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A review of guidelines for cardiac
rehabilitation exercise programmes:
Is there an international consensus?
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Abstract

Background: Cardiac rehabilitation is an important component in the continuum of care for individuals with cardio-

vascular disease, providing a multidisciplinary education and exercise programme to improve morbidity and mortality

risk. Internationally, cardiac rehabilitation programmes are implemented through various models. This review compared

cardiac rehabilitation guidelines in order to identify any differences and/or consensus in exercise testing, prescription and

monitoring.

Methods: Guidelines, position statements and policy documents for cardiac rehabilitation, available internationally in the

English language, were identified through a search of electronic databases and government and cardiology society websites.

Information about programme delivery, exercise testing, prescription and monitoring were extracted and compared.

Results: Leading cardiac rehabilitation societies in North America and Europe recommend that patients progress from

moderate- to vigorous-intensity aerobic endurance exercise over the course of the programme, with resistance training

included as an important adjunct, for maintaining independence and quality of life. North American and European

guidelines also recommend electrocardiograph-monitored exercise stress tests. Guidelines for South America and

individual European nations typically include similar recommendations; however, those in the United Kingdom,

Australia and New Zealand specify lower-intensity exercise and less technical assessment of functional capacity.

Conclusion: Higher-intensity aerobic training programmes, supplemented by resistance training, have been recom-

mended and deemed safe for cardiac rehabilitation patients by many authorities. Based on research evidence, this

may also provide superior outcomes for patients and should therefore be considered when developing an international

consensus for exercise prescription in cardiac rehabilitation.
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Introduction

Cardiovascular disease (CVD) is a leading contributor
to global mortality and morbidity. Internationally, it is
the cause of approximately a third of total yearly
deaths,1 with mortality rates in high-income countries
ranging from 20% to 50%.2,3 CVD is responsible for
approximately 20% of the worldwide disease burden.1

Cardiac rehabilitation promotes secondary preven-
tion of CVD and is an essential component of care
for all cardiac patients.4,5 It is a coordinated physical,
social and psychological intervention that favourably
influences the underlying risk factors in order to stabil-
ise, slow or reverse disease progression, and facilitates

the ability of the patient to preserve or resume an active
and functional contribution to the community.6,7

Cardiac rehabilitation promotes a healthy and active
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lifestyle, with the aim of improving quality of life
through: increased cardiac function; increased exercise
tolerance; decreased cardiovascular symptoms; reduced
levels of anxiety, depression and stress; return to work;
and maintaining independence in activities of daily
living.5,6,8 Structured exercise has been identified as
being central to the success of cardiac rehabilitation.9–11

Strong, consistent positive evidence exists for exer-
cise-based cardiac rehabilitation for patients with stable
angina pectoris,7,10 myocardial infarction (MI)7,10,12

and coronary revascularisation.7,10 Cardiac rehabilita-
tion is also recommended for patients who have under-
gone heart transplant13 or valvular surgery,14 in
addition to those suffering chronic heart failure.15

Meta-analyses have shown significant reductions in
both all-cause and cardiac mortality from exercise-
based rehabilitation compared to standard medical
care without structured exercise training or advice,
with the reduction associated with long-term rather
than short-term follow-up.7,12 Exercise-based cardiac
rehabilitation results in a significantly lower risk of
fatal and non-fatal re-infarction through improved car-
diac and coronary vascular function, as well as
improved CVD risk factor profiles when compared to
cardiac rehabilitation without an exercise component.12

Cardiac rehabilitation services exist in fewer than
40% of countries throughout the world, with pro-
grammes available in 68% of the countries defined as
high income by the World Bank.8 This figure falls to
only 22% in low- and middle-income countries, where
the majority of deaths due to CVD occur.16 The density
of cardiac rehabilitation programmes varies from the
equivalent of one programme for every 0.1 million
inhabitants in the United States (US)8 to one pro-
gramme for every 2.2 million inhabitants throughout
Latin America16 and one programme for 164 million
inhabitants in Bangladesh, where there is a single facil-
ity to service the entire population.8 Guidelines for the
provision of cardiac rehabilitation have not been estab-
lished in many of the nations providing this service.

The purpose of this review is to compare national
guidelines for outpatient cardiac rehabilitation from
around the world alongside those prepared by leading
cardiovascular scientific societies, and provide insight
into any differences and/or consensus in patient eligi-
bility, programme delivery and exercise testing, pre-
scription and monitoring that exist.

Methods

National guidelines, position statements and policy
documents for exercise-based outpatient cardiac
rehabilitation were searched from the earliest date
available to July 2015 using PubMed and Google
Scholar databases. The search terms ‘‘cardiac

rehabilitation’’, ‘‘guidelines’’, ‘‘policy’’ and ‘‘position
statement’’ were combined and searched alone and by
country. Government and cardiology society websites
for countries that were known to have cardiac rehabili-
tation services were also examined, along with reference
lists of identified guidelines and review articles. Only
those guidelines, position statements and policy docu-
ments available in English were included. Only resist-
ance training recommendations for Germany have been
published in English; however, guidelines covering all
aspects of cardiac rehabilitation have been translated
and summarised in a review article published by
Karoff et al.,17 and the information presented was uti-
lised in the current review. Where non-English-
language guidelines or position statements were
located, the authors were contacted to confirm that
an English version was not available. Document ana-
lyses of the guidelines, position statements and policy
documents were undertaken to extract the relevant
information for this review.

Results

Guidelines, position statements and policy documents
for outpatient cardiac rehabilitation from 18 individual
countries or regions were identified in the English lan-
guage and included for review. The American Heart
Association (AHA) and the American Association of
Cardiovascular and Pulmonary Rehabilitation
(AACVPR) have issued a joint scientific statement
detailing the core components of cardiac rehabilitation
programmes,18 with more comprehensive guidelines
having been published by the AACVPR (with AHA
endorsement).19 The Canadian Association of Cardiac
Rehabilitation (CACR) have also developed detailed
guidelines.20 A position statement has been prepared
by the European Association of Cardiovascular
Prevention and Rehabilitation (EACPR),21 with several
individual European countries also producing their
own guidelines. In the Australasian region, Australia
and New Zealand each have their own guidelines, pre-
pared by the respective National Heart Foundations, in
conjunction with the Australian Cardiovascular
Health and Rehabilitation Association (ACRA) in
Australia.22–24 A joint position statement by the
South American Society of Cardiology and the Inter-
American Committee on Cardiovascular Prevention
encompasses the whole of South America.25 In Asia,
English-language cardiac rehabilitation guidelines
have only been published in Japan. The World Health
Organization (WHO) Expert Committee on
Rehabilitation after Cardiovascular Diseases prepared
guidelines for the provision of cardiac rehabilitation in
1993.4 This document has an emphasis on developing
countries, but still contains information that is relevant
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to high-income countries. Published guidelines were
also located for Brazil, Columbia, Cuba, Denmark,
Estonia, Germany, Italy, Poland, Spain, Switzerland,
Israel, and South Korea, but these have been excluded
from this review as they were not available in English
and funding was not available for translators.

Cardiac rehabilitation throughout the world follows
the same progression from hospitalisation after an
acute event through to recovery and on-going mainten-
ance. Cardiac rehabilitation is commonly divided into
either three or four phases, with the content of these
phases varying between nations, as detailed in
Supplementary Table 1.

Programme eligibility and delivery

Aspects of programme delivery detailed in cardiac
rehabilitation guidelines include patient eligibility,
pre-participation medical assessment, required person-
nel and responsibility for prescription and supervi-
sion of exercise and educational interventions
(Supplementary Table 2). Acute coronary conditions
that are eligible for cardiac rehabilitation are listed in
Supplementary Table 2, while patients with peripheral
arterial disease (PAD) are additionally included in the
eligible patient lists for Austria,26 Europe,21,27

France,28 Ireland,5 Japan29 and South America.25

Medical and physical evaluations are recommended in
all guidelines, with measurement of heart rate, blood
pressure, body mass index and waist girth all being
common. Furthermore, resting 12-lead electrocardio-
graph (ECG) prior to the commencement of cardiac
rehabilitation is specified for Austria,26 Canada,20

Europe,21 England,30 France,28 Germany,31 Japan,29

Scotland32 and the US.18,19

Recommendations throughout the world are for a
multidisciplinary involvement in the delivery of cardiac
rehabilitation programmes. Australian guidelines add-
itionally specify the inclusion of an Aboriginal health
worker within indigenous communities,22 while in New
Zealand, a Maori disease state management nurse is
included as a member of the cardiac rehabilitation
team.24 The AACVPR guidelines identify that exercise
training be prescribed by a physician to obtain
Medicare benefits, but there is no additional informa-
tion to encompass non-Medicare beneficiaries.19

Recommendations in Australia,22 Canada,20

Austria,26 Germany,31 New Zealand,24 Northern
Ireland,33 The Netherlands34 and the United
Kingdom (UK)35 specify that exercise programming
and supervision are the responsibility of a physiother-
apist or a staff member trained in exercise prescription,
such as a sport scientist or exercise physiologist. The
AACVPR guidelines specify a minimum number of ses-
sions during which each patient should be directly

supervised, depending on their assessed level of risk
and their progress.19 This recommendation has also
been included in the Irish guidelines5 and adapted in
those for South America.25 Staff-to-patient ratios vary
throughout the world, depending on the stage of
rehabilitation, the intensity of exercise programming
and the available staff.

Psychological evaluation and counselling are recom-
mended in all nations, with stress management and
relaxation interventions also common. Educational
topics covered during cardiac rehabilitation pro-
grammes routinely include the management of cardio-
vascular risk factors, nutritional and physical activity
advice, smoking cessation and vocational counselling.

The duration of outpatient rehabilitation pro-
grammes differs between nations (Tables 1 and 2), vary-
ing from a minimum of 3 weeks in Germany with
extension only in exceptional circumstances17 to as
long as 12 months in Austria, depending on the status
of the participant.26

Exercise and functional assessment

Considerable variation exists in the specificity and tech-
nical skill of exercise testing recommended in cardiac
rehabilitation guidelines internationally, as shown in
Tables 1 and 2. An ECG-monitored exercise stress
test is recommended by the AHA and AACVPR,18,19

CACR20 and EACPR.21 Guidelines for Japan,29 South
America25 and the majority of the European countries
reviewed26–28,31,34 also include this recommendation for
pre-programme exercise testing. Despite these recom-
mendations by leading cardiovascular societies, less
technical exercise testing, in the form of either a
6–minute walk test or shuttle walk test, form the stand-
ard for the determination of functional capacity in
Australasia and the UK.22,24,30,32,33,36 However, these
nations do acknowledge that an ECG-monitored exer-
cise stress test should be performed for high-risk
patients (those with decompensated heart failure,
uncontrolled arrhythmias or experiencing angina at
rest or with minimal exertion)24,32 or for patients
wishing to participate in a high-intensity exercise pro-
gramme (>75% maximal heart rate (HRmax)).

32

Monitoring during exercise training sessions

Heart rate monitoring and/or the Borg Rating of
Perceived Exertion Scale37 are frequently recom-
mended, with the monitoring of blood pressure
during exercise and the observation of signs and symp-
toms, such as excessive breathlessness or fatigue, chest
pain and light-headedness, also being widely specified.

The AACVPR guidelines for the US have detailed a
progression from continuous to intermittent ECG

Price et al. 1717



T
a
b

le
1
.

R
e
co

m
m

e
n
d
at

io
n
s

fo
r

e
x
e
rc

is
e

te
st

in
g,

p
re

sc
ri

p
ti
o
n

an
d

m
o
n
it
o
ri

n
g

in
o
u
tp

at
ie

n
t

ca
rd

ia
c

re
h
ab

ili
ta

ti
o
n

p
ro

gr
am

s
fo

r
in

d
e
p
e
n
d
e
n
t

re
gi

o
n
s

an
d

n
at

io
n
s,

in
cl

u
d
in

g
le

ad
in

g

ca
rd

ia
c

re
h
ab

ili
ta

ti
o
n

o
rg

an
is

at
io

n
s.

C
o
u
n
tr

y
T
yp

e
o
f

e
x
e
rc

is
e

In
te

n
si

ty
o
f

e
x
e
rc

is
e

D
u
ra

ti
o
n

an
d

fr
e
q
u
e
n
cy

o
f

se
ss

io
n
s

P
ro

gr
am

m
e

le
n
gt

h

E
x
e
rc

is
e

te
st

in
g

an
d

m
o
n
it
o
ri

n
g

E
x
p
e
ct

at
io

n
s

fo
r

ad
d
it
io

n
al

ac
ti
vi

ty

L
e
a
d

in
g

c
a
rd

io
lo

g
y

a
n

d
c
a
rd

ia
c

re
h

a
b

il
it

a
ti

o
n

o
rg

a
n

iz
a
ti

o
n

s

E
u

ro
p

e

(E
u
ro

p
e
an

A
ss

o
ci

at
io

n
o
f

C
ar

d
io

va
sc

u
la

r

P
re

ve
n
ti
o
n

an
d

R
e
h
ab

ili
ta

ti
o
n
)2

1
,2

7

A
e
ro

b
ic

e
n

d
u

ra
n

c
e

tr
a
in

in
g

(e
.g

.
w

al
k
in

g,
jo

gg
in

g,

cy
cl

in
g,

sw
im

m
in

g,

ro
w

in
g,

st
ai

r
cl

im
b
in

g,

e
lli

p
ti
ca

l
tr

ai
n
e
r,

ae
ro

b
ic

s)

5
0
–
8
0
%

V
O

2
m

a
x

(c
lo

se

to
an

ae
ro

b
ic

th
re

sh
o
ld

)

5
0
–
8
0
%

H
R

p
e
a
k

o
r

4
0
–

6
0
%

H
R

R

R
P
E

1
0
–
1
4

�
2
0
–
3
0

m
in

u
te

s
p
e
r

se
ss

io
n

�
3

se
ss

io
n
s

p
e
r

w
ee

k

(p
re

fe
ra

b
ly

6
–
7
)

2
–
1
6

w
e
e
k
s

E
x
e
rc

is
e

te
st

in
g

Sy
m

p
to

m
-l
im

it
e
d

e
x
e
r-

ci
se

te
st

M
o

n
it

o
ri

n
g

O
b
se

rv
at

io
n

o
f

sy
m

p
-

to
m

s

H
R

m
o
n
it
o
ri

n
g

B
P

m
o
n
it
o
ri

n
g

E
C

G
m

o
n
it
o
ri

n
g

d
u
ri

n
g

in
it
ia

l
st

ag
e
s

o
r

fo
r

p
at

ie
n
ts

w
it
h

n
e
w

sy
m

p
to

m
s

E
q
u
iv

al
e
n
t

o
f

3
0

m
in

-

u
te

s
o
f

m
o
d
e
ra

te
-

in
te

n
si

ty
w

al
k
in

g

p
e
r

d
ay

R
e
si

st
a
n

c
e

tr
a
in

in
g

To
m

o
d
e
ra

te
fa

ti
gu

e
1
0
–
1
5

re
p
s

p
e
r

se
t

2
se

ss
io

n
s

p
e
r

w
e
e
k

C
a
n

a
d

a

(C
an

ad
ia

n
A

ss
o
ci

at
io

n
o
f

C
ar

d
ia

c

R
e
h
ab

ili
ta

ti
o
n
)2

0

A
e
ro

b
ic

e
n

d
u

ra
n

c
e

tr
a
in

in
g

4
0
–
8
5
%

H
R

R
2
0
–
4
0

m
in

u
te

s
p
e
r

se
ss

io
n

3
–
5

se
ss

io
n
s

p
e
r

w
e
e
k

�
1
2

w
e
e
k
s

E
x
e
rc

is
e

te
st

in
g

G
ra

d
e
d

e
x
e
rc

is
e

te
st

(B
ru

ce
p
ro

to
co

l)

w
it
h

E
C

G
m

o
n
it
o
r-

in
g

M
o

n
it

o
ri

n
g

H
R

m
o
n
it
o
ri

n
g

B
P

m
o
n
it
o
ri

n
g

R
P
E

E
C

G
m

o
n
it
o
ri

n
g

at

d
is

cr
e
ti
o
n

o
f

m
e
d
-

ic
al

d
ir

e
ct

o
r

(p
ro

-

gr
e
ss

fr
o
m

co
n
ti
n
u
o
u
s

m
o
n
i-

to
ri

n
g

to
in

te
rm

it
-

te
n
t

as
ap

p
ro

p
ri

at
e

fo
r

ri
sk

le
ve

l
o
f

p
at

ie
n
t)

R
e
sp

ir
at

o
ry

ra
te

if

in
d
ic

at
e
d

A
rt

e
ri

al
o
x
yg

e
n

sa
tu

ra
ti
o
n

E
n
co

u
ra

ge
d

to
e
n
ga

ge

in
lig

h
te

r
fo

rm
s

o
f

p
hy

si
ca

l
ac

ti
vi

ty
o
n

d
ay

s
w

h
e
n

n
o
t

at
te

n
d
in

g
a

fo
rm

al

e
x
e
rc

is
e

se
ss

io
n

in

o
rd

e
r

to
ac

cu
m

u
la

te

3
0
–
6
0

m
in

u
te

s
o
f

m
o
d
e
ra

te
-

to
vi

go
r-

o
u
s-

in
te

n
si

ty
o
n

m
o
st

d
ay

s
o
f

th
e

w
e
e
k

A
e
ro

b
ic

in
te

r
v
a
l

tr
a
in

in
g

N
o
t

sp
e
ci

fie
d

R
e
si

st
a
n

c
e

tr
a
in

in
g

3
0
–
4
0
%

1
R

M
fo

r

u
p
p
e
r

b
o
d
y

5
0
–
6
0
%

1
R

M
fo

r
lo

w
e
r

b
o
d
y

1
–
3

se
ts

o
f
1
2
–
1
5

re
p
s

fo
r

6
–
1
0

d
iff

e
re

n
t

e
x
e
rc

is
e

fo
r

b
o
th

u
p
p
e
r

an
d

lo
w

e
r

b
o
d
y

2
–
3

se
ss

io
n
s

p
e
r

w
e
e
k

F
le

x
ib

il
it

y
tr

a
in

in
g

N
o
t

sp
e
ci

fie
d

St
at

ic
st

re
tc

h
in

g:
�

4

re
p
s

p
e
r

e
x
e
rc

is
e
,

1
5
–
6
0

se
co

n
d
s

p
e
r

st
re

tc
h

P
N

F
st

re
tc

h
in

g:
6
-

se
co

n
d

co
n
tr

ac
ti
o
n

fo
llo

w
e
d

b
y

1
0
–
3
0

se
co

n
d

as
si

st
e
d

st
re

tc
h

(c
o
n
ti
n
u
e
d
)

1718 European Journal of Preventive Cardiology 23(16)



T
a
b

le
1
.

C
o
n
ti
n
u
e
d

C
o
u
n
tr

y
T
yp

e
o
f

e
x
e
rc

is
e

In
te

n
si

ty
o
f

e
x
e
rc

is
e

D
u
ra

ti
o
n

an
d

fr
e
q
u
e
n
cy

o
f

se
ss

io
n
s

P
ro

gr
am

m
e

le
n
gt

h

E
x
e
rc

is
e

te
st

in
g

an
d

m
o
n
it
o
ri

n
g

E
x
p
e
ct

at
io

n
s

fo
r

ad
d
it
io

n
al

ac
ti
vi

ty

U
n

it
e
d

S
ta

te
s

(A
m

e
ri

ca
n

H
e
ar

t

A
ss

o
ci

at
io

n
,
A

m
e
ri

ca
n

A
ss

o
ci

at
io

n
o
f

C
ar

d
io

va
sc

u
la

r
an

d

P
u
lm

o
n
ar

y

R
e
h
ab

ili
ta

ti
o
n
)1

8
,1

9
,7

0

A
e
ro

b
ic

e
n

d
u

ra
n

c
e

tr
a
in

in
g

(e
.g

.
w

al
k
in

g,
tr

e
ad

m
ill

,

cy
cl

in
g,

st
e
p
s,

ro
w

in
g)

4
0
–
8
0
%

V
O

2
p
e
a
k

o
r

H
R

m
a
x

b
as

e
d

o
n

m
ax

im
al

e
x
e
rc

is
e

te
st

R
P
E

1
1
–
1
6

2
0
–
6
0

m
in

u
te

s
p
e
r

se
ss

io
n

3
–
5

se
ss

io
n
s

p
e
r

w
e
e
k

�
3
6

se
ss

io
n
s

E
x
e
rc

is
e

te
st

in
g

Sy
m

p
to

m
-l
im

it
e
d

e
x
e
r-

ci
se

te
st

st
ro

n
gl

y

re
co

m
m

e
n
d
e
d

M
o

n
it

o
ri

n
g

O
b
se

rv
at

io
n

o
f

sy
m

p
-

to
m

s

H
R

m
o
n
it
o
ri

n
g

B
P

m
o
n
it
o
ri

n
g

R
P
E

E
C

G
(p

ro
gr

e
ss

fr
o
m

co
n
ti
n
u
o
u
s

m
o
n
i-

to
ri

n
g

to
in

te
rm

it
-

te
n
t

as
ap

p
ro

p
ri

at
e

fo
r

ri
sk

le
ve

l
o
f

p
at

ie
n
t)

H
o
m

e
-b

as
e
d

p
hy

si
ca

l

ac
ti
vi

ty
to

ac
h
ie

ve

3
0
–
6
0

m
in

u
te

s
p
e
r

d
ay

o
f

m
o
d
e
ra

te
-

in
te

n
si

ty
ac

ti
vi

ty
o
n

at
le

as
t

5
d
ay

s
o
f
th

e

w
e
e
k

R
e
si

st
a
n

c
e

tr
a
in

in
g

(e
.g

.
ca

lis
th

e
n
ic

s,
h
an

d

w
e
ig

h
ts

,
p
u
lle

ys
,
d
u
m

b
-

b
e
lls

,
fr

e
e

w
e
ig

h
ts

,

m
ac

h
in

e
w

e
ig

h
ts

)

To
m

o
d
e
ra

te
fa

ti
gu

e

(R
P
E

1
1
–
1
3
)

5
0
%

1
R

M
p
ro

gr
e
ss

in
g

to
6
0
–
7
0
%

1
R

M

1
–
3

se
ts

o
f
1
0
–
1
5

re
p
s

fo
r

8
–
1
0

d
iff

e
re

n
t

e
x
e
rc

is
e
s

2
–
3

se
ss

io
n
s

p
e
r

w
e
e
k

(n
o
n
-c

o
n
se

cu
ti
ve

d
ay

s)

F
le

x
ib

il
it

y
tr

a
in

in
g

(s
ta

ti
c

st
re

tc
h
in

g
w

it
h

e
m

p
h
as

is
o
n

lo
w

e
r

b
ac

k
an

d
th

ig
h
)

To
p
o
in

t
o
f

m
ild

d
is

co
m

fo
rt

3
–
5

re
p
s

p
e
r

e
x
e
rc

is
e
,

3
0
–
9
0

se
co

n
d
s

fo
r

e
ac

h
st

re
tc

h
as

to
l-

e
ra

b
le

2
–
3

se
ss

io
n
s

p
e
r

w
e
e
k

(n
o
n
-c

o
n
se

cu
ti
ve

d
ay

s)

In
d

e
p

e
n

d
e
n

t
n

a
ti

o
n

s
a
n

d
re

g
io

n
s

Ja
p

a
n

(J
ap

an
e
se

C
ir

cu
la

ti
o
n

So
ci

e
ty

)2
9

A
e
ro

b
ic

e
n

d
u

ra
n

c
e

tr
a
in

in
g

(e
.g

.
ae

ro
b
ic

s,
cy

cl
in

g)

A
t

an
ae

ro
b
ic

th
re

sh
o
ld

(4
0
–
6
0
%

V
O

2
p
e
a
k
,

4
0
–
6
0
%

H
R

R
,
R

P
E

1
2
–
1
3
)

1
5
–
6
0

m
in

u
te

s
p
e
r

se
ss

io
n
s

1
–
3

se
ss

io
n
s

p
e
r

w
e
e
k

5
m

o
n
th

s
(f

ir
st

5

m
o
n
th

s
fo

llo
w

-

in
g

tr
e
at

m
e
n
t)

E
x
e
rc

is
e

te
st

in
g

E
x
e
rc

is
e

st
re

ss
te

st

M
o

n
it

o
ri

n
g

H
R

m
o
n
it
o
ri

n
g

B
P

m
o
n
it
o
ri

n
g

R
P
E

E
C

G
m

o
n
it
o
ri

n
g

re
c-

o
m

m
e
n
d
e
d

if
ch

e
st

p
ai

n
is

e
x
p
e
ri

e
n
ce

d

3
–
4

d
ay

s
p
e
r

w
e
e
k

o
f

h
o
m

e
-b

as
e
d

tr
ai

n
in

g

p
re

sc
ri

b
e
d

th
ro

u
gh

th
e

p
ro

gr
am

m
e

(c
o
n
ti
n
u
e
d
)

Price et al. 1719



T
a
b

le
1
.

C
o
n
ti
n
u
e
d

C
o
u
n
tr

y
T
yp

e
o
f

e
x
e
rc

is
e

In
te

n
si

ty
o
f

e
x
e
rc

is
e

D
u
ra

ti
o
n

an
d

fr
e
q
u
e
n
cy

o
f

se
ss

io
n
s

P
ro

gr
am

m
e

le
n
gt

h

E
x
e
rc

is
e

te
st

in
g

an
d

m
o
n
it
o
ri

n
g

E
x
p
e
ct

at
io

n
s

fo
r

ad
d
it
io

n
al

ac
ti
vi

ty

A
u

st
ra

li
a

(N
at

io
n
al

H
e
ar

t

Fo
u
n
d
at

io
n

o
f

A
u
st

ra
lia

,
A

u
st

ra
lia

n

C
ar

d
io

va
sc

u
la

r
H

e
al

th

an
d

R
e
h
ab

ili
ta

ti
o
n

A
ss

o
ci

at
io

n
)6

,2
2
,2

3
,4

2

A
e
ro

b
ic

e
n

d
u

ra
n

c
e

tr
a
in

in
g

(e
.g

.
w

al
k
in

g,
cy

cl
in

g,

tr
e
ad

m
ill

,
d
an

ci
n
g)

L
o
w

-
to

m
o
d
e
ra

te
-

in
te

n
si

ty
p
hy

si
ca

l

ac
ti
vi

ty

3
0
–
6
0

m
in

u
te

s
p
e
r

se
ss

io
n

(N
SW

)

1
–
2

se
ss

io
n
s

p
e
r

w
e
e
k

3
–
1
2

w
e
e
k
s

E
x
e
rc

is
e

te
st

in
g

6
-m

in
u
te

w
al

k
te

st

(N
SW

)

Sy
m

p
to

m
-l
im

it
e
d

m
ax

-

im
al

e
x
e
rc

is
e

st
re

ss

te
st

re
co

m
m

e
n
d
e
d

p
ri

o
r

to
h
ig

h
-i
n
te

n
-

si
ty

p
ro

gr
am

m
e

o
r

fo
r

h
ig

h
-r

is
k

p
at

ie
n
ts

M
o

n
it

o
ri

n
g

O
b
se

rv
at

io
n

o
f

sy
m

p
-

to
m

s

H
R

m
o
n
it
o
ri

n
g

B
P

m
o
n
it
o
ri

n
g

R
P
E

E
C

G
m

o
n
it
o
ri

n
g

fo
r

h
ig

h
-i
n
te

n
si

ty
p
ro

-

gr
am

m
e
s

o
r

h
ig

h
-

ri
sk

p
at

ie
n
ts

(V
IC

)

R
e
sp

ir
at

o
ry

ra
te

if

in
d
ic

at
e
d

A
t

le
as

t
3
0

m
in

u
te

s
o
f

lig
h
t-

to
m

o
d
e
ra

te
-

in
te

n
si

ty
p
hy

si
ca

l

ac
ti
vi

ty
o
n

m
o
st

d
ay

s
o
f

th
e

w
e
e
k

th
ro

u
gh

h
o
m

e
-

b
as

e
d

ac
ti
vi

ti
e
s

R
e
si

st
a
n

c
e

tr
a
in

in
g

A
s

ap
p
ro

p
ri

at
e

N
o
t

sp
e
ci

fie
d

N
e
w

Z
e
a
la

n
d

(N
ew

Z
e
al

an
d

G
u
id

e
lin

e
s

G
ro

u
p
,
N

at
io

n
al

H
e
ar

t

Fo
u
n
d
at

io
n

o
f

N
ew

Z
e
al

an
d
)2

4

A
e
ro

b
ic

e
n

d
u

ra
n

c
e

tr
a
in

in
g

4
0
–
7
5
%

V
O

2
m

a
x

3
0
–
4
5

m
in

u
te

s
p
e
r

se
ss

io
n

3
–
5

se
ss

io
n
s

p
e
r

w
e
e
k

6
–
1
2

w
e
e
k
s

E
x
e
rc

is
e

te
st

in
g

E
x
e
rc

is
e

st
re

ss
te

st

(n
o
t

n
e
ce

ss
ar

y
fo

r

lo
w

-r
is

k
p
at

ie
n
ts

u
n
d
e
rt

ak
in

g
su

p
e
r-

vi
se

d
lo

w
-

to
m

o
d
-

e
ra

te
-i
n
te

n
si

ty
e
x
e
r-

ci
se

tr
ai

n
in

g)

M
o

n
it

o
ri

n
g

O
b
se

rv
at

io
n

o
f

sy
m

p
-

to
m

s

H
R

m
o
n
it
o
ri

n
g

A
t

le
as

t
3
0

m
in

u
te

s
o
f

m
o
d
e
ra

te
p
h
ys

ic
al

ac
ti
vi

ty
o
n

m
o
st

d
ay

s
o
f

th
e

w
e
e
k

R
e
si

st
a
n

c
e

tr
a
in

in
g

L
o
w

in
te

n
si

ty
an

d
h
ig

h

re
p
s

N
o
t

sp
e
ci

fie
d

(c
o
n
ti
n
u
e
d
)

1720 European Journal of Preventive Cardiology 23(16)



T
a
b

le
1
.

C
o
n
ti
n
u
e
d

C
o
u
n
tr

y
T
yp

e
o
f

e
x
e
rc

is
e

In
te

n
si

ty
o
f

e
x
e
rc

is
e

D
u
ra

ti
o
n

an
d

fr
e
q
u
e
n
cy

o
f

se
ss

io
n
s

P
ro

gr
am

m
e

le
n
gt

h

E
x
e
rc

is
e

te
st

in
g

an
d

m
o
n
it
o
ri

n
g

E
x
p
e
ct

at
io

n
s

fo
r

ad
d
it
io

n
al

ac
ti
vi

ty

S
o

u
th

A
m

e
ri

c
a

(S
o
u
th

A
m

e
ri

ca
n

So
ci

e
ty

o
f

C
ar

d
io

lo
gy

,
In

te
r-

A
m

e
ri

ca
n

C
o
m

m
it
te

e

o
f

C
ar

d
io

va
sc

u
la

r

P
re

ve
n
ti
o
n

an
d

R
e
h
ab

ili
ta

ti
o
n
)2

5

A
e
ro

b
ic

e
n

d
u

ra
n

c
e

tr
a
in

in
g

6
0
–
8
0
%

H
R

m
a
x

o
r

5
0
–

7
0
%

H
R

R
(b

e
gi

n
n
in

g

at
lo

w
e
r

lim
it

o
f

ra
n
ge

)

A
t

an
ae

ro
b
ic

th
re

sh
o
ld

3
0
–
6
0

m
in

u
te

s
p
e
r

se
ss

io
n

2
–
5

se
ss

io
n
s

p
e
r

w
e
e
k

1
–
5

m
o
n
th

s
E

x
e
rc

is
e

te
st

in
g

E
x
e
rc

is
e

st
re

ss
te

st

w
it
h

E
C

G
m

o
n
it
o
r-

in
g

(o
r

6
–
m

in
u
te

w
al

k
te

st
)

M
o

n
it

o
ri

n
g

E
C

G
(p

ro
gr

e
ss

fr
o
m

co
n
ti
n
u
o
u
s

m
o
n
i-

to
ri

n
g

to
in

te
rm

it
-

te
n
t

as
ap

p
ro

p
ri

at
e

fo
r

ri
sk

le
ve

l
o
f

p
at

ie
n
t)

N
o
t

sp
e
ci

fie
d

A
e
ro

b
ic

in
te

r
v
a
l

tr
a
in

in
g

N
o
t

sp
e
ci

fie
d

R
e
si

st
a
n

c
e

tr
a
in

in
g

L
o
ad

su
ff
ic

ie
n
t

to

ca
u
se

fa
ti
gu

e
fo

r

fin
al

3
re

p
s

6
–
1
5

re
p
s

p
e
r

m
u
sc

le

gr
o
u
p

at
an

in
te

rv
al

o
f

2
0
–
6
0

se
co

n
d
s

2
–
3

se
ss

io
n
s

p
e
r

w
e
e
k

F
le

x
ib

il
it

y
tr

a
in

in
g

N
o
t

sp
e
ci

fie
d

A
t

e
n
d

o
f

e
ac

h
se

ss
io

n

W
o

rl
d

H
e
a
lt

h

O
rg

a
n

iz
a
ti

o
n

(e
m

p
h
as

is
o
n

d
ev

e
lo

p
in

g

co
u
n
tr

ie
s)

4

A
e
ro

b
ic

e
n

d
u

ra
n

c
e

tr
a
in

in
g

(e
.g

.
st

at
io

n
ar

y
cy

cl
e
,

ro
w

in
g,

st
e
p
p
in

g
as

p
ar

t

o
f

a
ci

rc
u
it
)

R
e
si

st
a
n

c
e

tr
a
in

in
g

(e
.g

.
lig

h
t

w
e
ig

h
ts

an
d

p
u
lle

y
e
x
e
rc

is
e
s

fo
r

u
p
p
e
r

b
o
d
y

as
p
ar

t
o
f
a

ci
rc

u
it
)

F
le

x
ib

il
it

y
tr

a
in

in
g

(c
al

is
th

e
n
ic

s)

H
ig

h
in

te
n
si

ty
(6

0
–
7
5
%

p
e
ak

w
o
rk

ca
p
ac

it
y

o
r

7
0
–
8
5
%

H
R

p
e
a
k
)

2
0
–
3
0

m
in

u
te

s
p
e
r

se
ss

io
n

�
3

se
ss

io
n
s

p
e
r

w
ee

k

�
6
–
8

w
e
e
k
s

E
x
e
rc

is
e

te
st

in
g

T
re

ad
m

ill
e
x
e
rc

is
e

te
st

M
o

n
it

o
ri

n
g

Fo
r

b
as

ic
an

d
in

te
r-

m
e
d
ia

te
fa

ci
lit

ie
s:

H
R

m
o
n
it
o
ri

n
g

R
P
E

Fo
r

ad
va

n
ce

d
fa

ci
lit

ie
s:

as
ab

o
ve

,
p
lu

s

E
C

G
(p

ro
gr

e
ss

fr
o
m

co
n
ti
n
u
o
u
s

m
o
n
i-

to
ri

n
g

to
in

te
rm

it
-

te
n
t

as
ap

p
ro

p
ri

at
e

fo
r

ri
sk

le
ve

l
o
f

p
at

ie
n
t)

H
o
m

e
-b

as
e
d
,
m

o
d
e
r-

at
e
-i
n
te

n
si

ty
ac

ti
vi

ty

o
r

w
al

k
in

g
fo

r
3
0

m
in

u
te

s
p
e
r

d
ay

p
lu

s

tw
ic

e
-d

ai
ly

ca
lis

th
e
n
ic

s

L
o
w

/m
o
d
e
ra

te
in

te
n
-

si
ty

H
R
<

2
0

b
p
m

ab
o
ve

re
st

in
g

H
R

(s
ym

p
-

to
m

an
d

o
b
se

rv
a-

ti
o
n

lim
it
e
d
)

3
0
–
6
0

m
in

u
te

s
in

cl
u
d
-

in
g

1
5

m
in

u
te

s
o
f

ca
lis

th
e
n
ic

s
at

b
e
gi

n
n
in

g
o
f

se
ss

io
n

�
2

se
ss

io
n
s

p
e
r

w
ee

k

V
O

2
m

a
x
:
m

ax
im

al
o
x
yg

e
n

u
p
ta

ke
;
H

R
p
e
a
k
:
p
e
ak

h
e
ar

t
ra

te
;
H

R
R

:
h
e
ar

t
ra

te
re

se
rv

e
;
R

P
E
:
ra

ti
n
g

o
f
p
e
rc

e
iv

e
d

e
x
e
rt

io
n

(b
as

e
d

o
n

B
o
rg

6
–
2
0

sc
al

e
);

re
p
s:

re
p
e
ti
ti
o
n
s;

H
R

:
h
e
ar

t
ra

te
;
B

P
:
b
lo

o
d

p
re

ss
u
re

;
E
C

G
:

e
le

ct
ro

ca
rd

io
gr

ap
h
;
1
R

M
:
o
n
e
-r

e
p
e
ti
ti
o
n

m
ax

im
u
m

;
P
N

F:
p
ro

p
ri

o
ce

p
ti
ve

n
e
u
ro

m
u
sc

u
la

r
fa

ci
lit

at
io

n
;
V

O
2
p
e
a
k
:
p
e
ak

o
x
yg

e
n

u
p
ta

ke
;
H

R
m

a
x
:
m

ax
im

u
m

h
e
ar

t
ra

te
;
N

SW
:
N

ew
So

u
th

W
al

e
s

(A
u
st

ra
lia

n
st

at
e
);

V
IC

:
V

ic
to

ri
a

(A
u
st

ra
lia

n
st

at
e
).

Price et al. 1721



T
a
b

le
2
.

R
e
co

m
m

e
n
d
at

io
n
s

fo
r

e
x
e
rc

is
e

te
st

in
g,

p
re

sc
ri

p
ti
o
n

an
d

m
o
n
it
o
ri

n
g

in
o
u
tp

at
ie

n
t

ca
rd

ia
c

re
h
ab

ili
ta

ti
o
n

p
ro

gr
am

m
e
s

fo
r

E
u
ro

p
e
an

n
at

io
n
s.

C
o
u
n
tr

y
T
yp

e
o
f

e
x
e
rc

is
e

In
te

n
si

ty
o
f

e
x
e
rc

is
e

D
u
ra

ti
o
n

an
d

fr
e
q
u
e
n
cy

o
f

se
ss

io
n
s

P
ro

gr
am

m
e

le
n
gt

h

E
x
e
rc

is
e

te
st

in
g

an
d

m
o
n
it
o
ri

n
g

E
x
p
e
ct

at
io

n
s

fo
r

ad
d
it
io

n
al

ac
ti
vi

ty

E
u

ro
p

e

(E
u
ro

p
e
an

A
ss

o
ci

at
io

n

o
f

C
ar

d
io

va
sc

u
la

r

P
re

ve
n
ti
o
n

an
d

R
e
h
ab

ili
ta

ti
o
n
)2

1
,2

7

A
e
ro

b
ic

e
n

d
u

ra
n

c
e

tr
a
in

in
g

(e
.g

.
w

al
k
in

g,
jo

gg
in

g,

cy
cl

in
g,

sw
im

m
in

g,

ro
w

in
g,

st
ai

r
cl

im
b
-

in
g,

e
lli

p
ti
ca

l
tr

ai
n
e
r,

ae
ro

b
ic

s)

5
0
–
8
0
%

V
O

2
m

a
x

(c
lo

se

to
an

ae
ro

b
ic

th
re

sh
o
ld

)

5
0
–
8
0
%

H
R

p
e
a
k

o
r

4
0
–

6
0
%

H
R

R

R
P
E

1
0
–
1
4

�
2
0
–
3
0

m
in

u
te

s
p
e
r

se
ss

io
n

�
3

se
ss

io
n
s

p
e
r

w
e
e
k

(p
re

fe
ra

b
ly

6
–
7
)

2
–
1
6

w
e
e
k
s

E
x
e
rc

is
e

te
st

in
g

Sy
m

p
to

m
-l
im

it
e
d

e
x
e
r-

ci
se

te
st

M
o

n
it

o
ri

n
g

O
b
se

rv
at

io
n

o
f

sy
m

p
-

to
m

s

H
R

m
o
n
it
o
ri

n
g

B
P

m
o
n
it
o
ri

n
g

E
C

G
m

o
n
it
o
ri

n
g

d
u
ri

n
g

in
it
ia

l
st

ag
e
s

o
r

fo
r

p
at

ie
n
ts

w
it
h

n
ew

sy
m

p
to

m
s

E
q
u
iv

al
e
n
t

o
f

3
0

m
in

-

u
te

s
o
f

m
o
d
e
ra

te
-

in
te

n
si

ty
w

al
k
in

g

p
e
r

d
ay

R
e
si

st
a
n

c
e

tr
a
in

in
g

To
m

o
d
e
ra

te
fa

ti
gu

e
1
0
–
1
5

re
p
s

p
e
r

se
t

2
se

ss
io

n
s

p
e
r

w
e
e
k

A
u

st
ri

a

(A
u
st

ri
an

C
ar

d
ia

c

So
ci

e
ty

)2
6

A
e
ro

b
ic

e
n

d
u

ra
n

c
e

tr
a
in

in
g

5
0
–
7
0
%

sy
m

p
to

m
-l
im

-

it
e
d

H
R

8
0
–
9
0
%

o
f

H
R

at

an
ae

ro
b
ic

th
re

sh
o
ld

P
h
as

e
II
:
1
0
–
3
0

m
in

-

u
te

s
p
e
r

se
ss

io
n

3
se

ss
io

n
s

p
e
r

w
e
e
k

P
h
as

e
II
I:

2
0
–
5
0

m
in

-

u
te

s
p
e
r

se
ss

io
n

2
se

ss
io

n
s

p
e
r

w
e
e
k

P
h
as

e
II
:
4
–
6

w
e
e
k
s

P
h
as

e
II
I:

6
–
1
2

m
o
n
th

(d
e
p
e
n
d
in

g
o
n

th
e

st
at

u
s

o
f

th
e

p
at

ie
n
t)

E
x
e
rc

is
e

te
st

in
g

M
ax

im
al

e
rg

o
m

e
tr

y

in
cl

u
d
in

g
e
x
e
rc

is
e

E
C

G

M
o

n
it

o
ri

n
g

N
o
t

sp
e
ci

fie
d

P
h
as

e
II
I:

m
in

im
u
m

o
f

2
0
–
4
0

m
in

u
te

s
p
e
r

w
e
e
k

(1
se

ss
io

n
)

p
ro

gr
e
ss

in
g

to
m

in
-

im
u
m

o
f

3
se

ss
io

n
s

b
y

se
co

n
d

h
al

f
o
f

th
is

p
h
as

e
,
e
x
e
rc

is
-

in
g

at
sa

m
e

in
te

n
si

ty

as
d
u
ri

n
g

su
p
e
rv

is
e
d

se
ss

io
n
s

R
e
si

st
a
n

c
e

tr
a
in

in
g

<
5
0
%

1
R

M
p
ro

gr
e
ss

-

in
g

to
6
0
–
8
0
%

1
R

M

1
–
2

se
ts

o
f

8
–
1
5

re
p
s

fo
r

6
–
8

m
u
sc

le

gr
o
u
p
s

2
se

ss
io

n
s

p
e
r

w
e
e
k

F
le

x
ib

il
it

y
tr

a
in

in
g

N
o
t

sp
e
ci

fie
d

N
o
t

sp
e
ci

fie
d

B
e
lg

iu
m

(B
e
lg

ia
n

So
ci

e
ty

o
f

C
ar

d
io

lo
gy

)3
8

A
e
ro

b
ic

e
n

d
u

ra
n

c
e

tr
a
in

in
g

4
5
–
8
5
%

V
O

2
p
e
a
k

6
0
–
9
0
%

H
R

m
a
x

4
0
–
6
0

m
in

u
te

s
p
e
r

se
ss

io
n

3
–
5

se
ss

io
n
s

p
e
r

w
e
e
k

1
2

w
e
e
k
s

(b
u
t

m
ay

co
n
ti
n
u
e

fo
r

u
p

to
3
8

w
e
e
k
s

if

re
q
u
ir

e
d
)

E
x
e
rc

is
e

te
st

in
g

M
ax

im
al

e
x
e
rc

is
e

te
st

Su
b
m

ax
im

al
te

st
(i
f

m
ax

im
al

te
st

is

co
n
tr

ai
n
d
ic

at
e
d
)

M
o

n
it

o
ri

n
g

E
C

G
m

o
n
it
o
ri

n
g

ad
vi

se
d

fo
r

h
ig

h
-r

is
k

p
at

ie
n
ts

N
o
t

sp
e
ci

fie
d

A
e
ro

b
ic

in
te

r
v
a
l

tr
a
in

in
g

N
o
t

sp
e
ci

fie
d

R
e
si

st
a
n

c
e

tr
a
in

in
g

(d
yn

am
ic

w
it
h

m
ac

h
in

e

w
e
ig

h
ts

)

5
0
–
6
0
%

1
R

M

W
e
ig

h
t

th
at

ca
n

b
e

lif
te

d
fo

r
8
–
1
0

re
p
s

1
–
3

se
ts

fo
r

8
–
1
0

e
x
e
rc

is
e
s

(c
o
n
ti
n
u
e
d
)

1722 European Journal of Preventive Cardiology 23(16)



T
a
b

le
2
.

C
o
n
ti
n
u
e
d

C
o
u
n
tr

y
T
yp

e
o
f

e
x
e
rc

is
e

In
te

n
si

ty
o
f

e
x
e
rc

is
e

D
u
ra

ti
o
n

an
d

fr
e
q
u
e
n
cy

o
f

se
ss

io
n
s

P
ro

gr
am

m
e

le
n
gt

h

E
x
e
rc

is
e

te
st

in
g

an
d

m
o
n
it
o
ri

n
g

E
x
p
e
ct

at
io

n
s

fo
r

ad
d
it
io

n
al

ac
ti
vi

ty

E
n

g
la

n
d

(D
e
p
ar

tm
e
n
t

o
f

H
e
al

th
,
N

at
io

n
al

In
st

it
u
te

fo
r

H
e
al

th

an
d

C
ar

e

E
x
ce

lle
n
ce

,
N

at
io

n
al

H
e
al

th
Se

rv
ic

e
)3

0

N
o
t

sp
e
ci

fie
d

M
o
d
e
ra

te
in

te
n
si

ty
Fo

r
su

ff
ic

ie
n
t

ti
m

e
to

re
su

lt
in

a
sa

fe
an

d

ap
p
ro

p
ri

at
e

p
hy

si
o
-

lo
gi

ca
l
ch

al
le

n
ge

w
it
h
in

th
e

se
ss

io
n

A
t

le
as

t
2

se
ss

io
n
s

p
e
r

w
e
e
k

6
–
1
2

w
e
e
k
s

E
x
e
rc

is
e

te
st

in
g

Fu
n
ct

io
n
al

ca
p
ac

it
y

te
st

in
g

(e
rg

o
m

e
te

r

te
st

o
r

w
al

k
in

g/
st

e
p

te
st

s)

M
o

n
it

o
ri

n
g

H
R

m
o
n
it
o
ri

n
g

B
P

m
o
n
it
o
ri

n
g

R
P
E

R
at

e
-p

re
ss

u
re

p
ro

d
u
ct

3
0

m
in

u
te

s
o
f

e
x
e
rc

is
e

o
n

5
d
ay

s
o
f

th
e

w
e
e
k

F
ra

n
c
e

(F
re

n
ch

So
ci

e
ty

o
f

C
ar

d
io

lo
gy

)2
8

A
e
ro

b
ic

e
n

d
u

ra
n

c
e

tr
a
in

in
g

6
0
%

H
R

R
(c

o
n
st

an
t

in
te

n
si

ty
)

2
0
–
6
0

m
in

u
te

s
p
e
r

se
ss

io
n

3
–
6

se
ss

io
n
s

p
e
r

w
e
e
k

�
2
0

se
ss

io
n
s

E
x
e
rc

is
e

te
st

in
g

E
x
e
rc

is
e

st
re

ss
te

st

(m
ax

im
al

o
r

sy
m

p
-

to
m

lim
it
e
d
)

6
–
m

in
u
te

w
al

k
te

st

M
o

n
it

o
ri

n
g

H
R

m
o
n
it
o
ri

n
g

B
P

m
o
n
it
o
ri

n
g

Te
le

m
e
tr

y
m

o
n
it
o
ri

n
g

(f
o
r

in
it
ia

l
tr

ai
n
in

g

se
ss

io
n
s)

E
q
u
iv

al
e
n
t

o
f

3
0

m
in

-

u
te

s
o
f

m
o
d
e
ra

te
-

in
te

n
si

ty
w

al
k
in

g

p
e
r

d
ay

A
e
ro

b
ic

in
te

rv
a
l

tr
a
in

in
g

U
p

to
2

m
in

u
te

s
at

8
0
–

9
5
%

V
O

2
m

a
x
,
1
–
4

m
in

u
te

s
o
f

ac
ti
ve

re
co

ve
ry

(2
0
–
3
0
%

V
O

2
m

a
x
)

R
e
si

st
a
n

c
e

tr
a
in

in
g

(d
yn

am
ic

)

3
0
–
5
0
%

1
R

M
1
0
–
1
5

re
p
s,

8
–
1
0

d
if-

fe
re

n
t

e
x
e
rc

is
e
s

(2
0
–
3
0

m
in

u
te

s)

2
–
3

se
ss

io
n
s

p
e
r

w
e
e
k

F
le

x
ib

il
it

y
tr

a
in

in
g

(g
ym

n
as

ti
cs

e
x
e
rc

is
e
s)

N
o
t

sp
e
ci

fie
d

N
o
t

sp
e
ci

fie
d

G
e
rm

a
n

y
a

(G
e
rm

an
Fe

d
e
ra

ti
o
n

fo
r

C
ar

d
io

va
sc

u
la

r

P
re

ve
n
ti
o
n

&

R
e
h
ab

ili
ta

ti
o
n
)1

7
,3

1

R
e
si

st
a
n

c
e

tr
a
in

in
g

(d
yn

am
ic

)

P
re

-t
ra

in
in

g:
<

3
0
%

M
V

C

M
u
sc

u
la

r
e
n
d
u
ra

n
ce

tr
ai

n
in

g:
3
0
–
5
0
%

M
V

C
(R

P
E

1
2
–
1
3
)

H
yp

e
rt

ro
p
hy

/s
tr

e
n
gt

h

tr
ai

n
in

g:
4
0
–
6
0
%

M
V

C
(R

P
E
�

1
5
)

P
re

-t
ra

in
in

g:
1
–
3

se
ts

o
f

5
–
1
0

re
p
s

M
u
sc

u
la

r
e
n
d
u
ra

n
ce

tr
ai

n
in

g:
1

se
t

o
f
1
2
–

2
5

re
p
s

H
yp

e
rt

ro
p
hy

/s
tr

e
n
gt

h

tr
ai

n
in

g:
1

se
t

o
f

8
–

1
5

re
p
s

2
–
3

se
ss

io
n
s

p
e
r

w
e
e
k

3
w

e
e
k
s

(w
it
h

e
x
te

n
si

o
n
s

o
n
ly

in
e
x
ce

p
ti
o
n
al

ci
rc

u
m

st
an

ce
s)

E
x
e
rc

is
e

te
st

in
g

E
x
e
rc

is
e

st
re

ss
te

st

(s
ym

p
to

m
lim

it
e
d
)

M
o

n
it

o
ri

n
g

H
R

m
o
n
it
o
ri

n
g

R
P
E

B
P

m
o
n
it
o
ri

n
g

(b
e
fo

re

an
d

af
te

r
se

ss
io

n
)

O
b
se

rv
at

io
n

o
f

sy
m

p
-

to
m

s

E
C

G
(d

u
ri

n
g

e
ar

ly

st
ag

e
s

o
f

p
ro

gr
am

m
e
)

N
o
t

sp
e
ci

fie
d (c

o
n
ti
n
u
e
d
)

Price et al. 1723



T
a
b

le
2
.

C
o
n
ti
n
u
e
d

C
o
u
n
tr

y
T
yp

e
o
f

e
x
e
rc

is
e

In
te

n
si

ty
o
f

e
x
e
rc

is
e

D
u
ra

ti
o
n

an
d

fr
e
q
u
e
n
cy

o
f

se
ss

io
n
s

P
ro

gr
am

m
e

le
n
gt

h

E
x
e
rc

is
e

te
st

in
g

an
d

m
o
n
it
o
ri

n
g

E
x
p
e
ct

at
io

n
s

fo
r

ad
d
it
io

n
al

ac
ti
vi

ty

Ir
e
la

n
d

(I
ri

sh
A

ss
o
ci

at
io

n
o
f

C
ar

d
ia

c

R
e
h
ab

ili
ta

ti
o
n
)5

A
e
ro

b
ic

e
n

d
u

ra
n

c
e

tr
a
in

in
g

4
0
–
8
0
%

V
O

2
p
e
a
k

5
0
–
8
5
%

H
R

m
a
x

4
0
–
7
0
%

H
R

R

R
P
E

1
3
–
1
6

3
0

m
in

u
te

s
p
e
r

se
ss

io
n

�
2

se
ss

io
n
s

p
e
r

w
e
e
k

�
6

w
e
e
k
s

E
x
e
rc

is
e

te
st

in
g

Fu
n
ct

io
n
al

ca
p
ac

it
y

te
st

in
g

u
si

n
g

B
ru

ce

p
ro

to
co

l,
6
–
m

in
u
te

w
al

k
te

st
,
sh

u
tt

le

w
al

k
te

st
o
r

C
h
e
st

e
r

st
e
p

te
st

M
o

n
it

o
ri

n
g

E
C

G
(p

ro
gr

e
ss

fr
o
m

co
n
ti
n
u
o
u
s

m
o
n
i-

to
ri

n
g

to
in

te
rm

it
-

te
n
t

as
ap

p
ro

p
ri

at
e

fo
r

ri
sk

le
ve

l
o
f

p
at

ie
n
t)

N
o
t

sp
e
ci

fie
d

R
e
si

st
a
n

c
e

tr
a
in

in
g

(d
yn

am
ic

)

P
re

-t
ra

in
in

g:
<

3
0
%

M
V

C

M
u
sc

u
la

r
e
n
d
u
ra

n
ce

tr
ai

n
in

g:
3
0
–
5
0
%

M
V

C
(R

P
E

1
2
–
1
3
)

H
yp

e
rt

ro
p
hy

/s
tr

e
n
gt

h

tr
ai

n
in

g:
4
0
–
6
0
%

M
V

C
(R

P
E
�

1
5
)

P
re

-t
ra

in
in

g:
1
–
3

se
ts

o
f

5
–
1
0

re
p
s

M
u
sc

u
la

r
e
n
d
u
ra

n
ce

tr
ai

n
in

g:
1

se
t

o
f
1
2
–

2
5

re
p
s

H
yp

e
rt

ro
p
hy

/s
tr

e
n
gt

h

tr
ai

n
in

g:
1

se
t

o
f

8
–

1
5

re
p
s

2
–
3

se
ss

io
n
s

p
e
r

w
e
e
k

T
h

e
N

e
th

e
rl

a
n

d
s

(R
o
ya

l
D

u
tc

h
So

ci
e
ty

fo
r

P
hy

si
ca

l

T
h
e
ra

py
)3

4
,4

1

A
e
ro

b
ic

e
n

d
u

ra
n

c
e

tr
a
in

in
g

In
cr

e
as

e
fr

o
m

5
0
–
8
0
%

V
O

2
m

a
x
/H

R
R

(d
e
te

rm
in

e
d

b
y

m
ax

im
al

o
r

sy
m

p
-

to
m

-l
im

it
e
d

te
st

)

2
0
–
3
0

m
in

u
te

s
p
e
r

se
ss

io
n

3
–
5

se
ss

io
n
s

p
e
r

w
e
e
k

N
o
t

sp
e
ci

fie
d

E
x
e
rc

is
e

te
st

in
g

M
ax

im
al

o
r

sy
m

p
to

m
-

lim
it
e
d

e
x
e
rc

is
e

te
st

w
it
h

E
C

G
m

o
n
it
o
r-

in
g

Fu
n
ct

io
n
al

e
x
e
rc

is
e

ca
p
ac

it
y

te
st

(s
h
u
t-

tl
e

w
al

k
te

st
o
r

6
–

m
in

u
te

w
al

k
te

st
)

M
o

n
it

o
ri

n
g

H
R

m
o
n
it
o
ri

n
g

B
P

m
o
n
it
o
ri

n
g

R
P
E

E
C

G
m

o
n
it
o
ri

n
g

fo
r

co
m

p
le

x
co

n
d
it
io

n
s

M
o
d
e
ra

te
-i
n
te

n
si

ty

e
n
d
u
ra

n
ce

tr
ai

n
in

g

(R
P
E

1
1
–
1
3
)

fo
r

4
5
–

6
0

m
in

u
te

s
p
re

fe
r-

ab
ly

o
n

ev
e
ry

d
ay

fo
r

re
d
u
ct

io
n

o
f

ca
rd

io
va

sc
u
la

r
ri

sk

fa
ct

o
rs

A
e
ro

b
ic

in
te

rv
a
l

tr
a
in

in
g

4
–
m

in
u
te

b
lo

ck
s,

8
0
–

9
0
%

V
O

2
p
e
a
k
/H

R
R

,

3
m

in
u
te

s
o
f

ac
ti
ve

re
co

ve
ry

(4
0
–
5
0
%

V
O

2
p
e
a
k
/H

R
R

)

R
e
si

st
a
n

c
e

tr
a
in

in
g

(c
ir

cu
it

tr
ai

n
in

g
an

d

fu
n
ct

io
n
al

e
x
e
rc

is
e
s)

In
cr

e
as

e
fr

o
m

5
0

to

7
0
–
8
0
%

1
R

M

1
–
3

se
ts

o
f
1
0
–
1
5

re
p
s

fo
r

8
–
1
0

e
x
e
rc

is
e
s

2
–
3

se
ss

io
n
s

p
e
r

w
e
e
k

N
o

rt
h

e
rn

Ir
e
la

n
d

(C
lin

ic
al

R
e
so

u
rc

e

E
ff
ic

ie
n
cy

Su
p
p
o
rt

Te
am

)3
3

A
e
ro

b
ic

e
n

d
u

ra
n

c
e

tr
a
in

in
g

(e
.g

.
cy

cl
in

g,
w

al
k
in

g)

L
o
w

to
m

o
d
e
ra

te

in
te

n
si

ty

2
0
–
3
0

m
in

u
te

s
p
e
r

se
ss

io
n

2
se

ss
io

n
s

p
e
r

w
e
e
k

�
8

w
e
e
k
s

E
x
e
rc

is
e

te
st

in
g

Fu
n
ct

io
n
al

e
x
e
rc

is
e

ca
p
ac

it
y

te
st

(e
.g

.

sh
u
tt

le
w

al
k

te
st

)

E
x
e
rc

is
e

st
re

ss
te

st

w
it
h

E
C

G
re

co
m

-

m
e
n
d
e
d

fo
r

h
ig

h
-

ri
sk

p
at

ie
n
ts

o
r

h
ig

h
-i
n
te

n
si

ty
e
x
e
r-

ci
se

p
ro

gr
am

m
e
s

M
o

n
it

o
ri

n
g

H
R

m
o
n
it
o
ri

n
g

R
P
E

A
d
d
it
io

n
al

h
o
m

e
e
x
e
r-

ci
se

p
ro

gr
am

m
e

R
e
si

st
a
n

c
e

tr
a
in

in
g

N
o
t

sp
e
ci

fie
d

N
o
t

sp
e
ci

fie
d

(c
o
n
ti
n
u
e
d
)

1724 European Journal of Preventive Cardiology 23(16)



T
a
b

le
2
.

C
o
n
ti
n
u
e
d

C
o
u
n
tr

y
T
yp

e
o
f

e
x
e
rc

is
e

In
te

n
si

ty
o
f

e
x
e
rc

is
e

D
u
ra

ti
o
n

an
d

fr
e
q
u
e
n
cy

o
f

se
ss

io
n
s

P
ro

gr
am

m
e

le
n
gt

h

E
x
e
rc

is
e

te
st

in
g

an
d

m
o
n
it
o
ri

n
g

E
x
p
e
ct

at
io

n
s

fo
r

ad
d
it
io

n
al

ac
ti
vi

ty

S
c
o

tl
a
n

d

(S
co

tt
is

h

In
te

rc
o
lle

gi
at

e

G
u
id

e
lin

e
s

N
e
tw

o
rk

)3
2

A
e
ro

b
ic

e
n

d
u

ra
n

c
e

tr
a
in

in
g

L
o
w

to
m

o
d
e
ra

te

in
te

n
si

ty

L
o
n
g-

d
u
ra

ti
o
n

se
ss

io
n
s

�
2

se
ss

io
n
s

p
e
r

w
e
e
k

�
8

w
e
e
k
s

E
x
e
rc

is
e

te
st

in
g

Fu
n
ct

io
n
al

e
x
e
rc

is
e

ca
p
ac

it
y

te
st

(s
h
u
t-

tl
e

w
al

k
te

st
o
r

6
–

m
in

u
te

w
al

k
te

st
)

M
ax

im
al

e
x
e
rc

is
e

te
st

w
it
h

e
x
e
rc

is
e

E
C

G

o
n
ly

re
co

m
m

e
n
d
e
d

fo
r

h
ig

h
-r

is
k

p
at

ie
n
ts

o
r

h
ig

h
-

in
te

n
si

ty
ac

ti
vi

ty

M
o

n
it

o
ri

n
g

H
R

m
o
n
it
o
ri

n
g

R
P
E

N
o
t

sp
e
ci

fie
d

R
e
si

st
a
n

c
e

tr
a
in

in
g

N
o
t

sp
e
ci

fie
d

Si
n
gl

e
se

t
o
f

1
0
–
1
5

re
p
s

p
e
r

e
x
e
rc

is
e

2
–
3

se
ss

io
n
s

p
e
r

w
e
e
k

U
n

it
e
d

K
in

g
d

o
m

(A
ss

o
ci

at
io

n
o
f

C
h
ar

te
re

d

P
hy

si
o
th

e
ra

p
is

ts
in

C
ar

d
ia

c

R
e
h
ab

ili
ta

ti
o
n
,

B
ri

ti
sh

A
ss

o
ci

at
io

n

fo
r

C
ar

d
io

va
sc

u
la

r

P
re

ve
n
ti
o
n

an
d

R
e
h
ab

ili
ta

ti
o
n
)3

5
,3

9

A
e
ro

b
ic

e
n

d
u

ra
n

c
e

tr
a
in

in
g

M
o
d
e
ra

te
in

te
n
si

ty
4
0
–

7
0
%

H
R

R

R
P
E

1
1
–
1
4

2
0
–
6
0

m
in

u
te

s
p
e
r

se
ss

io
n

2
–
3

se
ss

io
n
s

p
e
r

w
e
e
k

4
–
2
4

w
e
e
k
s

(d
e
p
e
n
d
in

g
o
n

th
e

st
at

u
s

o
f

th
e

p
at

ie
n
t)

E
x
e
rc

is
e

te
st

in
g

Fu
n
ct

io
n
al

ca
p
ac

it
y

te
st

(6
–
m

in
u
te

w
al

k

te
st

/s
h
u
tt

le
w

al
k

te
st

/C
h
e
st

e
r

st
e
p

te
st

o
r

su
b
m

ax
im

al

o
r

sy
m

p
to

m
-l
im

it
e
d

e
rg

o
m

e
te

r
te

st
–

n
o

E
C

G
m

o
n
it
o
ri

n
g)

M
o

n
it

o
ri

n
g

O
b
se

rv
at

io
n

o
f

sy
m

p
-

to
m

s

H
R

m
o
n
it
o
ri

n
g

B
P

m
o
n
it
o
ri

n
g

R
P
E

O
x
yg

e
n

sa
tu

ra
ti
o
n

b
y

p
u
ls

e
o
x
im

e
tr

y
if

in
d
ic

at
e
d

b
y

co
n
d
it
io

n

N
o
t

sp
e
ci

fie
d

R
e
si

st
a
n

c
e

tr
a
in

in
g

3
0
–
4
0
%

1
R

M
fo

r

u
p
p
e
r

b
o
d
y

5
0
–
6
0
%

1
R

M
fo

r
lo

w
e
r

b
o
d
y

P
ro

gr
e
ss

to
5
0
–
8
0
%

1
R

M
fo

r
b
o
th

2
–
4

se
ts

o
f

8
–
1
2

re
p
s

fo
r

8
–
1
0

m
u
sc

le

gr
o
u
p
s

2
–
4

se
ss

io
n
s

p
e
r

w
e
e
k

F
le

x
ib

il
it

y
tr

a
in

in
g

(s
ta

ti
c,

b
al

lis
ti
c

o
r

P
N

F

st
re

tc
h
e
s)

To
p
o
in

t
o
f

ti
gh

tn
e
ss

2
–
4

re
p
s,

ac
cu

m
u
la

ti
n
g

6
0

se
co

n
d
s

p
e
r

st
re

tc
h

2
–
3

se
ss

io
n
s

p
e
r

w
e
e
k

(c
o
n
ti
n
u
e
d
)

Price et al. 1725



monitoring over a number of sessions according to the
risk level of the patient.19 These recommendations are
also incorporated into the guidelines for Canada,20

Ireland5 and South America.25 The EACPR guidelines
specify the use of ECG monitoring during the initial
sessions of the rehabilitation programme and for
patients experiencing new symptoms.21 The European
countries France28 and Germany31 follow the recom-
mendation of the EACPR, while the guidelines for
Belgium38 and The Netherlands34 advise ECG monitor-
ing only for high-risk patients, including implantable
cardioverter–defibrillator (ICD) recipients and those
with heart failure and a history of arrhythmias.

Recommendations for exercise prescription in
outpatient rehabilitation exercise programmes

Aerobic endurance training. The recommendation for aer-
obic exercise is a feature of all of the international
guidelines and position statements reviewed; however,
differences are evident in the intensity of exercise, as
well as the duration and frequency of training sessions
(Tables 1 and 2).

Guidelines prepared by the leading scientific societies
recommend that patients progress from moderate- to
vigorous-intensity aerobic exercise, increasing to 80%
of the maximal aerobic capacity (VO2max) or HRmax in
the US18,19 and Europe,27 and 85% of the heart rate
reserve (HRR) in Canada,20 over the course of their
rehabilitation programme. With the exception of the
UK39 and France,28 which specify moderate-intensity
aerobic training only,39 individual European nations
include progression to vigorous-intensity aerobic train-
ing as in the EACPR document. Similarly, South
American guidelines correspond with those produced
in North American nations.25 In comparison, the
guidelines from Australia22 and Japan29 recommend
that aerobic training sessions within the cardiac
rehabilitation programmes should consist of light- to
moderate-intensity exercise, with a maximum of 60%
of the VO2max or HRR specified in Japan.29

Aerobic interval training is proposed as an alterna-
tive to continuous aerobic exercise in the national
guidelines for France,28 The Netherlands,34 Belgium,38

South America25 and Canada.20 However, there is no
consensus on the optimal work-to-rest ratios for this
type of training.

The frequency of aerobic exercise sessions recom-
mended varies considerably between guidelines
(Tables 1 and 2). The AHA, AACVPR, EACPR and
CACR guidelines all recommend a minimum of three
sessions per week. Within Europe, guidelines for the
individual nations correspond with these recommenda-
tions, with the UK and Austria as exceptions.
Conversely, the guidelines for Australia,22 Austria,26T
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Japan29 and the countries of the UK33,36,39 all recom-
mend three or fewer weekly sessions, which, when com-
bined with the minimum duration of each session,
might not achieve the recommended 150 minutes of
moderate-intensity exercise.40 The low number of ses-
sions detailed in some national guidelines is balanced
by the inclusion of an expectation that patients will
complete a minimum of 30 minutes of moderate-
intensity, home-based physical activity on most days
of the week to supplement their supervised training
sessions.4,19,20,22,26,29,30,34

Resistance training. Detailed recommendations for resist-
ance training are not routinely included in cardiac
rehabilitation guidelines to the same level as aerobic
exercise prescription (Tables 1 and 2). It is incorporated
in the AHA and AACVPR guidelines,18,19 as well as
those of the CACR20 and EACPR.21 All European
nations and South America have included detailed rec-
ommendations for resistance training, with a separate
document specifically for resistance training having
been published for Germany.31 In comparison, resist-
ance training is omitted altogether from the guidelines
for Japan,29 while in Australia,22 New Zealand24 and
Northern Ireland,33 there is limited prescription infor-
mation to support the inclusion of resistance training.

Safety precautions for resistance training are incor-
porated into some guidelines. In Canada,20 the US,19

Germany,31 Ireland,5 Northern Ireland33 and
Scotland,32 it is recommended that patients consistently
participate in a supervised aerobic training programme
for between 2 and 6 weeks without complications prior
to commencing resistance training, in order to assess
the patient’s response to exercise and to enable them
to develop the skills to self-monitor their exercise inten-
sity.5,32 In addition, the Northern Ireland33 and
Scotland32 guidelines also specify that resistance train-
ing is only suitable for those patients who have been
stratified into low- to moderate-risk categories (those
without MI complications or exercise-related symp-
toms32). All guidelines recommend that assessment
prior to resistance training is via a multiple-repetition
maximum test, which is less likely to lead to abdominal
straining or blood pressure elevations than a single-
repetition maximal strength test, but will still provide
a baseline in order to guide prescription.31

Resistance load is prescribed either as a percentage
of the patient’s maximum strength as determined by
their estimated one-repetition maximum, with this
load varying between 30% and 80%,5,20,26,28,31,38,39,41

or based on the patient’s level of fatigue within the
exercise set.19,25,27 The German recommendations
(which are also incorporated into the Irish guidelines5)
include prescriptions for improving both muscular
endurance and hypertrophy.31

Flexibility training. Similar to strength training, flexibility
training is not routinely specified as a component of the
exercise programme for cardiac rehabilitation (Tables 1
and 2). The WHO guidelines,4 in addition to those for
Austria,26 France28 and South America,25 include flexi-
bility training as a recommendation, but prescription
information is not stated. In comparison, the UK,39

US19 and Canadian20 guidelines detail the number of
repetitions and duration of each stretch, and that flexi-
bility training should be incorporated into the rehabili-
tation programme for two to three sessions each week.

Long-term maintenance of exercise training

Recommendations for the maintenance phase of car-
diac rehabilitation, which commences once the patient
has completed their outpatient programme, are incor-
porated into guidelines and position statements for the
provision of outpatient cardiac rehabilitation
(Supplementary Table 1), with the exception of
Belgium.38 Specialised maintenance exercise pro-
grammes contribute to long-term cardiac health care
and, in Germany,17 Canada20 and the US,19 may be
conducted in rehabilitation facilities or hospitals with
reduced supervision and monitoring, rather than what
occurs in outpatient rehabilitation programmes.
Otherwise, they might occur in community settings,
as recommended in the UK30,32,33,36,39 and
Australasia.6,24,42

Recommendations for cardiac rehabilitation for
different clinical conditions

Guideline documents for cardiac rehabilitation typic-
ally contain recommendations for exercise training
common to all cardiac patients, with there being little
variation in exercise prescription details between clin-
ical conditions. However, in some instances, additional
considerations relevant to specific patient groups are
provided. Patients who have undergone cardiac surgery
are recommended to avoid strenuous upper extremity
exercise until the wound is stable.19,21,29,34 For both
heart transplant and ICD patients, the use of target
heart rate may not be appropriate for the determination
of exercise intensity.19 Where heart rate is utilised for
ICD patients, the target should be set at 10–20 beats
per minute below the detection threshold of the
device.5,20,39 Heart transplant patients undergoing cor-
ticosteroid therapy for rejection are recommended to
discontinue exercise training during this treatment.21

Intermittent walking programmes are recommended
for patients with PAD, with intensity governed by
their claudication symptoms.5,19-21,25,29,34,39

Heart failure, however, may be considered separ-
ately to other cardiac conditions. The AHA,43
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EACPR,44 Canadian Cardiovascular Society45 and
Exercise and Sports Science Australia46 have all
issued documents focused on exercise training for
heart failure patients, while this patient group is
included as a special population within general cardiac
rehabilitation guidelines for other nations. The recom-
mended prescription for aerobic exercise for these
patients typically does not differ greatly from that for
other cardiac populations, but aerobic interval training
is highlighted as being particularly effective.20,28,39

Resistance training is generally recommended to be
undertaken with a reduced load and increased repeti-
tions.21,31,34,45 Progression over the course of the car-
diac rehabilitation programme should be gradual, with
small increases in frequency and intensity.19,21,25

Discussion

Aerobic endurance training is the foundation for the
exercise component of cardiac rehabilitation pro-
grammes. It improves cardiorespiratory fitness and
functional capacity, reduces disease-related symptoms
and favourably influences coronary risk factors, contri-
buting to a reduction in mortality among MI sur-
vivors.19,20 Recommendations for aerobic endurance
training are universally incorporated into guidelines
for cardiac rehabilitation; however, the intensity at
which this exercise should be performed varies between
nations. Leading scientific societies for cardiac rehabili-
tation recommend a progression from moderate- to
vigorous-intensity throughout the course of the
rehabilitation programme.18–20,27 However, in
Australia and the UK, recommendations are for light-
to moderate-intensity aerobic exercise.22,32,33,39 This is
also the recommendation of the WHO for developing
countries, in which access to equipment for monitoring
and training is restricted.4 In addition, countries in
Australasia and the UK recommend less vigorous
assessment of physical capacity prior to the commence-
ment of a cardiac rehabilitation programme, rather
than ECG-monitored exercise stress tests, as are stand-
ard in the guidelines of other nations.

Residential rehabilitation programmes, as are avail-
able in France, Germany and Austria, have been par-
ticularly successful. The testing and training equipment,
along with the availability of highly trained staff in
these programmes, make it possible for them to offer
inpatient support to high-risk patients and provide
high-intensity, high-frequency exercise rehabilitation
sessions.3,17

Ensuring patient safety throughout cardiac rehabili-
tation is paramount, and is more easily attained with
lower-intensity exercise, which has a reduced reliance
on technology and equipment for risk stratification
and monitoring,4,6 Lower-intensity exercise also leads

to reduced programme and implementation costs, and
is thought to be more acceptable to a broader popula-
tion, including older adults or those with physical limi-
tations.4,6,47 Evidence for lower-intensity exercise6 is
based on four randomised controlled trials conducted
prior to 1999, reporting that higher-intensity exercise
had small, positive relationships with maximal physical
work capacity after the 8-week,48–50 12-week51 and 52-
week47 interventions, and no significant differences
were observed over the longer term.6 However, as car-
diac patients may have a reduced exercise capacity and
consequently perform daily activities at a higher per-
centage of their peak VO2 compared with those without
CVD,52 aerobic exercise interventions prescribed at
higher relative intensities may be more beneficial for
returning the patient to their previous capacities earlier.

Concerns have been raised in the literature as to the
efficacy of cardiac rehabilitation in the UK (where
moderate-intensity aerobic endurance exercise in two
to three sessions per week is recommended39) for
improving patient mortality, morbidity and cardiac
risk factors,53,54 Recent moderate- to vigorous-intensity
interventions conducted with coronary artery disease
patients in a supervised cardiac rehabilitation setting
in Belgium,55 Italy,56–59 Germany,60 Canada61 and the
US62–65 resulted in significant improvements in exercise
capacity (as measured by maximal exercise testing or
field tests such as the 6–minute walk test and incremen-
tal shuttle walk test) in comparison to a non-exercising
control group.55-57,61,64,65 Improvements in cardiovas-
cular risk factors, including lipid profile,56,64 blood
pressure56,57,64 and body mass,64,65 were also reported.
In comparison, light- to moderate-intensity training
interventions have led to little or no improvement in
exercise capacity66–68 and morbidity69 compared to
non-exercising controls.

Dynamic resistance training is also beneficial for
patients participating in cardiac rehabilitation, leading
to an increase in physical strength and improved inde-
pendence in activities of daily living, and positively
influencing quality of life.31,70 Studies have shown
that combined resistance training and aerobic training
is superior to aerobic training alone in promoting
increases in skeletal muscle mass, along with reductions
in body fat via an improved resting metabolic rate.71

The addition of resistance training to a cardiac rehabili-
tation programme may also optimise responses to aer-
obic training as a result of increased muscle strength,
leading to more favourable effects on exercise cap-
acity.71 Despite this evidence, aerobic training is still
the primary focus of many guidelines for cardiac
rehabilitation internationally, with complete prescrip-
tion details for resistance training included in only 11
out of 18 of the guidelines that were reviewed, perhaps
due to a perceived risk of complications as a result of
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blood pressure increases during resistance training.31

While there are some cardiovascular conditions that
contraindicate resistance training, the AHA have
issued a scientific statement detailing that resistance
training can be initiated at a low intensity, provided
patients have a functional capacity of �4 metabolic
equivalents (METs).70 This recommendation, along
with that which is included in several guidelines for
patients to first complete a period of supervised aerobic
training in order to ensure safety,19,20,31 lend strength to
the inclusion of resistance training as a core component
of cardiac rehabilitation exercise programming.

Exercise testing is a widely employed component of
patient assessment prior to the commencement of car-
diac rehabilitation. The main scientific societies for car-
diac rehabilitation,18–21 including the AHA, AACVPR,
EACPR and CACR, strongly recommend that patients
undergo a symptom-limited, ECG-monitored exercise
stress test in order to identify any abnormal signs or
symptoms present during exercise and determine any
contraindications to higher exercise intensities, in add-
ition to establishing peak exercise capacity in order to
enable individualised exercise prescription.21,52,72

However, guidelines for countries in Australasia and
the UK recommend such formal testing of exercise cap-
acity only for high-risk patients or those undertaking a
high-intensity exercise programme, while low- to mod-
erate-risk patients are instead assessed using submaxi-
mal tests, such as timed walk tests.5,22,24,32,33,39 Timed
walk tests, which include the 6-minute walk and incre-
mental walk tests, are not considered to be equivalent
substitutes for traditional exercise testing,73 as intensity
of effort may be variable due to the self-pacing nature
of the test, and outcomes correlate only modestly with
VO2max.

72 Both the 6-minute walk test and incremental
shuttle walk test may also exhibit a ceiling effect in
patients with high levels of physical performance,
where stride length or maximal walking speed may
limit their performance.74,75

Although ECG monitoring of exercise training ses-
sions is not associated with the rate of adverse events,76

its use is beneficial in detecting significant exercise-
induced changes, monitoring patient compliance
with respect to heart rate and increasing patient self-
confidence.19 However, the use of ECG monitoring
does not eliminate the need for educating patients in
self-monitoring techniques.20 The AACVPR have pro-
vided recommendations for the level of ECG monitor-
ing based on the risk level of the patient and their
progress through the programme, commencing with
continuous monitoring and decreasing to intermittent
monitoring as appropriate.19 These recommendations
allow a balance to be achieved between patient safety
and increased programme cost as a result of ECG use.65

In contrast, the majority of other guidelines for cardiac

rehabilitation recommend ECG monitoring only for
high-risk patients or those in the early stages of their
participation.

Ongoing physical activity and the maintenance of
health-related lifestyle changes are required in order
to sustain the beneficial effects of a cardiac rehabilita-
tion programme.3,19 Longitudinal training studies have
demonstrated that supervised exercise performed over a
number of years maintains functional capacity in
patients with coronary artery disease77 or chronic
heart failure.78 Ten years of moderate exercise training
was found to additionally improve quality of life in
individuals with heart failure,78 while 7 years of mod-
erate- to vigorous-intensity training in coronary artery
disease patients was also shown to improve lipid pro-
files.77 Separate guidelines for the maintenance phase of
cardiac rehabilitation are not available. Instead, this is
incorporated briefly into the recommendations for out-
patient rehabilitation programmes – in all countries
except Belgium38 – in the form of encouragement
to continue with regular physical activity in order to
meet physical activity guidelines, with referrals to
home walking programmes or attendance at local gym-
nasiums, sports clubs or community groups.

Conclusion

Key cardiology and cardiac rehabilitation organisa-
tions, including the AHA, AACVPR, CACR and
EACPR, endorse a progression from moderate- to vig-
orous-intensity aerobic exercise in conjunction with
resistance training in order to obtain improvements in
functional capacity, physical strength, cardiac risk fac-
tors and quality of life. This higher-intensity exercise
prescription recommendation is supported by ECG-
monitored exercise stress testing prior to programme
commencement as standard practice, as well as the
use of ECG monitoring during exercise training ses-
sions in the AACVPR guidelines, in order to ensure
the safety of participants and individualised exercise
prescription. In comparison, the guidelines throughout
Australasia, the UK, France and Japan recommend
lower-intensity aerobic exercise and/or less technical
exercise testing, with a reduced focus on resistance
training.

While a reduced reliance on equipment and technol-
ogy in lower-intensity exercise programmes may
increase the accessibility of these cardiac rehabilitation
programmes, exercise interventions in coronary artery
disease patients based on recommendations of moder-
ate to vigorous intensity have shown greater improve-
ments in cardiorespiratory fitness and cardiac risk
factors than lower-intensity interventions, when com-
pared to usual care without an exercise component.
The superior outcomes and demonstrated safety of
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these higher-intensity interventions lend support for an
international consensus for exercise prescription in car-
diac rehabilitation programmes to include higher-inten-
sity aerobic exercise in conjunction with resistance
training, following ECG-monitored exercise stress test-
ing and exercise monitoring. Countries that recommend
lower-intensity aerobic exercise with a minimal focus
on resistance training should look to reviewing the
recent evidence and consider the potential of modifying
their recommendations where the cost is not
prohibitive.
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