MET +1 = 5.5 to 7.5). While there is room for debate
that the (-1, 1) equivalence range we selected was too broad, we
believe it to be appropriate—particularly in light of the subjec-
tive nature of the questions from which the DASI score (and
associated MET level) is calculated. Given that the mean DASI
MET in our study population was 6.5, the (-1, 1) equivalence
range translated into an approximately 30% interval—i.e., the
mean ETT score needed to be less than 15% higher or lower
than the DASI mean to be considered equivalent.

One benefit that we have observed working with the ETT
is that it enables us to more effectively assess patients signs and
symptoms, tailoring their exercise prescriptions accordingly.
Additionally, since the same protocol can be used at program
exit to assess the patient’s gain in functional capability, in the
future we can assess our program, which can in turn be used
to guide and evaluate initiatives we may implement to increase
program effectiveness. Our results, showing a higher mean MET
level based on DASI score than ETT protocol, although not
significant, also suggest that patients might be overestimating
their capabilities on program entry. The ETT can help both
patients and CR stafl better assess what activities patients can
realistically perform and give them confidence in performing
these activities so that they neither endanger their own safety
nor impose needless limitation on themselves.

One limitation of our study was our inability to compare
the ETT to the gold standard of a full exercise stress test. Such
an evaluation would be valuable and, assuming positive results,
would increase confidence in our method. Some might also con-
sider the use of an RPE of 15 as a termination point for the ETT
to be a limitation, as it is both a subjective measure and makes
the ETT a submaximal test. However, for our purposes—using
a protocol that provides the desired physiological measures for
development of a beneficial exercise prescription yet does not
require physician involvement, insurance charges, or equipment
not typically found in CR programs and demonstrating that
this protocol is feasible and provides at least equivalent informa-
tion to commonly used alternatives—neither comparison to a
full exercise stress test, nor a maximal stress test, was necessary.
Perceptually regulated exercise testing has been shown to be a
valid means of producing consistent, acceptable, and recom-
mended increments in intensity in healthy individuals (10).
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Future research should investigate its validity in the CR patient
population, as CR is a good example of a context in which
maximal testing is not always feasible or appropriate, but a valid
measure of exercise intensity is needed.
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