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Background and Purpose
The purpose of this case report is to describe the responses of 4 patients with chronic
heart failure (CHF) to a novel rehabilitation program: a group-based, high-intensity,
interval-training program that includes aerobic, resistance, flexibility, and balance
activities.

Case Descriptions
Four patients (55–71 years of age) with CHF (New York Heart Association class III)
participated in the rehabilitation program twice per week for 16 weeks. Outcome
measures included a 6-minute walk test (6MWT), a cycle ergometer test (aerobic
capacity), and a quality-of-life questionnaire.

Outcomes
Patients 1, 2, and 3 increased their aerobic capacity (17%, 25%, and 52%, respec-
tively). Patient 4 did not complete the cycle ergometer test because of limitations
associated with his pacemaker. All patients increased their 6MWT distance (117, 66,
135, and 143 m for patients 1, 2, 3, and 4, respectively). No adverse events were
reported.

Discussion
The Norwegian Ullevaal Model of cardiac rehabilitation is a novel high-intensity,
interval-training program. The 4 patients with CHF in this case series who partici-
pated in this program experienced improvements in physical capacity and quality of
life and had no adverse events. These results are consistent with recent evidence
supporting the efficacy of high-intensity interval training in people with CHF. Ran-
domized clinical trials are needed to evaluate the clinical efficacy of this group-based,
high-intensity, aerobic interval-training program for patients with CHF.
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Chronic heart failure (CHF)
has become one of the most
common cardiovascular dis-

orders in Western societies.1 Five
million people in the United States
alone have CHF, with an incidence
of 500,000 each year.2 Despite ma-
jor advances in the pharmacologi-
cal treatment of CHF, many pa-
tients with CHF have dyspnea,
fatigue, reduced exercise capacity,
and poor quality of life.3 Chronic
heart failure is the most costly con-
dition for Medicare, with 2 million
hospitalizations and nearly 300,000
deaths each year.

Over the last 30 years, the effective-
ness of cardiac rehabilitation for pa-
tients with coronary artery disease
has been established.4,5 The exercise
interventions have been proven to
be safe and to have a low rate of
nonfatal cardiovascular events.6 Van
Camp and Peterson6 calculated the
incidence rates per million patient-
hours of exercise to be 8.9 for car-
diac arrest (1 per 111,996 patient-
hours), 3.4 for myocardial infarction
(1 per 293,990 patient-hours), and
1.3 for fatalities (1 per 783,972
patient-hours). In the last decade,
several studies have been published
on the effects of exercise interven-
tions for patients with CHF.7–12 Un-
til now, exercise recommendations
have been based on clinical experi-
ence, studies with a limited num-
ber of subjects, and studies with only
individualized exercise models.7

Three types of individualized exer-
cise models have been assessed for
patients with CHF: aerobic, strength
(force-generating capacity), and re-
spiratory muscle training.13 No de-
tailed reports of group-based aerobic
interval-training programs for pa-
tients with CHF have been reported
in the literature.

Studies of people who were healthy
have demonstrated that more work
can be performed before the onset
of exhaustion by exercising with in-

tervals than when the same total
amount of work is performed contin-
uously.14,15 Because of the low exer-
cise capacity in patients with CHF,
aerobic exercise training with an in-
terval model (with different combi-
nations of work and recovery peri-
ods) has resulted in an increase in
exercise capacity over that achieved
with a continuous-exercise model.11

Interval training is described as re-
peated bouts of high-intensity exer-
cise (equal or superior to maximal
lactic acid steady-state velocity) of
variable length interspersed with re-
covery periods (light exercise or
rest).16 An interval-training model
can enable patients with CHF to
complete short periods of high-
intensity exercise that would not be
possible with a continuous-exercise
model.

The American Heart Association
Committee on Exercise, Rehabilita-
tion, and Prevention17 and the Work-
ing Group on Cardiac Rehabilitation,
Exercise Physiology, and Heart Fail-
ure of the European Society of Car-
diology18 are not specific regarding
the exercise model (ie, interval ver-
sus continuous exercise). There is no
consensus on exercise prescription
for patients with CHF because of
variations in the studies included in
these guidelines as well as the inten-
sity used in those studies. The guide-
lines17,18 state that patients with CHF
should exercise at a moderate to
high intensity (50%–80% of their ex-
ercise capacity). Exercise training at
high intensity (90%–95% of peak
heart rate) is in the upper range of
current guidelines for humans. In a
recently published article by Wisloff
et al,19 an interval model involving
periods of training at 95% of peak
heart rate improved aerobic capac-
ity, quality of life, and left ventricular
remodeling significantly compared
with moderate-intensity continuous
training (70% of peak heart rate) in
patients with postinfarction heart
failure.

A recent Cochrane Review identi-
fied 29 randomized controlled trials
(RCTs) comparing exercise-based
interventions with usual medical
care for patients with CHF.7 The
exercise models described in the
Cochrane Review varied consider-
ably, and the exercise programs
were generally incompletely de-
scribed and not standardized. Sta-
tionary bicycle and treadmill walk-
ing were the most frequently used
exercises.8,9,20,21 Even though this
review is the most comprehensive
systematic review of the effective-
ness of exercise training in patients
with CHF, most of the trials in-
cluded stable patients with CHF
and samples comprising mostly
men, and the trials were small and
of relatively poor methodological
quality. According to a coalition of
national organizations led by the
American College of Sports Medi-
cine, an optimal training program
for older adults should include en-
durance, strength, balance, and
flexibility training to increase their
physical capacity and improve
their quality of life.22

The content of an exercise program,
the optimal dose of exercise training,
and the type of model (group based
or individualized) are still topics to
be explored. At Ullevaal University
Hospital, we have extensive experi-
ence with group-based aerobic inter-
val training for patients with coro-
nary artery disease. Most of the
patients with CHF in New York
Heart Association (NYHA) classes II
and III at Ullevaal University Hospital
did not participate in these rehabili-
tation groups because of dyspnea
with low-level exercise, the rapid
beat of the music, and inadequate
counseling. Therefore, our outpa-
tient clinic now offers group-based
aerobic interval training modified for
patients with severe CHF; to date,
more than 100 patients with CHF
have participated in this program
without any adverse events.
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The purposes of this case report are
to describe a group-based aerobic
interval-training program for patients
with CHF in NYHA class III and to
explain how the program was im-
plemented as an interdisciplinary
treatment.

Case Descriptions
The 4 patients described in this case
report were randomly selected male
patients who were in NYHA class III
and who were included in the exer-
cise group in an ongoing RCT
(n�80).23,24 In that RCT, 47.5% of
the patients randomly assigned to
the exercise group were in NYHA
class III. Written informed consent
was obtained from all patients.

Measurements
All patients were referred from our
outpatient heart failure clinic and
were stabilized by medication for 4
weeks before testing and rehabilita-
tion. Aerobic capacity was tested
with a cycle ergometer test. Starting
at 30 W, the patients maintained a
constant pedaling speed of 60 revo-
lutions per minute, with the work-
load increasing stepwise by 10 W
every minute, to exhaustion.25 Blood
pressure and a 12-lead electrocardio-
gram (ECG) were monitored during
the test. We used the rate-pressure
product (RPP) as an index of myo-
cardial oxygen consumption and de-
fined it as the highest product of
simultaneously measured heart rate
(in beats per minute) and systolic
blood pressure (in millimeters of
mercury) during the exercise test.26

In addition to the cycle ergometer
test, a submaximal 6-minute walk
test (6MWT)27 was performed as a
measure of functional capacity. The
6MWT has been shown to be valid
for walking capacity and physical ac-
tivity in patients with CHF28 and
closely mimics the daily submaximal
energy expenditure required for
functional activities.28 The distance
covered during the 6MWT has been
shown to be closely related to exer-

cise capacity indexes of bicycle
work rate, stair-climbing time, and
peak oxygen consumption.29 The
6MWT is easy to administer, is well
tolerated, reflects activities of daily
living (ADL), and is safe for pa-
tients.30 A 125-m course was marked
in the hospital corridor, and patients
were instructed to walk from end to
end at their own pace with the ob-
jective of walking as far as possible
within 6 minutes. Patient symptoms
were recorded, and distance covered
was expressed in meters.

Quality of life was assessed with the
disease-specific Minnesota Living With
Heart Failure (MLHF) Question-
naire.31 The MLHF Questionnaire is
one of the most frequently used
disease-specific quality-of-life assess-
ment instruments for patients with
CHF.32,33 The instrument is a 21-
question self-assessment question-
naire focusing on patient percep-
tions of how CHF affects their lives
(eg, symptoms of heart failure, social
interactions, physical and sexual ac-
tivities, and emotional dimension).
The minimum score is 0, and the
maximum score is 105, with higher
scores indicating a lower quality of
life. All measurements were obtained
at baseline (prior to exercise train-
ing) and after participation in the
program for 4 months. A cardiologist
(AW) and a physical therapist (BBN)
performed baseline patient testing.
Two cardiologists and 2 physical
therapist students who were unaware
of baseline test results and whether
patients participated in exercises or
not performed postexercise testing.

Patients
Patient 1. Patient 1 was a retired
70-year-old man with CHF (NYHA
class IIIB) attributable to hyperten-
sion and an ejection fraction (EF) of
15%. His ECG results at rest demon-
strated atrial fibrillation. His resting
heart rate was 97 bpm, and his blood
pressure was 116/73 mm Hg. His co-
morbidities included type II diabe-

tes, hyperlipidemia, chronic renal
failure, chronic obstructive pulmo-
nary disease (COPD), and sleep ap-
nea. His daily medications included
enalapril (20 mg, once per day), bu-
metanide (5 mg, twice), carvedilol
(6.25 mg, twice), atorvastatin (20
mg, once), and warfarin to manage
his CHF and hypertension and glib-
enclamide and metformin for his di-
abetes mellitus.

Baseline results included a peak
workload of 50 W (210 seconds), a
peak heart rate of 110 bpm, and a
peak blood pressure of 125/65 mm
Hg during cycle ergometer testing,
which was stopped secondary to
general fatigue. The patient’s peak
RPP was 13,500 mm Hg/min. The
ECG at peak exercise revealed a left
bundle branch block but no further
arrhythmias or ECG changes. The pa-
tient walked 250 m in 5 minutes dur-
ing the 6MWT but did not walk fur-
ther because of marked dyspnea. His
MLHF Questionnaire score was 65.

Patient 2. Patient 2 was a retired
71-year-old man with CHF (NYHA
class III) attributable to dilated car-
diomyopathy and an EF of 22%. The
resting ECG revealed left bundle
branch block. The patient’s resting
heart rate was 68 bpm, and his blood
pressure was 105/64 mm Hg. Re-
ported comorbidities included
COPD. The patient’s daily medica-
tions included enalapril (5 mg, twice
per day), carvedilol (12.5 mg, twice),
and furosemide (40 mg, twice) to
manage his CHF and inhaled cortico-
steroids to manage his COPD.

Baseline results included a peak
workload of 80 W (364 seconds), a
peak heart rate of 129 bpm, and a
peak blood pressure of 159/92 mm
Hg during cycle ergometer testing,
which was stopped secondary to
dyspnea. The patient’s peak RPP was
20,510 mm Hg/min. No arrhythmias
or ECG changes were present at
peak exercise. The patient walked a
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total of 433 m during the 6MWT,
with dyspnea onset at 250 m. His
MLHF Questionnaire score was 26.

Patient 3. Patient 3 was a retired
68-year-old man with CHF (NYHA
class III) attributable to ischemic car-
diomyopathy and an EF of 20%. The
resting ECG revealed a normal sinus
rhythm. The patient’s resting seated
heart rate was 63 bpm, and his blood
pressure was 110/72 mm Hg. Re-
ported comorbidities included ven-
tricular dysrhythmia. The patient’s
daily medications included metopro-
lol (25 mg, twice per day), losartan
(50 mg, once), furosemide (20 mg,
twice), amiodarone (200 mg, once),
simvastatin (40 mg, once), and war-
farin to manage his CHF and ventric-
ular dysrhythmia.

Baseline results included a peak
workload of 50 W (209 seconds), a
peak heart rate of 81 bpm, and a
peak blood pressure of 122/75 mm
Hg during cycle ergometer testing,
which was stopped secondary to
dyspnea. The patient’s peak RPP was
9,880 mm Hg/min. He walked a total
of 388 m during the 6MWT, with
dyspnea noted upon the completion
of testing. His MLHF Questionnaire
score was 52.

Patient 4. Patient 4 was a 55-year-
old male salesman (on sick leave)
with CHF (NYHA class III) attribut-
able to hypertension and ischemic
heart disease and an EF of 26%. His
resting heart rate was 60 bpm, and
his blood pressure was 115/90 mm
Hg. Comorbidities included ventric-
ular dysrhythmia, atrial fibrillation/
flutter, and anxiety. The patient’s
daily medications included metopro-
lol (100 mg, once per day), lisinopril
(20 mg, once), furosemide (40 mg,
once), spironolactone (25 mg, once),
pravastatin (40 mg, once), warfarin to
manage his CHF, and citalopram (20
mg, once) to manage his anxiety. His
ventricular dysrhythmia and atrial
fibrillation/flutter were treated with a

rate response pacemaker/implantable
cardioverter defibrillator.

Baseline testing was limited to the
6MWT and the MLHF Questionnaire
because the pacemaker prevented a
heart beat response during cycle er-
gometer testing (because of no activ-
ities with the upper extremities).
The patient walked a total of 429 m
during the 6MWT and reported dys-
pnea upon the completion of testing.
A Holter ECG monitor worn during
the 6MWT indicated that the peak
heart rate was 106 bpm. The pa-
tient’s MLHF Questionnaire score
was 59. Peak blood pressure and RPP
were not measured.

Intervention (Group-based
Aerobic Interval Training)
The Norwegian Ullevaal Model for
cardiac rehabilitation is based on the
Swedish Friskis-Svettis model,34 a
Scandinavian fitness training program
established by Johan Holmsater. This
group-based aerobic interval-training
program has been widely used in Scan-
dinavian hospitals for patients with
coronary artery disease. It is designed
to improve physical capacity, body
awareness, and emotional well-being;
to promote a return to work and ADL;
and to improve prognosis.

There are 3 intervals of high intensity
and 2 intervals of moderate intensity,
each one lasting for 5 to 10 minutes.
Included in each is coordination. Ex-
ercises consist of simple aerobic
dance movements and involve the
use of both upper and lower extrem-
ities to challenge postural control.35

To observe a patient throughout
the program, the physical therapist
teaches the exercises from the center
of the exercise room. During walking
exercises, the patient walks in a circle,
and the physical therapist walks in the
opposite direction within the circle.

The group-based aerobic interval-
training program for patients with
CHF is a modified cardiac rehabilita-
tion program that has been used at

Ullevaal University Hospital for 3
years. Between 8 and 12 patients
constitute each CHF group. So far,
more than 100 patients with CHF
have executed the program with no
adverse events.

Intensity
The model is designed to follow the
intensity curve shown in the Figure.
The Borg Scale36 and beats per
minute of the music pace are used to
adjust exercise intensity. The Borg
Scale is a patient self-report scale
used to rate perceived exertion, with
values ranging from 6 to 20. The
scale is especially useful for deter-
mining intensity when beta-blockers,
atrial fibrillation, pacemakers, chro-
notropic incompetence, or other
conditions alter the natural response
of the heart rate to exercise.37,38 The
majority of studies and experts sup-
port the use of moderate intensity
(60%–80% of peak heart rate).13,17,18

On the basis of experimental trials in
rats with postinfarction heart fail-
ure,39 patients with coronary artery
disease,40,41 patients with CHF,19 and
our own experience, we encouraged
our patients to reach toward 90% to
95% of their measured maximum
heart rate (15–18 on the Borg Scale)
during the high-intensity exercise in-
tervals of the program and 50% to
60% of their maximum heart rate
(11–13 on the Borg Scale) during the
moderate-intensity exercise intervals
(Figure).

During the exercise sessions, the pa-
tients informed the physical thera-
pist of their Borg Scale ratings. After
the exercise was completed, a dis-
cussion and counseling session with
the physical therapist was held to
address their progression. With the
exception of patient 4, patients in
this case report wore a heart rate
monitor (Polar S410*) to guide them
to their optimal intensity levels. Pa-

* Polar Electro Oy, Professorintie 5, FIN-90440
Kempele, Finland.

Norwegian Ullevaal Model

526 f Physical Therapy Volume 88 Number 4 April 2008



tient 4 did not wear a heart rate mon-
itor because of his pacemaker.
Throughout the program, the choice
of exercises and the pace of the mu-
sic are factors influencing program
intensity. The patients were guided
to exercise at individual levels based
on baseline exercise tests and health
conditions (of the day), and some
patients never reached more than 15
on the Borg Scale.

Music
The music is melodious, varied, and
characterized by a strong rhythmic
component.42 The rhythmic compo-
nent is important for pacing the in-
tensity of the exercises. The music
should have a steady rhythm and an
“upbeat” feeling that encourages
hard work in the high-intensity exer-
cise intervals. Additionally, the in-
structor should like the music, in or-
der to express joy. The music is
designed to fit the age and exercise
capacity of patients with CHF. Our
clinical experience has indicated
that the pace of the music should not
exceed 124 beats per minute for re-
habilitation groups including pa-
tients with CHF (in contrast to the
pace for typical cardiac rehabilita-
tion groups, for which the pace can
be up to 172 beats per minute). This
pace is fast enough for patients with
severe CHF to reach 15 (hard) to 18
(very hard) on the Borg Scale with-
out losing control of the movements
or sacrificing exercise technique.

Warm-up and Cool-down Periods
The program includes warm-up and
cool-down periods conducted in ac-
cordance with American College
of Sports Medicine guidelines.11,43

Warm-up activities include large
muscle movements and are a re-
hearsal of subsequent movements
performed more forcefully and
through a larger range of motion
(Appendix 1). To prevent injuries,
avoid myocardial ischemia, and pre-
vent vascular spasm or redistribution
of blood to an area at risk, the pro-

gram is designed to gradually
progress from warm-up exercises to
the first high-intensity exercise inter-
val (songs 3 and 4, Appendix 2). Af-
ter the third and last interval of high-
intensity exercise, there is a slow
and progressive decrease in exercise
intensity (eg, slow walking without
arm reaches). This step is included to
minimize the orthostatic response to
the exercise and drug-induced di-
lated peripheral circulation and to
eliminate lactic acid from working
muscles.11

High-Intensity Intervals
(Endurance/Peak
Oxygen Uptake)
One of the goals of the model is to
improve oxygen uptake during exer-
cises. These exercises include exten-
sion, flexion, abduction and adduc-
tion, and rotations of the leg and
foot, such as side stepping, fast walk-
ing, running, forward and backward
stepping, leg lifts, heel touches, and

different coordination exercises (Ap-
pendix 1). Intensity and heart rate
should increase gradually during
these intervals. Techniques to in-
crease exercise intensity include per-
forming the exercises to faster music
or through a larger range of motion.

Moderate-Intensity Intervals
(Flexibility and Strength)
Another goal of the model is to in-
crease patients’ range of motion
(flexibility). Studies have demon-
strated that flexibility decreases with
age44,45 and that a high level of flex-
ibility is necessary to increase mobil-
ity, coordination, and performance
of ADL.45 Although flexibility exer-
cises are part of the warm-up ses-
sion, the majority of the exercises
are performed during the 2
moderate-intensity intervals of the
program44 (Figure). During dynamic
flexibility exercises, the muscles are
moved through full joint range of
motion.22 Flexibility exercises for

Figure.
Schematic illustration of the group-based aerobic interval-training program. The dura-
tion was 50 minutes of exercise plus 15 to 30 minutes of counseling. The intensity was
adjusted with the Borg Scale and beats per minute of the music pace. Coordination
exercises were included throughout the program. V̇O2�oxygen consumption,
Flex�flexibility exercises.
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the upper extremity address the
pectoralis, trapezius, and deltoid
muscles. For the lower extremity,
flexibility exercises for the gastroc-
nemius, hamstring, quadriceps, and
hip adductor and flexor muscles are
included (Appendix 1). The pace of
the music during these exercises is
between 48 and 68 beats per minute
to promote a full range of motion.

Strength exercises are also a compo-
nent of the 2 moderate-intensity in-
tervals of the program (Figure). Goals
of the strengthening exercises in-
clude increasing muscle strength in
both the upper and the lower extrem-
ities and improving physical condition-
ing and performance of ADL tasks.44,46

Muscle strength is required for many
ADL tasks, such as climbing stairs.44

The strength exercises are performed
using patient body weight (calisthen-
ics) and can be adapted individually
according to the patient’s preexercise
fitness level. The strength exercises
are performed by patients while lying
down, sitting, or standing, and the
pace of the music is between 52 and
96 beats per minute (Appendixes 1
and 3). Exercises for large muscle
groups, including the abdominal, low
back, and lower-extremity muscles,
are included (Appendix 1).

Coordination
Coordination exercises are included
throughout the program because
they may be useful in the prevention
of falls and for improved perfor-
mance of ADL tasks.47 Activities of
daily living include balance and co-
ordination tasks.47,48

Duration
Increments in physical performance
with supervised exercise training
programs performed 2 or 3 times
weekly were previously reported.4

Shepard and Balady49 stated that
the optimal frequency of exercise
sessions for patients with heart dis-
ease is 3 times per week, whereas
Bompa48 recommended a minimum

of 2 sessions per week. We elected
to offer the training sessions twice
per week and encouraged the
patients to undertake additional
moderate-intensity activities, such as
brisk walking, once or twice per
week. The duration of the training
session was 50 minutes and included
relaxation (with instrumental music)
(Appendix 2). In contrast to ordinary
aerobic dance classes, in which beat
counting and choreographed move-
ment patterns are essential, in the
Norwegian Ullevaal Model the num-
ber of repetitions (of each exercise)
depends on the skills of the patients.
This model has been described as a
freestyle model.42 The benefit of a
freestyle model is that the amounts
of time required to teach (drill) ex-
ercises, to observe patients, and to
adjust exercises are minimized. The
disadvantage of a freestyle model is
that the potential type and pace of the
music are not used to full advantage.

Counseling Period
According to current guidelines,4

cardiac rehabilitation should also in-
clude patient education or counsel-
ing. Counseling, either separate or
as a component of a cardiac rehabil-
itation program, has been shown to
improve psychological well-being
and is recommended to complement
the psychosocial benefits of exercise
training.4 How to cope with CHF and
how to manage everyday social prob-
lems and events were discussed by
group members during the counsel-
ing period in this program. A physi-
cal therapist, a nurse specializing in
CHF, a cardiologist, or a dietician
counseled patients on a variety of
topics and encouraged group mem-
bers to join in the discussions. Coun-
seling topics were medicine, diet,
and life-style, and patients were en-
couraged to continue the exercises
after the rehabilitation period. Each
counseling session in the program
lasted 15 to 30 minutes. Patients
with CHF were also offered individ-
ual counseling with a nurse special-

izing in CHF regarding special issues
related to medicine, adherence, and
psychological issues.

Group-based Model
A group-based exercise model bene-
fits from the interactive and social
processes described by Bandura’s so-
cial learning theory.50 Observational
learning, imitation, and modeling are
significant factors in interactive
group processes. Furthermore, posi-
tive feedback, perception of success,
and expectation of success are im-
portant. Groups consisting of people
with something in common (eg, age
and heart disease) yield positive so-
cial relationships in addition to in-
creased motivation for physical activ-
ities and the development of a new
network.51 A patient’s mental and
physical condition on any given day
should be monitored. Furthermore,
it is important for physical therapists
to observe patient behavior and how
patients manage the dyspnea and fa-
tigue attributable to their low exer-
cise capacity. Patients with CHF
need higher levels of motivation,
positive feedback regarding progres-
sion, and individual counseling dur-
ing exercise training.52

Safety and Specific Criteria for
Patients With CHF
Three main factors need to be ad-
dressed to ensure patient safety dur-
ing training sessions. First, a patient’s
exercise capacity must be tested prior
to inclusion in the rehabilitation pro-
gram. The ECG, exercise capacity,
heart rate, and blood pressure re-
sponses are important parameters in
patient selection.53 At Ullevaal Univer-
sity Hospital, all tests are conducted
until symptom limitation is reached,
with testing on an electrically braced
stationary bicycle performed under
the supervision of a cardiologist. The
workload is increased from 30 W step-
wise by 10 W every minute,25 as rec-
ommended by the European Working
Group Report.18 A minimum of 50 W
should be reached for a patient to be
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included in the exercise group. The
6MWT28 is also performed to assess
patient functional capacity, and a min-
imum of 250 m should be reached for
a patient to qualify for the exercise
group.

The exercise program is supervised
by a specialized physical therapist
who has training in exercise physiol-
ogy, cardiology, counseling in group
exercises, how to include music in
aerobic classes, and first aid (cardio-
pulmonary resuscitation). A nurse
specializing in CHF also joins the ex-
ercise classes as part of the interdis-
ciplinary observation and to sum-
mon a rescue team if resuscitation is
needed. All staff members are trained
in cardiopulmonary resuscitation. A
defibrillator and resuscitation equip-
ment are not available in the exercise
room but are located in the nearest
hospital ward.

Finally, the physical therapist teaches
the patients how to monitor their per-
ceived exertion with the Borg Scale,36

continuously stressing the importance
of each patient monitoring his or her
own physical capacity.51,54 In patients
with CHF, oxygen consumption dur-
ing walking, reflecting exercise ca-
pacity, is 35% to 40% lower than that
observed in age-matched healthy peo-
ple.55 Furthermore, patients with
NYHA class III CHF usually reach 15
(hard) to 18 (very hard) on the Borg

Scale within a few minutes of brisk
walking or knee lift exercises.

Outcomes
All 4 patients in this case report
showed improved physical capacity
and quality of life after 32 hours of
exercise (16 weeks) with the group-
based aerobic interval training (Fig-
ure). The results of the treatment
outcome measurements for these 4
patients are shown in the Table.

Patient 1 needed a few weeks before
he was comfortable with the exer-
cise model. He was advised to stop if
he felt dizzy or had undue dyspnea,
angina, or other significant pain. For
the first 10 to 12 hours of exercise,
he did not follow the strengthening
exercises on the floor because of
dyspnea, and he did not exercise
hard (toward 15 on the Borg Scale).
He came every week, and after 6
weeks he was able to reach a per-
ceived exertion of 17 on the Borg
Scale. His maximal measured heart
rate during high-intensity exercise
was 125 bpm. At postexercise test-
ing, his peak heart rate was 134 bpm
and his blood pressure was 133/77
mm Hg, with a peak RPP of 17,822
mm Hg/min during cycle ergometer
testing. He occasionally had some
beats with atrial fibrillation. His med-
ications were not changed during
the exercise period. He also reported
that he had started to exercise (brisk

walking) with his wife several times
per week.

Patient 2 was a very positive man
with a good sense of humor. He had
some problems with coordination,
but he was able to reach a perceived
exertion of 18 on the Borg Scale after
a few weeks. He missed only one
session because of a cold. After 3
weeks he had some problems with
dyspnea and edema and had to in-
crease his dose of furosemide, with a
good effect. His maximal heart rate
during high-intensity exercise was
129 bpm. At postexercise testing, his
peak heart rate was 134 bpm and his
blood pressure was 133/77 mm Hg,
with a peak RPP of 17,822 mm Hg/
min during cycle ergometer testing.
After the exercise model was com-
pleted, he reported that he contin-
ued a group-based exercise program
organized by physical therapists in
his home district.

Patient 3 also needed a few weeks to
participate actively in the high-
intensity exercise. He was extremely
passive prior to inclusion in the ex-
ercise model but was able to reach a
perceived exertion of 17 on the Borg
Scale (without much activity). His
main problem was bouts of perspira-
tion, a side effect of the medication
amiodarone. His medications were
not changed during the exercise pe-
riod. His maximum heart rate during

Table.
Scores and Percent Changes in Physical Capacity and Quality of Life at Baseline (Pre) and After 4 Months of the Exercise Program
(Post)

Testa Patient 1 Patient 2 Patient 3 Patient 4

Pre Post % Change Pre Post % Change Pre Post % Change Pre Post % Change

Six-minute walk test (m) 250 367 32 433 499 13 388 523 25 429 572 25

Workload (s) 210 253 17 364 483 25 209 434 52

Workload (W) 50 60 17 80 100 20 50 90 44

MHLF Questionnaire
score

65 23 65 26 18 31 52 34 35 59 6 90

Peak RPP (mm Hg/min) 13,500 17,820 24 20,510 27,750 26 9,880 20,618 52

a Workload was measured during cycle ergometer testing. MLHF�Minnesota Living With Heart Failure (a high score indicates a lower quality of life;
maximum score�105), RPP�rate-pressure product (systolic blood pressure � heart rate).
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high-intensity exercise was 96 bpm.
At postexercise testing, his peak
heart rate was 122 bpm and his
blood pressure was 169/77 mm Hg,
with a peak RPP of 20,618 mm Hg/
min during cycle ergometer testing.
After the exercise model was com-
pleted, he continued a group-based
exercise program organized by the
National Heart and Lung Association.

Patient 4 enjoyed the program and,
after 4 weeks with exercise, re-
turned to working part time. After
completing the exercise model, he
returned to full-time work. He missed
4 exercise sessions because of work;
however, his main goal was to return
to work. Six weeks into the pro-
gram, his pacemaker was adjusted,
and his maximal heart rate was 130
bpm during high-intensity exercise.
His medications were not changed
during the exercise period. Because
of his pacemaker, he measured his
heart rate only on the radial artery.
He reached 18 on the Borg Scale
during the first training session, but
after 12 weeks his perceived exer-
tion was 12 to 14 on the Borg Scale,
probably because he had reached a
higher exercise capacity. He needed
extensive feedback and felt very safe
about exercising in the group.

Discussion
The primary aim of this report was
to describe a group-based aerobic
interval-training program for patients
with CHF, a model that was not pre-
viously reported in the literature.
Group-based aerobic interval train-
ing gives patients with different ex-
ercise capacities continuous super-
vision during the important start-up
months of rehabilitation. Patients learn
how to monitor their own intensity
level and, through group interac-
tions, learn more about lifestyle be-
havior (coping) and how to improve
their overall well-being.

All patients in the present case re-
port had severe CHF. Two patients

had atrial fibrillation (patients 1 and
3), and patient 4 had a pacemaker.
Nevertheless, they responded posi-
tively to the group-based aerobic
interval-training program, increasing
their physical capacity, learning to
monitor their intensity level, and im-
proving their quality of life (MLHF
Questionnaire). However, RCTs are
needed to compare different models
and the effects of high-intensity
interval-exercise programs for pa-
tients with CHF.

Aerobic Interval Training
The high-intensity interval model
was chosen because of extensive ex-
perience with this model for patients
with coronary artery disease at Ull-
evaal University Hospital. In addi-
tion, Wisloff et al reported superior
results for high-intensity interval
models in animals39 and patients
with CHF.19 The interval model is
better suited to increasing aerobic
capacity and is more effective in
economizing cardiac function than
models involving continuous exer-
cise. Aerobic interval training56–58 al-
lows rest between exercise peaks
with decreased total cardiac stress
and, consequently, allows patients
with compensated CHF to complete
short exercise periods at a higher
intensity than would be possible
with a continuous-exercise model.59

There is no gold standard for the
optimal intensity for exercise train-
ing in patients with CHF, but Pina et
al proposed a minimum of 13 to 15
out of 20 on the Borg Scale.17 How-
ever, there is still a debate regarding
the level of intensity and model of
exercise that can provide optimal ef-
fects for patients with CHF.60 The
intensity in the Norwegian Ullevaal
Model is similar to that in the high-
intensity treadmill-walking model re-
ported in studies by Wisloff et al19

and Warburton et al.41 In the model
of Wisloff et al,19 patients who exer-
cised at 90% to 95% of their peak
heart rate had a significantly higher
peak maximal oxygen consumption

value than did patients who exer-
cised at moderate intensity (in-
creased 46% versus 14%). This tread-
mill model was an individually
tailored exercise program in which
the number of treadmills available at
the rehabilitation center restricted
the number of patients training at
the same time in a clinical setting.
Other potential limitations of tread-
mill exercise are that treadmills are
expensive to run and it is also prob-
ably rather boring to exercise on a
treadmill for years. Other published
exercise models have required atten-
dance 3 to 6 times per week,10,61,62 a
goal that may not be possible outside
of a research setting. Because the
goal is for patients to continue with
regular exercises, enjoyment, com-
fort, and safety during the exercises
are important. Our model includes
each of these aspects. Another as-
pect is that this kind of training is
available in society and can be ad-
justed to fit patients with specific
needs.

It is important to give patients time
to participate actively in the high-
intensity intervals and not push too
hard in the beginning of the rehabil-
itation program. Many patients with
CHF have not exercised for years,
and they need to feel safe before
they can reach an intensity level of
15 to 18 on the Borg Scale. Our ex-
ercise groups continue to include
new patients as they are referred
from a cardiologist or a physician.
The “older” patients work as models
for the new patients.51

Group-based Model
Ståhle63 described the use of a model
similar to the Norwegian Ullevaal
Model for elderly patients discharged
after an acute coronary syndrome. To
our knowledge, the model of Ståhle63

is not used for patients with CHF but
rather for elderly people with coro-
nary artery disease and with a higher
baseline exercise capacity. In the
model of Ståhle,63 patients are encour-
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aged to reach an exertion of 13 to 15
out of 20 on the Borg Scale. Further-
more, that exercise model is not an
interdisciplinary approach and does
not include counseling.

The most important factors in a group-
based model are the skill and knowl-
edge of the physical therapist as an
instructor of the exercise session and
the patient’s motivation regarding ad-
herence. Making exercise training
safe, positive, and enjoyable requires a
sensitive and committed individual.64

Davidson and Maloney37 described the
power of example provided by the
instructor as the most important fea-
ture in any cardiac recovery program.
Five attributes are critical to successful
leadership: physical appearance, edu-
cational background, behavioral atti-
tude, emotional perspective, and per-
sonal resources.

Limitations
A potential limitation in the present
case report is the absence of individual
patient goals. Before participation in
the exercise model, however, all pa-
tients participated in an individual
consultation with a cardiologist and a
physical therapist in which the aims of
the intervention were presented.

The number of patients in this case
report was small and precludes any
inference about the safety of the
high-intensity portion of the pro-
gram. However, some studies have
indicated more favorable results
with high-intensity interval training
(even in patients with CHF19), but
only an RCT can produce experimen-
tal evidence for the efficacy of the
treatment approach that we suggest.

Another limitation of the group-
based exercise model is apparent
from a comparison with an individu-
alized training model. Patients with
an exercise capacity higher than that
of an average group of patients have
to be motivated to walk faster or to
do more exercises with their arms to

reach 15 to 18 on the Borg Scale. It is
important for physical therapists to
be aware of the characteristics of in-
dividual patients to guide them to
their optimal intensity levels.

Conclusion
In the present case report, 4 individu-
als with NYHA class III CHF achieved
improvements in physical capacity
and quality of life in response to par-
ticipation in a group-based, high-
intensity, interval-training program
that included aerobic, resistance, flex-
ibility, and balance activities. How-
ever, RCTs are needed to investigate
the efficacy of group-based aerobic
interval-training protocols in compari-
son with the efficacy of individualized
programs as well as safety issues.
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Appendix 1.
Examples of Some Exercises in the Group-based Aerobic Interval-Training Programa

Exercises During Warm-up Period (Songs 1 and 2)

• Shoulder circle exercises (Fig. C1)
• Hip circle exercises
• Arm circle exercises
• Marching on the spot: progression including arm movements
• Arm swing exercises
• Stationary walking: alternate heel touches in front of the body (Fig. C2)
• Squats (Fig. C3)
• Thorax stretch exercises (Fig. C4)

Exercises During High-Intensity Periods

• Walking in a circle with different arm movements
• Twisting the body exercises
• Knee lift and clap exercises
• Heel touches, front and back (Figs. C5 and C6)
• Lateral walking
• Walking exercises with overhead arm reaches (Fig. C7)
• Knee lift with arms (Fig. C8)
• Alternating forward lunge with arms (Fig. C9)
• Swing and flex exercises including large arm movements (Fig. C10)

(Continued)
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Appendix 1.
Continued

Exercises During Flexibility Periods

• Shoulder, hip, and arm circle exercises
• Lateral lunge (Fig. C11)
• Lateral trunk stretch (Fig. C12)
• Exercises using arm movements and including breathing (inhaling while raising arms, exhaling while lowering arms)

(Fig. C13)

Exercises During Strength (Calisthenics) Periods

• Modified push-ups on flexed knees (Fig. C14)
• Curl-up exercises (Fig. C15)
• Side lying: leg lift exercises
• Quadruped exercises: diagonal arm and leg lifts (Fig. C16)
• Bridging (Fig. C17)
• Bicycle exercises (supine position)
• Prone latissimus dorsi muscle exercises (Figs. C18 and C19)

a Illustrations are reprinted with permission from: Holmsater J, Holmsater L. Rørelsebanken. Stockholm, Sweden, Bokforlaget Prisma; 1987:30-33.
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Appendix 2.
Duration and Music Pace for Each Song in the Group-based Aerobic Interval-Training Model (Norwegian Ullevaal Model) for
Patients With Chronic Heart Failurea

Song (min:s) Exercises Music Pace (Beats
per Minute)

1 (3:30) Warm-up and flexibility exercises 88–100

2 (4:00) Stationary exercises of moderate intensity 96–100

3 (3:00) Walking exercises 104

4 (2:30) Stationary exercises of high intensity 120–124

5 (4:15) Flexibility exercises 68

6 (5:00) Strength exercises 52

7 (3:45) Exercises done while sitting on the floor 104

8 (3:15) Stationary exercises of high intensity 120

9 (2:45) Swing and flex exercises 120

10 (2:50) Flexibility exercises 68

11 (4:00) Strength exercises 52

12 (3:40) Stationary exercises of high intensity 116–120

13 (3:00) Stationary exercises of high intensity and brisk walking 124

14 (4:00) Slow walking and cool-down 96–100

15 (3:00) Relaxation

a For specific exercises, see Appendix 1. High intensity is 15 to 18 on the Borg Scale. Total duration of songs was 52.5 min.

Appendix 3.
Music Pace During Different Types of Exercises Included in the Group-based Aerobic
Interval-Training Programa

Types of Exercises Music Pace (Beats
per Minute)

Flexibility exercises 48–68

Strength exercises 52–96

Stationary exercises of moderate intensity 92–124

Stationary exercises of high intensity 124–144

Running (not used in program for
patients with chronic heart failure)

144–172

Walking exercises 96–108

a Modified with permission of publisher from Bø K, Kamhaug E-L. Gymnastikk i Tiden. Det Beste fra
Aerobics. Oslo, Norway: Universitetsforlaget; 1989:140–141.
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