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e conducted a pilot study to evaluate
the safety of the shuttle walking
test (SWT) and exercise training for
cardiac patients in community-based
cardiac rehabilitation settings. Overall,
33 cardiac patients were tested (19
males and 14 females, 67 + 8 years).
Eleven cardiac patients (testing group)
and 22 cardiac patients (training group)
underwent ambulatory electrocardiogram
(ECG) monitoring during the SWT and
exercise training during a long-term cardiac
rehabilitation programme. Frequency
of ECG events was reported for the two
groups. Chi-square test was performed
to determine associations between the
incidence of cardiovascular events and
poor functional capacity (SWT <450 m).

The findings showed only minor events
provoked during the SWT or exercise
training, and no event-related hospitalisation,
syncope episodes or fatality. The most
important cardiac event was silent
myocardial ischaemia (testing group: 27.3%;
training group: 18%). Poor functional
capacity was not associated with the risk

of a cardiac event during exercise (testing
group: ¢*=0, p=0.99, phi=0.24; training
group: ¢*=2.1, p=0.15, phi=-0.42).

In conclusion, supervised exercise testing
and training are accompanied only by
minor cardiovascular events and they can
be carried out safely in community-based
cardiac rehabilitation settings.

Introduction

Exercise is well recognised as a tool for assessment,
prevention and management of cardiovascular
disease.! Cardiac patients are encouraged to attend
cardiac rehabilitation programmes including elements
of supervised exercise. Such programmes can reduce
mortality and morbidity rates by up to 27%.%3

PERSONY
TRAINE

Despite the benefits derived from participation in
exercise-based cardiac rehabilitation, exercise itself
may act as a trigger for myocardial ischaemia or
cardiac arrest in patients with established coronary
heart disease.* During rehabilitation, cardiovascular
event rates range from 12.3 to 37.4 per million
patient hours of exercise.*® Fatal cardiac events are
more rarely reported, but range from 8.6 per million
patient hours of exercise in 1978% to zero in the
present day.5-® Event rates during exercise are also
lower in more recent studies of supervised cardiac
rehabilitation exercise programmes,®8 events during
exercise sessions do still occur, however.

The American Heart Association®!® emphasise
the importance of pre-training cardiovascular risk
assessment, including medical history, physical
examination and ambulatory electrocardiogram
(ECG) monitoring during exercise testing. These
actions are recommended to minimise exercise-
induced cardiovascular events by identifying
patients at greatest risk.

Cardiovascular events during exercise testing using
traditional laboratory exercise protocols (treadmill,
cycle ergometer) are also rare,*!! and appear
difficult to predict.>® Laboratory-based exercise
protocols are often replaced in daily clinical practice
by functional capacity tests, such as the incremental
shuttle walking test (SWT). This test is reliable,'?
relatively simple to perform and inexpensive.!3 Only
one study has evaluated the safety of this test in a
cardiac population.!* The authors found a very low
number of cardiovascular events during exertion,
but questioned whether this was the result of low
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Table 1. Descriptive characteristics and baseline measurements of patients

Clinical characteristics and baseline

Testing group: values from

Training group: values from

measurements patient monitoring during patient monitoring during the
the SWT exercise training

Number of patients 11 22

Age, years (mean = SD) 67.2 £ 6.9 66.3 = 8.6

Sex Males = 6 (55%) Males = 13 (59%)

Females = 5 (45%)

Females = 9 (41%)

Body mass index, kg/m? (mean + SD) 272 £ 2.6 28.1 = 4.0
Waist circumference, cm (mean = SD) 955 +9.4 98.3 + 10.3
Resting HR, beats/min (mean = SD) 65.6 + 11.7 65.1 = 11.1
Resting SBP, mmHg (mean + SD) 126 = 19 136 = 22
Resting DBP, mmHg (mean = SD) 78 = 10 76 £ 9
Medical history/reason for joining CR

MI n=2(13%) n = 3 (14%)
Stable angina n=3(27%) n =9 (41%)
Surgical procedure (CABG, PCl) n=7(64%) n=17 (77%)
Arrhythmias n=3(27%) n=1(4.6%)
Medication

Beta blockers n =9 (82%) n =16 (73%)
Nitrates n=2(18%) n=7(32%)
Aspirin n =4 (36%) n=17(77%)
Statin n=2(18%) n = 10 (46%)
Other n =3 (27%) n=7(32%)

Key: CABG = coronary artery bypass graft; CR = cardiac rehabilitation; DBP = diastolic blood pressure; HR = heart rate;
MI = myocardial infarction; PCl = percutaneous coronary intervention; SBP = systolic blood pressure;

SD = standard deviation; SWT = shuttle walking test

individual effort during exertion or successful
treatment of coronary arteries during
surgical intervention. The small and selective
subsample (19 post coronary artery bypass
graft surgery patients) studied, increases the
necessity for new studies in this field.

The Scottish Intercollegiate Guidelines
Network (SIGN) recommends the use

of exercise testing!'® and the British
Association for Cardiac Rehabilitation (BACR)
recommends the use of exercise training,'® to

detect exercise-induced cardiovascular events.

Thus, the aim of this study was to verify to
what extent a recommended exercise testing

protocol (SWT) and an exercise training
session are safe for a mixed cohort of cardiac
rehabilitation patients.

Materials and methods
Study participants

Overall, 33 cardiac patients were tested (19
males and 14 females, 67 + 8 years). Eleven
patients were assessed while undertaking

a sub-maximal SWT (testing group) and

22 patients were assessed during cardiac

rehabilitation exercise training (training group).

All patients were clinically stable and had
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been enrolled in a community-based, phase IV
cardiac rehabilitation programme for at least
10 weeks. Patients with severe locomotor
limitations were excluded from this study.

All procedures were approved by the
University ethical committee and conformed
to the declaration of Helsinki guidelines for
research with human subjects.l” Patients were
verbally recruited by instructors and informed
written consent was obtained from all patients
before enrolment.

Protocol and measurements

Anthropometric and cardiovascular
assessment

Patients were assessed once, each
received a primary health assessment (pre-
exercise health questionnaire, medical,
pharmacological history, resting heart rate,
resting blood pressure) and anthropometric
assessment (stature, body mass, waist
circumference) prior to testing. Body mass
index (BMI) was calculated (kg/m?). Table
1 summarises the participants’ clinical
characteristics and baseline measurements.

All patients were monitored with an
ambulatory ECG event monitor (C.NET5000,
version 1.2, Cardionetics Ltd., United
Kingdom), either during the SWT (testing
group) or during the cardiac rehabilitation
class (training group). A single-lead ECG was
recorded using an electrode configuration
analogous to lead standard V5 in a traditional
12-lead clinical ECG monitoring. The
recording device was placed into a pouch
fitted to the patient’s waist using a particular
type of belt.1

Major cardiovascular events were defined as
one of the following: myocardial infarction
requiring hospitalisation, ventricular fibrillation,
ventricular tachycardia requiring treatment,
atrial arrhythmias requiring treatment, asystole,
stroke and death. Minor cardiovascular

events were defined as: isolated ventricular
arrhythmias or atrial arrhythmias not requiring
intervention, chest pain and bradycardia not
requiring intervention.!!

Exercise testing
Patients performed a SWT*3 by walking back
and forth between two cones set 0.5 m from

either end of a 10 m course. Initial walking
speed, indicated by an audible signal, was
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Table 2. ECG event monitoring during the shuttle walking test performance (n=11)
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Patient number Gender Age (years)
1 M 78
2 M 70
3 F 60
4 M 64
B M 69
6 F 69
7 M 72
8 F 67
9 M 75
10 F 59
11 F 56

Medical CVD history

SWT performance (m)

CABG 480
CABG 710
MI, angina, CABG, PCl, 410
arrhythmias

CABG 750
PCl, arrhythmias 620
Angina, arrhythmias 520
CABG 580
MI 370
CABG 660
MI, hypertension 520
Angina 480

Type of event according to cardiologist’s review
AEBs
No event

No event

Isolated VEBs

AEBs, isolated VEBs, AF, ischaemic ST segment
depression

No event
No event

AEBs, isolated VEBs, ischaemic ST segment
depression

AEBs
AEBs, ischaemic ST segment depression

Isolated VEBs, AF

Key: AEBs = atrial ectopic beats; AF = atrial fibrillation; CABG = coronary artery bypass graft; CVD = cardiovascular disease; F = female; M = male; Ml = myocardial infarction;
PCI = percutaneous coronary intervention; SWT = shuttle walking test; VEBs = ventricular ectopic beats

0.5 m/s and increased by 0.13 m/s each
minute. During the test, heart rate was also
recorded with a heart rate monitor (Polar Electro
Sports Tester S810I, Heart Rate Monitor,
Kempele, Finland) and ratings of perceived
exertion (RPE) were measured using the Borg
(6-20) scale.'®

The SWT was terminated when the patient (a)
felt too breathless or fatigued to continue at
the required speed, (b) failed to complete the
shuttle within the allowed time, (c) reached
85% of the predicted maximal heart rate:

210 - (0.65xage), (d) reached RPE =15 (Borg
1998), or () completed all the levels.

Exercise training programme

The programme offers the opportunity of life-
long supervised exercise for cardiac patients.
The programme consisted of two supervised
sessions per week, made up of 60 minutes of
circuit-based exercise classes. Supervisory staff
included a physiotherapist specialised in cardiac
rehabilitation, also trained in immediate life
support methods. Exercise sessions comprised:
a 15-minute warm-up, a 35-minute main
conditioning component and a 10-minute cool-
down period. The conditioning component of
the session included cardiovascular and strength
exercises at an intensity of 60-80% of the age-

predicted maximal heart rate, or at 12 to 15 on
the RPE scale. During this component patients
had access to a variety of exercise equipment,
such as arm ergometers, rowing ergometers,
progressive resistance equipment, balance
equipment, steppers and free weights.

Data analysis

A cardiologist verified the presence or absence
of each cardiovascular event. Frequency of the
cardiovascular events was reported for both
groups. Patients were divided into event-free
versus cardiac-event subgroups. Differences

in functional capacity between the two
subgroups were examined using a two-sample
t-test. A chi-square test was performed to
determine associations between incidences

of cardiovascular events with poor functional
capacity (SWT <450 m).1°

All statistical analyses were performed using
SPSS version 16.0 (SPSS nc., Chicago, IL, USA).
The statistical significance was set at p<0.05.

Results
Event rates

No major event related to hospitalisation was
detected in both testing and training groups.
The most clinically important event was silent
myocardial ischaemia, which occurred in

27.3% of the testing group patients, and in
18% of the training group patients. There was
no significant difference in functional capacity
between the event-free subgroup and the
subgroup with cardiovascular events in both
testing and training group (p>0.05).

Frequency of cardiovascular events
during exercise testing

Eight cardiovascular events were detected
automatically by the ECG monitoring system
during exercise testing. Seven (82%) were
verified by the cardiologist. According to the
cardiologist’s review of the ECG recordings, of
the eleven patients, 5 (45.5%) had atrial ectopic
beats, four had isolated ventricular ectopic
beats (36.4%), three (27.3%) had ischaemic ST
segment depression, two (18.2%) had an atrial
fibrillation event, one (9.1%) had a bradycardia
event (under 50 beats per minute), while

four (36.4%) of the patients were free from
cardiovascular events (table 2).

Frequency of cardiovascular events
during exercise training

Among 18 cardiovascular events automatically
detected during exercise training, 16 (73%)
were verified by the cardiologist. According

to the cardiologist’s review of the ECG
recordings; 15 patients (68%) had isolated
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ventricular ectopic beats, four (18%) had atrial
ectopic beats, four (18%) had ischaemic ST
segment depression, one (4.6%) had atrial
fibrillation. Six (27.3%) of the patients were
free from cardiovascular events (table 3).

In all, 76.5% of the cardiovascular events
were detected around the time of the main
conditioning component of the exercise
training, 11.8% during the warm up and
23.5% during the cool down.

Association between frequency of
cardiovascular events and patient
functional capacity

A chi-square test showed no significant
association between poor functional capacity
(SWT <450 m) and risk for cardiovascular
events in either testing group or training group
(testing group: x?=0, p=0.99, phi=0.24;
training group: x?=2.1, p=0.15, phi=-0.42).
Among patients with poor functional capacity,

Table 3. ECG event monitoring during cardiac rehabilitation exercise training

Patient Gender Age Medical CVD

number (years) history

1 M 70 CABG

2 M 78 CABG

3 M 77 Angina

4 F 68 Angina, PCI

5 F 78 PClI,
hypertension

6 F 60 Hypertension

7 M 56 Angina, PCI

8 M 55 MI, PCI

9 M 64 CABG

10 F 78 CABG, PCI

11 M 64 CABG

12 M 76 Angina, 4CABG

13 M 69 PCl, arrhythmias

14 M 75 CABG

15 F 52 Angina

16 F 64 RCI

17 M 68 Angina, CABG

18 M 71 MI, 3CABG

19 F 56 Angina

20 F 56 Angina, PCI

21 M 56 Angina, CABG

22 F 67 Ml

SWT performance
(m) (from previous

Type of event according to
cardiologist’s review

assessment)

710 AEBs, isolated VEBs

480 Isolated VEBs

280 Isolated VEBs

520 AEBs, ischaemic ST
depression

270 Isolated VEBs

420 Isolated VEBs

790 No event

550 Isolated VEBs

750 No event

330 Isolated VEBSs, ischaemic ST
depression

390 AEBs, isolated VEBs

550 AEBs, isolated VEBs,
ischaemic ST depression

620 Isolated VEBs

660 Isolated VEBs, ischaemic ST
depression

750 No event

480 No event

550 Isolated VEBs

470 No event

480 AEBs, isolated VEBs, AF

470 No event

630 Isolated VEBs

370 Isolated VEBs

Key: AEBs = atrial ectopic beats; AF = atrial fibrillation; CABG = coronary artery bypass graft; CVD = cardiovascular disease;
F = female; M = male; Ml = myocardial infarction; PCI = percutaneous coronary intervention; SWT = shuttle walking test;

VEBs = ventricular ectopic beats
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cardiovascular events were found in half
of those (n=1) who were assessed during
exercise testing with the SWT, and in all
of those (n=7) who were assessed during
exercise training.

Discussion

The present study provides information
regarding the safety of exercise training
during a community-based, phase IV cardiac
rehabilitation programme and a standard
functional exercise test.

Risk of cardiovascular events during
exercise testing and training

According to cardiologist-verified ECG data
only minor, non-fatal cardiovascular events
were observed during both the SWT (with
an event rate of 0.64 per patient per test)
and in exercise training (with an event rate
of 0.73 per patient per session). No major
cardiovascular events were detected during
exercise testing or training. These findings
agree with those of Hollenberg et al.?° who
found no complex arrhythmias or symptomatic
ischaemia during exercise in participants
without suspected cardiac disease.

Contrary to previous studies,*>8 we showed
that exercise training is associated with

more events than exercise testing. This may
be explained by use of the SWT, whereas
previous studies have used treadmill tests,
which may provoke greater stresses on the
cardiovascular system than the incremental
SWT.2123 The most serious (major) event,
silent ischaemia, was observed more often
during the SWT than during exercise training.
This may indicate that the SWT induces fewer,
yet, potentially more serious cardiovascular
events than exercise training. This is likely
due to differences in work rate and duration
of exercise. For example, during the SWT
the patients eventually achieve exercise

at a higher intensity than during circuit-
based exercise training, resulting in greater
physiological stresses and, thus, major events.
The nature of the observed cardiovascular
events is discussed below.

Myocardial ischaemia

The most clinically important event was
silent (asymptomatic-painless) myocardial
ischaemia indicated by ST segment
depression. This event is likely associated
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with untreated coronary artery stenosis® or,
more likely, exercise-induced transient oxygen
deprivation.® Silent exercise-induced ST
segment depression should not be regarded
as a severe cardiac event. Its survival rate is
similar to silent non-ST ischaemic event, and
significantly greater than symptomatic ST
changes, in cardiac patients.?

A significant association was found between
silent myocardial ischaemia and sudden
cardiac death in men without a history of
coronary heart disease with a high number
of risk factors.?> However, this result

cannot be used in the present study due

to different criteria for subject selection.

This highly significant relationship between
silent ischaemia and cardiac death might be
associated with the large number of false-
positive diagnostic exercise tests,?® as the
presence of false-positive or negative exercise
tests are higher in asymptomatic individuals
(Baye’s rule).?¢27 Thus, the presence of silent
myocardial ischaemia does not necessarily
signify a severe cardiovascular condition.

Cardiac arrhythmias

There was a relatively high prevalence of
ventricular and atrial arrhythmias, during
exercise but these were not related to any
major cardiac event. Particularly, non-complex
ventricular ectopic activity, atrial ectopics

and atrial fibrillation were detected in 70% of
patients. Atrial ectopic beats and fibrillation
commonly occur in 15-40% of patients after
coronary artery bypass graft surgery,?8-3°
10-11% of patients after a percutaneous
coronary intervention,332 5-10% after a
myocardial infarction,3? 37-50% after a

valve replacement?5343% and 11-24% after a
cardiac transplantation.363” The above data
were collected at rest, our study showed
similar frequencies, as atrial arrhythmias were
detected in 45% of patients during the SWT
and 23% of patients during exercise training.
The high percentage of atrial arrhythmias may
be explained by higher participation rates of
post-vascularisation patients and the fact that
they were stress-induced arrhythmias.38

Ventricular ectopic beats were observed

in 36.4% of patients during the SWT

and in 68.2% during exercise training.

The prognostic value of exercise-induced
ventricular ectopic beats remains unclear.3°4°
There is some evidence that they can be

independent predictors of cardiac mortality

in patients without a pre-existing diagnosis of
coronary heart disease.** These are common
cardiovascular events during exercise for
cardiac patients.*° Exercise can increase
catecholamines by more than 10-fold, decrease
serum pH and increase serum potassium by
twofold.*! These changes can all predispose
patients to arrhythmias, which are common
and usually well tolerated during exercise.

Exercise-induced arrhythmias can also occur
during the recovery period after exercise,
when catecholamine levels usually continue to
increase.*?** No major cardiovascular events
were reported post-exercise in our study. A
small number of minor cardiovascular events
were recorded during the cool-down phase.
Most events (76.5%) were detected during
the main component of the session; however,
none of them were identified as a major event.
The relative safety of the exercise training
experienced by the present study group

is possibly the result of a well-supervised
exercise programme, which was risk stratified
and gave special consideration to warm-up
and cool-down elements.**

If any of these physiological changes occur
during rest, there is an increased risk of cardiac
arrest, particularly for patients with diagnosed
coronary heart disease.*>*® The current data
collection protocol did not include a resting
ECG for comparison with the exercise data.

No episodes of transient ventricular fibrillation
were observed, however, supporting the case
that the isolated ventricular ectopic beats were
physiologically induced by exercise and not a
contraindication for exercise.3°

The presence of ventricular ectopic beats can
also relate to elevated levels of exercise stress.
During treadmill exercise testing

the reproducibility of exercise-induced
ventricular ectopic beats is low and a second
exercise stress test was recommended.*®

This finding was not explained by the authors
as a learning effect, but as a decrease in
myocardial oxygen consumption and a product
of the pressure-rate, which has not been
substantiated. In the present study, only one
trial of the SWT was used, since a previous
study showed no learning effect.!? Moreover,
the target of this study was to investigate
events during exercise in a realistic cardiac
rehabilitation setting.

REHABILITATION

Is it possible to predict the risk of
cardiovascular events considering the
functional capacity level?

Low exercise capacity (less than 5 metabolic
equivalents [METs] or 450 m in SWT)

is used in risk stratification for entry into
cardiac rehabilitation programmes, exercise
prescription and prognosis of mortality.}®4
Patients who walked <450 m in the SWT had
no greater risk of cardiovascular events during
exercise than patients who walked >450 m.

The lack of significant association between
event rate and functional capacity may be
due to the small sample and the lack of major
events observed. The cut-off value of 450 m
may also be inappropriate for this population.
It was originally used to categorise cardiac
patients as high and low performers, but was
developed for use in heart failure patients.
This group differ from the present cohort as
they did not regularly exercise,'**’” due to
severe cardiorespiratory problems, exercise
intolerance and fatigue.*®

Study limitations

The lack of resting ECG data means we
cannot confirm whether the isolated
ventricular ectopic beats recorded here
are exercise-induced or related to other
cardiovascular pathologies. The presence
of isolated ventricular ectopic beats is not a
contraindication to exercise, whether there
was evidence that these arrhythmias are
exercise-induced or not, the recommended
management of a patient with such events
would be similar.

The present sample size was relatively small,
principally because ECG monitoring is not
frequently used in the routine evaluation of
low-risk, asymptomatic, cardiac rehabilitation
patients. We had, therefore, to introduce

this to our clinic and the sample actually
represents all non-paced patients who were
attending at the time of the study. This sample
represents well a typical participation in a
long-term cardiac rehabilitation programme.

Conclusions

During exercise testing or training, complex
arrhythmias or symptomatic ST segment
depression is not induced in cardiac patients
enrolled regularly for more than two months in
supervised cardiac rehabilitation maintenance
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suggested, first, that the routine evaluation of
low-risk cardiac rehabilitation patients with

a functional capacity higher than 5 METs

(or >450 m performance in SWT), does

not require ECG monitoring during exercise

Further investigations should determine
whether the presence of isolated ventricular

programmes. Moreover, the overall minor
cardiovascular event incidence of 0.7 per
patient exercise session seems to be a
safe rate in long-term cardiac rehabilitation
settings. The minor cardiovascular events,

arrhythmias is related to exercise; they should
then examine the prognostic value of these
minor events over a longer-term follow-up

such as arrhythmias and silent ST depression,  and they can safely exercise in community- period @
are not to be ignored, but are a reason to based cardiac rehabilitation settings. )
suggest additional cardiac assessment and Second, exercise prescription is safe for long- Funding

risk modifications. No funding received for this work.

term cardiac rehabilitation patients, if the
contraindications to testing and training are
followed.
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Key messages

cardiac rehabilitation settings

® Poor functional capacity is not shown to

be associated with the risk of a cardiac

event during exercise

® Supervised exercise testing and
training are accompanied only by minor
cardiovascular events and they can be
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