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v

Secondary Prevention: A Second Chance to Make Inevitable 
Lifestyle Changes

Cardiac diseases are not only the leading causes of death in industrialized countries 
but also on the rise in many emerging countries worldwide. They also induce con-
siderable harm to survivors and often lead to severe and irreversible physical and 
neurological disabilities. Despite the fact that there is no cure, a lot can be done to 
prevent coronary artery disease, i.e., primary prevention, or to slow the progression 
of the disease, i.e., secondary prevention. Both can be achieved by tackling the 
panoply of modifiable risk factors, which have been identified to be amenable to 
lifestyle changes.

As a matter of fact, according to current guidelines, a long list of risk factors 
ought to be treated first by lifestyle changes before medical therapy is considered or 
initiated. These risk factors include:

• Physical inactivity
• Smoking
• Hypercholesterolemia
• Hypertriglyceridemia
• Low HDL cholesterol
• Arterial hypertension
• Hyperglycemia

As an example, physical inactivity has been recognized to be among the stron-
gest predictors of morbidity and mortality for both otherwise healthy persons and 
already affected patients. Often, however, medical therapy has to be initiated con-
comitantly to avoid further vascular damage and thus to halt or slow the progression 
of atherosclerosis. All doctors have received excellent training in choosing the right 
medication for their patients. We even have sales representatives from companies 
approach us on a regular basis who further try to provide us with up-to-date – albeit 
not always unbiased – information. The only effective treatment that no one is offer-
ing us or our patients is exercise training. Neither do we receive information on 
dieting. We, thus, have to set out to try and find current and reliable information 
ourselves: an obvious deficit that this book is trying to reduce.
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At the time that we start medical therapy, we also tell our patients to change their 
lifestyle.

But what exactly does this mean?
What are the lifestyle changes that they are now being expected to make?
And above all, can we provide our patients with an infrastructure that really helps 

them to deviate from current unhealthy behavior?
Now it not only becomes very demanding for our patients but also for us, which 

is why many doctors, as shown in the EUROASPIRE trials, do not even recommend 
lifestyle changes; many because they lack detailed knowledge on how to imple-
ment it. Such training however is a prerequisite in order to convince a patient to 
say goodbye to many of his or her unhealthy habits. Indeed, the vast majority has 
been leading an unhealthy lifestyle all their lives and may not wish to change this. 
Usually, there is a narrow window right after a cardiac event during which patients 
are amenable to our advice. This is the time to initiate changes that nobody can 
afford to miss. At the same time, these changes have to be agreed on with a patient 
who we see as partner on a lifelong journey of lifestyle changes, since otherwise 
patients may not necessarily stick to their good intentions in the long run. They 
need encouragement but also an infrastructure that ought to be available to them 
to actually modify their lifestyle. Indeed, all our countries lack out-patient cardiac 
rehabilitation facilities that would provide a convenient and adequate infrastructure 
for our patients to not only initiate but also to provide a base for lifelong compliance 
with current guidelines. Such facilities have to be close to home, since otherwise 
it is not possible to attend exercise, nutritional, psychological, and other classes 
several times a week for an extended period of time. Only then, however, can long-
lasting lifestyle changes be introduced into our patients’ daily lives. Such facilities 
are especially warranted for those who want to return to work and wish to be on sick 
leave for as little as possible.

The network of institutions of ambulatory cardiac rehabilitation facilities has to 
increase, but also general hospitals have to start to establish ambulatory rehabilita-
tion programs, so that patients get a fair chance to actually change their lifestyle. It 
is not enough if hospitals only concentrate on revascularizing patients, but do little 
or nothing to ensure optimal reduction in morbidity and mortality thereafter.

If we fail to do this, then we are in a situation that can be compared to prescribing 
drugs in a place where there are no drug stores.

But even if we were to get better infrastructure, even then we doctors have to 
improve our skills. Unfortunately, too few physicians have experience in cardiac 
rehabilitation, which comes as no surprise as it has never been taught in medical 
school, internist, or subspecialty training. It is only those of us who have chosen to 
work in cardiac rehabilitation centers or hospitals who know what to recommend and 
how to prescribe exercise training and other healthy treatment choices. I am no excep-
tion to this rule and had to learn the hard way by initiating training groups in various 
medical centers, what is best for our patients. Also several of the coauthors not only 
pursued a career in cardiac rehabilitation but got to where they are by trial and error. 
It is with this background and understanding that we hope to provide knowledge and 
advice to those who would like to learn more about cardiac rehabilitation.
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After all, it becomes obvious that cardiac rehabilitation has not only come to stay 
but will become increasingly important, since it is a cost-effective treatment option. 
As a matter of fact, the number and quality of cardiac rehabilitation programs have 
to increase, which in turn will require an increasing number of skilled staff. More 
doctors have to be trained adequately to receive the skills that are required to effec-
tively recommend appropriate measures to patients, let alone to actually guide or 
accompany them on this lifelong journey. It is thus the aim of this book to provide 
doctors with in-depth but still hands-on information to quickly grasp the leading 
problems of our patients and to design or recommend appropriate programs.

In this book, we have refrained from presenting exciting and exotic cases, but 
rather concentrate on the vast majority of our everyday patients in ambulatory or 
in-hospital cardiac rehabilitation.

All authors were or still are members of the nucleus of the working group on 
cardiac prevention and rehabilitation of the European Society of Cardiology. Their 
expertise not only spans the whole spectrum of cardiac diseases but also contributes 
various aspects of challenges in cardiac rehabilitation from centers throughout 
Europe. It is our wish to make a little but significant contribution to further excel the 
knowledge of our readers by writing this book which at first addresses general 
issues of cardiac rehabilitation, until it then teaches how to treat patients by focusing 
on individual patients with specific but very common cardiac conditions.

At first, this book will cover general principals of exercise testing and training as 
well as nutritional and psychological support. After these fundamentals of cardiac 
rehabilitation have been laid out in appropriate depths, chapters follow on the most 
common cardiac diseases. Cases include symptomatic coronary artery disease with 
or without diabetes, myocardial infarction or revascularization, and cases of heart 
failure in rather stable conditions, with or without cardiac devices. Our book will 
then be wrapped up with cardiac rehabilitation in patients with congenital cardio-
vascular diseases, valvular surgery, and peripheral arterial disease with claudication.

Contents is not presented in textbook style, but rather taught on representa-
tive clinical cases. Each chapter focuses on a particular patient and discusses pros 
and cons of the most appropriate diagnostic tools and treatment options. It is thus 
designed to be a practical guide for doctors and geared to help them guide their 
patients. Medical therapy, which most doctors will be very familiar with, has been 
addressed from the perspective of primary or secondary prevention and is of course 
in line with current guidelines of our national and international medical societies and 
associations. A therapeutic option that has long and that still is terribly neglected will 
receive the attention that it deserves – physical exercise training. Data on reduction 
of morbidity and mortality but also on improvement in quality of life are so strik-
ing that neither we nor our patients can afford to not use this poly-pill. Most of the 
modifiable risk factors of cardiovascular diseases can be treated by these lifestyle 
changes. Nevertheless, in the real world, treatment strategies concentrate almost 
solely on pharmaceutical interventions, neglecting the beneficial effects of heart-
healthy diets and exercise training programs. For managing both long- and short-
term risk, lifestyle changes are the first-line interventions to reduce the metabolic 
risk factors. Indeed, the importance of physical activity and heart healthy nutrition 
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cannot be overestimated. This will be highlighted in several chapters. Primary and 
secondary prevention of cardiovascular diseases need to focus on all modifiable risk 
factors and implement pharmaceutical therapy wherever appropriate.

Exercise training has to become an integral part of it. It is inacceptable that it is 
only integrated into the daily routine by a minority of patients. Further cardiac reha-
bilitation programs have to be installed and doctors need to be trained to be able to 
refer and treat patients at this stage in their disease history appropriately. We strongly 
believe that this book will add to the knowledge of our readers and that it will enable 
them to better guide their patients on a lifelong journey of primary and secondary 
prevention.

Salzburg, Austria Josef Niebauer MD, PhD, MBA
January 2017
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1General Principles of Exercise Testing 
in Cardiac Rehabilitation

Miguel Mendes

1.1  Introduction

Before the admission into a cardiac rehabilitation program (CRP), every patient is 
submitted to a clinical assessment which must include a medical consultation, an 
evaluation of LV function (usually by echocardiography), a maximal exercise test 
(ET) limited by symptoms, and blood tests to evaluate the CVD risk factor profile. 
In special cases, after the clinical assessment, the patients need further diagnostic 
tests like a 24 h Holter monitoring, an imaging technique to study perfusion or coro-
nary anatomy or bypass grafting [1–5].

The ET is a very important part of this clinical assessment performed before 
admission and repeated at the end of the CRP phase, because it gives indispens-
able data regarding functional capacity and information regarding the hemody-
namic adaptation to maximal and submaximal levels of exercise (HR and BP), 
residual myocardial ischemia, and cardiac arrhythmias induced or worsened by 
exercise and permits the identification of the training heart rate (THR) for the 
aerobic training [2–4].

Besides the objective parameters mentioned above, the ET is very important 
from the psychological point of view for many patients and partners, because they 
realize that the patient usually has a better functional capacity than they could pre-
dict. In the follow-up period, the ET is very useful to detect or confirm eventual 
clinical status changes which occurred during the program, update exercise pre-
scription intensity, measure the gains obtained after the CRP, and perform global 
prognostic assessment.

mailto:miguel.mendes.md@gmail.com
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1.2  What Kind of Exercise Test

Cardiopulmonary exercise test (CPX) is the ideal ET to be used in all kinds of 
patients in the setting of a CRP [6]. Although it is almost mandatory to use it in heart 
failure patients [3], due to its higher cost, more complicate delivery, and interpreta-
tion, it is usually replaced in many CR centers, mainly in CAD patients with normal 
or near-normal LV function, by the standard ET which is more widely available and 
familiar to most cardiologists.

During the CPX, peak VO2, ventilatory thresholds, VE/VCO2 slope, and O2 
kinetics are measured beyond all the parameters recorded in the standard ET, like 
maximal load reached, HR and BP changes from rest to maximal exercise, and, dur-
ing recovery, the eventual arousal of symptoms like angina pectoris or ECG abnor-
malities (ST changes or arrhythmias) [7].

Considering the parameters obtained from the CPX, peak VO2 is the most impor-
tant because it is the gold standard for functional capacity and it was identified as the 
strongest prognostic parameter in CVD [8–13]. Peak VO2 is also very important to 
prescribe exercise intensity since continuous moderate aerobic training, the classical 
modality, is performed at a percentage of peak VO2 ranging from 50 to 70 % [16].

The first and second ventilatory thresholds (VT1 and VT2), which are expected to 
occur at submaximal level during the CPX, are independent of motivation, contrary 
to peak VO2. Due to this fact, they are considered good indicators of the training 
effect of the program, if they occur at a higher percentage of VO2 max. The determi-
nation of the ventilatory thresholds is also useful to calculate the training intensity for 
moderate continuous aerobic training, which must start at the HR attained at the level 
of VT1 and increased to HR reached at the VT2 moment [14, 15].

1.3  How to Perform an ET in the Setting of a CRP

A fully equipped exercise lab test, including at least one ergometer (bike or tread-
mill), an ECG system with several exercise protocol options, and an emergency cart, 
together with a well-trained and experienced staff (cardiologist and technician), 
must be available to perform the exercise tests in the setting of a CRP [7, 17, 18].

After the team welcome of the patient immediately before the ET, he must be asked 
about his usual exercise tolerance, in order to estimate his maximal functional capacity 
and to choose the test protocol. The test must be programmed in a way that the patient’s 
physical exhaustion or high-grade fatigue will be attained around 10±2 min of exercise 
[19]. In case of test interruption before 8 min, a less intense protocol must be used and a 
steeper one in the reverse situation to evaluate correctly functional capacity.

It’s important to rule out a possible recent worsening of clinical status, which 
may oblige to postpone the test and the interruption of the regular cardiovascular 
medication before the test. The exercise tests integrated in a CRP must be per-
formed under the patient’s usual medication, and one must try to schedule the test 
for a moment of the day similar to the foreseen moment of the CRP sessions.

The respect of these two issues, medication and moment of the day, will prevent 
that the drug effect and consequently the patient’s protection will be different during 
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ET and the exercise sessions of the CRP. This is very important, for example, in 
patients under beta-blockers which are usually taken in the morning and whose effect 
can decrease during the day, namely, in the afternoon. If the THR was calculated after 
a test performed at a certain time of the day, it may happen that it will be difficult to 
reach if the test was performed late in the day and the session is in early morning, 
where the beta-blocker effect is more intense or will be easily surpassed in late-after-
noon exercise sessions if the ET took place in the morning.

The decision to stop exercise during the ET is crucial to quantify exercise toler-
ance accurately. If no medical contraindications to continue the effort are present, 
like major ST changes, serious arrhythmias, blood pressure (BP) drop, or hyperten-
sive response, and if the patient seems to be relatively comfortable, the exercise 
period must be interrupted only upon patient request, based on the perception that 
he reached his maximal exercise capacity or feels a major discomfort, like claudica-
tion, eventually related to peripheral arteriopathy or orthopedic disease [17, 18].

The exercise period must never be stopped based on the attainment of any level 
of predicted maximal HR, due to the large variability of peak HR among subjects. 
This procedure, followed in some centers, prevents an accurate quantification of 
exercise tolerance and maximal HR. When THR is calculated based on the chrono-
tropic reserve, it is crucial to not stop the test without reaching maximal HR because 
the peak HR may not be the maximal attainable HR during the ET.

After confirming that the patient is in the desired situation in terms of clinical 
status and medication, it’s time to choose the ergometer and the protocol to be used.

If both of the usual possibilities are available (bicycle or treadmill), the choice 
must be made or performed taking into consideration which ergometer will be more 
used for aerobic training, the patient’s preference, and the clinical staff familiarity.

Regarding the protocol choice, two issues must be considered:

 1. The patient’s predicted exercise tolerance
 2. Type of protocol (ramp type or with small or large increments between stages)

Considering the type of increments of the ET protocol, there is a preference for 
ramp or short increment (around 1 MET) protocols [20, 21], because the error of the 
functional capacity estimation will be lower, in the case that respiratory gas analysis 
will not be performed. The ergometer must also be taken into consideration because 
the load is more accurately determined on a bike than with the treadmill, since the 
treadmill calibration is more difficult and especially if the patient grasps the hand-
rails during effort, diminishing the oxygen demand needed to perform the test 
(Tables 1.1 and 1.2) [7, 17, 18].

Table 1.1 Stationary bike most used protocols [22, 23]

Load
(watts)

Duration
(min)

Peak estimated METsDesignation Start Increase Peak Stage Total
Balke (men) 50 25 175 2 12 9.5
Balke (women) 25 25 150 2 12 8.3
Astrand 25 25 150 3 18 8.3

1 General Principles of Exercise Testing in Cardiac Rehabilitation
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1.4  When to Do It

The ET must be performed at the admission of the CRP in the majority of program 
participants, sometimes in the middle of a phase when it seems that the patient’s 
clinical status changed or THR is inadequate due to the acquisition of a better exer-
cise tolerance as a consequence of exercise training and at the end of each phase to 
measure the final functional capacity [2, 4, 16].

Patients recently submitted to cardiac surgery are usually admitted in the CRP, 
without performing an ET, because they may face physical limitations that advise to 
postpone the test for 2–4 weeks. During these early weeks, the patients are involved 
in respiratory and global physiotherapy and may even start exercising in a stationary 
bike or on the treadmill, below a THR of 100 or 120, respectively, if they are or not 
under β-blocker medication, till they reach a satisfactory exercise tolerance that 
enables them to be submitted to the ET, after what an individualized THR will be 
calculated [2].

1.5  How to Report the ET in the Setting of a CRP

A standard ET must be reported not only in terms of the presence or absence of 
myocardial ischemia but also about enlightening the global prognosis, as it is shown 
in the Table 1.3.

The test must be reported not only in terms of myocardial ischemia but also on 
functional capacity, chronotropic index, HR recovery, BP, and ventricular or supra-
ventricular arrhythmias.

Despite having informed the patient at the beginning of the ET about the need to 
spontaneously report the occurrence of any unexpected symptom, namely, angina or 
a disproportionate grade of dyspnea or fatigue, it’s also advised to ask periodically, 
for example, at the end of each stage and at the moment of ST depression occur-
rence, if the patient is experiencing angina and what is his perception of exercise 
intensity (Borg scale). During the exercise period, it is also recommended to record 
every minute a full ECG in order to define accurately the eventual moment after 
which ST segment depression reaches 1 mm and 60 or 80 ms after the J point, the 
so-called ischemic threshold.

Table 1.2 Treadmill most used protocols [24–26]

Designation

Estimated METs

At 8 min At 9 min At 12 min
Naughton 4 NA 6
Balke-Warea 5 NA 8
Modified Bruce NA 7 10
Bruce NA 10 13

NA not applicable
aUsually not acceptable for old people and frail patients, because it has a constant speed (5.47 km/h), 
which is not tolerated by most patients

M. Mendes
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Table 1.3 Parameters to describe in the ET report in the CR setting [18, 27]

1. Exercise capacity
  (a) Test duration and reason to stop the exercise
  (b) In a classical ET, estimate exercise tolerance, as ratio between the achieved and the 

predicted METs, calculated by the following equations:
   (i) Men: Predicted METs = 14.7–0.11 × age
   (ii) Women: Predicted METs = 14.7–0.13 × age
  (c) In a CPX, measure exercise tolerance and use Weber classification and percentage of 

predicted VO2 max
  Classify functional capacity below normal if lower than 85 % of the predicted value
2. Heart rate
  HR at rest, at the end of each stage, at the moment of the ischemic threshold, ventricular or 

supraventricular arrhythmias starting, abnormal BP (drop or hypertensive response) at peak 
exercise and in recovery at 1, 3, and 6 min

  Classify chronotropic evolution during exercise as:
   Normal, if peak HR value is above 85 % of the predicted value (220 bpm minus age), for 

individuals not under β-blocker or above 62 % under β-blocker
   Abnormal, if below the mentioned values
  Classify chronotropic evolution during recovery as
   Normal, if HR difference between peak exercise and min 1 > 12 on protocols where there 

is an active recovery (slow walking or pedaling) or >18 bpm, if exercise is immediately 
stopped at peak effort

   Abnormal, if below the mentioned values
3. Blood pressure
  Classify blood pressure evolution as
   Normal, if SBP increases ~10 mmHg per MET and there is no change or a small drop is 

found in DBP. It’s acceptable to find a drop <15 mmHg at peak exercise
   Hypertensive, if SBP reaches values >250 or >DBP 120 mmHg
   Insufficient, if SBP increases <30 mmHg
4. Ischemia
  Classify the test as negative, positive, equivocal, or inconclusive for myocardial ischemia, 

taking into consideration the presence or absence of angina or ST depression/elevation 
induced during the test, in the exercise or the recovery period, according to the criteria 
defined in the guidelines

  Use the ST/HR index, the ST rate-recovery loops, and/or the ST/HR slope to increase the 
accuracy of the diagnosis of ischemia

  Grade ischemia as severe, moderate, or low level, taking into consideration the precocity of 
appearance, magnitude of ST changes, time until normalization in the recovery period, 
association with limiting angina, BP fall, chronotropic deficit, or ventricular arrhythmias

  Identify clearly the HR of the ischemic threshold, because the THR to be observed during 
the exercise sessions must be 10 bpm below this value for safety reasons

5. Prognosis
Assess globally the prognosis, considering functional capacity, ST/HR index, chronotropic 
response, HR recovery, ventricular ectopy during recovery, and ST/HR slope, which are 
implicated in global and cardiovascular mortality and events

6.  Aerobic training intensity
Classically, THR is calculated as the HR at (50), 60–70 % of HR reserve or (50), or the HR 
reached at 60–70 % of VO2 reserve or at HR of the VAT level, respectively, if the patient was 
submitted to a standard ET or to a CPX [16]

(continued)

1 General Principles of Exercise Testing in Cardiac Rehabilitation
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Ischemia is diagnosed by the occurrence of angina and/or definitive ST changes 
on the exercise or in the recovery period. In order to increase the diagnostic accu-
racy of the ET, ST changes must be interpreted considering ST/HR index, which 
must be superior to 1.6 μV/bpm, and rate-recovery loops that are suggestive of 
myocardial ischemia if there is a counterclockwise rate-recovery loop.

Functional capacity is probably the most important finding after an ET as it is the 
best parameter to predict all-cause mortality. When peak VO2 is not measured, it can 
be estimated by the ratio between the estimated METs achieved at the last stage of 
the ET and the predicted value given by the following formula: Predicted METs = 
14.7–0.11 × age or 14.7–0.13 × age, respectively, for men and women. To allocate 
the estimated METs of a stage, the patients must exercise at least 1 min at that stage. 
If he was not able to do it, his maximal METs attained will be the ones estimated for 
the previous completed stage.

The Duke score tries to put together the presence/absence of ischemia and func-
tional capacity and classifies the patients in low, intermediate, and high categories 
of risk, according to the value of the score.

Chronotropic index, HR recovery, and ventricular arrhythmias predict increased/
decreased risk of death if they are negative or positive.

1.6  How to Assess Exercise Training with a Standard ET  
or a CPX

At the end of a CRP phase, the ET or the CPX must be repeated to be compared with 
the test performed at the phase start, in order to document eventual gains provided 
by the program.

These gains must be observed in terms of maximal and submaximal functional 
capacity, ischemic threshold, exercise-induced or exercise-worsened arrhythmias, heart 
rate, and blood pressure evolution during the exercise and the recovery periods [2, 6, 16].

To make a correct comparison between both tests, they must be performed under 
the same medication, at the same time of the day, and using the same ergometer and 

Table 1.3 (continued)

More recently, important changes in terms of determination of THR occurred, due to the 
adoption of new modalities of exercise training like high-intensity exercise training (HIIT) and 
to the change of concept of the submaximal exercise thresholds. Today, the concept of only one 
threshold, previously called ventilatory anaerobic threshold (VAT), was abandoned, and it was 
adopted the concept of two submaximal thresholds, the first and the second ventilatory 
thresholds identified, respectively, by the nadir of the curves of the O2 and VCO2 equivalents 
[14, 15]
In the case of continuous moderate aerobic training, exercise training must start at the level 
of HR attained by the subject at the level of the first ventilatory threshold (LVT1) and move 
till the HR attained at the level of the second ventilatory (LVT2)
After the seminal paper of Wisloff [28] and coworkers, a new paradigm emerged: HIIT. In this 
case, exercise intensity is prescribed at up to 95 % of HR attained during the ET for periods of 
4 min, intercalated by 3 min periods of not so intense training at 50–75 % of peak exercise

M. Mendes
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protocol. If any revascularization procedure, like a PCI, is performed, the medica-
tion is changed between the tests, or if the ergometer or the protocols are also dif-
ferent, a direct comparison of both tests is impossible.

1.6.1  Standard ET

If exercise training is successful, the standard ET will usually show in the second 
test:

 (a) Higher duration/load attained
 (b) Lower levels of HR and BP at each stage and an early normalization of HR dur-

ing recovery
 (c) Starting of ischemia later during the test, although at the same or higher double 

product
 (d) Lower frequency and complexity of ventricular arrhythmias, in the exercise or 

recovery periods

Functional capacity can be estimated for each patient in terms of METs (meta-
bolic units of oxygen consumption: 1 MET = 3.5 ml/kg/min) considering the oxy-
gen consumption previously known to be inherent to the highest stage attained at 
peak exercise, if the patient was able to keep this stage more than 1 min. If the test 
was stopped before staying 1 min or more in the last stage, the attributed estimated 
METS must be those predicted for the previous completed, since usually it takes, at 
least, 1 min to stabilize oxygen consumption in each exercise protocol stage.

Functional capacity must also be classified regarding the predicted values for the 
same age, gender, and physical activity status, provided by several equations.

The maximal load reached by the patients can also be considered as a measure of 
functional capacity, especially when a stationary bike is used. In a treadmill, due to 
the body weight dislocation effect and the walking, the peak load values are less 
accurate.

The estimation of aerobic capacity by the standard ET is not very accurate, since 
it usually overestimates the load, namely, in the case of patients and old people and 
when treadmill protocols with high increment protocols are used, like the Bruce 
protocol.

1.6.2  Cardiopulmonary Exercise Test

The CPX allows the best identification of maximal aerobic capacity because peak 
VO2, the gold standard for exercise capacity, is directly measured “breath by breath” 
during the entire test. Due to some variability, the values should be determined by 
calculating the rolling average of each period of 20–30 s [29].

Peak VO2 is the most used parameter to evaluate the CRP benefit. In case of 
doubt that the CPX is a maximal test, one must specially look at VO2, HR, and 
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respiratory exchange ratio (RER) and RPE at peak exercise level. VO2 and/or HR 
must fail to increase significantly despite load further increments; RER and RPE 
must be, respectively, equal or over 1.10 and 8/10 at peak [30].

Recently, the terminology of the events observed at submaximal level during a 
CPX was changed. Now, two thresholds are recognized instead of the only one, the 
formerly designed ventilatory anaerobic threshold (VAT), presently called the first 
VT (VT1). Also, the formerly designated respiratory compensation point is called 
now the second ventilatory threshold. These thresholds are defined, respectively, as 
the nadir points of the curves of the O2 and CO2 equivalents, which have a U shape 
form during the exercise period. These equivalents are, respectively, the ratios of O2 
and CO2/ventilation [14, 15].

VT1, formerly designated by VAT, can also be calculated by the V slope method 
and defines the end of the period where exercise intensity is not perceived by the 
individual as difficult to be performed. Between VT1 and VT2, exercise intensity is 
perceived as moderate and after surpassing VT2 as very intense and difficult to 
maintain for a few minutes.

To overcome the limitations of peak VO2, the VO2 attained at the VT1 can be 
used to evaluate the training effect, because it is independent of patient motivation 
and expresses better the patient capacity to perform daily life activities.

In cardiac patients, peak VO2 and VO2 at the VT1 increase between 7 and 54 % 
after a period of some weeks of exercise training, although the average increase is 
usually around 20–30 % [31–33].

VE/VCO2 slope, which evaluates ventilatory efficiency, one of the most impor-
tant parameters for prognosis assessment in CHF, is also expected to decrease as a 
demonstration of a favorable exercise training period (Table 1.4) [34, 36].

Compare pre- and post-exercise tests, performed at the same time of the day, 
under the same medication and protocol.

Table 1.4 How to assess the training effect with an exercise test [7, 17, 18]

Standard ET Cardiopulmonary exercise test
Test duration, maximal load, and estimated METs The same parameters as in standard 

ET, plus:
Presence or absence of ischemia Peak VO2

HR at rest, at each stage, at peak exercise, and on 
recovery

VO2 and HR at VAT

Blood pressure at rest, at each stage, at peak exercise, and 
on recovery

O2 kinetics in the recovery period

Ischemic threshold: HR, double product, and load Peak RER
Grade of myocardial ischemia, in terms of ST 
normalization, ST depression morphology

VE and breathing reserve

Ventricular arrhythmias VE/VCO2 slope

M. Mendes
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1.7  Clinical Cases

Case #1
Male, 41 years old

Apparently healthy till 20th of April 2009 when he suffered an anterior 
myocardial infarction. Tobacco smoking, obesity, and psychological stress 
were identified as risk factors for CVD in this case: he smoked one pack a day 
during 25 years and has a BMI of 30.6 (99 kg of weight and 180 cm height). 
His BP, blood cholesterol, and glucose levels were normal.

He was submitted to primary PCI of LAD (middle portion) that was totally 
occluded by a thrombus. The PCI was performed within 2 h of symptoms and 
was very successful, with the exception of the occurrence of a right thigh 
hematoma related to the femoral puncture, which obliged him to rest in bed 
for a week. No other lesions were found in the coronary arteries, and LV func-
tion was near normal.

He was discharged from the hospital on the fifth day after ACS under ASA, 
clopidogrel, ramipril (2.5 mg, od), bisoprolol (2.5 mg, od), and pravastatin 
(40 mg, od).

When he started to go out of bed and to move around 1 week after hospital 
discharge, he felt dizziness, nausea, and a thoracic discomfort, different from 
the one that arose during the ACS, which stopped immediately when he lay 
down. No pericardial effusion was found on echocardiography. After this he 
took the initiative to contact our CRP 3 weeks after the ACS.

After a medical consultation and physical examination, where everything 
seemed to be OK, he was submitted to an ET (Table 1.5; Fig. 1.1).

Table 1.5 Exercise test parameters (case #1)

Stage
Speed
km/h

Grade
% METs

HR
bpm

SBP
mmHg

DBP
mmHg Symptoms ECG

Rest 0 0 1 75 130 80 No T wave 
inversion 
V1-V4

I 2.7 10 4.6 98 150 80 No Almost 
normal

II 4.0 12 7.0 117 175 90 Mild fatigue Normal
III 5.4 14 10.0 138 200 100 Moderate 

fatigue
Normal

IV 6.7 16 12.5 150 210 100 Severe 
fatigue

Normal

Exercise duration: 10 min 20 s
Rec. 1’ 1.5 0 132 200 90 No Normal
Rec. 3’ 0 0 104 190 90 No Normal
Rec. 6’ 0 0 95 170 85 No Normal
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Fig. 1.1 Rest and peak exercise 12-lead ECG (case #1)

Comments ET#1
Confronting the findings of this ET with what is supposed to be found in a normal 
ET, this patient shows:

 1. Good exercise tolerance: 10–20 min exercise duration on the Bruce protocol 
~12.5 METs (122 % of the predicted).

 2. Normal evolution of HR: from 75 to 150 bpm at peak effort and a drop of 18 bpm 
on the first minute of an active recovery.

 3. Normal increase of SBP: from 130/80 at rest to 210/100 at peak exercise.
 4. Hypertensive pattern on DBP: increase from 80 to 100 mmHg
 5. No arrhythmias, ST changes, and angina were found.
 6. The normalization during the exercise period of the T wave previously present in 

the rest ECG suggests the presence of stunned myocardium.

Comments
This is a typical case of a low-risk patient for CR, with normal LV ejection fraction, 
no residual ischemia, no arrhythmias, good exercise tolerance, and a normal adapta-
tion of hemodynamic parameters to maximal exercise.

He was admitted to a formal CRP under medical supervision during some weeks, 
since he was wishing to start an exercise program and he didn’t had any previous 
physical activity habits.

A THR of 120 bpm was calculated using the Karvonen formula, adding 60 % of 
his HR reserve [(150 − 75)*0.60 = 45 bpm] to his rest HR (75 bpm): 45 + 75 = 
120 bpm [31–34].

M. Mendes
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Case #2
Male, 54 years old

CVD risk factors: Type 2 diabetes and hypertension.
Assessment performed before admission to CRP on the 4th of October 

2004, following a noncomplicated CABG on the 11th of July 2004 and a pre-
vious inferior myocardial infarction in an indeterminate date.

He was submitted to complete revascularization, by a triple CABG with 
LIMA to LAD and single saphenous grafts to the second diagonal and poste-
rior descendent arteries. Three months after surgery, a nuclear perfusion scan 
requested for routine clinical assessment and identified residual silent isch-
emia in the inferior wall (Fig. 1.2).

Fig. 1.2 Myocardial nuclear perfusion scan (case #2)

After this test, he was re-submitted to coronary angiography, and it was found 
that the graft to the posterior descendent artery was occluded and the artery was not 
amenable to PCI. He had good collateral circulation from the left coronary artery, 
and the other bypasses were patent, with normal flow. His attending cardiologist 
decided to keep him on medical therapy and send him to CR.

Before the CRP, he was submitted to an ET, under his usual medication: bisopro-
lol (5 mg, od), IMN (50 mg, od), losartan (50 mg, od), enalapril (20 mg, od), HCTZ 
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(12.5 mg, od), simvastatin (20 mg, od), ASA (100 mg, od), and two oral antidiabetic 
drugs (Table 1.6).

After 12 weeks of CRP, he was reassessed by a new ET, under the same protocol 
(Bruce) and medication (Table 1.7).

Comments
First test:

The patient had residual ischemia with a moderate compromise of functional 
capacity (7 estimated METs). He was admitted to the CRP, with a THR of 100 bpm, 
calculated with the Karvonen formula, adding 60 % of his HRR to the rest HR: 
[(131–59) × 0.60] = (43+59) = 102 ~100 bpm. If the calculated value for THR 
would be superior or equal to the HR of the ischemia threshold, the THR would be 

Table 1.6 Admission exercise test (case #2)

Stage
Speed
Km/h

Grade
% METs

HR
bpm

SBP
mmHg

DBP
mmHg Symptoms ECG

Rest 0 0 1 59 130 80 No Q waves on DII, 
DIII, and aVF

I 2.7 10 4.6 113 150 80 No No change
II 4.0 12 7.0 131 170 80 Intense 

fatigue
ST downslope of 
1 mm in V5-V6

Exercise duration, 6 min 00 sec; onset of ischemia, at 4 min 00 s with 123 bpm
Rec. 1’ 1.5 0 1 112 140 80 No ST downslope of 

1 mm in V5-V6
Rec. 3’ 0 0 1 90 130 80 No ST downslope of 

1 mm in V5-V6
Rec. 6’ 0 0 1 82 120 75 No ST downslope of 

1 mm in V5-V6
Rec. 9’ 0 0 1 79 120 80 No Equal to rest ECG

Table 1.7 End of CRP exercise test (case #2)

Stage
Speed
Km/h

Grade
% METs

HR
bpm

SBP
mmHg

DBP
mmHg Symptoms ECG

Rest 0 0 1 68 120 90 No Inferior Q waves
I 2.7 10 4.6 91 160 80 No No change
II 4.0 12 7.0 103 170 80 No No change
III 5.4 14 10.0 125 190 80 Mild fatigue ST downslope of 

1 mm in V5-V6
IV 6.7 16 12.5 142 190 80 Intense 

fatigue
ST downslope of 
1 mm in V5-V6

Exercise duration, 10 min 00 s; onset of ischemia, at 10 min 00 s of exercise with 123 bpm
Rec. 1’ 1.5 0 1 123 190 80 No ST downslope of 

1 mm in V5-V6
Rec. 3’ 0 0 1 95 180 80 No ST downslope of 

1 mm in V5-V6
Rec. 6’ 0 0 1 88 130 80 No ST downslope of 

1 mm in V5-V6
Rec. 9’ 0 0 1 80 120 75 No Equal to the rest 

ECG
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assigned to a HR 10 bpm lower than the HR of the ischemic threshold that would be 
around 110–115 bpm.

He didn’t complain about any symptom during the program and he progressed 
very well.

Second test:
The second test was performed immediately at the end of the program. It shows 

a very good evolution [35]:

 1. Better functional capacity (12.5 vs 7.0 estimated METs).
 2. Lower values of HR at each stage of the protocol, with silent ischemia appearing 

almost at the same HR value, although much later in the ET. Although some 
references show that ischemic threshold can appear at a higher HR and double 
product after exercise training, in this case, like in the majority of the published 
articles, only a delayed appearance of the threshold was found.

 3. Higher HR and BP values at peak exercise.

Case #3
Male, 64 years old, asymptomatic, submitted to ET on the 3rd of December 
2009, 5 days after inferior STEMI

Risk factors: dyslipidemia, hypertension, smoking, and family history of 
CVD below 60 years.

Medication: aspirin, clopidogrel, ß-blocker, ACE inhibitor, and statin.
Baseline ECG: sinus rhythm and Q waves on inferior leads.
Coronary angiography: LM lesion <50 %. RCA occlusion at the middle 

segment with retrograde filling from the left coronary. No significant lesions 
were found on LAD and circumflex arteries (Table 1.8; Figs. 1.3 and 1.4).

Table 1.8 Admission exercise test (case #3)

Exercise data

Stage
Speed
Km/h

Grade
% METs

HR
bpm

SBP
mmHg

DBP
mmHg Symptoms ST-T changes

Rest 0 0 1 75 120 60 None
I 2.7 10 4.6 111 150 80 Fatigue ST depression: 

1.0 mm
II 4 12 7 113 150 80 Fatigue, 

not-limiting 
angina

ST depression: 
1.5 mm

Test stopped at 3 min and 33 s of Bruce protocol due to fatigue:

Stage
HR
bpm

SBP
mmHg

DBP
mmHg Symptoms ST-T changes

Rec. 1’ 102 150 80 None ST depression: 1.5 mm
Rec. 3’ 90 140 80 None ST depression: 1.5 mm
Rec. 6’ 78 120 70 None ST depression: 1 mm
Rec. 9’ 81 120 70 None Absent
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Fig. 1.3 Rest 12-lead ECG (case #3)

Fig. 1.4 Peak exercise 12-lead ECG (case #3)
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1.8  Summary

METS = 4.6 (59 % of the predicted)
Peak HR: 113 ppm = 72 % predicted HR
% HR reserve use: 72.4 % (abnormal if ≤62 %)
HR decay in the first minute of recovery: 11 bpm (abnormal ≤12 ppm)
Peak double product = 16,950
ST changes: Horizontal downslope ST segment depression starting at 3 min of 

the exercise, with maximal amplitude of 1.5 mm in V4, V5, and V6. ST depression 
normalized at 9 min of recovery, after sublingual TNG at 6 min

Arrhythmias: absent

 Conclusions
 1. Moderate exercise tolerance limitation (<5 METs)
 2. Myocardial ischemia starting at low exercise level (Table 1.9)

Table 1.9 Risk classification grades of exercise training for cardiovascular patients

Risk
Low
stable conditions Moderate

High
unstable conditions

Decision regarding 
patient admission in 
the CRP

Accept Decide case by case Consider to reject or 
return to referral MD 
for stabilization

Type of CRP team Basic experience Advanced experience
Individualized 
exercise prescription

Yes Yes Exercise training 
recommended only in 
few specific situations

Session supervision Nonmedical 
personnel with 
advanced cardiac 
life support

Medical and nonmedical 
with advanced cardiac 
life support, until safety 
apparently guaranteed

As in moderate-risk 
patients

ECG and BP 
monitoring

6–12 sessions ≥12 sessions ≥12 sessions

NYHA I or II III IV
Exercise capacity ≥7 METs <5 METs <5 METs
Myocardial ischemia Absent or ≥7 METs <7 METs <5 METs
Ejection fraction ≥50 % 40–49 % <40 %
Rise of BP and HR Appropriate Appropriate Fall or non-increase of 

SBP or HR during 
exercise

VT at rest or during 
exercise

Absent Complex arrhythmias

Self-monitoring Able Some difficulties Unable

Adapted from Refs. [2, 14]
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Comments
The patient was not accepted in the CRP, since he had myocardial ischemia starting 
below 5 METs, a contraindication for CRP admission.

This patient’s myocardial ischemia must be considered serious, since it starts at 
low level of exercise, is associated with angina (although non-limiting), and is nor-
malized only at 9 min in the recovery period after a sublingual TNG.

He was submitted to a new coronary angiography where IVUS was performed. 
The LM lesion, with an area of 10.4 mm2 and a plaque burden of 47 % on IVUS, 
was considered as nonsignificant (Fig. 1.5), but a lesion of 70 % of the first marginal 
obtuse was defined as the lesion responsible for the ischemia. This lesion was sub-
mitted successfully to PCI with DES implantation.

He was reevaluated and admitted in the CRP 1 week later, after being submitted 
to a new ET that showed good exercise tolerance (9 min on Bruce protocol) and no 
residual ischemia.

Fig. 1.5 Left main IVUS 
(case #3)

Case #4
Male, 64 years old

Patient with an ischemic cardiomyopathy (ejection fraction of 28 %) in 
NYHA class III, after an anterior STEMI occurred 6 years before the clinical 
assessment for the CRP in February 2016.

He was submitted to primary PCI on his proximal LAD. No residual isch-
emia was diagnosed in a myocardial perfusion scan although several lesions on 
the right coronary artery were found. Moderate pulmonary hypertension and 
mitral and tricuspid regurgitation were present. An ICD was implanted 3 years 
before based on a primary prevention strategy. Cardiovascular risk factors: 
type 1 diabetes mellitus, former heavy smoker (quit smoking 30 years ago).
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Stage HR SBP DBP Borg scale ST-T changes
Rest 70 85 60 6 Q waves V1 to V5
Min 2 84 90 60 10
Min 4 84 90 60 14
Min 6 91 130 80 16
Min 7:09 90 135 90 18 No ST changes
Exercise duration: 7:09 min
Rec. 1 min 71 70 40 16
Rec. 3 min 68 80 55 12

Exercise duration: 7:03 min Stop exercise due to: exhaustion
Peak HR: 91 bpm (58 % of predicted maximal HR) HR decay peak – recovery min 1: 22 bpm

Chronotropism: limited even for a patient under 
β-blocker
Delta SBP = 15 mmHg Double product = 9100
ST-T changes: none Arrhythmias: none

Comments
The patient demonstrated a severe compromise of exercise tolerance: peak VO2 is 
11.7 ml/kg/min (41 % of the predicted value) being classified as Weber class C 

Table 1.10 CPX parameters of case #4

Rest VT1 VT2 End of exercise
Time (min) 01:52 4:20 6:40 9:03
Ex Time (min) 00:00 02:20 4:40 7:03
Vt BTPS (L) 0.86 0.93 1.23 1.62
RR (br/min) 24.5 27.9 27.6 35.7
VE BTPS (L/min) 21.0 26.0 34.0 58.0
VO2 (mL/kg/min) 7.1 8.7 10.4 11.7
VO2 (mL/min) 524 641 773 864
VCO2 (mL/min) 420 541 752 1073
RER 0.80 0.85 0.97 1.24
HR (BPM) 70 79 86 93
VO2/HR (mL/beat) 7.5 8.1 9.0 9.3
VE/VO2 34.0 35.4 40.4 62.9
VE/VCO2 42.4 41.9 41.4 50.6
PETCO2 (kPa) 4.11 4.17 4.04 3.33

Current medication: bisoprolol, ivabradine, lisinopril, furosemide, simvas-
tatin, ezetimibe, insulin, metformin, sitagliptin, and clopidogrel.

The ECG showed sinus rhythm and slow progression of R waves from V1 
to V5.

Before admission he was submitted to a treadmill CPX under a ramp pro-
tocol (speed, from 2 to 5 km/h; grade, from 0 to 20 %; increments every 15 s; 
ECG recording and BP measurement every 2 min during exercise and on min 
1 and 3 of the recovery period (Table 1.10).
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(>10<16 ml/kg/min). The VO2 at VT1 is 8.7 ml/kg/min, which is 30 % of the pre-
dicted VO2 maximum and 74 % of the reached peak VO2, confirming a severe exer-
cise limitation.

Although his VO2 max is still over 10 ml/kg/min, all the other three bad progno-
sis criteria mentioned by Guazzi and coworkers [13] are found: a VE/VCO2 slope of 
46, exercise oscillatory ventilation, and PETCO2 non-increase.

The patient was considered to be in the gray zone for heart transplantation, and 
it was decided to enroll him into CR in order to find if it is possible to improve his 
condition with the exercise program, the drug therapy optimization, and the adop-
tion of a healthy lifestyle.

It was discussed to prescribe him a high-intensity interval training similar to the 
one of Wisloff and coworkers [29], alternating 4 min bouts of high-intensity exercise 
at 90–95 % of peak heart rate with 3 min active pauses at 50–75 % of peak HR or to 
a moderate continuous aerobic program starting at the HR met at VT1 (79 bpm) and 
moving to the HR found at VT2 (86 bpm) with the progression of the training effect.

Due to the superior results found with the U. Wisloff method and to the clinical 
situation of the patient, it was decided to submit him to this kind of training program 
(Figs. 1.6, 1.7, and 1.8).
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Fig. 1.6 VO2 uptake and VCO2 output (case #4)
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Case #5
Male, 53 years old, submitted to CPX in June 2007, after heart transplant 
performed in July 2006. No symptoms under tacrolimus, MMF, pravastatin, 
and amiodarone.

Despite being asymptomatic, he contacted the rehab center to increase his 
physical fitness, because he wished to compete in the World Games for trans-
planted people (Tables 1.11 and 1.12; Figs. 1.9, 1.10, 1.11 and 1.12).

Table 1.11 Admission CPX parameters (case #4)

Treadmill CPX under a modified Bruce protocol:
Stage HR SBP DBP Borg scale ST-T changes
Rest 107 130 90 6 No ST-T changes
I 108 130 90 8 No ST-T changes
II 114 155 80 10 No ST-T changes
III 127 155 80 12 No ST-T changes
IV 138 170 70 13 No ST-T changes
V 151 180 70 15 No ST-T changes
VI 158 180 70 17 No ST-T changes
Rec. 1′ 157 170 60 14 No ST-T changes
Rec. 3′ 150 150 70 10 No ST-T changes

Exercise duration: 17:34 min Stop exercise due to: exhaustion
Peak HR: 159 bpm = 96 % predicted maximal 
HR

HR decay: peak – recovery min 1: 
1 bpm

Chronotropism: typical of heart transplant
Peak BP: 180 mmHg/70 mmHg Double product = 28,620
Delta SBP = 50 mmHg
ST-T changes: no changes Arrhythmias: None

Table 1.12 CPX parameters (case #5)

Rest VT1 Peak V02 Pred
Time (min) 02:01 11:38 18:37
Ex Time (min) 00:00 09:35 16:34
Vt BTPS (L) 0.62 1.77 2.1
RR (br/min) 19 31 39
VE BTPS (L/min) 11.9 54.6 80.9 134
VO2 (mL/kg/min) 5.2 25.4 30.5 34.5
VO2 (mL/min) 351 1731 2131 2344
VCO2 (mL/min) 276 1699 2277 2836
RER 0.79 0.98 1.11
METS 1.5 7.3 9.0 9.9
HR (BPM) 102 129 156 167
VO2/HR (mL/beat) 3 13 14 14
VE/VO2 34 32 37 40
VE/VCO2 43 32 35 33
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Fig. 1.9 Comparison of rest and peak exercise ECG of case #5
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Fig. 1.10 VO2 uptake and VCO2 output (case #5)

Comments
This patient has a good exercise tolerance, confirmed by a near normal peak VO2 
(88 % of the predicted value), although he has an abnormal evolution of the HR 
during the exercise and recovery period. His HR curve is typical of a transplanted 
heart, with a high HR at rest and a slower and lower increase during effort than what 
is found in normal individuals.

In the transplanted heart, the linear relationship of VO2 and HR is lost. In this 
case exercise intensity can’t be prescribed by the usual Karvonen formula or the 
VO2 reserve, and it will be prescribed by the rate of perceived exertion (RPE).

Considering the grades of RPE described by the patient during the CPX exer-
cise period, the load which provoked a RPE of 12 must be selected for the training 
intensity at the beginning of the program and will be periodically increased till a 
RPE of 14.
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Glossary

BMS Bare metal stent
BP Blood pressure
bpm Beats per minute
CAD Coronary artery disease
CHF Congestive heart failure
CPX Cardiopulmonary exercise test
CR Cardiac rehabilitation
CRP Cardiac rehabilitation program
CVD Cardiovascular disease
ECG Electrocardiogram
ET Exercise test
HR Heart rate
HRR Heart rate reserve
LV Left ventricle
MET Metabolic unit
RPE Rate of perceived exertion
THR Training heart rate
VAT Ventilatory anaerobic threshold
VT1 First ventilatory threshold
VT2 Second ventilatory threshold

References

 1. Giannuzzi P, Mezzani A, Saner H, Björnstad H, Fioretti P, Mendes M, Cohen-Solal A, 
Dugmore L, Hambrecht R, Hellemans I, McGee H, Perk J, Vanhees L, Veress G, Working 
Group on Cardiac Rehabilitation and Exercise Physiology European Society of Cardiology. 
Physical activity for primary and secondary prevention. Position paper of the Working Group 
on Cardiac Rehabilitation and Exercise Physiology of the European Society of Cardiology. Eur 
J Cardiovasc Prev Rehabil. 2003;10:319–27.

 2. American Association for Cardiovascular and Pulmonary Rehabilitation. Guidelines for car-
diac rehabilitation and secondary prevention programs. 4th ed. Champaign: Human Kinetics 
Publishers; 2004.

 3. Corrà U, Giannuzzi P, Adamopoulos S, Bjornstad H, Bjarnason-Weherns B, Cohen-Solal A, 
Dugmore D, Fioretti P, Gaita D, Hambrecht R, Hellermans I, McGee H, Mendes M, Perk J, 
Saner H, Vanhees L; Working Group on Cardiac Rehabilitation and Exercise Physiology of the 
European Society of Cardiology. Executive summary of the position paper of the Working 
Group on Cardiac Rehabilitation and Exercise Physiology of the European Society of 
Cardiology (ESC): core components of cardiac rehabilitation in chronic heart failure. Eur 
J Cardiovasc Prev Rehabil 2005;12:321–325.

M. Mendes



27

 4. Balady GJ, Williams MA, Ades PA, Bittner V, Comoss P, Foody JM, Franklin B, Sanderson B, 
Southard D. Core components of cardiac rehabilitation/secondary prevention programs: 2007 
update: a scientific statement from the American Heart Association Exercise, Cardiac 
Rehabilitation, and Prevention Committee, the Council on Clinical Cardiology; the Councils 
on Cardiovascular Nursing, Epidemiology and Prevention, and Nutrition, Physical Activity, 
and Metabolism; and the American Association of Cardiovascular and Pulmonary 
Rehabilitation. Circulation. 2007;115:2675–82.

 5. Wenger NK. Current status of cardiac rehabilitation. J Am Coll Cardiol. 2008;51:1619–31.
 6. Mezzani A, Agostoni P, Cohen-Solal A, Corra U, Jegier A, Kouidi E, Mazic S, Meurin P, 

Piepoli M, Simon A, Laethem V, Christophe, Vanhees L. Standards for the use of cardiopul-
monary exercise testing for the functional evaluation of cardiac patients: a report from the 
Exercise Physiology Section of the European Association of Cardiovascular Prevention and 
Rehabilitation. Eur J Cardiovasc Prev Rehabil. 2009;16:249–67.

 7. Myers J, Arena R, Franklin B, Pina I, Kraus WE, McInnis K, Balady GJ, on behalf of the 
American Heart Association Committee on Exercise, Cardiac Rehabilitation and Prevention of 
the Council on Clinical Cardiology, the Council on Nutrition, Physical Activity and 
Metabolism, and the Council on Cardiovascular Nursing. Recommendations for Clinical 
Exercise Laboratories: A Scientific Statement from the American Heart Association. 
Circulation. 2009;119:3144–61.

 8. Prakash M, Myers J, Froelicher VF, Marcus R, Do D, Kalisetti D, Atwood JE. Clinical and 
exercise test predictors of all-cause mortality: results from > 6,000 consecutive referred male 
patients. Chest. 2001;120:1003–13.

 9. Myers J, Prakash M, Froelicher V, Do D, Partington S, Atwood JE. Exercise capacity and 
mortality among men referred for exercise testing. N Engl J Med. 2002;346:793–801.

 10. Ghayoumi A, Raxwal V, Cho S, Myers J, Chun S, Froelicher VF. Prognostic value of exercise 
tests in male veterans with chronic coronary artery disease. J Cardpulm Rehabil. 2002;22: 
399–407.

 11. Kokkinos P, Myers J, Kokkinos JP, Pittaras A, Narayan P, Manolis A, Karasik P, Greenberg M, 
Papademetriou V, Singh S. Exercise capacity and mortality in black and white men. Circulation. 
2008;117:614–22.

 12. Kodama S, Saito K, Tanaka S, Maki M, Yachi Y, Asumi M, Sugawara A, Totsuka K, Shimano 
H, Ohashi Y, Yamada N, Sone H. Cardiorespiratory fitness as a quantitative predictor of all- 
cause mortality and cardiovascular events in healthy men and women. A meta-analysis. JAMA. 
2009;301:2024–35.

 13. Guazzi M, Adams V, Conraads V, Halle M, Mezzani A, Vanhees L, Arena R, Fletcher GF, 
Forman DE, Kitzman DW, Lavie CJ, Myers J. EACPR/AHA Joint Scientific Statement. 
Clinical recommendations for cardiopulmonary exercise testing data assessment in specific 
patient populations. Eur Heart J. 2012;33:2917–27.

 14. Carvalho VO, Mezzani A. Aerobic exercise training intensity in patients with chronic heart 
failure: principles of assessment and prescription. Eur J Cardiovasc Prev Rehabil. 
2011;18:5–14.

 15. Mezzani A, Hamm LF, Jones AM, McBride PE, Moholdt T, Stone JA, Urhausen A, Williams 
MA, European Association for Cardiovascular Prevention and Rehabilitation; American 
Association of Cardiovascular and Pulmonary Rehabilitation; Canadian Association of 
Cardiac Rehabilitation. Aerobic exercise intensity assessment and prescription in cardiac reha-
bilitation: a joint position statement of the European Association for Cardiovascular Prevention 
and Rehabilitation, the American Association of Cardiovascular and Pulmonary Rehabilitation 
and the Canadian Association of Cardiac Rehabilitation. Eur J Prev Cardiol. 
2013;20:442–67.

 16. Fletcher GF, Balady GJ, Amsterdam EA, Chaitman B, Eckel R, Fleg J, Froelicher VF, Leon 
AS, Piña IL, Rodney R, Simons-Morton DA, Williams MA, Bazzarre T. Exercise standards for 
testing and training: a statement for healthcare professionals from the American Heart 
Association. Circulation. 2001;104:1694–740.

 17. Gibbons RJ, Balady GJ, Timothy BJ, Chaitman BR, Fletcher GF, Froelicher VF, Mark DB, 
McCallister BD, Mooss AN, O’Reilly MG, Winters WL, Gibbons RJ, Antman EM, Alpert 

1 General Principles of Exercise Testing in Cardiac Rehabilitation



28

JS, Faxon DP, Fuster V, Gregoratos G, Hiratzka LF, Jacobs AK, Russell RO, SC S. ACC/
AHA 2002 guideline update for exercise testing: summary article: a report of the American 
College of Cardiology/American Heart Association Task Force on practice guidelines 
(committee to update the 1997 exercise testing guidelines). J Am Coll Cardiol. 
2002;40:1531–40.

 18. Smokler PE, MacAlpin RN, Alvaro A, Kattus AA. Reproducibility of a multi-stage near maxi-
mal treadmill test for exercise tolerance in angina pectoris. Circulation. 1973;48:346–51.

 19. Kaminsky LA, Whaley MH. Evaluation of a new standardized ramp protocol: the BSU/Bruce 
Ramp protocol. J Cardpulm Rehabil. 1998;18:438–44.

 20. Davis JA, Whipp BJ, Lamarra N, Huntsman DJ, Frank MH, Wasserman K. Effect of ramp 
slope on determination of aerobic parameters form the ramp exercise test. Med Sci Sports 
Exerc. 1982;14:339–43.

 21. Balke B, Nagle F, Baptista G. Compatibiliy of progressive treadmill, bicycle and step test 
based on oxygen uptake responses. Med Sci Sports. 1971;3:149.

 22. Astrand PO, Rodahl K. Textbook of work physiology. 2nd ed. New York: McGraw Hill; 1977.
 23. Patterson JA, Naughton J, Pietras RJ, Gumar RN. Treadmill exercise in assessment of patients 

with cardiac disease. Am J Cardiol. 1972;30:757–62.
 24. Balke B, Ware R. An experimental study of physical fitness of air force personnel. U S Armed 

Forces Med J. 1959;10:675–88.
 25. Bruce RA. Exercise testing of patients with coronary heart disease. Ann Clin Res. 

1971;3:323–30.
 26. Kligfield P, MS L. Exercise electorcardiogram testing: beyond the ST segment. Circulation. 

2006;114:2070–82.
 27. Wisløff U, Støylen A, Loennechen JP, Bruvold M, Rognmo Ø, Haram PM, Tjønna AE, 

Helgerud J, Slørdahl SA, Lee SJ, Videm V, Bye A, Smith GL, Najjar SM, Ellingsen Ø, 
Skjaerpe T. Superior cardiovascular effect of aerobic interval training versus moderate con-
tinuous training in heart failure patients: a randomized study. Circulation. 2007;115: 
3086–94.

 28. Myers J, Walsh D, Sullivan M, Froelicher VF. Effect of sampling on variation and plateau in 
oxygen uptake. J Appl Physiol. 1990;68:404–10.

 29. Howley ET, Basset Jr DR, Welch HG. Criteria for maximal oxygen uptake: review and com-
mentary. Med Sci Sports Exerc. 1995;27:1292–301.

 30. Thompson PD, Buchner D, Piña IL, Balady GJ, Williams MA, Marcus BH, Berra K, Blair 
SN, Costa F, Franklin B, Fletcher GF, Gordon NF, Pate RR, Rodriguez BL, Yancey AK, 
Wenger NK. Exercise and physical activity in the prevention and treatment of atheroscle-
rotic cardiovascular disease: a statement from the Council on Clinical Cardiology 
(Subcommittee on Exercise, Rehabilitation, and Prevention) and the Council on Nutrition, 
Physical Activity, and Metabolism (Subcommittee on Physical Activity). Circulation. 
2003;107:3109–16.

 31. O’Connor CM, Whellan DJ, Lee KL, Keteyian SJ, Cooper LS, Ellis SJ, Leifer ES, Kraus WE, 
Kitzman DW, Blumenthal JA, Rendall DS, Miller NH, Fleg JL, Schulman KA, McKelvie RS, 
Zannad F, Piña IL, for the HF-ACTION Investigators. Efficacy and safety of exercise training 
in patients with chronic heart failure: HF-ACTION randomized controlled trial. JAMA. 
2009;301:1439–14.

 32. Myers J, Hadley D, Oswald U, Bruner K, Kottman W, Hsu L, Dubach P. Effects of exercise 
training on heart rate recovery in patients with chronic heart failure. Am Heart 
J. 2007;153:1056–63.

 33. Arena R, Myers J, Abella J, Peberdy MA, Bensimhon D, Chase P, Guazzi M. Development of 
a ventilatory classification system in patients with heart failure. Circulation. 2007;115: 
2410–7.

 34. Franklin BA, Whaley MH, Howley ET. General principles of exercise prescription. In: Franklin 
BA, Whaley MH, Howley ET, editors. ACSM’s guidelines for exercise testing and prescrip-
tion. Philadelphia: Lippincott Williams & Wilkins; 2000. p. 137–64.

M. Mendes



29

 35. Meyer T, Gabriel HHW, Kindermann W. Is determination of exercise intensities as percentages 
of VO2max or HRmax adequate? Med Sci Sports Exerc. 1999;31:1342–5.

 36. Jones AM, Carter H. The effects of endurance training on parameters of aerobic fitness. Sports 
Med. 2000;29:373–86.

1 General Principles of Exercise Testing in Cardiac Rehabilitation



31© Springer International Publishing AG 2017
J. Niebauer (ed.), Cardiac Rehabilitation Manual, 
DOI 10.1007/978-3-319-47738-1_2

H. Gohlke, FACC, FESC  
Department of Cardiology II, Herzzentrum Bad Krozingen, Neue Kirchstrasse 22, D-79282 
Ballrechten-Dottingen, Germany
Board member, Deutsche Herzstiftung,  e.V. Frankfurt, Germany
e-mail: h.gohlke@t-online.de

2General Principles of Nutrition Support 
in Cardiac Rehabilitation

Helmut Gohlke

This chapter will review epidemiologic studies, prospective observational cohort 
studies, and metabolic and clinical interventional studies that guide our recommen-
dation for the best possible nutrition in patients at risk for or with established car-
diovascular disease. This includes quantitative and qualitative aspects of nutrition as 
well as of drinks.

The type of nutrition is one of the important factors that contribute to the devel-
opment of cardiovascular disease. The way we eat is part of our lifestyle and poor 
dietary habits and physical inactivity together contribute to 15 % of the causes of 
death in the general population [99, 103, 153], whereas a low-risk diet with low-risk 
lifestyle habits has a protective effect [2, 168].

A diet with a low proportion of fruits and vegetables contributes to more than a 
quarter of the population attributable fraction of coronary artery disease and strokes 
[39]. Accordingly dietary recommendations are a key element in the management 
of patients with cardiovascular disease. More and more studies indicate that certain 
dietary patterns can influence cardiovascular health by modifying risk factors such 
as obesity, dyslipidemia, and hypertension as well as factors involved in systemic 
inflammation, insulin sensitivity, oxidative stress, endothelial function, thrombosis, 
and cardiac rhythm. A diet favorable for cardiovascular prevention can also reduce 
the risk of cancer substantially. Although the interventional database for dietary 
endpoint studies in primary as well as in secondary prevention is far from satisfac-
tory, it is highly plausible that the type of nutrition will maintain its importance after 
a cardiovascular event has occurred. This is supported by the large international 
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study performed in 41 countries, the “Organization to Assess Strategies in Acute 
Ischemic Syndromes 5” (OASIS 5) randomized clinical trial. Compliance after for-
mal dietary counseling in this group of patients with acute ischemic syndrome was 
associated with an odds ratio for myocardial infarction, stroke, or death of 0.85 
(95 % CI, 0.73–0.99; P = 0.03) although the details on the nature of the dietary 
advice or intensity of the program attended were not recorded. The compliance after 
exercise counseling resulted in a similar odds ratio. However patients who were 
adherent to both diet and exercise advice had an odds ratio of 0.52 (95 % CI, 0.38–
0.57; P < 0.0001) indicating that behavioral modification should be given priority 
similar to other preventive medications immediately after acute coronary syndrome 
and that dietary counseling is an important component of it and apparently has a 
greater effect than in the general population [16].

2.1  Overweight and Obesity as Risk Factors for Heart 
Disease

The relationship between body size and body weight is expressed in the body mass 
index (BMI), calculated as weight in kilograms divided by the square of height in 
meters. A BMI of 18.5–25 kg/m2 is regarded as normal weight, 25–29.9 kg/m2 is 
generally referred to as “overweight,” and a BMI of ≥ 30 kg/m2 as “obesity.” Only 
a third of the population in Europe or in the United States has a desirable BMI of 
less than 25 kg/m2 [42, 44, 167].

Overweight and obesity have increased globally, with only some regions experi-
encing stabilization of the average body mass index (BMI) [42, 132]. In 2010, ele-
vated BMI accounted for about 2.8 million deaths each year, and diet-related risk 
factors (e.g., low fruit consumption and high sodium intake) and physical inactivity 
accounted for 10 % of global disability-adjusted life years [89, 90]

There is a dichotomy of individual versus environmental drivers of obesity, and 
although people bear personal responsibility for their health, environmental factors 
can readily support or undermine the ability of people to act in their own self- 
interest [132]. Social networks play an important role, and the distribution of obe-
sity in the society resembles the spread of an infection [17].

To evaluate the importance of overweight and obesity for life expectancy, more 
than one million adults in the United States were analyzed in a prospective study, 
with more than 200,000 deaths occurring during 14 years of follow-up. The relation-
ship between BMI and the risk of death from all causes in four subgroups categorized 
according to smoking status and history of disease was examined. The most favor-
able BMI range in healthy male never-smokers with respect to prognosis was between 
23.5 and 24.9 kg/m2 and in females between 22.0 and 23.4 kg/m2 [13]. A collabora-
tive analysis of 57 prospective studies with 900,000 persons came to similar conclu-
sions of an apparent optimum of the BMI between 22.5 and 25 kg/m2 [167].

The database was used to assess the relative risk between BMI and mortality. To 
avoid confounding, Cox models were used for exact age at enrollment, level of 
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education and physical activity, alcohol use, marital status, current use of aspirin, a 
crude index of fat consumption, vegetable consumption, and (in women) the use of 
estrogen replacement therapy.

Among subjects with the highest BMI (>40 kg/m2), white men and women had a 
relative risk of death of 2.58 and 2.00, respectively, compared with those with a 
BMI of 23.5–24.9 kg/m2. A high BMI was most predictive of death from CVD, 
especially in men. Heavier white men and women in all age groups had an increased 
risk of death. In black men and women, however, with the highest BMI, the risk of 
death was not significantly increased. A 35-year-old Caucasian man with a BMI of 
over 35 kg/m2 has a loss of life expectancy of 10 years [44, 124]. Weight gain during 
adulthood is also a strong and independent risk factor for premature cardiovascular 
death [13]. There was also a significant increase in the risk of cancer with obesity in 
general and at multiple individual sites [14].

Obesity with a BMI of more than 30.0 kg/m2 favors the early development of 
atherosclerosis, type 2 diabetes, hypertension, coronary artery disease, acute coro-
nary syndromes, left atrial fibrosis with atrial fibrillation, and heart failure and 
shortens life expectancy [7, 95].

Reports on a so-called obesity paradox [87] that showed a lower mortality of 
overweight persons versus “normal weight” persons are largely due to the fact that 
the definition of “normal” weight extends at the lower end to a BMI of 18.5 kg/m2. 
The mortality below a BMI of 21 kg/m2 increases rather steeply. Because BMI is in 
itself a strong predictor of overall mortality both above and below the apparent opti-
mum of about 22.5–25 kg/m2 [167], it is debatable whether a lower limit of “normal 
weight” of 18.5 kg/m2 or rather a lower limit of 21 kg/m2 would be more 
appropriate.

A long-term goal-directed weight management in an atrial fibrillation (AF) 
cohort showed in a long-term follow-up study that sustained weight loss was associ-
ated with a significant reduction of AF burden and maintenance of sinus rhythm. 
Weight loss of >10 % resulted in a significant sixfold greater probability of 
arrhythmia- free survival compared with two other groups who achieved less or no 
significant weight loss. Weight fluctuation >5 % partially offset this benefit, with an 
increased risk of arrhythmia recurrence [123].

Long-standing obesity alters also myocardial structure and conduction properties not 
only in the left atrium but also in areas near the scar after myocardial infarction [128].

In patients with established coronary disease, obesity was associated with major 
adverse cardiovascular events (MACE) after adjusting for significant confounders 
in men but not in women. Further categorization of BMI showed a J-shaped associa-
tion between BMI and MACE in men, and no association in women [13].

In a study examining obesity and age at a first non-ST-segment elevation myo-
cardial infarction (NSTEMI) in more than 110,000 patients, there was a strong, 
inverse linear relationship between BMI and earlier age of first NSTEMI [94]. The 
mean patient ages (±SD) of first NSTEMI were 74.6 ± 14.3 years for the leanest 
(BMI < 18.5 kg/m2) and 58.7 ± 12.5 years for the most obese (BMI > 40.0 kg/m2) 
cohorts, respectively (p < 0.0001). In several studies, obese patients with acute 
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coronary syndrome had a more favorable course after an event; however the event 
had occurred 7 years earlier compared to nonobese individuals [12]; in a patient 
group after STEMI, no significant advantage was seen for the obese, but again the 
event occurred at a 5-year younger age [3].

The progressive excess mortality above the BMI range of 22.5–25 kg/m2 is 
mainly due to vascular disease and is probably largely causal. At 30–35 kg/m2, 
median survival is reduced by 2–4 years; at 40–45 kg/m2, it is reduced by 
8–10 years. Body mass index at ages 30–49 years predicted mortality after ages 
50–69 years [124].

The increased risk for CHD through excess body weight may be mediated in 
most population-based studies partly through its impact on individual risk factors 
such as hypertension, diabetes, and dyslipidemia [167]. Obesity however also 
results in reduced nitric oxide bioavailability, increased vascular tone, arterial stiff-
ening, increased systolic and pulse pressures, and an overall atherogenic vascular 
phenotype.

Additional independent mechanisms may include chronic oxidative stress, local 
activation of the renin–angiotensin system, and a low-grade inflammatory state; the 
latter two may have their origin in the abdominal visceral fatty tissue [53].

2.1.1  Abdominal Obesity

An increased waist circumference has been recognized as an additional – possibly 
independent – risk factor for myocardial infarction and may be present despite a 
normal BMI.

In the European Prospective Investigation into Cancer and Nutrition (EPIC) 
study [129], waist circumference was measured either at the narrowest circumfer-
ence of the torso or at the midpoint between the lower ribs and the iliac crest [160]. 
Hip circumference was measured horizontally at the level of the largest lateral 
extension of the hips or over the buttocks.

The association of body mass index (BMI), waist circumference, and waist-to- 
hip ratio with the risk of death was examined among more than 350,000 European 
subjects who had no major chronic diseases. General as well as abdominal adiposity 
were associated with the risk of death. The data support the use of waist circumfer-
ence or waist-to-hip ratio in addition to BMI for assessment of the risk of death, 
particularly among persons with a lower BMI [129].

The risk for metabolic diseases is increased with a waist circumference of greater 
than 80 cm in women and 94 cm in men. Persons with abdominal obesity (the 
android pattern) are in a proinflammatory, prodiabetic, and prothrombogenic state. 
Visceral fatty tissue has been recognized as an active endocrine organ playing a 
central role in lipid and glucose metabolism. It produces a large number of hor-
mones and cytokines involved in the development of metabolic syndrome, diabetes 
mellitus, and vascular diseases [53], whereas weight reduction and increasing phys-
ical activity improve the adipose tissue function.
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2.1.2  Caloric Restriction

Increasing evidence from laboratory animals indicates that caloric restriction pro-
foundly affects the physiological and pathophysiological alterations associated with 
aging and markedly increases life span in several species, including mammals. 
Although the ability of caloric restriction to prolong the life span in humans has not 
been demonstrated conclusively, it now seems plausible that caloric restriction may 
attenuate visceral fat accumulation and counteract the deleterious aspects of obe-
sity. The cardioprotective effects of short-term caloric restriction are probably 
mediated by increased production of adiponectin and the associated activation of 
AMP-activated protein kinase [145].

Caloric restriction has also cardiac-specific effects that ameliorate aging- 
associated changes in diastolic cardiac function. These beneficial effects on cardiac 
function might be mediated by the effect of caloric restriction on blood pressure, 
systemic inflammation, and myocardial fibrosis.

Prolonged caloric restriction in obese type 2 diabetes patients decreases BMI and 
improves glucoregulation associated with decreased myocardial triglyceride con-
tent and improved diastolic heart function [54].

2.1.3  Weight Reduction

If weight reduction is intended, the daily caloric intake should be reduced by 500–
800 Kcal, and physical activity should be increased [123]. Mediterranean and low- 
carbohydrate diets are effective alternatives to low-fat diets [141]. In a recent trial in 
moderately obese subjects, the low-carbohydrate diet had more favorable effects on 
lipids, and the Mediterranean diet leads to a better glycemic control which suggests 
that personal preferences and metabolic considerations allow individualized tailor-
ing of dietary interventions. The mean weight loss over 2 years was between 3.3 and 
5.5 kg with a plateau reached after 1 year suggesting that the lifestyle modification 
was difficult to maintain or intensify [136].

Diet-induced weight reduction over 2 years may reverse to some degree the 
atherosclerotic process; weight reduction was associated with a significant 
regression of measurable carotid vascular wall volume in a three-dimensional 
echo study. The effect was similar in low-fat, Mediterranean, or low-carbohy-
drate strategies and correlated with the weight loss-induced decline in blood 
pressure [142].

In an observational dietary study, increases in the consumption of potato 
chips, potatoes, sugar-sweetened beverages, unprocessed red meats, and pro-
cessed meats were factors associated with weight gains. Associations with weight 
loss were seen for increased consumption of vegetables, whole grains, fruits, 
nuts, and yogurt. For each of these dietary factors, the weight change with 
increased consumption was the inverse of that with decreased consumption. 
Thus, less weight gain occurred with decreased consumption of potato chips, 
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processed meats, sugar-sweetened beverages, potatoes, or trans fat, and more 
weight gain occurred with decreased consumption of vegetables, whole grains, 
fruits, nuts, or yogurt [108].

In an overweight cohort of patients with atrial fibrillation, a structured motiva-
tional and goal-directed program was able to achieve a more than 10 % weight 
reduction in more than a third of the participants. The program included dietary 
advice and a low to moderate exercise program using face-to-face counseling and 
repeated follow-up counseling depending on the progress of weight reduction. The 
program also achieved a reduction of the atrial fibrillation burden [123].

How the dietary modification and caloric restriction can be implemented in 
individual overweight or obese patients remains an unresolved problem, the dis-
cussion of which exceeds the scope of this chapter. A recent trial compared five 
ways of providing support for lifestyle modification. High-frequency telephone 
contact with a dietitian led to the same weight loss as a frequent personal contact 
and more weight loss than with low-frequency contact or e-mail contact or no 
contact at all [29].

The findings illustrate that a frequent contact is necessary to keep up the motiva-
tion for healthy lifestyle changes in patients trying to lose weight.

A comparison of weight loss diets with different compositions of fat, protein, 
and carbohydrates showed that the average weight loss over 2 years was similar 
(about 4 kg) in the low-fat average-protein group, in low-fat high-protein group, in 
high-fat average-protein group, and in the high-fat high-protein group and was alto-
gether somewhat disappointing. Thus the composition of the diet was of less impor-
tance than the attendance of the participants in the weight counseling sessions. 
Behavioral factors and motivation for change appear to be of greater importance for 
weight loss than macronutrient composition of the diet [136].

It has been suggested that an individual approach to the societal problem of obe-
sity is bound to fail, because obesity is favored by societal conditions [72, 133].

Network phenomena appear to be relevant to the biological and behavioral trait 
of obesity, and obesity appears to spread through social ties. The distribution of 
overweight in the community bears similarities to the spread of an infectious dis-
ease reflecting these social ties. These findings have implications for clinical and 
public health intervention [17].

The increasing prevalence of overweight in our communities is a threat particu-
larly to the health of the children in our society. Communities have to get engaged 
to achieve a beneficial impact [83], and early results of such endeavors appear 
promising [129, 133].

A general lack of exercise is certainly one important component of this prob-
lem. The average American man is spending in his free time 3.05 h in front of the 
TV set and the average woman 2.61 h, i.e., [11]. Television viewing and low par-
ticipation in vigorous recreation are independently associated with obesity and 
markers of cardiovascular disease risk [65], cardiovascular events, and all-cause 
mortality [150].
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2.2  Individual Components of the Diet

Several individual components of the diet are of particular metabolic importance, 
although for the patient a dietary pattern (see below Sect. 2.3) rather than picking 
individual components should guide the eating habits.

2.2.1  Cardiovascular Risk Associated with Intake of Total Fats, 
Saturated and Unsaturated Fats

The consumption of fat as a risk-modifying factor has been debated since the early 
results of the Seven Countries Study. Probably the largest and most detailed analy-
ses of the effects of fat consumption were performed in the Nurses’ Health Study 
and the Health Professionals Follow-Up Study; in 2005 in an observational study of 
14 years among more than 80,000 women in the Nurses’ Health Study cohort [119], 
higher intakes of trans fat and, to a smaller extent, saturated fat were associated with 
increased risk, whereas higher intakes of non-hydrogenated polyunsaturated fatty 
acids (PUFAs) and monounsaturated fatty acids (MUFAs) and olive oil were associ-
ated with decreased risk. Probably because of opposing effects of different types of 
fat, total fat as percentage of energy was not appreciably associated with CHD risk 
[118]. Ten years later in a follow-up of the observational study of 83,349 women 
(Nurses’ Health Study, 1980–2012), and of 42,884 men (Health Professionals 
Follow-Up Study, 1986–2012), an update on the ingestion of saturated and unsatu-
rated fats and the use of whole grain and refined carbohydrates on CV risk were 
reported [166]. Replacing 5 % of energy intake from saturated fats with equivalent 
energy intake from PUFA and MUFA was associated with a 27 % (HR, 0.73; 95 % 
CI, 0.70–0.77) and 13 % (HR, 0.87; 95 % CI, 0.82–0.93) lower risk respectively 
p < 0.001; intake of ω-6 PUFA, especially linoleic acid, was inversely associated 
with mortality owing to most major causes, whereas marine ω-3 PUFA intake was 
associated with a modestly lower total mortality (HR comparing extreme quintiles, 
0.96; 95 % CI, 0.93–1.00; P  =  .002 for trend). In an earlier study in this population 
[89], replacement with carbohydrates from whole grains was associated with a 9 % 
lower risk of CHD (HR, 0.91; 95 % CI, 0.85–0.98; p = 0.01), whereas replacing 
saturated fats with carbohydrates from refined starches/added sugars was not sig-
nificantly associated with CHD risk reduction (p > 0.10). Fat and carbohydrate con-
sumption has therefore to be looked at in a more differentiated manner.

From the preventive aspect, saturated fatty acids and trans-fatty acids should be 
reduced and replaced by PUFAs, MUFAs, or carbohydrates from whole grains.

Trans-fatty acids are of greater importance in the United States and are associ-
ated with a markedly increased risk for CHD [155].

In the Nurses’ Health Study, the quartile of women with the highest erythrocyte 
trans fat content – as a validated indicator of trans fat consumption – had a relative 
risk of 3.3 for CHD after adjustment for the usual risk factors [119]. As compared 
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with the consumption of an equivalent amount of calories from saturated or cis- 
unsaturated fats, the consumption of trans-fatty acids raises levels of low-density 
lipoprotein (LDL) cholesterol, reduces levels of high-density lipoprotein (HDL) 
cholesterol, and increases the ratio of total cholesterol to HDL cholesterol, a power-
ful predictor of the risk of CHD. Trans fats also increase the blood levels of triglyc-
erides as compared with the intake of other fats, increase levels of Lp(a) lipoprotein, 
and reduce the particle size of LDL cholesterol, all of which are considered unfavor-
able for the CHD risk [105].

Industrial trans-fatty acids are considered as so important in the United States 
that the FDA has required that nutrition labels for all conventional foods and supple-
ments must indicate the content of trans-fatty acids, and their use was prohibited in 
the state of New York in 2007 [120]. Also in Denmark the content of trans fats in 
foods has to be below 2 %.

The consumption of saturated fatty acids decreases the anti-inflammatory activ-
ity of HDL and inhibits endothelial function, whereas the consumption of polyun-
saturated fatty acids improves the anti-inflammatory activity of HDL and endothelial 
function [116].

In the observational LURIC study of patients undergoing coronary angiography 
in Germany, the level of the naturally occurring trans-fatty acid (TFA C16:1n-7t) in 
dairy products was associated with reduced risk, whereas no increased risk was 
found for the low levels of industrially produced trans-fatty acids observed in this 
patient group [76]. Dairy products are listed on the protective side in a review on 
components of a cardioprotective diet [107]; this would support the idea that the 
differentiation between naturally occurring and industrially produced trans-fatty 
acids is of importance.

A breakfast rich in saturated fats increases the cardiovascular reaction in response 
to psychological stress in healthy young adults, whereas the addition of walnuts to 
a fat-rich meal improves acutely the flow-dependent endothelial dilatation [66].

The predominant consumption of a Western diet characterized by frequent use of 
red and processed meat, fried foods, soft drinks, and refined cereal products and a low 
consumption of fruits, vegetables, fish, and whole grain products is associated with an 
increased rate of the metabolic syndrome, whereas dairy consumption provides some 
protection. Also the consumption of a Mediterranean diet enriched with 30 g mixed 
nuts per day has beneficial effects on several cardiovascular risk factors [37] and 
decreased the prevalence of a metabolic syndrome compared with a low-fat control 
diet [139]; in addition this diet reduced the risk for cardiovascular events [38].

2.2.1.1  Cholesterol and Eggs
Elevated serum LDL cholesterol levels are an established risk factor for cardiovas-
cular disease, and lowering of serum LDL cholesterol levels decreases the risk of 
cardiovascular disease in persons at increased risk [15]. However the assessment 
whether consumption of food items with high cholesterol content has a significant 
impact on serum cholesterol levels has undergone major changes during recent 
years. The American Heart Association (AHA) recommended in 1961 that people 
reduce cholesterol consumption, and eventually the AHA suggested a limit of 
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300 mg of cholesterol consumption per day because it was assumed that the total 
amount of cholesterol ingested would increase the serum cholesterol levels [50]. 
Egg consumption is one of the main sources of dietary cholesterol. The yolk of a 
single egg contains about 200 mg of cholesterol. Accordingly the recommendation 
of the AHA was for decades that the consumption of eggs should be limited to ≤2 
egg yolks per week [50].

In the Nurses’ Health Study and in the Health Professionals Follow-Up Study, 
daily consumption of >1 egg per day was however associated only in diabetic per-
sons with a 100 % increase of the coronary heart disease incidence in men and a 
50 % increase of coronary heart disease incidence in women compared to those who 
ate less than 1 egg per week [62]. In the Physicians’ Health Study I, egg consump-
tion of ≥1 per day was associated with an increased risk of heart failure among US 
male physicians [33].

On the basis of two meta-analyses [18, 60], an increase of daily dietary choles-
terol intake by 100 mg would increase plasma total cholesterol by 2.2–2.5 mg/dl, 
LDL cholesterol by 1.9 mg/dl, and HDL cholesterol by 0.4 mg/dl. In addition, some 
cholesterol feeding studies observed that dietary cholesterol intake had little effect 
on the change in the ratio of LDL to HDL cholesterol. Furthermore the association 
between dietary cholesterol intake and risk of CVD remains unclear.

A more recent meta-analysis for the risk of CVD with respect to egg consumption 
based on 345,000 male and female individuals with a wide age range (20–90 years) and 
an average of 11.3 years of follow-up came to the conclusion that those who ate 1 egg 
per day or more compared with those who ate less than one egg per week were 42 % 
more likely to develop type 2 diabetes mellitus. Among diabetic patients, frequent egg 
consumers were 69 % more likely to suffer a CVD comorbidity [144]. There appears 
to be heterogeneity of risk in different regions of the world [34, 164]. When stratified 
by geographic area, there was a 39 % higher risk of diabetes (95 % CI, 21 %, 60 %) 
comparing the highest with the lowest egg consumption in US studies and no elevated 
risk of DM with egg intake in non-US studies from Europe and Japan (P < 0.001 when 
comparing US with non-US studies). The explanation for this heterogeneity is not 
obvious, but frequent consumption of eggs with processed meats and/or bacon that has 
been shown to be associated with a higher risk of diabetes could provide an alternative 
explanation for observed elevated risk of DM with >3 eggs/week in the United States 
[34]. In a smaller cross- sectional study of more than 1200 consecutive patients in 
Canada (mean age 61.5 years, 47 % women, 13 % with diabetes) who were referred to 
vascular prevention clinics, patients who ate <2 eggs/week had significantly less carotid 
plaque than those who ate three or more eggs per week [148].

Considering the above-cited meta-analysis of observational studies or cross- 
sectional studies, the 2014 AHA/ACC guideline on lifestyle management [36] 
concluded (correctly) that there is insufficient evidence to determine whether 
lowering dietary cholesterol consumption reduces LDL cholesterol in the blood 
and influences prognosis – a major change of the position the AHA had held for 
the last 50 years; the US Department of Health and Human Services stated in the 
Scientific Report of the 2015 Dietary Guidelines – consistent with the conclu-
sions of the AHA/ACC report [36] – that “cholesterol is not a nutrient of concern 
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for overconsumption” [161]. The lack of evidence from randomized controlled 
interventional trials [55] for the recommendations in the previous dietary fat 
guidelines introduced in 1977 and 1983, by the US and UK governments, respec-
tively, was probably the reason for giving up this recommendation and possibly 
opening the way for new studies. (Of course it is worth to remember that the 
absence of proof is not the proof of absence). The AHA guidelines emphasize 
instead to reduce the consumption of saturated fats and of trans fats in the diet 
which is more effective in lowering of cholesterol levels compared to lowering 
cholesterol intake [36].

What conclusions can be drawn from these conflicting data and statements 
for patients with coronary disease? Diabetics are considered to be at a high risk 
for cardiovascular events [63, 122, 127, 140], and from the meta-analysis of 
observational studies, we can assume that diabetics with higher egg consump-
tion are at a higher risk for CVD than diabetics who consume less eggs [144] at 
least in the United States [34]; therefore in the absence of randomized interven-
tional studies, it appears reasonable that diabetics should limit their egg con-
sumption. Patients with established cardiovascular disease are considered as 
very high risk for future cardiovascular events – higher than diabetics without 
cardiovascular disease. Therefore it appears – again despite the absence of ran-
domized studies – in view of the recent large meta-analysis with long follow-up 
of observational studies [144] also reasonable that patients with cardiovascular 
disease should, like diabetic patients, limit the consumption of eggs and choles-
terol in their diet. But the observational database with respect to egg consump-
tion is heterogeneous and leaves room for individual decisions in Europe as well 
as in the United States.

2.2.1.2  Rapeseed Oil and Olive Oil
Rapeseed oil (canola oil) has been used in the Lyon Diet Heart Study which resulted 
in a reduction of cardiovascular events in patients after myocardial infarction [26].

Olive oil has been associated with longevity and good cardiovascular health 
since the Seven Countries Study and is an essential part of the Mediterranean diet. 
Olive oil also contains aside from monounsaturated oleic acid micronutrients like 
phenolic components, which have antioxidative, anti-inflammatory, and antithrom-
botic properties. The long-term consumption of olive oil improves endothelial func-
tion in persons with hypercholesterolemia, decreases oxidability of LDL cholesterol 
in vitro, and increases the antioxidative capacity of human plasma [37]. The latter 
can be shown after only short-term intake of olive oil; the higher the polyphenol 
content of the olive oil, the stronger the increase in HDL, the decrease of the total 
cholesterol/HDL cholesterol ratio, and the decrease of the oxidative stress indica-
tors [22]. The ratio of monounsaturated to saturated fatty acids in the diet is of 
prognostic importance. The German, the European, and the US American cardiac 
societies consider olive oil as a favorable component of the diet. The PREDIMED 
study showed in a randomized trial that among persons at high cardiovascular risk, 
a Mediterranean diet supplemented with extra-virgin olive oil or nuts reduced the 
incidence of major cardiovascular events [38].
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2.2.1.3  Omega-6 [n-6] Fatty Acids
Dietary recommendations for omega-6 polyunsaturated fatty acids (PUFAs) tradi-
tionally focused on the prevention of essential fatty acid deficiency [56]. Linoleic 
acid is the predominant n-6 PUFA in the Western diet and primarily from vegetable 
oils (e.g., sunflower, safflower, soya, rapeseed, and corn) and nuts. Temporarily n-6 
PUFAs were also seen as competitors for n-3 PUFAs whose benefit in reducing CV 
disease appeared well established. In a review of prospective observational studies 
on the effects of dietary linoleic acid on the risk of coronary heart disease, a 5 % 
increment of energy in linoleic acid intake replacing energy from saturated fat 
intake was associated with a significant 9 % lower risk of CHD events and a 13 % 
lower risk of CHD deaths [40].

Dietary linoleic acid intake was inversely associated with CHD risk in a dose–
response manner. These data provide support for the recommendations to replace 
saturated fat with polyunsaturated fat for primary prevention of CHD [40].

2.2.1.4  Omega-3 [n-3] Fatty Acids
Large long-term observational studies in women in the Nurses’ Health Study [119] 
and in men in the Physicians’ Health Study and the Zutphen Study [154], in ran-
domized clinical trials after myocardial infarction [51], and experimental studies 
have evaluated the effects of fish and n-3 fatty acid consumption on fatal CHD and 
sudden cardiac death (SCD).

These different studies provide strong concordant evidence that modest con-
sumption of fish or fish oil significantly reduces risk of coronary death and total 
mortality and may favorably affect other clinical outcomes. Intake of 250 mg/
day of EPA and DHA appears sufficient for primary prevention with little addi-
tional benefit with higher intakes. An omega-3 index has been proposed which 
describes the percentage of EPA + DHA of total fatty acids measured in red 
blood cells. An omega-3 index of >8 % is associated with 90 % less risk for 
sudden cardiac death, as compared to an omega-3 index of <4 %; the index 
could be used as a benchmark for supplementation of omega-3 fatty acids [79, 
165]. However interventional studies are necessary to confirm this percentage as 
a treatment goal.

The concordance of findings from different studies also suggests that effects of 
fish or fish oil on CHD death and SCD do not vary depending on presence or absence 
of established CHD. The evidence appears strong and consistent, and the magnitude 
of this effect is considerable. Because more than one-half of all CHD deaths and 
two-thirds of SCD occur among individuals without recognized heart disease, mod-
est consumption of fish or fish oil, together with smoking cessation and regular 
moderate physical activity, should be among the first-line lifestyle modifications for 
prevention of CHD death and SCD. A review of the potential benefits of omega-3 
fatty acids was given in 2009 [86].

In the Health Professionals Follow-Up Study, the associations between different 
patterns of intake of seafood and plant PUFAs and incident CHD among 45,722 
men were investigated over the course of 14 years [104]. N-3 PUFAs from both 
seafood and plant sources may reduce CHD risk, with little apparent influence from 
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background n-6 PUFA intake. The alpha-linolenic acid content – an n-3 fatty acid – 
in selected plant oils, nuts, and seeds is shown in Table 2.1 [81].

Plant-based n-3 PUFAs may particularly reduce CHD risk when seafood-based 
n-3 PUFA intake is low, which has implications for populations with low consump-
tion or availability of fatty fish [104]. However even in persons (without cardiovas-
cular disease or malignancies) consuming adequate marine n-3 PUFAs, plant-based 
dietary n-3-PUFA alpha-linolenic acid (supplied mainly by walnuts and olive oil) 
was associated with an additional protective effect on all-cause mortality as could 
be shown in the PREDIMED study [138].

The mechanisms underlying the protective effects of omega-3 fatty acids are 
poorly understood. Telomere length is an emerging marker of biological age. 
Telomeres are tandem repeat DNA sequences (TTAGGG) that form a protective cap 
at the ends of eukaryotic chromosomes. Among patients with coronary artery disease, 
there was an inverse relationship between baseline blood levels of marine omega-3 
fatty acids and the rate of telomere shortening over 5 years, suggesting that this could 
be one mechanism by which n-3 PUFAs might have a protective effect [41].

More recent studies however failed to demonstrate a benefit from use of omega-3 
fatty acids in patients with multiple risk factors in a large general practice cohort 
who were treated according to the standard of care [131] or in patients early after 
acute myocardial infarction [130] who were treated according to current guidelines. 
The event rates in the control groups were lower than expected, and it is conceivable 
that the modern cardiovascular therapy (in patients recognized to be at increased 
risk) delivers already the effects formerly achieved by omega-3 fatty acids.

2.2.2  Fruits and Vegetables

The role of fruits and vegetables for the prevention of ischemic events has been 
examined in the Nurses’ Health Study and the Health Professionals Follow-Up 
Study. 84,251 women 34–59 years of age who were followed for 14 years in the 
Nurses’ Health Study and 42,148 men 40–75 years who were followed for 8 years 
in the Health Professionals Follow-Up Study were free of diagnosed cardiovascular 
disease, cancer, and diabetes at baseline. Participants in both studies completed 

Table 2.1 Alpha-linolenic 
acid content in selected plant 
oils, nuts, and seeds

A-LA-content; g/tablespoon
Flaxseed oil 8.5
Flaxseed 2.2
Walnut oil 1.4
Canola oil 1.3
Soja oil 0.9
Walnuts 0.7
Olive oil 0.1

Adapted from Ref. [81]
Estimated daily requirements 1.3–2.7 g
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mailed questionnaires about medical history, health behaviors, and occurrence of 
cardiovascular and other outcomes every 2 years.

After adjustment for standard cardiovascular risk factors, persons in the highest 
quintile of fruit and vegetable intake had a 31 % lower risk for ischemic stroke [70] 
and a 20 % lower relative risk for coronary heart disease [71] compared with those 
in the lowest quintile of intake. Green leafy vegetables and vitamin C-rich fruits and 
vegetables contributed most to the apparent protective effect of total fruit and veg-
etable intake. The optimal effect was reached with 5 servings per day, which is the 
current recommendation.

In the European Prospective Investigation into Cancer and Nutrition, a one por-
tion (80 g) increment in fruit and vegetable intake was associated with a 4 % lower 
risk of fatal ischemic heart disease or ischemic stroke [23].

The results of the Cardiovascular Risk in Young Finns Study suggest that high 
consumption of fruits and vegetables during childhood and early adulthood is 
related to less arterial stiffness after 27 years of follow-up in young adulthood [1]. 
In the longitudinal CARDIA cohort study, higher intake of fruits and vegetable dur-
ing young adulthood was associated with lower odds of prevalent coronary artery 
calcium after 20 years of follow-up [101].

A multicenter study from Europe [117] extends these findings to a diabetic popu-
lation, where intake of vegetables, legumes, and fruits was associated with reduced 
risks of all-cause and CVD mortality. The findings support the current state of evi-
dence from general population studies suggesting that the protective potential of 
vegetable and fruit intake is also seen in diabetic patients.

The results of these different studies reinforce the importance of establishing a 
high intake of fruits and vegetables as part of a healthy dietary pattern beginning 
early in life and continuing this pattern throughout late adulthood.

2.2.3  Whole grain Products

Although whole grain products are metabolically favorable, their prognostic impli-
cations have not been adequately examined. Whole grain products decrease total 
cholesterol and LDL cholesterol by about 18 %, decrease postprandial glucose lev-
els, decrease the risk for type 2 diabetes mellitus, and improve insulin sensitivity in 
overweight and obese adults. Their influence on bodyweight however remains unre-
solved. There are no prospective studies evaluating the effect of whole grain prod-
ucts or diets on coronary death or on the occurrence of coronary artery disease. A 
retrospective analysis of ten US American and European studies found consump-
tion of dietary fiber from cereals and fruits inversely associated with risk of coro-
nary heart disease: for each 10 g cereal or fruit fiber intake, risk reductions of 10 and 
16 % respectively for all coronary events were observed and 25 and 30 % risk 
reductions respectively for deaths; there were however no risk reductions for vege-
table fiber intake. The results were similar for men and women [125].

Whole grain products for breakfast were associated with a lower occurrence of 
heart failure, as an observational sub-study on 21,000 physicians for more than 20 
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years of follow-up from the British Physician’s Health Study suggested. It remains 
however unclear at present whether this benefit was achieved by prevention of 
hypertension and/or myocardial infarction [32]. In female type 2 diabetics, bran 
appears to be of prognostic benefit as shown in the Nurses’ Health Study [57]. As 
mentioned above in the Nurses’ Health Study and the Health Professionals 
Follow-Up Study replacement of 5 % of the total caloric content of saturated fats by 
a caloric equivalent of whole grain was associated with a 9 % reduction of the car-
diovascular risk [89]. A recent meta-analysis of the association between whole 
grain intake and coronary heart disease risk indicated that whole grain intake has a 
protective effect against coronary heart disease in Europe as well as in the United 
States [156]. A more quantitative recent meta-analysis [169] based on 14 studies 
which included 786,076 participants, 97,867 total deaths, 23,957 CVD deaths, and 
37,492 cancer deaths concluded that for each 16 g/day daily consumption increase 
in whole grain (≈1 serving per day), relative risks of total mortality was 0.93 (95 % 
CI, 0.92–0.94; P < 0.001), the cardiovascular mortality was 0.91 (95 % CI, 0.90–
0.93; P < 0.001), and the cancer mortality was 0.95 (95 % CI, 0.94–0.96; P < 0.001).

2.2.4  Meat

Lower consumption of red meats is part of the overall dietary recommendation for 
a Mediterranean-type diet, which is supported by the European Society of Cardiology 
[126] and also by the American Heart Association [109, 110]. Several constituents 
of red meats could potentially increase cardiometabolic risk, including saturated 
fatty acids, cholesterol, and heme iron; in processed meats, high levels of salt and 
other preservatives [107] are associated with higher incidence of CHD and diabetes 
mellitus [100]. Although not strictly related to cardiovascular disease but also of 
health concern for the CV patient is the recent statement of the International Agency 
for Research on Cancer that consumption of processed meats is “carcinogenic to 
humans” (Group 1) on the basis of sufficient evidence for colorectal cancer. 
Additionally, a positive association with the consumption of processed meat was 
found for stomach cancer. The Working Group classified consumption of red meat 
as “probably carcinogenic to humans” (Group 2A) [9]. Thus lower consumption of 
red meat, particularly of processed meat, should have a twofold favorable effect on 
health.

2.2.5  Snacks and Sweets

The diet of the coronary patient is characterized by quite a few restrictions and some 
degree of fat and cholesterol reduction. Therefore the addition of snacks to the diet 
is often more than welcome, particularly if these snacks have a beneficial effect on 
the course of the disease or at least modify risk factors in a favorable way or improve 
endothelial function.
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2.2.5.1  Nuts and Almonds
Tree nuts, peanuts, and almonds have been thoroughly analyzed with respect to their 
effect on prognosis and lipid profile of persons with hypercholesterolemia.

Observations from the Adventist Health Study have shown that frequent con-
sumption of nuts is associated with a substantial, independent reduction in the risk 
of myocardial infarction and death from ischemic heart disease [46]. In a small 
study on young healthy, normal-weight, nonsmoking males, replacement of 20 % 
of daily calories with walnuts decreased LDL cholesterol levels by 16.3 % and 
HDL cholesterol by 5 %, resulting in overall favorable changes of the lipid profile 
[135]. In two large, independent cohorts of nurses, in the Nurses’ Health Study and 
of male health professionals in the Health Professionals Follow-Up Study, the fre-
quency of nut consumption was inversely associated with total and cause-specific 
mortality, independently of other predictors of death [6]. This inverse association 
between nut consumption and CHD risk has also been found in the prospective 
Physicians’ Health Study primarily due to a reduction in the risk of sudden cardiac 
death [4].

The average nut consumption in the Adventists’ and the Nurses’ Health Study 
was about 20 g/day – a handful. In a randomized nutritional study, larger but still 
moderate quantities of walnuts (84 g/day) within a cholesterol-lowering diet favor-
ably modified the lipoprotein profile in normal men and decreased serum levels of 
LDL cholesterol by 16 % if the intake of total dietary fat and calories was main-
tained. The ratio of LDL cholesterol to HDL cholesterol was also lowered by the 
walnut diet and endothelial function was improved [134].

The beneficial effect of nuts on prognosis is plausible. Nuts are rich in monoun-
saturated and polyunsaturated fatty acids, which makes them a palatable choice of 
healthy fats. Monounsaturated fats may contribute to decreased CHD risk by ame-
lioration of lipid profile, by reducing postprandial triglyceride concentrations, and 
by decreasing soluble inflammatory adhesion molecules in patients with hypercho-
lesterolemia. Moreover, the relatively high arginine content of nuts has been sug-
gested as one of the potential biological mechanisms for their cardioprotective 
effect, because consumption of arginine-rich foods is associated with lower CRP 
levels [82].

Also almonds used as supplements in the diet of hyperlipidemic subjects signifi-
cantly reduce coronary heart disease risk factors: 73 g of almonds produced a sig-
nificant 9.4 % reduction of LDL cholesterol, a 12 % reduction of the LDL-HDL 
ratio, a 7.8 % reduction of lipoprotein(a), and a reduction of oxidized LDL concen-
trations by 14.0 % – all significant and most likely beneficial for the course of the 
disease [82].

Also a macadamia nut-based diet high in monounsaturated fat has potentially 
beneficial effects on cholesterol and low-density lipoprotein cholesterol levels when 
compared with a typical American diet [24]. These changes are probably a result of 
the nonfat (protein and fiber) as well as the monounsaturated fatty acid components 
of the nut, but other additive effects of the numerous bioactive constituents may 
contribute to this effect.
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A traditional Mediterranean diet enriched with nuts in a weight reduction pro-
gram enhanced – as mentioned above in the PREDIMED study – the reversion of 
metabolic syndrome by 30 % compared with the control diet group [139].

In addition the consumption of peanuts and other nuts is significantly associated 
with a lower risk of gallstone disease – a welcomed side effect in persons with 
increased cholesterol levels. A review found the prognostic effects of nut and peanut 
studies somewhat greater than expected on the basis of the magnitude of the blood 
cholesterol lowering seen from the diet. Thus, in addition to a favorable fatty acid 
profile, nuts and peanuts may contain other bioactive compounds that could contrib-
ute to their multiple cardiovascular benefits. Other macronutrients include plant 
protein and fiber; micronutrients including potassium, calcium, magnesium, and 
tocopherols; and phytochemicals such as phytosterols, phenolic compounds, resve-
ratrol, and arginine. Nuts and peanuts are food sources that are a composite of 
numerous cardioprotective nutrients, and if routinely incorporated in a healthy diet, 
the population risk of CHD would therefore be expected to decrease markedly [82].

The strongest argument for the beneficial prognostic effects however provides 
the already mentioned PREDIMED study, a randomized primary prevention trial 
involving persons at high cardiovascular risk: the study showed a significant reduc-
tion in major cardiovascular events among participants assigned to a Mediterranean 
diet – one component of which was supplementation with 30 g of walnuts, hazel-
nuts, or almonds per day – as compared with a control diet [38, 52].

2.2.5.2  Chocolate
In the sixteenth century, Aztec Emperor Montezuma was a keen admirer of cocoa, 
calling it a “divine drink, which builds up resistance and fights fatigue. A cup of this 
precious drink permits a man to walk for a whole day without food” was supposedly 
Hernán Cortés, the conquistador of the Aztecs convinced (cited in [20]). In the lan-
guage of the Aztecs, this drink was called chocolatl. With the discovery of the New 
World, cocoa came to Europe in the sixteenth century. Also today the consumption 
of chocolate is often associated with or followed by an intense feeling of pleasure 
and gratification, where the desire of repetitive consumption is often difficult to 
resist (personal experience and unpublished observation). The total chocolate con-
sumption in Germany is approximately 11.5 kg per person and year and even greater 
than the chocolate consumption of the Swiss of 11.1 kg per person and year (includ-
ing the sales to tourists) (Fig. 2.1).

Because of its high caloric content (500–600 kcal/100 g), chocolate consump-
tion may be an important aspect of overall energy balance in men as well as in 
women. It could contribute to 7–8 kg overweight/year in Germany if chocolate 
was used as an add-on to a normocaloric diet. The high fat and sugar content 
limit its use in a diet with the aim to minimize risk factors. Yet regular cocoa 
consumption – an essential ingredient for chocolate production – prevented high 
blood pressure in Kuna Indians of Panama [20]. Recent investigations have 
shown that flavanol-rich dark chocolate induces coronary vasodilation, improves 
coronary vascular function, and decreases platelet adhesion even in a short-term 
experiment 2 h after consumption. These immediate beneficial effects were 
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paralleled by a significant reduction of serum oxidative stress and were posi-
tively correlated with changes in serum epicatechin concentration [45]. The pos-
sible beneficial effects of cocoa on cardiovascular health by activation of nitric 
oxide (NO) and influencing antioxidant, anti-inflammatory, and antiplatelet 
effects, which in turn might improve endothelial function, lipid levels, blood 
pressure, insulin resistance, and eventually clinical outcome, have been reviewed 
[20]. Cocoa is contained in dark chocolate rather than in milk chocolate. The 
content of the bitter-tasting flavanols is responsible for the vasodilating and anti-
oxidative effects of the chocolate, whereby epicatechin is probably the dominant 
if not the sole mediator. Interestingly the procyanidins, which are polymerized 
chains of epicatechin and catechin, and which represent the vast majority of the 
polyphenol content of cocoa, are also as flavanols present in red wine, apples, 
and tea [58] and presumably responsible for the beneficial vascular effects. 
Unfortunately – or rather on purpose – in the regular production process of the 
chocolate, the bitter-tasting flavanols are largely eliminated by a process called 
“dutching” [59]. Accordingly the liberal consumption of chocolate as a preven-
tive measure is probably limited by the bitter taste. In the regular chocolate these 
prognostic beneficial ingredients have been partially eliminated to better please 
the taste of the majority of the consumers (Fig. 2.2).

Thus chocolate with high flavanol content has beneficial effects on endothelial 
function and can probably be enjoyed without untoward effects as a snack by per-
sons who are fond of bitter chocolate. The bitter flavor will probably prevent any 
excessive caloric intake.
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2.2.6  Non-pharmacological Decrease of the Postprandial Rise 
in Glucose

The postprandial rise in glucose appears to be of some importance for the develop-
ment of diabetes and cardiovascular events; it also correlates with indicators of oxi-
dative stress. A moderate (20 g of alcohol) “aperitif” results in a decrease of the 
postprandial rise in glucose; two tablespoons of vinegar, e.g., with salad before a 
meal with a high glycemic index, have a similar effect as well as almonds, walnuts, 
or peanuts (Figs. 2.3 and 2.4).

These components – which are part of the Mediterranean diet – can result in a 
noticeable decrease of postprandial lipid and glucose levels [118].

Fig. 2.2 A 70 % 
chocolate which improves 
endothelial function (www.
chocosuisse.ch accessed 22 
February 2009)
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Fig. 2.3 Vinegar reduces postprandial glucose. The addition of two tablespoons of vinegar to two 
slices of white bread significantly reduced the postprandial glucose increase (Modified from 
O’Keefe et al. [118])
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Fig. 2.4 Almonds reduce postprandial glucose. The postprandial increase in the area under the 
curve for glucose was reduced by 58 % when 90 g of almonds were added to a high glycemic index 
meal (p < 0.01) (Modified from O’Keefe et al. [118])
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2.2.6.1  Glycemic Index
The glycemic index (GI) is an empiric measure describing the influence of carbohy-
drates on glucose-insulin homeostasis based on the extent to which they raise blood 
glucose levels 2 h after their consumption. Less refined carbohydrates with a high 
fiber content have a lower GI.

Food consumption with a low GI decreases postprandial glucose, insulin levels, 
and triglycerides, improves the total cholesterol/HDL cholesterol ratio, may support 
the decrease of body weight, and possibly has – via this pathway – a favorable effect 
on the development of diabetes and CHD. This concept may be particularly useful 
in type III hyperlipoproteinemia [118, 125]. However, whether these improvements 
translate into improved clinical outcomes is not known.

In randomized trials, reduced-glycemic-index diets have not resulted in increased 
weight loss beyond that explained by caloric restriction. In some aspects low- 
glycemic- index diets have features resembling the Mediterranean diet [97]. In a 
5-week controlled feeding study, diets with low glycemic index of dietary carbohy-
drate, compared with high glycemic index of dietary carbohydrate, did not result in 
improvements of metabolic parameters or blood pressure if the baseline diet was 
structured as a DASH (Dietary Approaches to Stop Hypertension)-type diet. The 
DASH-type diet is rich in fruits, vegetables, and low-fat dairy and reduced in fats 
and cholesterol. Thus the negative prognostic importance of the glycemic index of 
single food items is diminished in persons consuming a “healthy” diet [137].

2.3  Dietary Patterns

Although scientific investigation of macro- and micronutrients remains essential to 
elucidate biological mechanisms, the concept of cardiovascular prevention by nutri-
tion has moved from focusing on individual components of a diet to emphasizing a 
food pattern.

2.3.1  Mediterranean Diet

In general the type of diet is part of the lifestyle, and there may be some residual 
bias when correlating a diet with the occurrence of cardiovascular events. The 
Mediterranean lifestyle used to be more relaxed compared to the Central European 
or US American lifestyle.

The Mediterranean diet has been favored since the Seven Countries Study as 
promoting longevity and good cardiovascular health [73, 74].

In 1999 the Lyon Diet Heart Study had shown in a randomized interventional 
study that a strict Mediterranean diet in patients after myocardial infarction is 
associated with a 45 % reduction of the CV event rate [26]. The Mediterranean 
diet is a class 1 recommendation (Evidence Level B) in the European Society of 
Cardiology guidelines for CV prevention [127] and is also recommended by the 
AHA and ACC [36].
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2.3.1.1  Mediterranean Diet Scores and Prognostic Implications 
(Observational Studies)

In the meantime however the components of the Mediterranean diet have been 
analyzed in many countries and have been correlated with events in more than half 
a million persons. The Mediterranean diet is characterized by a high proportion of 
vegetables, legumes, fruits, and cereals (primarily unprocessed), frequent fish 
consumption, less dairy products, rarely meat, a moderate consumption of alco-
holic beverages mostly as wine and preferably with meals, and a small amount of 
saturated fatty acids, but a high proportion of unsaturated fatty acids, particularly 
olive oil.

In middle-aged persons, there was a significant inverse relation between the 
degree of compliance with the Mediterranean diet (as evaluated by a score) and 
mortality [147]. Because this score has been used extensively and repeatedly with 
only minor modifications in different studies [102, 159] and different countries, it 
will be outlined in some detail here; this score can also be used as a checklist in 
advising patients to change their diet into the direction of a Mediterranean diet. 
The traditional Mediterranean diet score includes nine components and results in 
values from 0 to 9 points reflecting minimal to maximal conformity with the score 
(Table 2.2).

One point each is given for intake at or above the gender-specific median intake 
for the six components considered to be healthy (fatty acid ratio, legumes, grains, 
fruits, vegetables [excluding potatoes], or fish), and one point if the consumption of 
the items considered to be less healthy (meat and dairy products) was below the 
gender-specific median. One point is given for alcohol consumption within a speci-
fied range (5–25 g/day for women; 10–50 g/day for men) (Fig. 2.5).

If participants met all the characteristics of the Mediterranean diet, their score 
was the highest (nine points), reflecting maximal conformance with a Mediterranean 
diet, and if they met none of the characteristics, the score was zero reflecting mini-
mal or no conformity with a Mediterranean diet.

In two cohorts of elderly persons, the life-prolonging effects of the Mediterranean 
diet could be observed:

In the HALE Project among 2339 apparently healthy men and women, aged 
70–90 years, adherence to a Mediterranean diet was associated with a 23 % lower 
rate of all-cause mortality [78].

Table 2.2 Components  
of the Mediterranean diet 
score: one point for above 
(high intake) or below (low 
intake) the age and gender 
adjusted consumption  
of the corresponding 
nutritional item

1. High ratio of monounsaturated: saturated fatty acids
2. High intake of legumes
3. High intake of grains
4. High intake of fruit and nuts
5. High intake of vegetables
6. High intake of fish
7. Low intake of meat and meat products
8. Low intake of milk and dairy products
9.  Moderate consumption of alcohol (10–50 g/day for men, 

5–25 g/day for women)
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In the EPIC study of more than 74,000 above 60-year-old European persons 
without coronary heart disease, stroke, or cancer at enrolment, a two-unit increment 
in the modified Mediterranean diet score was associated with a statistically signifi-
cant reduction of overall mortality of 8 % [160].

Also in a prospective observational study of more than 380,000 US Americans 
(age range 50–71 years), a 20 % reduced total mortality and CV mortality could be 
seen as well as a 12–17 % reduced cancer mortality in men and women who showed 
with 6–9 points a good conformity with a Mediterranean diet compared to persons 
with a score of 0–3. This relationship was seen in smokers and never-smokers alike 
[102]. A similar Mediterranean diet score was used for nutritional evaluation in the 
HALE Project [78] and the EPIC study [160]. Thus the database for the primary 
preventive effects of the Mediterranean diet has been greatly strengthened.

The beneficial effects of the Mediterranean diet were confirmed in the Nurses’ 
Health Study in more than 74,500 women 38–63 years of age, without a history of 
cardiovascular disease and diabetes who were followed from 1984 to 2004.

The authors used the alternate Mediterranean diet score (Fig. 2.5) from self- 
reported dietary data collected through validated food frequency questionnaires 
administered six times between 1984 and 2002. During 20 years of follow-up, 2391 
incident cases of CHD, 1763 incident cases of stroke, and 1077 cardiovascular dis-
ease deaths (fatal CHD and strokes combined) were ascertained. Women in the top 
alternate Mediterranean diet score quintile were at 29 % lower risk for CHD and 
13 % lower risk for stroke compared with those in the bottom quintile. Cardiovascular 
disease mortality was 39 % lower among women in the top quintile of the alternate 
Mediterranean diet score (p < 0.0001) [49]. In a Danish cohort, the Mediterranean 
diet score was inversely associated with total mortality and with cardiovascular and 
MI incidence and mortality but not with stroke incidence or mortality [157].The 
concept of the Mediterranean diet was confirmed for high-risk patients with stable 
coronary heart disease where greater consumption of healthy foods appeared to be 
more important for secondary prevention of coronary artery disease than avoidance 
of less healthy foods typical of Western diets [154].

alternative**Traditional* vs  Mediterranean score

Vegetables [incl. potatoes],
Fruits and nuts,

Legumes,

Cereals,

Fish, and

Dairy products and Eliminates dairy products

Meat.

same alcohol range for men and women (5-25 g/d)

Alcohol consumption of 5-25 g/day for women 10-50 g/day for men

Counts only red and processed meat (beef-,
pork-, organ meats, lunchon meats)1 point for:

Ratio of monounsaturated/saturated fats
1 point each for below average gender adjusted consumption
of “unhealthy” components:

Counts only whole grain products

Separates fruits and nuts in two groups

9 components 0–9 Points (minimal to maximal adherence)
1 point each     for above average gender adjusted consumption
of “healthy” components

Fig. 2.5 The traditional 
and the alternative 
(marked with yellow 
background) 
Mediterranean diet score 
(*Trichopoulou et al. 
[159], **Fung et al. [47])
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This inverse relationship between consumption of “healthy” foods in the sense 
of the Mediterranean-type diet and risk of myocardial infarction was also con-
firmed in the INTERHEART study where dietary patterns were analyzed in patients 
after MI and controls in 52 countries [64]. Three dietary patterns were identified 
and labeled as Oriental, Western, and prudent. The “Oriental” pattern had a high 
loading on tofu and soy and other sauces. The second dietary pattern was labeled 
“Western” because of its high loading on fried food, salty snacks, and meat intake. 
The third dietary pattern was labeled “prudent” because of its emphasis on fruit 
and vegetable intake.

The authors found significant, inverse, and graded associations between the 
intake of raw vegetables, green leafy vegetables, cooked vegetables, and fruits on 
the one hand and acute myocardial infarction on the other hand. Conversely, they 
observed a positive association between myocardial infarction and the intake of 
fried foods and salty snacks (p < 0.001) and a weaker association between quartiles 
of meat intake and AMI (p = 0.08) [64]. The typical US southern dietary pattern 
however characterized by added fats, fried food, eggs, organ and processed meats, 
and sugar-sweetened beverages was associated with greater hazard of CHD in a 
sample of 17,400 white and black adults in diverse regions of the United States with 
5.8 years of follow-up [143]. In the 2013 AHA/ACC guideline on lifestyle manage-
ment to reduce cardiovascular risk, dietary recommendations are given that are 
largely in agreement with the Mediterranean diet [36].

2.3.1.2  Effects of the Mediterranean Diet on Risk Indicators  
and Risk Factors

The exact mechanisms leading to decreased myocardial infarction, cardiovascular 
deaths, and all-cause deaths are not clear, but several indicators of risk such as indi-
cators of inflammation and established CV risk factors are decreased by the 
Mediterranean diet.

Estruch et al. examined in the randomized controlled PREDIMED trial the 
effects of a Mediterranean diet supplemented with 1 l olive oil per week (for a fam-
ily of four) or with 30 g of nuts/day in comparison to a low-fat diet in 772 asymp-
tomatic persons 55–80 years of age at high cardiovascular risk.

Compared with a low-fat diet after 3 months, both Mediterranean diets lowered 
plasma glucose levels, systolic blood pressure, and the cholesterol-high-density 
lipoprotein cholesterol ratio. The Mediterranean diet supplemented by olive oil also 
reduced C-reactive protein levels compared with the low-fat diet [37].

In the same study the effects of the Mediterranean diet on in vivo lipoprotein 
oxidation were assessed. After the 3-month interventions, mean oxidized low- 
density lipoprotein (LDL) levels decreased in the traditional Mediterranean diet 
group supplemented by virgin olive oil significantly and to a lesser degree also in 
the group supplemented by nuts – without significant changes in the low-fat diet 
group. Change in oxidized LDL levels in the traditional Mediterranean diet virgin 
olive oil group reached significance vs. that of the low-fat group (p = 0.02) [37].

A Mediterranean diet supplemented with nuts (30 g/day) or olive oil (one liter 
per week for the family) resulted within 3 months in lower blood pressure, fasting 
blood sugar, and inflammatory markers as compared to a low-fat diet [43].
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2.3.1.3  Mediterranean Diet and Inflammation
The inflammatory reaction of the body in relation to adherence to the Mediterranean 
diet was assessed in more than 300 middle-aged male twins using the mentioned 
diet score. A 1-unit absolute difference in the diet score was associated with a 9 % 
(95 % CI, 4.5–13.6) lower interleukin-6 level – an established marker of inflamma-
tion related to progression of atherosclerotic disease.

Thus reduced systemic inflammation appears to be an important mechanism 
linking Mediterranean diet to reduced cardiovascular risk [25, 47]. The hypothesis 
that inflammation impairs reverse cholesterol transport at numerous steps in the 
pathway from initial macrophage efflux to HDL acceptor function and the final step 
of cholesterol flux through the liver to bile and feces was confirmed for the first time 
in an in vivo study. The anti-inflammatory effect of the Mediterranean diet could to 
some degree contribute to its beneficial effects on cardiovascular but possibly also 
cancer incidence [98].

However it is not only the arterial system that benefits from a high intake of plant 
foods and fish and less red and processed meat: also the risk for venous thromboem-
bolic events is reduced! In a prospective study as part of the Atherosclerosis Risk in 
Communities (ARIC) Study, almost 15,000 middle-aged adults were followed up 
over 12 years for incident venous thromboembolism. At baseline the average age of 
study participants was 54 years. A food frequency questionnaire assessed dietary 
intake at baseline and after 6 years. The risk of venous thromboembolism was 
assessed in quintiles of fruit and vegetable intake.

There was a significant risk reduction of venous thromboembolism incidence of 
40–50 % in quintiles three to five compared with quintile one.

Eating fish one or more times per week was associated with 30–45 % lower inci-
dence of venous thromboembolism for quintiles 2–5 compared with quintile 1, sug-
gestive of a threshold effect. High intake of red and processed meat intake (quintile 
5) doubled the risk (p trend = 0.02). Hazard ratios were attenuated only slightly after 
adjustment for factors VIIc and VIIIc and von Willebrand factor [151].

2.3.1.4  Mediterranean Diet and Diabetes
Considering the components of the Mediterranean diet, it may come as no surprise 
that the Mediterranean diet has a preventive effect for the development of diabetes. 
In a prospective cohort study from Spain, a relation between adherence to a 
Mediterranean diet and the incidence of diabetes among initially healthy partici-
pants (university graduates) could be shown [97] – after adjustment for covariables 
such as sex, age, years of university education, total energy intake, body mass index, 
physical activity, sedentary habits, smoking, family history of diabetes, and per-
sonal history of hypertension. Participants who adhered closely to a Mediterranean 
diet had a lower risk of diabetes. The incidence rate ratios in the fully adjusted 
analyses showed that a two-point increase in the score was associated with a 35 % 
relative reduction in the risk of diabetes with a significant inverse linear trend (p = 
0.04) in the multivariate analysis. A high adherence (7–9 points) was associated 
with an 80 % reduced incidence rate of diabetes compared with a low score of 0–2 
[97].Thus the traditional Mediterranean diet may have considerable protective 
effects against diabetes.
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Similar results were obtained in patients after myocardial infarction [106]. In 
prospectively obtained data of 8291 Italian patients with a recent (<3 months) myo-
cardial infarction, who were free of diabetes at baseline, the incidence of new-onset 
diabetes (new diabetes medication or fasting glucose ≥7 mmol/L) and impaired 
fasting glucose (fasting glucose ≥6.1 mmol/L and <7 mmol/L) were assessed up to 
3.5 years. A Mediterranean diet score was assigned according to consumption of 
cooked and raw vegetables, fruit, fish, and olive oil. Associations of demographic, 
clinical, and lifestyle risk factors with incidence of diabetes and impaired fasting 
glucose were assessed with multivariable Cox proportional hazards regression 
analysis.

These patients had a 15-fold higher annual incidence rate of impaired fasting 
glucose and a more than twofold higher incidence rate of diabetes during a mean 
follow-up of 3.2 years (26,795 person-years) compared with population-based 
cohorts. Consumption of typical Mediterranean foods, smoking cessation, and pre-
vention of weight gain were associated with a lower risk [106].

2.3.1.5  Meta-analysis of Mediterranean Diet Studies
The benefits of the Mediterranean diet pattern were evaluated in a meta-analysis 
of 514,816 subjects on the basis of 33,576 deaths occurring during the respective 
observation time. The overall mortality in relation to adherence to a Mediterranean 
diet showed that a two-point increase in the adherence score was significantly 
associated with a 9 % reduced risk of all-cause mortality and likewise a 9 % 
reduction on cardiovascular mortality as well as a 6 % lower incidence of or mor-
tality from cancer. The message from these studies is that it is the completeness of 
adherence to the Mediterranean diet rather than the consumption of individual 
components, which is effective in improving the prognosis. Unexpectedly also the 
incidence of Parkinson’s disease and Alzheimer’s disease was significantly 
reduced by 13 % [147].

Thus a greater adherence to a Mediterranean diet is not only associated with a 
significant reduction in mortality from arterial cardiovascular diseases but also from 
a reduced incidence of venous thromboembolism. In addition other diseases that are 
a threat for the well-being and quality of life in the later years are decreased: cancer, 
Parkinson’s disease, and Alzheimer’s disease – diseases for which no specific strate-
gies of prevention have been established. This makes it easy for the physician to 
recommend this type of diet to the cardiovascular patient after myocardial infarc-
tion: the side effects of this diet are most welcome [36, 127].

2.3.1.6  Mediterranean Diet in Primary Prevention: PREDIMED Study
The abovementioned randomized primary prevention PREDIMED study [37] in an 
older population at high cardiovascular risk (mean age 67 years, age range 
55–80 years) which demonstrated in the early phase an improvement of several risk 
indicators showed after 4.8 years of follow-up that an energy-unrestricted 
Mediterranean diet supplemented with extra-virgin olive oil or nuts resulted in a 
substantial reduction in the risk of major cardiovascular events. The hazard ratios 
were 0.70 (95 % confidence interval [CI], 0.54–0.92) for the group assigned to a 
Mediterranean diet with extra-virgin olive oil and 0.72 (95 % CI, 0.54–0.96) for the 
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group assigned to a Mediterranean diet with nuts, in comparison to the control 
group. The randomized study supported the results gained from observational stud-
ies and supports the benefits of the Mediterranean diet for the primary prevention of 
cardiovascular disease [38]. In a sub-study, the Mediterranean diet supplemented 
with olive oil or nuts was associated with improved cognitive function [162] and 
with a reduced incidence of invasive breast cancer in the participating women in the 
Mediterranean diet with extra-virgin olive oil group [158].

2.3.2  Other Dietary Patterns: Dietary Risk Score and Acute 
Myocardial Infarction (INTERHEART Study)

The authors from the INTERHEART study [64] computed from their data a dietary 
risk score (DRS) and observed a graded and positive association between this DRS 
and risk of AMI. Food items that were considered to be predictive (meat, salty 
snacks, and fried foods) or protective (fruits and green leafy vegetables, other 
cooked vegetables, and other raw vegetables) of CVD were used to generate a 
DRS. The authors used a point system. Compared with the lowest quartile, odds 
ratios (adjusted for age, sex, and region) varied from 1.29 in the second quartile of 
dietary risk score to 1.92 in the fourth quartile. The association of the score with 
AMI varied by region (p < 0.0001) but was directionally similar in all regions. The 
population attributable ratio for this score was 30 % (95 % CI, 0.26–0.35) in partici-
pants in the INTERHEART study (Fig. 2.6).
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Fig. 2.6 Population attributable risk and odds ratios for acute myocardial infarction associated with 
dietary risk score (Modified from Iqbal et al. [64])
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Thus many observational and case–control studies have already suggested the prog-
nostic importance of a healthy (prudent) or Mediterranean-type diet for a lower risk for 
myocardial infarction (and cancer), which was later verified by a randomized study [38].

However more randomized interventional studies are necessary to develop spe-
cific dietary recommendation for patients with CV disease and with different meta-
bolic problems.

2.4  Drinks

The fluid requirements of the body vary depending on the environment and the 
physical activity. The type of fluid preferred to fulfill the requirements depend on 
tradition and environment.

2.4.1  Coffee or Tea Consumption and Cardiovascular Events

Coffee and tea and to a lesser degree chocolate have been the most widely used 
drinks during the course of the day for decades if not centuries but their relationship 
to the risk of coronary disease has been examined only in recent years.

2.4.1.1  Coffee
Coffee consumption has been associated with an increased risk in patients with 
coronary artery disease. The influence of coffee on cholesterol levels was already 
examined in 1989. After 9 weeks of coffee consumption, boiled coffee increased 
LDL cholesterol by 10 %, whereas filtered coffee showed no difference compared 
to a “no-coffee” group [5].

In the Health Professionals’ Follow-Up Study, almost 42,000 male employees in 
the hospital (age range 40–75 years) were asked about their coffee consumption, 
lifestyle, and risk factors every 2 years for a total of 12 years. Similarly in the 
Nurses’ Health Study, more than 84,000 nurses in the age range of 30–55 years 
were asked about their coffee consumption every 2 years for a total of 18 years. In 
both studies the prevalence of diabetes mellitus was examined: coffee consumption 
of 4–5 cups/day reduced the prevalence of diabetes mellitus by 29–30 % in males 
and females similarly after multivariate analysis. In males even a consumption of 
more than six cups of coffee per day reduced the risk of diabetes by 46 %, whereas 
in females there was no further decrease of the diabetes prevalence beyond the con-
sumption of five cups of coffee [126].

In a systematic review habitual coffee consumption was associated with a sub-
stantial lower risk of type II diabetes which was also observed for decaffeinated 
coffee in postmenopausal women [126] as well as middle-aged and younger US 
women [163].Thus there may be ingredients in the coffee – other than caffeine – 
that protect from diabetes.

Coffee consumption in two observational studies showed no increased risk for 
the development of coronary artery disease. The consumption of up to five cups of 
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coffee per day is without harm for the coronary patient and possibly beneficial by 
preventing or delaying the occurrence of diabetes – but beware of the sugar and 
cream!

Coffee consumption decreased the relative risks of stroke across categories of 
coffee consumption in the more than 83,000 women of the Nurses’ Health Study 
[163]. After adjustment for high blood pressure, hypercholesterolemia, and type 2 
diabetes, the relative risk reduction was 43 % among never and past smokers (RR 
for >4 cups a day versus <1 cup a month; p < 0.001), but not significant among cur-
rent smokers. Similarly there was a protective effect among non- hypercholesteremics 
(HR 0.77, p < 0.003), nondiabetics (HR 0.79, p = 0.009), and non-hypertensives 
(HR 0.72; p = 0.001). However, no protective effect was seen in women with diabe-
tes, hypertension, or hypercholesterolemia, suggesting that the moderate beneficial 
effects of coffee consumption cannot override the detrimental effects of these 
important risk factors. The authors also observed a slightly lower risk of stroke in 
women who drank moderate amounts of decaffeinated coffee (2–3 cups/day vs. <1 
cup/month; HR 0.84; p = 0.002) suggesting that components in coffee other than 
caffeine may be responsible for the potential beneficial effect of coffee on stroke 
risk [91]. A similar effect was seen in a large Japanese population study (more than 
one million person-years with a follow-up time of 13 years) where 1–2 cups of cof-
fee per day reduced the hazard ratio for stroke by 20 % compared to persons who 
seldom drank coffee, but there was no effect on coronary events [80]. In a large 
observational study of more than 208,000 American persons (74,890 women in the 
Nurses’ Health Study, 93,054 women in the Nurses’ Health Study II, and 40,557 
men in the Health Professionals Follow-Up Study) and more than 4.6 million 
person- years of follow-up significant inverse associations were observed between 
coffee consumption and deaths attributed to cardiovascular disease, neurologic dis-
eases, and suicide. No significant association between coffee consumption and total 
cancer mortality was found. Restricting the analysis to never-smokers, the lowest 
hazard ratio of 0.85 (0.79–0.92) was seen for 3.1–5.0 cups of coffee per day. But 
even more than 5.0 cups of coffee per day were of advantage compared with non- 
coffee drinkers with a hazard ratio of 0.88 (0.78–0.99), confirming that even higher 
consumption of total coffee, caffeinated coffee, and decaffeinated coffee was of no 
harm and associated with lower risk of total mortality [30].

2.4.1.2  Tea
Tea has traditionally a better image concerning the development of cardiovascular 
disease. The relationship between tea consumption and mortality after acute myo-
cardial infarction was examined in a prospective study. The self-reported tea con-
sumption in the year before myocardial infarction was associated with a lower 
mortality after myocardial infarction [112].

Short-term and long-term black tea consumption has a potential to reverse endo-
thelial dysfunction in patients with coronary artery disease, which may partly 
explain the association between tea consumption and decreased cardiovascular dis-
ease events in primary and secondary prevention [35]. The addition of milk however 
counteracted the favorable health effects of tea on flow-mediated dilatation [92]. 
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Similarly, green tea consumption is associated with reduced mortality due to all 
causes and due to cardiovascular disease, but primarily because of a decreased risk 
of stroke. The hazard ratios of cancer mortality were not significantly different from 
non-tea consumers [84]. In the already mentioned large Japanese population study, 
four or more cups of green tea per day reduced the hazard ratio for stroke by 20 % 
compared to persons who seldom drank tea [80], but again there was no effect on 
coronary events. Drinking a cup of tea is frequently associated with relaxation and 
recovery from stress. Steptoe and coworkers reported in a double-blind (!) random-
ized trial that regular drinking of tea is associated with less platelet–leukocyte 
aggregates, platelet–monocyte aggregates, and platelet–neutrophil aggregates. They 
also found lower post-stress cortisol levels and a stronger subjective feeling of 
relaxation under the artificial test conditions. The consumption of black tea may 
have its potential health effects mediated through better recovery from a stress via 
psycho endocrine and inflammatory mechanisms [152].

Thus, in summary black tea (without milk) has a favorable effect on the flow- 
dependent vasodilatation. Tea consumption is associated with decreased mortality 
after myocardial infarction, and green tea reduces the stroke risk, but probably has 
no effect on the coronary artery risk.

2.4.2  Alcohol and Cardiovascular Morbidity and Mortality

A large number of epidemiological studies of both community and clinical cohorts 
have associated moderate alcohol consumption with decreased risk for subsequent 
cardiovascular morbidity and mortality [75, 77].

2.4.2.1  Alcohol and Cardiovascular Morbidity and Mortality
In the INTERHEART case–control study which encompassed 52 countries, low 
levels of alcohol use were associated in most participants with a moderate reduction 
in the risk of myocardial infarction; the strength of this association however was not 
uniform across different countries. An episode of heavy drinking was associated 
with an increased risk of acute MI in the subsequent 24 h, particularly in older indi-
viduals above age 65 [88].

But there are also some dangers of alcohol consumption: alcohol consumption 
appears to be associated with a higher risk for ischemic stroke among men who 
consumed >2 drinks per day [113]. In the Atherosclerosis Risk in Communities 
study, self-reported light-to-moderate alcohol consumption at midlife was not asso-
ciated with reduced stroke risk compared with abstention over 20 years of follow-
 up. Heavier consumption increased the risk for ischemic stroke and intracerebral 
hemorrhage as did moderate intake for intracerebral hemorrhage [69].

The consumption of wine, particularly of red wine, has been associated in cross- 
sectional studies with a better prognostic outcome than the consumption of beer. 
This was partially attributed to the content of polyphenols found in red wine, espe-
cially resveratrol, which have favorable effects on endothelial function and decreased 
platelet aggregation even in dealcoholized wine [121]. Johansen et al. examined in 
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a cross-sectional study the food-buying habits of people who buy wine or beer. 
People buying wine significantly more often also bought olive oil and low-fat milk 
products or low-fat meat, whereas people buying beer favored sausages, cold cuts, 
and pork. Thus there is a significant potential for social selection bias by just evalu-
ating the type of alcohol consumed [68].

In the setting after myocardial infarction, the ONSET [111], the Lyon Diet Heart 
Study [27], and the Stockholm Heart Epidemiology Program (SHEEP) [67] have 
prospectively compared mortality across alcohol consumption categories in survi-
vors of a recent acute myocardial infarction. The favorable effects of moderate alco-
hol consumption are reproduced in most of these studies, and the possibility of a 
“social selection bias” has largely been excluded by multivariate analysis, although 
unknown confounders in the absence of randomized studies are still a possibility. In 
the SHEEP study, there was no difference in the beneficial effects between wine and 
beer consumption, and the benefit started already at a low dose of less than 5 g of 
alcohol per day [68]. Also in a meta-analysis of eight studies on a total of 16,351 
patients with cardiovascular disease, light-to-moderate alcohol consumption 
(5–25 g/day) was significantly associated with a lower incidence of cardiovascular 
and all-cause mortality [21].

Alcoholic beverages in small amounts – and it is probably the ethanol itself – 
have anti-inflammatory effects and reduce fibrinogen. In interventional studies a 
significant reduction of CRP concentrations and fibrinogen after 3 weeks of diet- 
controlled consumption of three glasses of beer/day in women or four glasses of 
beer/day in men have been demonstrated. Moreover, a 4-week consumption of 30 g/
day of alcohol in red wine led to a significant decrease in CRP (21 %) in healthy 
adult men [37].

Alcohol also increases HDL cholesterol, endothelial function, antioxidative 
effects, and fibrinolysis and leads to a decrease in plasma viscosity and platelet 
aggregation. The combination of these effects may explain part of the beneficial 
effects of alcohol on the incidence of CV events [77].

2.4.2.2  Alcohol and Myocardial Function
Moderate alcohol consumption in primary prevention had a beneficial effect on the 
incidence of ischemia-related heart failure in the Physicians’ Health Study [31], 
where the authors concluded that modest alcohol consumption may lower the risk 
of heart failure and that this possible benefit may be mediated through beneficial 
effects of alcohol on coronary artery disease, but the study also showed that moder-
ate alcohol consumption does not prevent nonischemic cardiomyopathy.

2.4.2.3  Alcohol and Atrial Fibrillation
Atrial fibrillation/atrial flutter, the most common cardiac arrhythmia, is accompanied 
with a four- to fivefold increased risk for stroke, tripling of the risk for heart failure, 
doubling of the risk for dementia, and 40–90 % increase in the risk for all- cause mor-
tality [8]. In women who consume more than two drinks per day [19] and in men who 
consume more than five drinks per day, the risk of atrial fibrillation increases [114].

In a large Swedish observational study and in a meta-analysis of seven prospec-
tive studies compared with nondrinkers, the hazard ratios increased from 1.08 (95 % 
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CI, 1.06–1.10) for one drink/day (i.e., 12 g of alcohol) to 1.26 (95 % CI, 1.19–1.33) 
for three drinks/day and 1.47 (95 % CI, 1.34–1.61) for five drinks/day, indicating 
that even moderate alcohol consumption is a risk factor for atrial fibrillation [85]. 
The authors conclude that for each 1 drink/day increase of alcohol consumption, the 
overall risk of atrial fibrillation increases by 8 %.

2.4.2.4  Alcohol and Abdominal Aortic Aneurysm
In a large Swedish registry of 44,715 men and 35,569 women with an average fol-
low- up of 12.7 years (about one million person-years), moderate alcohol consump-
tion (120 g of alcohol/week for men and 50 g of alcohol for women) specifically 
wine and beer (but not liquor) was associated with a reduced hazard ratio of 0.8 for 
men and 0.57 for abdominal aortic aneurysm compared to one drink per week [149].

Women tolerate less alcohol or have similar benefits at a lower dosage of alcohol, 
probably because of the lower activity of the gastric alcohol dehydrogenase. In 
women the beneficial effects of alcohol consumption on the heart are mitigated by 
an increase of breast cancer risk [28].

Despite the theoretically favorable effects of alcohol, e.g., in Germany, 40,000 
persons die each year from alcohol consumption, and 2000 children are born with 
alcohol-induced malformations [146]. Therefore a recommendation for alcohol 
consumption appears at present not sensible and possibly hazardous – although a 
recent observation from the ARIC study showed that people who spontaneously 
begin consuming alcohol in middle age rarely do so beyond recommended amounts. 
Those who began drinking moderately experienced a relatively prompt benefit of 
lower rates of cardiovascular disease morbidity with no change in mortality rates 
after 4 years [75].

In nine nationally representative samples of US adults, light and moderate alco-
hol consumption were inversely associated with CVD mortality, even when com-
pared with lifetime abstainers, but consumption above recommended limits was not 
[115].

The findings also support the relative safety of continued light alcohol consump-
tion for ischemic cardiovascular events among adults who have been able to appro-
priately regulate the quantity, type, and timing of their alcohol use, but there is an 
increased risk of atrial fibrillation beginning at one alcoholic drink (12 g of alcohol) 
per day: thus the decision for alcohol consumption has to be individualized.

2.4.3  Soft Drinks and the Risk of Obesity and Cardiovascular 
Events

Soft drinks are an American development and represent an important nutritional 
problem worldwide but particularly in the United States. The problem has been 
analyzed in several studies. Sugar-sweetened soft drinks contribute 7.1 % of total 
energy intake and represent the largest single food source of calories in the US diet. 
In children and adolescents, beverages now even account for 10–15 % of the calo-
ries consumed. For each extra can or glass of sugared beverage consumed per day, 
the likelihood of a child’s becoming obese increases by 60 % [10].
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The regular consumption of soft drinks has been associated with overweight, the 
metabolic syndrome, and diabetes.

The rise of obesity and type 2 diabetes in the United States paralleled the increase 
in sugar-sweetened soft drink consumption [96]. In an examination of the 
Framingham’s Third Generation cohort, sugar-sweetened soft drink intake was 
associated with greater change in visceral adipose tissue volume which increased by 
852 cm3 from nonconsumers to daily consumers (P trend <0.001 after adjustment 
for multiple confounders). In contrast, diet soda consumption was not associated 
with change in abdominal adipose tissue [93].

In the longitudinal observation of the Nurses’ Health Study, women consuming 
one or more sugar-sweetened soft drinks or fruit punch per day had an almost two-
fold risk to develop a type 2 diabetes compared with those who consumed less than 
one of these beverages per month.

Similarly regular consumption of sugar-sweetened beverages, i.e., 1 serving per 
month vs. 2 servings per day during 24 years of follow-up, was associated with a 
35 % higher risk of CHD in women, even after other unhealthy lifestyle or dietary 
factors were accounted for, whereas artificially sweetened beverages were not asso-
ciated with CHD [48].

2.5  Concluding Remarks

Thus there is strong evidence supporting a protective cardiovascular effect for intake 
of vegetables, nuts, mono- and polyunsaturated fatty acids and Mediterranean diet 
as well as a high-quality or a “prudent” dietary pattern. There is good evidence sup-
porting a protective effect for intake of fish (omega-3 fatty acids in primary preven-
tion only), whole grains, fruits, and fibers.

There is indirect evidence for the beneficial effect of a low ratio of saturated/
mono- and polyunsaturated fatty acids mostly through the evidence from the 
Mediterranean diet. Alcohol consumption at low levels appears to be safe with 
respect to ischemic cardiovascular events, but there is an increased risk for atrial 
fibrillation beginning even at low daily consumption of alcoholic beverages.

There is good evidence that the so-called Western dietary pattern, the southern 
US dietary pattern, processed meats, industrially produced trans-fatty acids, and 
sugar-sweetened beverages increase the risk of cardiovascular disease.
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3Psychological Care of Cardiac Patients

Paul Bennett

3.1  Introduction

This chapter addresses the impact and rehabilitation needs of patients following 
diagnosis with acute coronary syndrome (ACS) and how psychologically based 
interventions may benefit such patients. It considers a range of approaches that can 
be used with individuals or in group contexts, all of which are targeted at two key 
goals:

• Changing risk behaviours, such as smoking and low levels of exercise
• Helping people adjust emotionally to their illness

These goals may be achieved through a variety of means: participation in an 
exercise programme, for example, may both improve cardiovascular fitness and 
reduce emotional distress as the individual feels they are gaining control over 
their illness and life. Likewise, changes in depression or anxiety may improve 
adherence to medication or exercise regimens. Nevertheless, any interventions 
can be divided roughly into those that address behavioural change and those that 
address emotional issues. Accordingly, this chapter will introduce a number of 
intervention approaches targeted at each outcome. The interventions discussed 
are not specialist interventions to be used only with a minority of patients. Rather, 
they, or the principles on which they are based, can usefully be incorporated into 
any rehabilitation programme. Before addressing these issues, however, the 
chapter briefly examines the psychological impact an acute coronary event can 
have on the individual.
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3.2  The Impact of Acute Coronary Events

Cardiac events can trigger significant emotional reactions, but surprisingly modest 
behavioural change, at least in the long term. Hajek et al. [14], for example, found 
that 6 weeks following a myocardial infarction (MI), 60 % of those who smoked 
before their MI no longer did so. One year after MI, the percentage of those remain-
ing a non-smoker fell to 37 %. Diet may also change in the short term although, 
again, old habits may creep back over time. Leslie et al. [23], for example, found 
that 65 % of participants in their nutritional educational programme were eating five 
portions of fruit or vegetables a day at its end: a figure that fell to 31 % over the fol-
lowing year. Levels in fitness may change markedly following participation in spe-
cific exercise programmes (e.g. [15]). However, the duration of any changes in the 
absence of continued follow-up is not clear. Lear et al. [22], for example, reported 
minimal changes from the baseline on measures of leisure time exercise and tread-
mill performance 1 year following MI despite participants taking part in a general 
rehabilitation programme.

Of concern also is that even modest behavioural change may be confined to a 
subgroup of patients. Bennett et al. [3] found that in the 6 months following acute 
coronary syndrome (ACS), levels of exercise rose only among patients already 
engaging in meaningful levels of exercise and did not change in those engaging in 
low levels of exercise. More encouragingly, people with relatively poor diets before 
the event did show more improvement than those with good diets, although they still 
did not reach the dietary scores achieved by the latter group at any time. Those with 
good dietary habits showed no improvement at all.

The psychological consequences of MI may be profound and persistent. Osler 
et al. [28] reported that 20 % of patients became depressed in the 2 years following 
the event. Lane et al. [21] found a 31 % prevalence rate of elevated depression 
scores during hospitalisation. The 4- and 12-month prevalence rates were 38 and 
37 %. The same group reported the prevalence of elevated state anxiety to be 26 % 
in hospital, 42 % at 4-month follow-up and 40 % at the end of 1 year. They also 
reported high levels of comorbidity between anxiety and depression. Interest in the 
rates of post-traumatic stress disorder as a consequence of MI has recently increased, 
with prevalence rates typically being around 8–10 % up to 1 year following infarc-
tion (e.g. [5]). Poor emotional outcomes may be predicted by a range of psychoso-
cial factors, including age (younger is worse), gender (female is worse), previous 
psychiatric history, lacking the availability of a confidant, the experience of ongoing 
life problems and personality factors including type D personality (e.g. [35, 18]).

Each of these emotional reactions can also influence important outcomes. 
Depression, and to a lesser extent anxiety, independently predicts re-infarction (e.g. 
[37]) as well as having a number of emotional and behavioural implications. 
Depressed and anxious individuals are least likely to attend cardiac rehabilitation 
classes [20]. Paradoxically, they are more likely to contact doctors and have more 
readmissions in the year following infarction [35]. Many of these appointments will 
be due to worry and health concerns rather than cardiac problems. The impact of 
mood on health behaviour change is modest. Huijbrechts et al. [16] reported that 
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depressed and anxious patients were less likely to have stopped smoking 5 months 
after their MI than their less distressed counterparts. Bennett et al. [4] reported a 
modest association between low levels of exercise and depression, but no differ-
ences between depressed and nondepressed individuals on measures of smoking, 
alcohol consumption or diet. Finally, Shemesh et al. [31] found that high levels of 
PTSD symptoms, but not depression, were significant predictors of non-adherence 
to aspirin.

More importantly, perhaps, depression has consistently been associated with 
delayed or failure to return to work, reduced work hours and low ratings of work or 
social satisfaction (e.g. [32]). Delay in returning to work has been predicted by 
greater concerns about health and low social support. Resuming work at a lower 
activity level than before infarction is associated with older age, higher health con-
cerns and patients’ expectations of lower working capacity (independently of actual 
capacity). Indeed, patient’s beliefs about their condition, which will be influenced 
by mood, appear critical in determining their behavioural response to it. Petrie et al. 
[30], for example, found that attendance at cardiac rehabilitation was significantly 
related to a stronger belief during admission that the illness could be cured or con-
trolled. Return to work within 6 weeks was significantly predicted by the perception 
that the illness would last a short time and have less negative consequences. Patients’ 
belief that their heart disease would have serious consequences was significantly 
related to later disability in work around the house, recreational activities and social 
interaction.

Finally, the partners of patients also experience high levels of distress, often 
greater than that reported by the patient [26]. Such anxieties may be increased by 
fears for the patient’s health linked to a poor prognosis and non-compliance with 
treatment or behaviour change programmes [6]. Many wives also appear to inhibit 
angry or sexual feelings and become overprotective of their husbands [33].

3.3  Changing Risk Behaviour

A key component of any cardiac rehabilitation programme should address behav-
iour change designed to reduce risk for further disease progression and enhance 
quality of life. Achieving this goal can best be considered to involve two sets of 
processes:

• Increasing motivation to change
• Developing strategies of change

As the evidence reviewed above suggests, not everyone is motivated to change 
risk behaviours, even after acute events such as an MI. This group of individuals can 
be particularly challenging to health professionals as they are unlikely to respond to 
exhortations to change their behaviour, nor are they likely to benefit from interven-
tions designed to show them how to change their behaviour. The best approach to 
use with such individuals is one that increases their intrinsic motivation to change.
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3.3.1  Information Provision

One apparently simple approach to increasing motivation to change involves the pro-
vision of information. If individuals are unaware of the advantages of change, they are 
unlikely to be motivated to attempt to make change. The logic is clear. Unfortunately, 
while clear information may be of benefit when it is completely novel, does not con-
tradict previous understandings of issues, is highly relevant to the individual and is 
relatively easy to act on, health-related information rarely meets all these criteria. And 
even when it does, it may well not impact on behaviour.

Reasons for these failures are complex and involve social, psychological and 
situational factors. Even relatively simple behavioural changes, such as improve-
ments to diet, may involve quite complex barriers to change including negotiations 
within families, potential expense and lack of cooking skills. For this reason, a 
number of specific strategies have been used in attempts to influence motivation to 
change. One guide to relevant strategies is provided by the UK National Institute for 
Health and Care Excellence Guidelines on Behavioural Change (NICE 2014). 
These identify, for example, several ways of framing information through conversa-
tion or leaflets and similar outputs in order to increase the motivation of smokers to 
quit. Key messages should target psychological factors known to influence behav-
iour and include:

• Outcome expectancies: Smoking causes people to die on average 8 years earlier 
than the average.

• Personal relevance: If you were to stop smoking, you could add 6 years to your 
life and be fitter over that time.

• Positive attitude: Life is good and worth living. Better to be fit as you get older 
than unable to engage in things you would like to do.

• Self-efficacy (confidence): You have managed to quit before. With some support 
there is no reason why you cannot sustain change now.

• Descriptive norms: Around 30 % of people of your age have successfully given 
up smoking.

• Subjective norms: Your wife and children will appreciate it if you were to give up 
smoking.

• Personal and moral norms: Smoking is anti-social and you do not want your kids 
to start smoking.

3.3.2  Motivational Interview

A more formal, technique-based approach to increasing motivation is afforded by 
the so-called motivational interview [25]. As its name suggests, its goal is to increase 
an individual’s motivation to consider change – not to show them how to change. If 
the interview succeeds in motivating change, only then can any intervention pro-
ceed to considering ways of achieving that change. The approach is designed to help 
people to explore and resolve any ambivalence they may have about changing their 
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behaviour. It assumes that when an individual is facing the need to change, they may 
have beliefs and attitudes that both support and counterchange. Prior to the inter-
view, thoughts that counterchange probably predominate, or else the person would 
be actively making change. Nevertheless, the goal of the interview is to elicit both 
sets of beliefs and attitudes and to bring them into sharp focus, perhaps for the first 
time: ‘I know smoking does damage my health’, ‘I enjoy smoking’, and so on. This 
is thought to bring the individual to a decision point which is resolved by rejecting 
one set of beliefs in favour of the other. These may (or may not) favour behavioural 
change. If an individual decides to change their behaviour, the intervention will then 
focus on consideration of how to achieve change. If the individual still rejects the 
possibility of change, they would typically not continue in any programme of 
behavioural change, although the possibility of future motivational change should 
not completely preclude such continuation.

The motivational interview is deliberately non-confrontational. Miller and 
Rollnick consider the process to be a philosophy of supporting individual change 
and not attempting to persuade an individual to go against their own wishes. When 
the intervention was first developed, it was based on exploration of two key issues:

• ‘What are the good things about your present behaviour?’
• ‘What are the not so good things about your present behaviour?’

The first question is important as it acknowledges the individual is gaining some-
thing from their present behaviour and is intended to reduce the potential for resis-
tance and argument. This process of exploration is not simply a one-question 
approach. Both the questions above are leads into a wider detailed exploration of 
these issues. However, once the individual has considered each issue (both for and 
against change), they are summarised by the health professional in a way that high-
lights the contradiction between the two sets of issues: ‘So, smoking helps you cope 
with stress, but it causes trouble at home because your wife doesn’t want you to 
smoke’. Once this has been fed back to the individual, they are invited to consider 
how this information makes them feel. Only if they express some interest in change 
should the interview then go on to consider how to change. More recently, Miller 
and Rollnick have suggested that patients may be encouraged to consider more 
actively the benefits of change and how things may be different were change 
achieved. Other key strategies include:

• Expressing empathy through the use of reflective listening: this involves engag-
ing with the individual and trying to see things from their perspective rather than 
that of a health professional trying to encourage change. This helps develop an 
alliance between patient and health professional rather than a potentially adver-
sarial relationship.

• Avoiding arguments by assuming the individual is responsible for the decision to 
change: this removes the onus of the health professional to actively persuade. In 
the end, it is up to the individual whether they change their behaviour, not the 
health professional.

3 Psychological Care of Cardiac Patients



78

• ‘Rolling with resistance’ rather than confronting or opposing it: again, this 
means avoiding arguments and attempts at direct persuasion.

• Supporting beliefs in the ability to change an optimism for change: if the indi-
vidual is unwilling to contemplate change because they are not sure they can 
achieve it, then part of the conversation could usefully look for evidence of the 
person’s ability to change and feed this back to them, to increase their confidence 
in achieving change.

The motivational approach can be extremely powerful, even where people show 
high levels of resistance. Take the (true) example of Mr Jones, who had continued 
smoking despite having had two infarctions and being told that he may require two 
below-the-knee amputations due to ischaemia in his lower legs if he continued 
smoking:
Mr Jones: I know you want me to give up smoking. The doctors have told me that 

I have to give up, but I’m not going to. I know it’s your job, but you 
can’t persuade me! It’s the one pleasure that I have, and I’m not giving 
it up.

Nurse: OK. OK. I’m not going to try and persuade you to stop smoking. In the 
end it is your choice. However, I am interested in why you smoke and 
why you are so firmly against changing despite all the hassle you have 
had from the doctors. So, what do you get out of smoking?

Mr Jones: Oh! (looks surprised and relieved and starts talking in a much more 
non-confrontational manner). Well, I’ve smoked all my life, ever since 
I was a kid really. It’s difficult to give up something you’ve done for so 
long. It’s part of my life. In a way, that’s the main thing really – it’s just 
part of my life. I can’t see life without smoking. It helps me keep calm, 
and most of my mates are smokers – so it’s part of my social life.

Nurse: So, it’s difficult to see how to give up and how life would be without 
smoking….

Mr Jones: That’s about it, really. I’ve tried to give up in the past and it’s been 
really difficult. I’ve been back to smoking pretty quickly, so it’s diffi-
cult to see myself giving up, even if I wanted to….

Nurse: Oh, so you’ve tried in the past to quit. What led you to that?
Mr Jones: Well, I know it really does make my heart bad, and I get out of breath 

when I smoke. So, it really makes it obvious the harm I’m doing to 
myself. But it’s one thing to say you want to quit and another to actu-
ally do it. And I know I can’t quit, so what’s the point of even trying?

Note at this point that by not challenging or actively trying to persuade Mr Jones, 
the conversation has shifted from his not wanting to give up to not feeling able to give 
up – although because of the confrontational way this had been discussed previously, 
this had not been clear. So, the nurse moves from highlighting the pros and cons of 
behavioural change and takes this as a cue to look at how and why things have gone 
wrong before, in the hope that this may lead to consideration of behavioural change:
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Nurse: You say you have tried to stop smoking in the past. How did you set 
about this?

Mr Jones: Well, I just tried to do it…. What do you call it? Will power?
Nurse: How well did that work? Not too good from what you say….
Mr Jones: No, not very well. I started to feel awful, sweaty, shaky, and I had to 

have a cigarette. And once you give in, then it’s back to smoking, isn’t 
it.

Nurse: It sounds like you were having withdrawal symptoms from the nico-
tine. Did you take any nicotine replacements like Nicorette or some-
thing like that?

Mr Jones: No, just tried on my own.
Nurse: That may be why you had problems. It’s possible that if you used 

something to help the withdrawal, it may have been easier to quit.
Mr Jones: Oh right, what does that involve then?

Note here that the nurse did not try to persuade Mr Jones that he could stop 
smoking, but rather began to search for evidence of why things went wrong in 
the past. False reassurance with no basis in fact will not encourage change. 
Here, however, there were some clues as to why things went wrong previously 
and how they could be changed to increase Mr Jones’s chances of successfully 
quitting. This was subtly fed back to him, and he is now beginning to think 
about stopping smoking, despite the nurse making no attempt at active persua-
sion through the conversation. In fact, Mr Jones did go on to state he wanted to 
quit smoking and was successful in stopping smoking using nicotine replace-
ment therapy.

3.3.3  Changing Behaviour

Changing behaviours such as smoking, exercise or food choices can be difficult 
within the context of our complex lives. We frequently know what we should be 
doing, but still fail to put these intentions into action. So frequent is this failure, 
it has been bestowed a name: the intention-behaviour gap. One way to increase 
the chances of intentions actually leading to actions involves planning and 
thinking through how any desired changes can be made. One of the earlier 
approaches to this process was developed by Egan [11]. His model of problem-
focused counselling involves three phases, through which the identification and 
change of any factors that are inhibiting behavioural change can be achieved:

• Problem exploration and clarification
• Goal setting
• Facilitating action
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3.3.4  Problem Exploration and Clarification

The goal of the first stage is to help an individual identify the problems he or she is 
facing that may be contributing to their problems or interfering with attempts at 
behavioural change. The goal of this stage is to clarify exactly what difficulties the 
individual is facing, and in some detail, only then can appropriate problem-solving 
strategies be applied. The most obvious way of eliciting this type of information is 
to ask direct questions. Egan also suggests the use of prompts (‘Tell me about…’) 
and probes (‘How did that cause problems…?’) requesting information. A further, 
and important, method of encouraging problem exploration is through the use of 
what Egan termed empathic feedback: ‘So, you felt very frustrated when your part-
ner refused to talk about…’.

3.3.5  Goal Setting

Once particular problems have been identified, some people may feel they are able 
to deal with them and need no further help in making appropriate changes. Others, 
however, may need further support in determining what they want to change and 
how to change it. The first stage in this process is to help the individual to decide the 
goals he or she wishes to achieve and to frame his or her goals in specific rather than 
general terms (e.g. ‘I will try to relax more’ versus ‘I will take 20 minutes out each 
day to practise some yoga’). If the final goal seems too difficult to achieve in one 
step, the identification of sub-goals working towards the final goal should be 
encouraged.

Some goals may be apparent following the problem exploration phase. However, 
should this not be the case, Egan identified a series of strategies designed to help the 
patient identify and set goals. One of the most important is to encourage the indi-
vidual to explore new perspectives – to think about new ways of doing things. At 
this stage, direct challenges or advice giving (‘Well, why don’t you take some time 
out each day to relax?’) is likely to result in resistance or feelings of defeat. The 
individual should be encouraged to explore their own solutions rather than them 
being provided by the health professional.

3.3.6  Facilitating Action

Once goals have been established in the second phase, some individuals may feel 
they need no further support in achieving them. However, some people may not be 
able to plan how they could achieve any goals they wish to achieve. Accordingly, 
the final stage is to plan ways of achieving the identified goals. It can be helpful to 
work towards relatively easy goals at the beginning of any attempt at change, before 
working towards more difficult to change goals as the individual gains skills or 
confidence in their ability to change.
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The following case study provides an example of problem-focused counselling 
and how the appropriate assessment of a problem can ensure that any attempts at 
change are successful.

Following an infarction at a relatively early age, Mrs T was found to be obese 
and to have a raised serum cholesterol level. After seeing a dietician, she 
agreed to lose a kilogramme a week over the following months. She was given 
a leaflet providing information about the fat and calorific content of a variety 
of foods and a leaflet describing a number of ‘healthy’ recipes.

On her follow-up visits, her cholesterol level and weight remained unchanged. 
So, the dietician changed her tactics and began to explore why Mrs T had not 
made use of the advice she had been given. Mrs T explained that she already 
knew which were ‘healthy’ and ‘unhealthy’ foods. Indeed, she had been on 
many diets before – with little success. They then began to explore why this 
was the case. At this point, the key problem became apparent.

Mrs T’s husband supported her attempts to lose weight and was prepared to 
change his diet to help her. However, her sons often demanded meals late at 
night when they got back from the ‘pub’ (bar), often relatively drunk. As a 
consequence, Mrs T often started to cook late at night at the end of what may 
have been a successful day of dieting. She then nibbled high-calorie food 
while cooking. This had two outcomes. Firstly, she increased her calorie 
input. Secondly, she frequently ‘catastrophised’ (‘I’ve eaten so much; I may 
as well abandon my diet for today’) and ate a full meal at this time. It also 
reduced her motivation to follow her diet the following day.

Once this specific problem had been identified, Mrs T set a goal of not cooking 
late-night fry-ups for her sons. She decided that if her sons wanted a fry-up, they 
could cook it themselves. Once the goal was established, Mrs T felt a little con-
cerned about how her sons would react to her no longer cooking for them. So, 
she and the dietician explored ways in which she could set about telling them – 
and sticking to her resolution. She finally decided she would tell them in the 
coming week, explaining why she felt she could no longer cook for them at that 
time of night. She even rehearsed how she would say it. This she did, with good 
effect, as she stopped cooking for them and did start to lose weight.
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If nothing else, this vignette shows the danger of making implicit assumptions 
about what is preventing change (in this case, the dietician initially assumed it was 
lack of knowledge about healthy foodstuffs). Time spent assessing the precise cause 
of any problems an individual is experiencing is time well spent and ensures that the 
rest of any intervention is focusing on appropriate issues.

3.3.7  Implementing Plans and Intentions

A simpler approach to that of Egan, but compressed into a period of minutes rather 
than hours, involves simply planning change. According to Gollwitzer [13], we fre-
quently fail to translate our intentions into behaviours for a number of reasons, 
including:

• Failing to start: the individual does not remember to start, they do not seize the 
opportunity to act, or they have second thoughts at the critical moment.

• Becoming ‘derailed’ from goal striving: the individual is derailed by enticing 
stimuli, they find it difficult to suppress habitual behavioural responses, or many 
are adversely affected by negative mood states or expectations of negative mood 
if they implement change.

To overcome these obstacles, a relatively simple procedure may be utilised. 
This approach involves specifying a relatively simple goal (‘I will eat less fatty 
food’) and how this will be achieved (‘I will buy healthy food options at the 
supermarket’). This link between goal and behaviour may take 5 min of plan-
ning; it is not complex. The approach can take a number of slightly more com-
plex forms, one of which is known as the ‘if-then’ approach: ‘If I find myself 
bored and hungry, then I will try to find something active to do/eat a health 
snack’. Ideally, the behaviour is specified in terms of when, where and how. 
Although simple, the premise of this approach is that this process will result in 
a mental association between representations of specified cues (feeling bored) 
and means of attaining goals (engaging in non-boring activities, not eating), 
which will become activated when the cue is encountered. Developing appropri-
ate implementations is simple in practice, particularly for one- off simple behav-
iours: ‘If I have an urge to smoke in the house, I will play a game on the Xbox 
to take my mind of it’, ‘If I am offered a cigarette by a friend…’, and so on. 
Establishing these if-then associations may promote the initiation of goal- 
relevant behaviours, stabilise them over time and shield the individual from 
alternatives and obstacles. By considering times or situations of particular 
salience to the individual, they have a preformed plan of what to do when in this 
situation. Through planning, the individual should not find themselves in a chal-
lenging or difficult situation without a plan to engage in, a context which makes 
the likelihood of resort to previous behaviours associated with that situation 
highly likely.
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3.4  Emotional Adjustment

While any negative emotional outcome following the onset of disease is worthy of 
treatment in itself, the adverse impact that emotional distress can have on rehabilita-
tion or even the prognosis of the disease should make the treatment of such prob-
lems key to any rehabilitation programme (e.g. [8]). The chapter introduces one 
well-known approach to reducing emotional distress and one that is perhaps less 
well known:

• Cognitive-behavioural interventions
• Written emotional expression

3.4.1  Cognitive-Behavioural Interventions

Cognitive-behavioural interventions assume that emotional distress results not just 
from the things that happen to us, but how we interpret them. They consider distress 
often to involve misinterpretations of events or exaggerations of the negative ele-
ments within them and a loss of focus on any positive aspects of the situation. The 
most basic cognitive intervention is to identify such distorted thinking and to help 
the individual look at the situation from a different perspective. See, for example, in 
the dialogue below, how Tom exaggerates the negative consequences of his MI and 
how the nurse encourages him to consider other ways of looking at the situation:
Tom: Well, that’s it. I’ve had a heart attack. And I know I’ll lose my job now… 

and what’s going to happen about money. I can see we’re going to have to 
sell the house or at least the cars….

Nurse: That’s a lot of things to be worrying about…. Tell me, why do you think 
you’ll lose your job?

Tom: Well, heart attacks are bad news, aren’t they? Most people have to stop 
work when they have one, don’t they?

Nurse: Some people do – but most people can go back to work. Having a heart 
attack doesn’t have to disable you and stop you working…. Most people 
get back to the same or a similar lifestyle to the one they had before their 
heart attack…. What sort of job do you have?

Tom: I’m a manager in a large marketing company.
Nurse: So, your job is not very physically demanding…. It doesn’t put a lot of 

strain on the heart. So, going back to work isn’t going to be difficult from 
a physical point of view.

Tom: No, I guess not….
Nurse:  I wonder…. You must have known a number of people who have had a 

serious illness in your line of work. How does the company treat them? 
Do they have to leave?

Tom: In some ways that would be crazy, if they are a good worker and can still 
work, the company would keep them on.
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Nurse: So as far as you know, the company tries to keep people on even if they 
are ill.

Tom: So there’s no real need for the company to have a problem with me?
Nurse: Perhaps not….
Tom: So, things might not be that bad after all. Wow, I feel better after thinking 

that through….
Here, Tom is encouraged to rethink some of the assumptions he has made about 

the company’s response to his illness and not simply to accept them as true. Note 
that the nurse did not try to reassure him directly, but gave him some relevant infor-
mation and then encouraged him to look for evidence to challenge his own errone-
ous assumptions – a much more powerful procedure. In a more formal 
cognitive-behavioural programme, the health professional may talk through any 
inappropriate assumptions that the individual may make and teach them to chal-
lenge them as they occur in real life. The educational approach of Petrie and col-
leagues described above also adopts this type of approach in a formal and systematic 
manner, identifying the types of beliefs that are likely to affect how engaged an 
individual is in any rehabilitation programme and providing evidence to challenge 
them [29].

3.4.2  Relaxation Training

A second cognitive-behavioural approach – usually used in stress management pro-
grammes – involves teaching relaxation skills. The goal of teaching relaxation skills 
is to enable the individual to relax as much as possible and appropriate both through-
out the day and at times of particular stress. This contrasts with procedures such as 
meditation, which provide a period of deep relaxation and ‘time out’, as sufficient 
in themselves. Relaxation skills are best learned through three phases:

• Learning basic relaxation skills
• Monitoring tension in daily life
• Using relaxation at times of stress

The first stage of learning relaxation skills is to practise them under optimal con-
ditions such as a quiet room in a comfortable chair – where there are no distractions 
and it is relatively easy to relax. Initially, the patient should be led through the relax-
ation process by an experienced practitioner. This can then be added to by continued 
practice at home, typically using taped instructions. The relaxation process most 
commonly taught is based on Jacobson’s deep muscle relaxation technique. This 
involves alternately tensing and relaxing muscle groups throughout the body in an 
ordered sequence. Over time, the emphasis of practice shifts towards relaxation 
without prior tension, or relaxing specific muscle groups while using others, to 
mimic the use of relaxation in the ‘real world’.

At the same time as practising relaxation skills, individuals can begin to monitor 
their levels of physical tension throughout the day. Initially, this serves as a learning 
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process, helping them to identify how tense they are at particular times of the day 
and what triggers any excessive tension. Such monitoring may also help identify 
future triggers to stress and provide clues as to when the use of relaxation proce-
dures may be particularly useful. After a period of learning relaxation techniques 
and monitoring tension, individuals can begin to integrate relaxation into their daily 
lives. At this stage, relaxation involves reducing tension to appropriate levels while 
engaging in everyday activities. Initially, this may involve trying to keep as relaxed 
as possible and appropriate at times of relatively low stress and then, as the indi-
vidual becomes more skilled, using relaxation at times of increasing stress. The goal 
of relaxation at these times is not to escape from the cause of stress, but to remain 
as relaxed as possible while dealing with the particular stressor. An alternative strat-
egy involves relaxing at regular intervals (such as coffee breaks) throughout the day.

3.4.3  Mindfulness

A relatively new, but increasingly popular, approach to helping people cope with 
stress involves the use of a technique known as mindfulness. This involves the indi-
vidual learning to recognise the presence of stressful thoughts while remaining 
emotionally disengaged from them. Mindfulness has a long history and is central to 
Buddhist philosophy. It can be achieved through meditation, but can also be evoked, 
with practice, while engaged in day-to-day activities. Mindfulness may be consid-
ered to have two elements:

• Self-regulation of attention: Mindfulness involves being fully aware of our cur-
rent experience – observing and attending to our changing thoughts, feelings and 
sensations as they occur. This allows us to be aware of these phenomena, but not 
to elaborate on them. Rather than getting caught up in ruminative thoughts, 
mindfulness involves a direct non-judgmental experience of events in the mind 
and body.

• An orientation towards experiences in the present moment characterised by curi-
osity, openness and acceptance: The lack of cognitive effort given to the engage-
ment and elaboration of our experiences allows us to focus on our present 
experience. Rather than observing experience through the filter of our beliefs and 
assumptions, mindfulness involves a direct, unfiltered awareness of our 
experiences.

In essence, mindfulness involves a focus on our whole experience at any one 
time, not just focusing on panicky, anxious or depressed thoughts. These become 
just part of our experience, and we can learn to observe them rather than allow them 
to dominate our consciousness. Achieving this level of simultaneous awareness and 
disengagement is not easy, and most programmes that teach mindfulness do so over 
sessions spread over many weeks or months.

One of the most widely recognised training programmes is the mindfulness- 
based stress reduction programme of Kabat-Zinn (e.g. [17]). This involves an 
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8–10- week course for groups of participants who meet weekly for practice in 
mindfulness meditation skills, together with discussion of stress, coping and 
homework assignments. An all-day mindfulness training session is also included. 
Several mindfulness meditation skills are taught. These include the ‘body scan’, 
involving a 45-min exercise in which attention is directed sequentially to numer-
ous areas of the body while lying down with eyes closed. Sensations in each area 
are carefully observed. In sitting meditation, participants are instructed to sit in 
a relaxed and wakeful posture with eyes closed and to direct attention to the sen-
sations of breathing. Hatha yoga postures are used to teach mindfulness of bodily 
sensations during gentle movements and stretching. Participants also practise 
mindfulness during ordinary activities like walking, standing and eating. For all 
mindfulness exercises, participants are instructed to focus attention on the target 
of observation and to be aware of it in each moment. When emotions, sensations 
or cognitions arise, they are observed non-judgmentally. If participants notice 
their mind has wandered into thoughts, memories or fantasies, their nature or 
content is briefly noted, and then attention is returned to the present moment. An 
important consequence of mindfulness practice is the realisation that most sensa-
tions, thoughts and emotions fluctuate, or are transient, passing by ‘like waves in 
the sea’.

Mindfulness can act as a ‘stand-alone’ intervention. It can also be integrated into 
other therapies and used to help people cope with challenging behavioural experi-
ments or distressing thoughts as part of the treatment of mood and anxiety disor-
ders. While mindfulness training may be beyond the remit of most rehabilitation 
programmes, patients may usefully be signposted to the many self-help interven-
tions available on the Internet and books, such as Stahl and Goldstein [34] and 
Alinda [1].

3.5  Concluding Remarks

Cardiac rehabilitation works. We know that appropriate interventions can effec-
tively change behaviour and emotional consequences of the experience of an acute 
cardiac event. We also know that more complex interventions work better than sim-
pler approaches. Those, for example, that involve the development of personal strat-
egies of change are more effective than less complex educational programmes [2], 
although the latter can be highly effective if conducted in appropriate manner. These 
relatively complex interventions need not necessarily be provided in complex ways, 
however. The ‘self-help’ intervention developed by Lewin and colleagues [24] pro-
vides a graduated programme of behavioural change and emotional regulation over 
a period of six weekly instalments and has proven as effective as the same pro-
gramme provided ‘live’ in cardiac rehabilitation centres [10]. Intriguingly, we have 
still to find out what type of intervention works best for which patients. Nevertheless, 
there is consistent evidence that either live interventions or the Internet- or other 
media-based interventions are most effective if they apply the principles considered 
in this chapter [7, 9, 12, 19, 27, 36]. Ultimately, a triaged system in which patients 
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are enrolled in programmes of varying complexity and cost may ultimately provide 
the most effective and cost-effective approach, with simple educational provision 
being the basic intervention and more complex interventions being initiated as 
appropriate.
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4Exercise Training in Cardiac 
Rehabilitation

Birna Bjarnason-Wehrens and Martin Halle

Physical activity counseling and individually prescribed and supervised exercise 
training are core components of a comprehensive cardiac rehabilitation (CR) pro-
gram, compromising 30–50 % (up to >70 %) of all cardiac rehabilitation activi-
ties. This applies to phase II as well as to phase III cardiac rehabilitation for 
patients post-acute coronary syndrome and post-primary coronary angioplasty 
(PCI), post- cardiac surgery (coronary artery bypass, valve heart surgery, cardiac 
transplantation), as well as in chronic heart failure patients.

Within a large meta-analysis of Cochrane database, exercise-based cardiac 
rehabilitation has been shown to reduce overall mortality rate by 13 %, cardiovas-
cular mortality rate by 26 %, and hospital admission rate by 18–31 % in patients 
with coronary heart disease (CHD) [1–3]. Moreover meta-analysis has revealed 
CR programs with exercise training interventions as only content to be even more 
effective, demonstrating exercise only to reduce overall mortality rate by 27–28 %, 
mortality rate due to cardiovascular disease by 31 % (Fig. 4.1), and the re-infract 
rate by 43 % [3–5]. These results emphasize the impact of exercise interventions as 
a core component of CR program. However, so far epidemiological studies have 
not been able to provide sufficient statistically significant evidence linking the inci-
dence of nonfatal heart attacks and sudden cardiac death to exercise training-based 
rehabilitation measures [1–5].

mailto:bjarnason@dshs-koeln.de


92

4.1  Definition of Terms

Any muscle contraction resulting in an energy metabolism above basal metabolic 
rate is characterized as physical activity [6]. Exercise or exercise training is any 
physical activity that is planned, structured, performed repeatedly, and specifi-
cally aimed at improving the physical fitness level [6]. Physical fitness comprises 
the ability of performance including cardiopulmonary endurance, muscle 
strength, flexibility, and coordination [6, 7]. Cardiorespiratory fitness is deter-
mined by the maximal cardiovascular exercise capacity and is dependent on oxy-
gen transport via lung diffusion, cardiocirculation to the muscle fiber, where it is 
used in the mitochondria for energy production (ATP synthase). Assessment of 
maximal oxygen uptake (VO2peak/max) is the gold standard for evaluating cardiore-
spiratory fitness, typically assessed during a maximal exercise tolerance test per-
formed on a bicycle or treadmill ergometer [8]. Maximal exercise capacity is the 
highest power output a person can sustain during an exercise tolerance [8]. 
Exercise tolerance is defined as the highest power output possible before any 
pathological symptoms and/or medical indications occur [9]. In a healthy person 
both terms can be used interchangeably, but in a patient the range can differ sub-
stantially [8]. For the definition of the amount of physical activity or exercise, the 
interrelation between the total dose of activity and the intensity at which the 
activity is performed have to be considered (volume of exercise = duration × 
intensity). While the dose refers to the total energy expended, intensity reflects 
to the rate of energy expenditure during the physical activity. Absolute intensity 
reflects the rate of energy expenditure during exercise, usually expressed in met-
abolic equivalent tasks (MET). One MET is the energy expenditure or oxygen 
consumption (VO2) measured during sitting, which equals 3.5 mL O2 kg−1 min−1. 
MET-hours are the product of exercise intensity and exercise time [6]. Relative 
intensity refers to the percent of aerobic power utilized during exercise. It is 
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Fig. 4.1 Effectiveness of exercise only or exercise as part of a comprehensive cardiac rehabilita-
tion program on all-cause mortality and cardiac mortality (According to Jolliffe et al. [3])
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expressed as percent of maximal heart rate or percent of VO2peak. In this context, 
activities performed at a relative intensity of <40 % VO2peak are considered to be 
of light intensity, those performed at 40–60 % VO2peak to be of moderate intensity, 
and those performed at relative intensity of >60 % VO2peak to be of vigorous 
intensity [6]. For the estimation of intensity, the person’s individual premises 
have to be taken into account. For example, brisk walking at 4.8 km h−1 has an 
absolute intensity of ~4 MET. For a young and healthy person, this intensity is 
low in relative terms, but represents a vigorous intensity for an 80-year-old 
person.

Exercise therapy “is medically indicated and prescribed exercise, planned and 
dosed by therapists, controlled together with the physician and carried out with the 
patient either alone or in a group” [10]. Sport and exercise therapy “is an exercise 
based therapeutic measure which compensates for destroyed physical, mental and 
social functions with suitable sports remedies, regenerates, guards against secondary 
damage and supports health oriented behaviour. Sport therapy is based on biological 
principles; especially includes physiological, medical, pedagogic-psychological as 
well as social therapeutic elements and attempts to create enduring health compe-
tence” [10].

4.2  Objective of Exercise-Based Training Intervention

The primary objective of an exercise-based training intervention in cardiac reha-
bilitation is to positively influence disease progression and prognosis. This is most 
successfully achieved in coronary heart disease (CHD) and its pathological con-
sequences (acute coronary syndrome, sudden death, ischemic heart failure) and in 
nonischemic chronic heart failure [1, 2, 6, 11–17]. The main secondary objectives 
are an improvement in the symptom-free exercise tolerance and overall quality of 
life [6, 12–14]. Further secondary objectives are overcoming cardiovascular and 
musculoskeletal limitations caused by inactivity (in particular in chronic heart 
failure and after open-heart surgery), as well as to improve mobility, indepen-
dence, psychological well-being, social and occupational reintegration, and car-
diovascular risk factors and thereby reduce the need for future home care, enhance 
participation, and enable the patient to take up his further life. In order to achieve 
these objectives, an extensive physical activity counseling including individual 
instructions is of crucial importance, in addition to the supervised exercise train-
ing [6, 11, 12, 14, 16–19].

Individual objectives should be based on the patient’s cardiac diagnosis, 
exercise capacity, possible exercise-limiting comorbidities, age, gender, exer-
cise experience, as well as the patient’s motivation, personal exercise goals, and 
preferences. Respecting somatic, psychosocial, and educative objectives, they 
should aim to support the patient’s health-oriented behavior, to create his/her 
persistent health competence, and to improve his/her self-efficacy (Table 4.1 
and Fig. 4.2).

4 Exercise Training in Cardiac Rehabilitation



94

4.3  How to Set Up an Exercise Training Program in Cardiac 
Rehabilitation

Exercise training in cardiac rehabilitation should be medically supervised and led 
by an experienced exercise therapist (or physiotherapist). During the initial phase 
after an acute event, the exercise program should be started under careful medical 
supervision. The supervision should include physical examination, monitoring of 
heart rate, blood pressure, and rhythm before, during, and after the exercise training 
[12, 14, 17]. A careful supervision allows to verify individual responses and toler-
ability, clinical stability, and promptly identifying signs and symptoms indicating 
necessary modification or termination of the program. The supervision should be 
prolonged in patients with high risk of cardiovascular events (severe coronary heart 
disease, heart failure NYHA III, ventricular arrhythmias, implantable cardioverter 
defibrillator (ICD), heart transplantation). In these patients an inpatient cardiac 
rehabilitation setting is recommended [12].

Exercise training in cardiac rehabilitation should be prescribed on an indi-
vidualized approach after a careful clinical evaluation including: risk stratifica-
tion, symptom- limited exercise testing (either on bicycle or on treadmill), 

Table 4.1 Somatic, psychosocial, and educative objectives of individually prescribed and super-
vised exercise training in cardiac rehabilitation

Somatic objectives:
To positively influence disease progression and prognosis
To overcome cardiovascular and musculoskeletal limitations caused by inactivity
To improve symptom-free exercise tolerance
  To improve cardiopulmonary exercise tolerance
  To improve coordination, flexibility, agility, and muscular strength
To positively influence cardiovascular risk factors
Psychosocial objectives:
To improve body awareness and perception, especially the patient’s perception of stress during 
exercise training
To reduce the patient’s anxiety for overload during exercise training
To improve the patient’s realistic judgment of his/her individual exercise tolerance
To improve overall well-being
To improve psychosocial well-being and coping with the disease
To improve overall social integration
To increase level of independency
To improve quality of life
Educative objectives:
To improve knowledge in the impact and health benefits of regular physical activity and 
exercise training
To improve practical skills of self-control and adequate handling during physical activity and/or 
exercise training to the patient
To improve long-term compliance to lifestyle changes
To implement a physically active lifestyle

Modified after Bjarnason-Wehrens et al. [20]
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assessment of possible exercise-limiting comorbidities, assessment of functional 
capacity (especially in groups at risk to have reduced functional capacity, e.g., 
older patients, females, and/or heart failure patients), assessment of behavioral 
characteristics (movement and exercise experiences, physical activity level, 
readiness to change behavior, self-confidence, barriers to increase physical activ-
ity, as well as social support in making positive changes), and patient’s personal 
goals and exercise preferences. The type and severity of the disease also have to 
receive similar attention such as personal characteristics like age and gender [12, 
14, 17] (Fig. 4.3).

Exercise training in cardiac rehabilitation should be based on aerobic endurance 
training. On its basis, further components such as resistance exercise and gymnas-
tics including exercises for coordination (inclusive balance and sensorimotoric), 
flexibility, agility, and strength as well as perceptional training, are to be added. In 
frail and older patients, special exercise elements for preventing falls should be a 
part of the exercise program (Fig. 4.4).

Somatic
objectives

Educative
objectives

Psycho-social
objectives

�To support health oriented 
behaviour

�To create persistent health 
competence

�To improve self-efficacy

Fig. 4.2 Objectives of 
exercise-based training 
intervention

Components of exercise based training interventions

Aerobic 
endurance 

training

Perception training, 
body awareness,
practical skills of 

self-control

Resistance training

Exercise to improve flexibility, agility 
coordination, balance, ...

Modified movement games and 
team games ...

Fig. 4.3 Contents of 
comprehensive exercise 
based training intervention 
in cardiac rehabilitation
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Based on the results of the clinical evaluation, every person should receive indi-
vidualized exercise training recommendations containing the following information 
[14] (Fig. 4.5):

• Exercise training goals (i.e., improvement of exercise capacity, muscular 
strength)

• Exercise training mode (i.e., aerobic endurance training, moderate resistance 
training)

• Exercise training content, with reference to the preferred type of exercise (i.e., 
bicycle ergometer, treadmill, walking, Nordic walking, etc.; resistance training 
using weight machines, elastic bands, etc.)

• Exercise training method (steady-state training, interval training, etc.)
• Exercise training intensity (i.e., % HRpeak, % VO2peak, % of one repetition 

maximum)
• Exercise training duration (duration of the individual training unit [i.e., 

30–60 min] and the supervised training program [i.e., 3–6 months])
• Exercise training frequency (i.e., 3–7 exercise units per week) [12]

Exercise training duration, intensity, and frequency should start at a low level and 
be increased incrementally. Especially in patients taking up an exercise training 
after a long period of inactivity, it is important to pay close attention to the variation 
in time each organ system needs in order to adapt to the training process. While the 
cardiovascular and muscular systems show a fast adaptation, bones, tendons, liga-
ments, and joints adapt very slowly. The primary goal should be to increase training 
duration and frequency [12]. If these are well tolerated, then the intensity can also 
be increased.

Exercise goals

Exercise 
contents

Exercise 
methode

Exercise 
intensity

Exercise duration

Exercise frequency

Fig. 4.4 Components 
that have to be considered 
by planning and 
implementation of an 
individually dosed, 
adapted and controlled 
exercise program in 
cardiac rehabilitation
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Exercise training should be planned in three stages: initial stage, improvement 
stage, and maintaining stage (Fig. 4.6) [12, 14, 17].

The objectives of the initial stage are to prepare the patient for the exercise train-
ing and to verify the individual response and tolerability to a low-intensity exercise 
program. This phase also includes improvement of coordination and flexibility as 
well as developing the patient’s perception for exercise intensity. Previously physi-
cally inactive people and older patients have to receive special attention. In the ini-
tial stage the intensity of exercise should be kept at a low level. According to 
perceived symptoms and clinical status, the duration of the exercise unit can be 
prolonged (i.e., from 15 to 30 min). The duration of the initial stage depends on the 
patient’s clinical status and exercise tolerance, but should not exceed 4–6 exercise 
units during 1–2 weeks, respectively.

The objectives of the improvement stage are to gradually increase exercise capacity 
and other components of physical fitness such as coordination, flexibility, muscular 
strength, and endurance capacity. During this stage, the exercise intensity should be 
gradually increased according to the patient’s exercise prescription and exercise goals. 
Likewise, each exercise session can be prolonged up to 30–60 min and even beyond 
as well as exercise frequency can be increased up to daily sessions. However, this has 
to be adapted to the patient’s objective medical status and subjective health status.

The objectives of the maintenance stage are to stabilize and preserve the improve-
ments achieved as well as extend them over a long period of time. Exercise inten-
sity, exercise duration, and exercise frequency can be gradually increased if 
tolerated. In this stage, special attention has to be paid to the patient’s motivation as 

Personal characteristics and 
diagnostic results i.e. age, 
gender, cardiac diagnosis, exercise 
tolerance, functional capacity, risk 
factors, comorbidities

Behavioural characteristics i.e. 
motivation, preference, exercise 
experiences, physical activity level, 
social support barriers to increase 
physical activity

Individual exercise prescription and training protocol

Control of efficacy

Modification and adaptation of the exercise prescription and  
training protocol referring to the patients objective medical and 
subjective health status.

Patient

Careful clinical evaluation including: risk stratification, symptom limited exercise testing 

Individually dosed and adapted exercise training

Individual objectives of the exercise program

Fig. 4.5 How to set up an individually dosed and adapted, and controlled exercise training pro-
gram in cardiac rehabilitation
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well as education to increase and or stabilize adherence to regular physical activity 
and exercise training. It is mandatory to provide the patient with the necessary prac-
tical skills of self-control and adequate handling during physical activity and/or 
exercise training. Careful instruction about the impact and health benefits of regular 
physical activity and exercise training might be helpful to improve his/her adher-
ence to a physically active lifestyle.

Overall, during cardiac rehabilitation the individual exercise training recommen-
dations have to be adapted individually and reevaluated after change of medical 
status, change of medication, hospitalization, or other illnesses.

4.4  Physical Activity Counseling: Motivation to a Physically 
Active Lifestyle

Provided they are performed on a regular and a long-term basis, physical activity 
and exercise training are valuable sources of multiple health benefits. The patient’s 
motivation to take up an active lifestyle and start regular exercise training on a sus-
tained basis is therefore an important goal of the cardiac rehabilitation program. 
Investigations have shown that the patient’s thorough information and motivation 
provided by the attending physician is the most effective instrument to achieve such 
behavioral changes [21]. Based on this initial encouragement by the physician, the 
motivation achieved has to be stabilized and augmented through individual as well 
as group counseling during the rehabilitation process.

Stages of exercise training

The initial stage 
4–6 exercise units during 1–2 weeks

Exercise duration: short (i.e. 15–30 min) 

Exercise intensity: low

The improvement stage

Exercise duration: gradually prolonged up 
to ≥ 30–60 min

Exercise intensity: gradually increase 
exercise capacity up to target values

The maintenance stage

Gradually increase exercise intensity and 
or exercise time if tolerated

- Preparation, 
- Adaptation,
- Verifying the individual response and 
  tolerability

- Increase exercise capacity and  
  physical fitness
- Improve muscular strength and 
  endurance
- Improve flexibility and coordination

- Long term stabilisation of improvements
  achieved
- Stabilize adherence to regular physical  
  activity and exercise training

Fig. 4.6 Stages of exercise training in cardiac rehabilitation
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The primary preventive role of regular physical activity is well established by 
large epidemiological studies. Results of meta-analyses demonstrate regular 
physical activity compared with sedentary behavior to be associated with reduc-
tion of overall mortality rate by 22–36 % and reduction of cardiovascular mor-
tality rate by 25–35 % [22–25]. The impact of regular physical activity in the 
secondary prevention of CHD is less well established. The results of smaller 
prospective studies demonstrate the prognostic importance of regular physical 
activities after diagnosis of the CHD, showing regular physical activity to be 
associated with a relative risk reduction of overall mortality by 19–58 % and 
cardiovascular mortality and/or morbidity by 20–62 % [26–35]. These prospec-
tive cohort studies [27, 32] also showed that it is never too late to take up an 
active lifestyle. They found reduced overall mortality rate by 29–50 % in former 
inactive CHD patients that increased their activity levels after the diagnosis of 
the disease [27, 32]. A relative reduction for overall mortality by 34–79 % was 
found in anciently physically active patients that maintained active, compared to 
those who were sedentary before and after the diagnosis of the disease [27, 32]. 
These results have to be established by studies with greater cohorts. Thereby in 
cardiac rehabilitation, it is important to emphasize sedentary lifestyle as an 
independent risk factor and explain the health benefits achieved by any increase 
in physical activity to the patients. However, the exercise therapist should keep 
in mind that it is not sufficient to inform the patient about the achievable health 
benefits. During the rehabilitation process, the patient’s perceptions, attitude, 
and health esteem regarding physical activity and exercise training have to be 
influenced positively. It is important that he/she experiences the exercise train-
ing provided during cardiac rehabilitation as a convenient task that he/she can 
cope with as well as an activity that is associated with well-being, fun, and 
social contacts. On a long-term basis, the patient will only integrate physical 
activity and exercise training into his/her daily life, if medical benefits are asso-
ciated with personal values. The motivation to be physically active for health 
benefits usually only lasts for few months [36]. It is essential to change the 
patient’s secondary motivation (exercise training for health) into a primary 
motivation (e.g., I like exercise training, it is associated with fun, well-being, 
and/or meeting friends); otherwise he/she will return to his/her inactive lifestyle 
within a short period of time.

During the cardiac rehabilitation program, the patient should receive individ-
ual advices and exercise prescription for his/her physical activity and exercise 
training after the termination of the program and get the opportunity to put those 
into practice under supervision. These individual advises should take into consid-
eration the patient’s age, gender, past habits, comorbidities, preferences, and 
goals. The patient’s readiness to change behavior, his/her self-confidence, and/or 
social support in making positive changes as well as possible barriers to increase 
and take up independent exercise training should be addressed. The participation 
in long-term maintenance programs like heart groups should be recommended if 
available.

4 Exercise Training in Cardiac Rehabilitation
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4.5  Perception Training, Body Awareness, and Practical 
Skills of Self-Control

After an acute cardiac event (acute coronary syndrome, PCI, or cardiac surgery), 
most of the patients are uncertain regarding physical activity overall and, particu-
larly, how much physical stress they are able to tolerate and what kind of physical 
activity they are allowed to perform. This uncertainty in combination with the expe-
rience of the vulnerability of the heart results in the avoidance of any physical strain 
and foster physical inactivity. Other patients rather tend to mentally suppress the 
cardiac event that might assimilate a danger of overload. During the exercise train-
ing, the patient has to learn the limit of his/her exercise tolerance and his/her exer-
cise limits. The goal is to achieve the patient’s realistic judgment as well as his/her 
acceptance of the often considerable reduced exercise tolerance. The exercise train-
ing is an optimal instrument to improve the patient’s body awareness and percep-
tion. The experience of subjective and objective symptoms that occur during 
exercise training should be used to help the patient to recognize such symptoms as 
well as estimate their relevance for the load achieved. Improving body awareness 
and perception should therefore be an integral component of each exercise training, 
explaining the exercise procedure and its beneficial as well as possible adverse 
effects on the body to the patient. Through the exercise training, the patient should 
learn to perceive and observe his/her local and systemic reactions (i.e., increased 
heart rate, respiration, level of exertion of the muscle, subjective well-being, etc.) 
and to interconnect them to the objective exertion performed. By gradually increased 
exercise intensity, the patient should perceive the limit of his/her exercise tolerance 
in order to be able to recognize it. The exercise therapist should communicate with 
the patient asking him/her to prescribe his/her perceptions of objective and subjec-
tive symptoms during exercise. These practical skills of self-control are the funda-
mental instruments for the patient’s safe and effective approach to physical activity 
and training. This will reduce anxiety and improve a certainty regarding physical 
exertion during occupation, recreation, or daily life (Fig. 4.7).

4.6  Aerobic Endurance Training

Oxygen consumption (VO2peak) assessed by means of cardiopulmonary exercise 
testing is one of the strongest predictors of disease prognosis in patients with coro-
nary artery disease and chronic heart failure [36–42] (Fig. 4.8). In CHD patients 
every 1.0 ml/kg1 min1 increase in VO2peak is associated with 15 % decrease in risk of 
death, 14 % (in women) and 17 % (in men) decrease in risk of overall mortality, and 
10–14 % (in women) and 9–16 % (in men) decrease in risk of cardiovascular mor-
tality [42]. Martin et al. [43] demonstrated in a retrospective analysis of a cohort of 
5641 CHD patients that improvements in VO2peak achieved during cardiac rehabilita-
tion have prognostic value. They found every increase in exercise capacity in one 
MET achieved during 12-week CR to be associated with 13 % reduction of overall 
mortality. In patients who started the CR program in the lowest fitness group, the 
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benefit on exercise capacity was even of greater value. In this group an increase in 
one MET was associated with 30 % reduction of overall mortality.

A systematically carried out aerobic endurance exercise program leads to an 
increase in exercise capacity and symptom-free exercise tolerance [13, 42–46]. In 
patients with cardiovascular disease, the increase in exercise capacity gained has 
been reported to range between 11 and 36 % [13, 45, 46] depending on the patient’s 
exercise tolerance, clinical status, as well as intensity and dose of the exercise train-
ing [13, 47–49]. Sedentary untrained and deconditioned patients have been shown 
to achieve the greatest benefits [13, 47–49]. In addition, long-term regular aerobic 
endurance training positively influences well-known cardiovascular risk factors 
such as hypertension, type 2 diabetes mellitus, dyslipidemia, and abdominal obesity 
[50–59] (Fig. 4.9).

4.6.1  Exercise Prescription and Definition of Individual Exercise 
Intensity

Based on careful clinical evaluation and risk stratification, including symptom- 
limited exercise testing, aerobic endurance training can be performed in a safe and 
an effective manner [3, 4, 46].

Fig. 4.7 Patient should learn to perceive and observe his/her local and systemic reactions, i.e. 
increased heart rate
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Fig. 4.8 The relative risk of death from any cause according to quintile of exercise capacity 
among subjects with and without cardiovascular disease (According to Myers et al. [41])
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Fig. 4.9 Potential cardioprotective effects of regular physical activity, especially aerobic endur-
ance training

In addition to the maximal achieved exercise capacity, the intensity that the 
patient is able to tolerate without any pathology (exercise tolerance) is to be well 
defined and taken into account when exercise prescription is given.

Absolute contraindications to aerobic endurance training are summarized in 
Table 4.2 [14].
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4.6.1.1  How to Define Exercise Intensity
Training intensity should be established and controlled based on the results of a 
maximal exercise stress test done on a bicycle/treadmill ergometer including ECG 
and blood pressure monitoring. This should yield maximal heart rate, maximal 
exercise load in watts, possible ischemic threshold, and blood pressure response to 
exercise. These data will form the basis for determining the individual training load 
and training heart rate. Additional cardiovascular examinations or improvement of 
therapy has to be included, if cardiac complaints and/or symptoms arise during the 
exercise stress test. If complaints or symptom limitations persist, despite maximal 
therapeutic efforts, it is advised to keep the exercise load at a level free of symptoms 
and ischemia. It is generally recommended that the training intensity should be 
clearly below the ischemic threshold [11–13, 17].

The heart rate is an objective, easily determined parameter used to regulate 
and control exercise load in cardiac rehabilitation. The maximal heart rate 
(HRpeak) is the highest heart rate achieved prior to termination of an incremental 
exercise tolerance test due to subjective exhaustion or objective indications [8]. 
The training heart rate can be determined as percent of maximal heart rate (HRpeak). 
In cardiac rehabilitation a training heart rate of 65–75 % (if tolerated 80–85 %) 
HRpeak is recommended [17]. It is important to keep in mind that only the heart 
rate response to an exercise stress test performed under the patients actual medi-
cation can be used for exercise prescription. This applies especially to the use of 
ß-receptor blockers (Fig. 4.10).

The training heart rate can also be determined mathematically by using the 
Karvonen formula, in which the heart rate reserve (HRR) is calculated. The heart 

Table 4.2 Contraindications for aerobic endurance training [14]

Acute coronary syndrome (ACS)
Malignant hypertension with systolic blood pressure >190 mmHg during exercise training 
despite exhaustive antihypertensive medication therapy
Drop in systolic blood pressure by ≥20 mmHg during exercise, in particular in patients with 
CHD
Severe secondary mitral valve insufficiency or more specifically moderate mitral valve 
insufficiency with evidence of increased regurgitation during exercise
Heart failure NYHA IV
Supraventricular and ventricular arrhythmias causing symptoms or hemodynamic compromise, 
continual ventricular tachycardia
Frequent ventricular extrasystoles, noncontinual ventricular tachycardia in advanced left 
ventricular dysfunction or more specifically after myocardial infarct as well as in response to 
exercise or during the postexercise regeneration phase
Cardiovascular diseases that have not been risk evaluated and that have not been treated 
according to guideline requirements in terms of best possible prognosis outcome (i.e., 
beta-blocker in patients with CHD, angiotensin-converting enzyme inhibitor in patients with 
heart failure) or, more specifically, hemodynamic control (i.e., maximal medication therapy for 
blood pressure regulation in severe arterial hypertension). Patients with contraindications to 
exercise training due to malignant arrhythmias, on the other hand, can be introduced to a 
training program after antiarrhythmic measures have been taken (i.e., implantable cardioverter 
defibrillator (ICD), proven efficacy of medication therapy)
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rate reserve is the difference between maximal heart rate and resting heart rate, as 
determined in maximal exercise stress test (Fig. 4.11).

In cardiac patients training heart rate of 40–60 % (if tolerated 65–70 %) of heart 
rate reserve is recommended [17]. The heart rate reserve method should especially 
be used in patients with chronotropic incompetence. The training heart rate should 
always be determined clearly below the ischemic threshold (i.e., 10 beats/min).

Maximal exercise capacity measured in watt is a reliable and reproducible 
parameter in order to regulate exercise training performed on a bicycle ergometer 
[11]. In cardiac rehabilitation exercise intensity at 40–60 % (if tolerated up to 
70–80 %) of maximal load (watt) achieved in a symptom limited exercise test is 
recommended [17]. In patients with very low exercise tolerance, very low heart 
rate reserve, as well as with the inability of the sinus node to react adequately to 
exercise stress by increasing heart rate (i.e., patients with chronotropic incompe-
tence, atrial fibrillation, pacemakers, and post-heart transplant), training inten-
sity should be controlled according to exercise load in watts and by using the 
Borg scale.

The Borg scale (rate of perceived exertion (RPE)) is used to subjectively assess 
how the individual perceives the intensity of the performed exercise on a scale from 
6 to 20 points [60] (Fig. 4.12). It is not advisable, however, to solely rely on the Borg 
scale to advise on training load as it contains too many influencing factors from the 
patient’s perspective (i.e., unfamiliar method, poor body awareness, over motiva-
tion, and peer pressure) [61]. The Borg scale can be used as a supplement to other 
training regulation options, as well as to facilitate developing body awareness to the 
exercise load. Target values are RPE 11–14, comparable to light to moderate exer-
cise intensity [17].
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Fig. 4.10 How to determine a target heart rate and exercise load (watt) for exercise training in 
cardiac rehabilitation
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The maximal oxygen consumption (VO2peak) reached during an exercise stress 
test and the oxygen consumption at the anaerobic threshold (VO2-AT) are meaning-
ful parameters in regulating exercise load during training [62]. The latter can also be 
determined during submaximal exercise testing, independent of the individual’s 
motivation level [63]. If a cardiopulmonary exercise test is used to determine aero-
bic training intensity then 40–70 % of VO2peak (up to 80 % if tolerated) should be 
targeted, close to the individual’s anaerobic threshold (1st VAT) [17, 64] (Fig. 4.13).

4.6.1.2  Aerobic Endurance Training Duration and Frequency
Health benefits can only be reached and maintained with long-term aerobic endur-
ance training done on a regular basis. Aerobic endurance training should be per-
formed for ≥30 min 3–5 times per week, preferably everyday, resulting in a total 
exercise time of ≥150 min per week (or 21/2 h/week). Ideally, exercise time should 

The heart rate reserve (HRR) 
is the difference between 
maximal heart rate and resting 
heart rate, as determined in 
maximal exercise stress test.

Example calculation – target intensity 60% of heart rate reserve  
Resting heart rate =   60 beats/min 
Maximal heart rate in exercise test = 100 beats/min 

Target heart rate for exercise training = 
 60 + (100-60) x 0.6 = 84/min.

How to calculate target heart rate using heart rate reserve
(Karvonen formula)

100 -

80 -

70 -

60 -

Fig. 4.11 How to determine the target heart rate for exercise training in cardiac rehabilitation 
using the Karvonen formula
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The Borg-scale
(Rate of perceived exertion, RPE)

RPE < 12 < 40 % VO2peak

RPE 12–13 40-60 % VO2peak

RPE 14–16 60-85 % VO2peak

Fig. 4.12 The Borg 
scale – rate of perceived 
exertion (RPE)
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be around 3–4 h/week. The initial aerobic endurance exercise phase should last 
around 5–10 min in untrained individuals and gradually increase to ≥30 min per 
training session during the course of the training program. Low-intensity physical 
activities, such as walking in plane, can and should be done on a daily basis (prefer-
ably more than once a day) [12, 14, 17].

4.6.1.3  How to Perform Aerobic Exercise Training
The most common training forms used in cardiac rehabilitation to improve aero-
bic endurance are ergometer training on a cycle or treadmill. Additional common 
aerobic exercise modes include walking, Nordic walking, and biking. Jogging 
may be performed in those with good exercise capacity. This holds also true for 
swimming, as only those with stable cardiac condition without ischemia or poten-
tial for life- threatening should perform swimming. The decisive factors in choos-
ing an appropriate training form in cardiac rehabilitation should be the ability to 
exactly dose, control, and gradually increase the appropriate exercise intensity, 
and the availability to monitor vital parameters (i.e., ECG, heart rate, blood pres-
sure) is necessary.

When choosing a training form, an individual’s baseline characteristics (such as 
age, gender, exercise experience, exercise tolerance, and concomitant diseases) as 
well as preference and motivation must be considered. For overweight and obese 
individuals, non-weight-bearing exercise modes should be chosen (i.e., biking, 
bicycle ergometer training, and swimming). Walking and Nordic walking can be 
considered, if there are no pre-existing joint problems.
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Fig. 4.13 An exemplary result from a cardiopulmonary exercise testing in a 62-year-old man with 
coronary artery disease and type 2 diabetes
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Aerobic Endurance Training on a Cycle Ergometer
In phase II of cardiac rehabilitation, aerobic endurance training on a cycle ergome-
ter is recommended as standard procedure. The advantages of this training form are 
that it is non-weight bearing and enables the exercise load to be precisely dosed, 
independent of the patient’s body weight. Moreover, the minimal upper body motion 
enables blood pressure and ECG to be monitored at a high-quality standard during 
exercise. This type of exercise can be performed in an upright or supine position, 
and special safety equipment is available to facilitate patients with special needs, for 
example, extremely obese subjects, elderly insecure patients, or patients with his-
tory of stroke (Fig. 4.14). Computer-controlled cycle ergometer training and moni-
toring systems, specially designed for the use in cardiac rehabilitation, are available. 
Cycle ergometry can be performed as group training or at an individual basis. 
Training should be performed on an electrically braked cycle ergometer 3–5 times 
per week. If possible, it should be taken advantage of everyday the cardiac rehabili-
tation program is offered.

Fig. 4.14 Supervised exercise training on a cycle ergometer
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Endurance training (i.e., 10–30 min) is the most effective method to improve 
aerobic endurance capacity. Every exercise unit on the cycle ergometer should be 
constructed in four phases (Table 4.3 and Fig. 4.15).

Table 4.4 shows the recommendation for the implementation of moderate- 
intensity- continuous-endurance training in cardiac rehabilitation [17].

The safety and efficiency of moderate-intensity-continuous-aerobic training in 
patients with cardiac diseases is well established and therefore recommended as a 
standard training modality in cardiac rehabilitation in international guidelines and 
position papers. In primary prevention it is well known that higher exercise volume 
aerobic exercise training is more effective to improve exercise capacity and to 
reduce overall mortality. On the other hand by increasing the intensity similar 
effects can be achieved by shorter exercise boots [66]. Results of a meta-analyses 
[22] demonstrate an inverse relationship between exercise intensity and overall 
mortality, which was independent of age and gender. The question is if vigorous 
aerobic exercise training is also safe, effective, and well tolerated in cardiac patients. 
An interval-training mode would allow to exercise with at least short high-intensity 
bouts alternating to bouts of low or moderate intensity. In fact in the last decade, 
some studies with high-intensity interval training (HIIT) in cardiac patients have 
been carried out. The results prove HIIT to be beneficial [67, 68] and safe [69] in 
CHD patients [67–75] as well as in patients with markedly reduced exercise capac-
ity (i.e., severe chronic heart failure) [76–80]; however long-term effects are still 
equivocal. In cardiac rehabilitation mainly two types of interval trainings protocols 
have been in focus of science and implementation: sprint or short-term interval 
training and high-intensity interval training (HIIT).

The type of sprint or short (term) interval training mostly used in cardiac reha-
bilitation is characterized by alternating short bouts of high-intensity exercise 
(20–30s) followed by a long recovery phase at minimal load typically twice the 

Table 4.3 Recommendations for moderate-intensity-continuous-endurance training on a cycle 
ergometer

Phase I (warm-up phase I)
Exercise intensity: <50 % of target exercise intensity
Exercise duration: >2 min
Phase II (warm-up phase II)
Exercise intensity: Gradually increase in exercise load by 1–10 watt/min (depending on 

patient’s exercise tolerance) until target exercise intensity has been 
reached

Exercise duration: 5–10 min
Phase III (exercise phase)
Exercise intensity: 100 % of the target exercise intensity in watt and/or of the target training 

heart rate
Exercise duration: >5 min and gradually prolong the exercise duration up to 20–30 min (up 

to 45–60 min)
Phase IV (cool 
down phase)

Gradually reduce the exercise load to 0 watt within the time of 3 min.

Modified after Bjarnason-Wehrens et al. [14])
The composition of one exercise session
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Fig. 4.15 Aerobic endurance training on a cycle ergometer. The graphic shows the composition of 
an exemplary exercise session

Table 4.4 Recommendations for moderate-intensity-continuous-endurance training on a cycle 
ergometer

Aerobic endurance training on a cycle ergometer training with monitoring

Stages Exercise intensity Exercise duration
Exercise 
frequency

Initial stage Low intensity, that is, 40–50 % VO2peak,

60 % HRpeak

40 % HRR
Below 1st VAT
RPE < 11

Starting with ca. 
5 min (in the 
exercise phase) 
and gradually 
increase to 10 min

3–5 days/week
Target: daily

Improvement 
stage

Gradually increase the exercise intensity 
from low to moderate up to target values, 
depending on the patient’s exercise 
tolerance and clinical status, that is,
50, 60, 70, (80 %) VO2peak 65, 70, 75 
(80–85 %) HRpeak

45, 50, 55, 60 % (65–70 %) HRR
RPE 12–14

Gradually prolong 
the exercise 
training from 10 to 
20 (up to 30–45) 
min

3–5 days/week
Target: 
≥5 days/week

Maintenance 
stage

Long-term stabilization of the exercise 
intensity and exercise duration achieved 
during the improvement stage; gradually 
increase exercise intensity and 
especially exercise duration and 
frequency if intended and well tolerated

Gradually prolong 
the exercise 
training from 
20–45 (up to >60) 
min if tolerated

3–5 days/week
Target: most 
days/week

Modified after [17, 18, 49, 65]
A long-term exercise training program should be composed of three stages: initial stage, improve-
ment stage, and maintenance stage
HR heart rate, HRR heart rate reserve, RPE rate of perceived exertion, VAT ventilator (an)aerobic 
threshold
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length of the exercise bout (ratio of exercise time: recovery time = 1:2) (Fig. 4.16 
and Table 4.5). The advantage of this type of training is that the short bout of high-
intensity exercise stimulates peripheral adaptations in the leg muscles to take place 
without compromising an overload in central mediation. The exercise intensity can 
be determined as a percentage of maximum load (wattpeak) achieved during a 
symptom- limited exercise stress test. An intensity as high as 85–90 % of wattpeak is 
usually recommended. Conclusive evidence base concerning the safety and effi-
ciency of this type of training is only preliminary and must be confirmed by ran-
domized controlled studies [14, 17].

Within the last few years, the safety and the efficacy of the 4 × 4 min high- 
intensity interval training protocol (HIIT) (Table 4.5 and Fig. 4.17) has been in the 
scientific focus for its use in cardiac rehabilitation. Meta-analysis including the 
results of few small, randomized controlled studies comparing the efficacy of HIIT 
to moderate-intensity-continuous-endurance training has revealed HIIT to be more 
effective in improving exercise capacity measured as a VO2peak. A meta-analysis of 
nine studies (206 CHD patients) [67] revealed HIIT to increase VO2peak a 1.60 mL/
kg−1/min−1 more than moderate continuous training. High-intensity interval training 
resulted in a significant larger benefit in VO2peak compared to moderate continuous 
training (MCT) in patients with CHD (HIIT 20.5 % vs. MCT 12.8 %; p < 0.001). A 
second meta-analysis of six studies (229 CHD patients; EF < 40; 99 were random-
ized to HIIT) confirms these results [68]. Patients in the HIIT group improved their 
VO2peak by 1.53 mL/kg−1/min−1 more than those in the MCT group. The authors 
point out that small sample sizes and the large inconsistency and heterogeneity 
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Fig. 4.16 Interval training on a cycle ergometer. The graph shows the composition of an exem-
plary exercise session
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between the study results in the included studies limit the informational value of this 
meta-analysis. On the other hand, a recently published larger randomized controlled 
study (200 CHD patients; EF > 40 %) comparing HITT versus MCT does not con-
firm these results [74]. The results show no advantage for one of the exercise modal-
ities (HIIT: 23.5 ± 5.7 vs. 28.6 ± 6.9 mL/kg−1/min−1; +22.7 %; MCT: 22.4 ± 5.6 vs. 

Table 4.5 Exercise protocol commonly used for interval training in cardiac rehabilitation: sprint 
or short (term) interval training and high-intensity interval training to be performed on a cycle or 
treadmill ergometer

Sprint or short (term) interval traininga

High-intensity interval training 
(HIIT)

Phase I (warm-up phase) Phase I (warm-up phase)
> 2 min without or with very low load 10 min with 60 % of the heart 

ratepeak

Phase II (exercise phase) Phase II (exercise phase)
Alternating short (20–30 s) exercise bouts with 100 % of 
the target exercise intensity and twice as long (40–60 s) 
recovery bouts without or with very low load ≥10 
repetitions of the intervals – to be prolonged up to ≥20 
repetitions.

Alternating 4 × 4 min exercise 
bouts with 85–95 of HRpeak and 3 × 
3 min recovery bouts with 
60–70 % of HRpeak

Phase III (recovery phase) Phase III (recovery phase)
< 3 min without or with very low load 3–5 min with 60–70 % of HRpeak

The construction of an exercise unit
aModified after Refs. [64, 76, 82]

Fig.  4.17 High-intensity interval training. The 4 × 4 min aerobic interval-training model. Intensity 
is given in peak heart rate (HRpeak) (Modified after Refs. [64, 77])

4 Exercise Training in Cardiac Rehabilitation



112

26.8 ± 6.7 mL/kg−1/min−1; +20.3 %; p (time) =0.001; p (interaction) = ns) [74]. Both 
12-week interventions equally improved VO2peak, peripheral endothelial function, as 
well as quality of life in CHD patients. Both programs seem to be safe for CHD 
patients, and no adverse events were reported during the exercise sessions. The 
authors’ experience was that the implementation of the 4 × 4 HIIT protocol with the 
target intensity of 90–95 % of HRpeak is hardly feasible in CHD patients. The mean 
intensity achieved in the HIIT group was 88 % of HRpeak compared to mean intensity 
of 80 % HRpeak in MCT group. These results demonstrate the impact of sufficient 
training intensity in continuous exercise training, which may, if tolerated, be more 
than the generally recommended 65–75 % of the HRpeak. Rogmore et al. [69] evalu-
ated the risk of cardiovascular events during organized high-intensity interval exer-
cise training (HIIT 85–95 % HRpeak) and moderate-intensity training (MCT 60–70 % 
HRpeak) among 4846 patients, primary with coronary heart disease. The results indi-
cate that the risk of a cardiovascular event is overall low during both high-intensity 
exercise and moderate-intensity exercise in a cardiovascular rehabilitation setting 
(MCT, one fatal cardiac arrest (1 per 129,456 exercise hours); HIIT, two nonfatal 
cardiac arrests (1 per 23,182 exercise hours)). In a recently published study, a sig-
nificant correlation between the changes in physical fitness during the intervention 
and the physical activity levels after the 1-year follow-up was found, indicating that 
patients who improved their physical fitness more had a higher motivation to adopt 
a physically active lifestyle following cardiac rehabilitation [80, 81].

A meta-analysis of seven randomized trials comparing the results of HIIT vs. 
MCT in heart failure patients (mean LVEF 32 % ) showed high-intensity interval 
training (HIIT) to be more effective for improving VO2peak than traditionally pre-
scribed moderate-intensity continuous aerobic training (MCT) (WMD 2.14 mL 
VO2/kg/min, 95 % CI 0.66–3.63). The comparison of the effects on the left ventricu-
lar ejection fraction (LVEF) at rest revealed inconclusive results (HIIT vs. MCT: 
WMD 3.3 %, 95 % CI −0.7–7.3 %) [79]. An interesting meta-analysis stratified 
aerobic exercise studies in heart failure patients by activity intensity [80]. The 
results revealed the magnitude of improvements in cardiorespiratory fitness to be 
greater with increasing intensity, unrelated to baseline fitness levels or exercise vol-
ume. The largest improvement in VO2peak was observed with high-intensity training 
(23 %) showing a linear decrease in effect size with decreasing exercise intensity 
(vigorous intensity 16 %, moderate intensity 13 %, low intensity 7 %, respectively). 
Exercising with high or vigorous intensity seems to be well tolerated in heart failure 
patients, especially if interval protocol is used. Furthermore studies of continuous 
exercise training used a greater volume (duration) of exercises and some of them 
multiple daily sessions. In high-intensity exercise programs, the volume of work is 
completed in shorter time and may therefore require shorter session duration and 
lower exercise frequency that might influence the patient’s adherence to the exercise 
program [80]. Moreover this analysis also demonstrated exercising with higher 
intensity in heart failure patients to be safe, showing no increased risk of death, 
adverse events, or hospitalization in the high- and vigorous-intensity exercise 
groups [80]. These interesting results must be confirmed by more prospective ran-
domized controlled studies, with greater cohorts and longer follow-up period, 

B. Bjarnason-Wehrens and M. Halle



113

though, before definite recommendations can be given [14, 17]. Furthermore until 
now the prognostic value of high-intensity interval training have not yet been evalu-
ated neither in CHD nor in heart failure patients.

For the implementation in cardiac rehabilitation, the more scientific discussion 
of intensity and exercise mode allows to derive the knowledge that aerobic exercise 
of any intensity of continuous or interval mode seems to be effective to improve 
exercise capacity in cardiac patients. Exercising with high or vigorous intensity 
leads to greater improvements than exercising with moderate or low intensity. 
Higher intensity seems to be better tolerated, if the exercise training is carried out 
with an interval mode, which allows resting periods between the high or vigorous 
exercise bouts. In the general praxis of cardiac rehabilitation, it is in the responsibil-
ity of the exercise therapist in agreement with the CR physician to decide, which 
exercise intensity and exercise mode fits best for the individual patient. Rigid inter-
val protocols might not be optimal for every patient. The exercise specialist should 
consider modification in order to adapt the program to the individual capability of 
the patient.

Thus high-intensity interval training is not an alternative for continuous aerobic 
exercise training but could be an effective and well-tolerated supplementary 
approach for aerobic endurance training in cardiac rehabilitation.

Other Forms of Aerobic Endurance Training in Cardiac Rehabilitation
To further improve aerobic endurance, other forms of exercise such as walking, 
Nordic walking, slow jogging, and cycling can be added to the individual’s training 
program depending on the patient’s preference and exercise tolerance. This also 
applies to phase II of cardiac rehabilitation.

Endurance training in form of walking improves the physical fitness and has a 
positive influence on numerous cardiovascular risk factors [83–85]. Going for a 
walk or walking in general (brisk walking with deliberate arm movement) are ideal 
types of aerobic endurance exercise for getting started for unfit individuals, the 
elderly, and/or postmenopausal women, without risking an overload of the cardio-
pulmonary system.

Organized rehabilitation programs should provide the opportunity for all patients 
to take part in supervised walks and walking programs provided that patients meet 
necessary exercise tolerance criteria and are without adverse comorbidities. The 
walking terrain, walking pace, and duration should be tailored to the needs of the 
participating patients. The benefit of walking programs is their applicability in 
everyday life, which makes them ideal to motivate patients to increase their daily 
physical activity. They also offer an excellent opportunity to improve the patient’s 
body perception and self-awareness. By becoming familiar with exercise parame-
ters like heart rate, breathing frequency, well-being, and level of exhaustion, the 
individual can translate this experience into his/her every day activities. Exercise 
intensity can be controlled by the target heart rate for aerobic endurance training. 
This approach is applicable to most types of endurance exercise.

The use of walking poles (“Nordic walking”) can somehow increase exercise 
intensity by increasing muscle recruitment. This translates into higher oxygen 
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uptake (up to + 4.4 ml.kg−1.min−1) and overall energy expenditure (up to +1.5 kcal.
min−1) [86]. Further advantages of Nordic walking include a reduction in weight 
bearing on the joints and an increase in body stabilization due to the walking poles 
(especially during downhill walking) [87, 88]. During recent years Nordic walking 
has become extremely popular and is well tolerated especially by elderly and female 
patients. To utilize the advantages of this exercise form, correct technique should be 
emphasized. Exercise intensity can be controlled by means of target heart rate for 
aerobic endurance training [88] (Fig. 4.18).

Biking is an ideal endurance and recreational sport for persons of all age groups. 
Organized rehabilitation programs typically provide biking tours and can be applied 
in cardiac rehabilitation as well. Special attention should be paid to the suitability of 
the bike (i.e., touring bike with many gears, e-bike, good transmission, suspension, 
and a comfortable saddle), the terrain (solid leveled surface), as well as the safety 
(helmet). The experience gained from supervised biking tours during the rehabilita-
tion program can be motivating to the patient in order to implement this activity into 
his/her everyday life. Biking on a solid leveled surface is a non-weight-bearing 
activity and is well suited for patients with low exercise tolerance. Alternatively, a 
motor-assisted pedal cycle can be used; however lower exercise intensity has to be 
taken into account. Exercise intensity can be controlled by the target heart rate for 
aerobic endurance training.

In patients with very good exercise tolerance, endurance running (jogging) is one 
option to improve aerobic endurance capacity and to positively influence cardiovas-
cular risk factors. Even this mode of exercise can be modified regarding intensity 
from slow to rather fast jogging, the former also termed “wogging.” Maximal adap-
tations can be achieved with minimal efforts during this type of exercise [8]. 
Exercise intensity can be controlled by the target heart rate for aerobic endurance 
training.

Fig. 4.18 Nordic walking has become popular and is well tolerated especially by elderly and 
female patients
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4.7  Resistance Exercise Training

The objective of resistance exercise training is to increases muscular strength by 
performing static or dynamic muscle contractions. While dynamic (isotonic) exer-
cise is performed by movement of the joint, static (isometric) exercise does not result 
in movement of the joint. Most physical activities comprise both dynamic and static 
contractions and are therefore classified based on their dominant characteristics.

In cardiac rehabilitation resistance training programs include primarily dynamic 
repetitions with both concentric (muscle shortening) and eccentric (muscle length-
ening) muscle actions. Isometric muscle actions play a secondary role [89].

Muscular hypertrophy is defined as the increase in total muscle mass. Hypertrophy 
training is intensity dependent and dominated by isometric contractions (muscle 
contraction without changes in muscle length), which is not in focus in cardiac 
rehabilitation. Muscular endurance is the ability to sustain muscular strength over 
an extended period of time with minimal decrease in power output and is composed 
of dynamic contractions [8].

The exercise intensity of dynamic resistance training is determined using the 
one-repetition maximum (1-RM) method [90], often not assessing 100 % but rather 
submaximal values in cardiac patients (Sect. 4.7.5).

4.7.1  The Impact of Resistance Exercise in Cardiac 
Rehabilitation

Resistance exercise can lead to an increase in muscular strength and muscular 
endurance by increasing muscle mass and/or improving coordination and muscle 
metabolism [91–93]. It is known to have diversified health benefits, i.e., reduced 
loss in muscle mass and strength associated with heart disease or old age, as well 
as increased exercise and functional capacity, to positively influence several car-
diovascular risk factors, to improve mobility, participation, and quality of life [17] 
(Table 4.6).

In many cases (especially in elderly patients) the loss in muscle mass and strength 
is associated with heart disease or old age, the essential reason for reduced everyday 
activity levels, mobility, and participation. Thus in these patients the improved ability 
to develop muscular strength can influence the quality of life decisively. Adequate 
individualized resistance training positively influences the ability to carry out every-
day activity; improve the patient’s self-confidence, independency, and psychosocial 
well-being; as well as avert or reduce the need of nursing care. Improved propriocep-
tion mediated by adequate resistance training positively influence coordination and 
balance. Combined resistance and balance training improve stability and gait ability, 
enhance security of movement, and thus play a major role in preventing falls [92, 98].

Individualized and adequately dosed dynamic resistance training has been dem-
onstrated to be safe and effective in cardiac patients and is encouraged by the cur-
rent recommendations on exercise training in cardiac rehabilitation [1–13, 17, 49] 
(Fig. 4.19). This particularly applies to patients with coronary artery disease who 
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possess good exercise tolerance and preserved left ventricular function. The results 
of a meta-analysis evaluating the efficacy of aerobic endurance training compared 
to combined programs of aerobic and resistance training in CHD patients revealed 
combined programs to be more effective in improving lower and upper body 
strength, body composition (decreased percent body fat and trunk fat and increased 
fat-free mass), and peak working capacity [99].

Resistance training has also been shown to be well tolerated and effective in the 
elderly and/or female patients [108–112].

The efficacy and safety of resistance exercise in high-risk patients, that is, 
patients with chronic heart failure, has remained an ongoing discussion over the last 
decade. Numerous studies have been conducted exploring this topic, most of them 
including only a small cohort differing markedly in their research approach and 
research question. However, none of these previous studies has shown any increased 
cardiac risk associated with resistance training, which has proven overall effective. 
According to new scientific evidence, supervised individualized dynamic resistance 

Table 4.6 Objectives and possible effects of a resistance exercise as a part of a cardiac rehabilita-
tion program [17]

The impact of resistance exercise as a part of a cardiac rehabilitation program
Objectives:
To improve muscular strength and muscular endurance by increasing muscle mass and/or 
improving coordination and metabolism (including improved insulin resistance and peripheral 
lipolysis)
To work against loss in skeletal muscle mass and strength caused by
  old age [91–93]
  Long-term bed confinement or inactivity due to illness
  Skeletal muscle atrophy (e.g., in heat failure patients) [94, 95]
  Long-lasting immunosuppressive therapy (heart transplant recipients) [96]
To reduce and/or prevent decrease in bone mass (age related, postmenopausal, or due to 
long-lasting immunosuppressive therapy (heart transplant recipients)) [97]
To improve proprioception (positively impact coordination and balance; preventing falls) [92, 98]
To improve mobility, participation, and quality of life [17]
An increase in muscular strength and muscular endurance mediated by adequately dosed 
resistance training can:
  Increase exercise capacity [90, 99]
  Increase functional capacity [100]
  Reduce functional impairment
  Improve everyday activity levels [101, 102]
  Positively influence self-confidence and psychosocial well-being, social readaptation, and 

reintegration
  Improve quality of life
  Positively influence cardiovascular risk factors
  Enhance weight reduction and stabilization [59, 103]
  Improve insulin sensitivity (independent from changes in body weight and endurance 

capacity) [104–107]
  Reduce of blood pressure [50]
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exercise training at low-to-moderate intensity is a safe and effective training mode 
and should be prescribed in addition to aerobic exercise training. This helps to coun-
teract muscle atrophy and peripheral changes typically seen in heart failure patients 
[17, 113–117].

It has to be noted though that only aerobic endurance training has shown to 
improve clinical prognosis. Comparable prospective studies focusing on surrogate 
endpoints do not exist for resistance exercise [17, 118]. In cardiac rehabilitation the 
implementation of adequately dosed resistance training is recommended to compli-
ment aerobic endurance exercise training [17, 49] (Fig. 4.20). Absolute contraindi-
cations to resistance training are the same as absolute contraindications for aerobic 
endurance training (Table 4.2).

4.7.2  Blood Pressure Response During Resistance Exercise

It is well known that resistance exercise can result in an extreme increase in blood 
pressure, but it is also recognized that this does not necessarily have to be the case, 
if an appropriate training volume (weight, number of repetitions, sets) is chosen. It 
should be taken into account, when prescribing exercise, that the actual blood pres-
sure response to resistance exercise is dependent on the amount of static (isometric) 
muscle contraction, the actual load (% of individual’s 1-RM) [119, 120], and the 
amount of muscle mass involved [121]. Blood pressure response is also dependent 
on the number of repetitions and total duration of muscular contraction [122] as 
well as repetition speed and rest periods [122]. The highest blood pressure response 
is reached, when multiple repetitions are performed at 70–95 % of 1-RM to exhaus-
tion, since it is equally affected by both intensity and duration. Exercise load below 
70 % of 1RM as well as duration of muscular contraction above 95 % of 1-RM are 
insufficient to elicit a significant rise in blood pressure response [124].

mmHg

200 -
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100 -

50 - 0 1 2
1S

3 4 5

Blood pressure response during Valsalva manoeuvre

Fig. 4.19 Blood pressure response during Valsalva maneuver (modified according to Graf [125])
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A dynamic resistance training with low-to-moderate intensity allows a high 
number of repetitions (muscular endurance training (15–30 reps), moderate hyper-
trophy training (10–15 reps)) without evoking any major rise in blood pressure. The 
blood pressure response during this type of training is lower compared to the 
increase in blood pressure seen during moderate endurance training.

If the Valsalva maneuver (a forced expiration is invoked against the closed glot-
tis) is carried out during resistance exercise, the rise in blood pressure is more pro-
nounced. The Valsalva maneuver leads to an increase in intrathoracic pressure, 
which, in turn, leads to a decrease in venous return and potentially reduction in 
cardiac output [124]. The physiological response includes an increase in heart rate 
to maintain cardiac output and peripheral vasoconstriction to maintain blood pres-
sure, which otherwise may decrease with decreasing cardiac output. Once the 
imposed strain is released, there is a dramatic increase in venous return and subse-
quently an increase in cardiac output being forced through a constricted arterial 
vascular system. The dramatic rise and drop in blood pressure can limit myocardial 
oxygen delivery resulting in potentially dangerous arrhythmias and/or reduced 

Fig. 4.20 Resistance training
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perfusion of the coronary arteries leading to ischemia [124]. A rapid fall in blood 
pressure after straining at maximal workload sometimes results in syncope even in 
healthy persons [125] (Fig. 4.21).

Special attention should be paid to the Valsalva maneuver during resistance exer-
cise training. Before starting the resistance exercise program, the patient should be 
educated about the complications potentially associated with the Valsalva maneuver. 
He/she should learn to pay attention to his/her breathing while exercising and learn 
to combine exercise and breathing in a way that enables him/her to avoid Valsalva 
maneuver. This should be a part of the preparation in the initial exercise stage.

4.7.3  Implementation of Resistance Training in Cardiac 
Rehabilitation

Exercise training in cardiac rehabilitation should be started by means of aerobic 
endurance training. Resistance training may be considered in phase II and phase III 
cardiac rehabilitation, but is contraindicated in phase I (hospital phase). Resistance 
training should be implemented as an alternative training mode, supplementary to 
aerobic exercise, and can be integrated into the training program after one or two 
sessions of continuous endurance trainings at the earliest.

In the absence of any adverse comorbidity, moderate-intensity dynamic resistance 
training is recommended for all low-risk patients with stable cardiovascular disease and 
good exercise tolerance (including myocardial infarction and/or interventional revascu-
larization), moderate to good left ventricular function, no clinical signs of heart failure, 

Fig. 4.21 Combined aerobic and resistance training
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and without symptoms of angina pectoris or ischemic ST segment depression during 
exercise stress test. Low-intensity resistance exercise training should not be started ear-
lier than 2 weeks post-myocardial infarction and/or 7 days post-interventional revascu-
larization. Combined endurance and resistance training (up to 60 % of 1-RM), delivered 
early after myocardial infarction, does not induce negative left ventricular remodeling 
and is associated with an increase in VO2peak and muscle strength [126].

In women with CHD, both aerobic endurance training and resistance training 
delivered within a cardiac rehabilitation program improve physical quality of life 
and VO2peak. However, within 1 year of follow-up, physical quality of life is signifi-
cantly higher in women who participated in a combined training regime [127].

In patients recovering from coronary artery bypass surgery (CABG) and other 
open-heart surgery, exercise capacity can be extremely limited. After a thoracotomy 
and/or saphenectomy, the wound healing takes approximately 4–6 weeks. Physical 
exercise inducing tangential vector forces in or around the sternum (pressure or 
sheer stress) should be avoided for at least 3 months postoperatively. Before resis-
tance training is started, the treating physician must confirm that the sternum is 
stable. If there are no complications during the postoperative course and the patient 
has a good exercise tolerance, a low-intensity resistance exercise training for the 
lower limbs can be carried out earlier, provided a stable trunk positioning is ensured. 
This may also be true for selected exercises of the upper body.

In heart transplant recipients, the continuous immunosuppressive therapy 
including cortisone often leads to muscle atrophy and decrease in bone mass. In 
addition, these patients usually have a poor musculoskeletal structure due to the 
long history of preceding severe cardiac disease and subsequent inactivity. 
Resistance exercise training has been demonstrated to show good effects in these 
patients [97, 98]. In clinically stable patients, individualized moderate dynamic 
resistance training should be started as soon as possible in the postoperative phase 
and should be continued on a long-term basis, to counteract the negative side effects 
associated with immunosuppressive therapy.

In patients with stable chronic heart failure, left ventricular function remains 
stable during moderate-intensity resistance training [128]. In these patients, the 
amount of exercise intolerance does not correlate with the degree of left ventricular 
dysfunction. It is well recognized that the reduction in exercise tolerance is also 
related to morphological, metabolic, and functional changes in the patient’s periph-
eral musculature. Several studies have demonstrated that adequate dynamic resis-
tance training with low-to-moderate intensity may help to counteract the muscle 
atrophy typically associated with chronic heart failure. In stable patients with 
chronic heart failure (NYHA I-III), adequate resistance training is recommended in 
addition to aerobic endurance training [17, 113–117].

4.7.4  How to Perform Resistance Exercise Training

In cardiac rehabilitation resistance training should be medically supervised and led 
by an experienced exercise therapist/physiotherapist. Objective training goals 
should be modulated for each patient individually. The use of elastic exercise bands 
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and/or small weights for resistance training is very suitable. This equipment is easy 
to use and allows individually tailored resistance training as well as group training. 
Further advantages are the easy storage and their low costs. However, particularly 
the use of elastic exercise bands must be carefully instructed to each patient to 
ensure that they are used in a safe manner.

More precise training with less risk of overloading can be achieved through the 
use of weight machines. They allow for higher precision in implementing individu-
alized training programs and safe movement execution. For this type of training 
individual supervision is mandatory.

Resistance training is prescribed according to dosage parameters such as inten-
sity (resistance), number of repetition, volume, frequency, and duration as well as 
rate of progression [89]. A lower repetition range with a heavier weight/resistance 
may better optimize strength and power, while a higher repetition range with a 
lighter weight/resistance may better enhance muscular endurance. Weight loads that 
permit 8–15 repetitions will generally facilitate improvements in muscular strength 
and endurance [124].

Table 4.7 shows recommendations for the implementation of resistance training 
in cardiac rehabilitation.

In the initial stage all patients should start training at very low intensity (< 30 % 
1-RM) to learn and practice correct movement execution (familiarization). In the 
improvement stage I, the load should be increased gradually from 30 to 50 %. While 
elderly patients and/or patients with low exercise tolerance (i.e., heart failure 
patients) should start training at very low intensity (< 30 % 1-RM), trained patients 
with good exercise tolerance can start training at moderate intensity (50 % 1-RM), 
increasing first the number of repetitions and series and thereafter the intensity. In 
the improvement stage II, the load should be gradually increased (30–50 %1-RM 
and further up to 60 % 1-RM) based on the patient’s exercise tolerance and response 
to the resistance training. Higher training intensities (stage III) may be considered 
in well-trained patients with good exercise tolerance and low cardiac risk, who have 
already completed a 4–6 week resistance exercise training program [17, 124, 130].

After each set of exercises, a resting time of at least 1 min should be imple-
mented [122]. In novice a frequency of three sessions per week is considered most 
effective. Once trained, and in order to maintain the desired level of strength, fre-
quency can be reduced to two sessions per week [130, 131]. Between each session, 
there should be 1 day of abstinence from resistance training.

4.7.5  How to Determine the Appropriate Load of Resistance 
Training

The evaluation of muscle strength is indicated to prescribe individualized safe and 
effective resistance training intensities, to track the progress of an individual, as 
well as to evaluate the efficacy of resistance training regime. A number of methods 
for determining the intensity for resistance training exist. Laboratory-based meth-
ods include the use of isometric dynamometers and isokinetic dynamometers. In 
chronic heart failure patients, the use of isokinetic versus one-repetition maximum 
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strength assessment has been demonstrated to be more accurate to assess changes in 
muscular strength with exercise training [132]. On the other hand, these methods 
require sophisticated laboratory equipment and personal trained in their use and in 
addition are not very specific for the types of movement patterns commonly used in 
typical cardiac rehabilitation regimes. The one repetition maximum test has been 
shown to be reliable for various populations, also in untrained middle-aged as well 
as old individuals [90]. The one repetition maximum is defined as “the maximum 
amount of weight/resistance that can be performed for only a single repetition for a 
given exercise, with a proper lifting technique, without compensatory movements 
and without breath holding” [90]. The evaluation of the 1-RM is the gold standard 
in dynamic resistance exercise testing. This method is comparatively simple and 
requires relatively inexpensive non-laboratory equipment (Table 4.8). The 1-RM 
test can be performed using the same patterns as those undertaken by the exercising 
individuals during their normal training. Numerous studies have reported that the 
1-RM method to assess muscle strength is safe for patients with cardiovascular 
diseases [133, 134].

The maximum strength a person can produce, the maximum weight a person can 
lift (i.e., the one repetition maximum), is not an absolute value and can be influenced 
by several factors, i.e., by psychological factors (i.e., motivation and/or external 
encouragement) and the testing protocol (i.e., with or without familiarization). The 

Table 4.8 One repetition maximum test, standard protocol

Perform exercise test optimally at the machine used later on for training; avoid Valsalva 
maneuver
  Perform a light warm-up of 5–10 repetitions at 40–60 % of assumed 1RM
  Rest period ≥1 min
  Perform 3–5 repetitions at 60–80 % of assumed 1RM
  Rest period of ≥2–3 min
  Gradually increase the weight in small steps
  After 3–5 attempts the weight one can lift in a single repetition should be identified
Communication between supervisor and test person is of particular importance
The 1-RM value is reported as the weight of the last successfully completed lift
Special directions for testing
  A familiarization process prior to 1-RM strength testing is essential to avoid injury and for 

ensuring reliable test results and minimize learning effect or systematic bias
  Always use standardized protocol for 1-RM testing
  Always perform 1-RM testing using the same equipment to be used later on for resistance 

training
  Measured results on the one type of equipment cannot be transferred to training to be 

performed on another type of equipment
  In old and weak patients, the equipment need to have a low starting load and small 

increments
  All lifts should be conducted throughout the full range of motion. If the full range of motion 

is limited by musculoskeletal problems and/or overweight, the evaluated possible pain-free 
range of movement prior to testing is mandatory to define an individual successfully 
performed repetition.

Modified after Kraemer et al. [90]
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result may further be influenced by the quality of the test execution (proper lifting 
technique, range of motion, speed of movement, control for compensatory move-
ments and breath holding, rest periods, and more) as well as the testing possibilities 
and equipment used [89, 133, 135]. Thus, it has to be kept in mind that the testing of 
1-RM may have significant practical problems, making results unreliable. Many car-
diac patients are old and weak. Thus the equipment used needs to have a low starting 
load and options for small increments in order to be able to test this population at all. 
It must also be considered that different types (manufacturer) of machines/equipment 
show variable results due to differences in the load transmission. Measured results on 
the one type of equipment cannot be transferred to training performed on another. 
Therefore it is strongly recommended always to perform the 1-RM test using the 
same equipment to be used for resistance training. A familiarization process prior to 
1-RM strength testing is essential to avoid injury, for ensuring reliable test results, 
and minimize learning effect or systematic bias. This includes teaching (and practic-
ing) correct lifting and breathing technique at very low load and/or using submaxi-
mal loads. In younger and experienced individuals, one session is sufficient; in older 
and/or inexperienced patients, multiple sessions are often necessary. Without a 
familiarization process prior to strength testing, there is a significant increase in the 
expression of muscle strength between two consecutive strength tests performed a 
few days apart [133]. Furthermore familiarization may reduce the risk of injury espe-
cially in patients, who have no previous lifting experience.

The results of one repetition maximum test can be used to determine the appro-
priate exercise load for resistance exercise training in cardiac patients. The inten-
sity of training is specified according to a percentage of the one repetition maximum 
(1-RM).

An alternative, often used in cardiac patients, is the evaluation of a predictive one 
repetition maximum (testing 10 or fewer repetitions to fatigue) using the Brzycki’s 
equation to determine max load [136]. The use of a prediction equation for older 
adults appears also to be a valid measure of 1-RM. In older patients, the prediction 
equation have been shown to underestimate the actual 1-RM, but the error is small 
[133]. The use of the indirect method to estimate 1-RM is practical and safe and may 
even produce more accurate result especially in older unexperienced cardiac patients.

To avoid a maximal strength test (1-RM), which might lead to Valsalva maneu-
ver and blood pressure evaluation, the correct intensity can also be found by using a 
graded exercise testing. Here, the patient begins with very low intensity that does 
not require much effort, and the resistance load is gradually increased to the point at 
which the patient can maximally achieve 10–15 repetitions in a correct manner 
without abdominal strain and symptoms [129]. The Borg scale can be used to assess 
the patient’s perceived exertion in addition to measuring objective physiologic 
parameters. In patients with moderate risk, perceived exertion (RPE) should be 
12–13, not exceeding 15 (Table 4.9; Fig. 4.22).

In summary in exercise-based cardiac rehabilitation, the therapists do not need 
absolute maximal values of muscular strength, but need reliable values of strength 
performance to be able to set up an individualized safe and effective resistance exer-
cise program.
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Table 4.9 The Borg scale, rate of 
perceived exertion

20
19 Extremely hard
18
17 Very hard
16
15 Hard/heavy
14
13 Somewhat hard
12
11 Light
10
9 Very light
8
7 Extremely light
6

Fig. 4.22 Using the Borg scale for improving patients’ body awareness and perception

4.8  Additional Contents of Exercise Training Program 
in Cardiac Rehabilitation

Physical exercises to improve flexibility, agility, coordination balance, muscular 
strength, and endurance should be an essential part of all comprehensive exercise 
training program in cardiac rehabilitation. The main objectives are to provide the 
premises for effective exercise training and prevent musculoskeletal injuries. 
Balance is required in many activities of daily living as well as recreational physical 
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activities. Exercises to improve balance, kinesthetic differentiation ability, as well as 
other coordinative skills are of special importance to prevent falls in the elderly as 
well as in untrained individuals that are starting exercise after a long period of physi-
cal inactivity. Complimentary to resistance training especially balance training for 
static and dynamic balance is recommended. The balance training should be adapted 
to the patient’s abilities, starting with low levels of difficulty and include various 
progressions. The different level of difficulty and progression can be achieved by 
modifying the exercises used, for instance, as follows:  decrease/increase the base of 
support (three separate stances: double leg, single leg, tandem), use different sur-
faces (ueven and/or uneven surface and medium density balance pad with even and 
or uneven surfache, etc.), use instable surfaces (use of tilt boards), modify optical 
control (eyes are open/eyes are closed), prevent the use of arms to help balance 
(arms crossed), and do supplementary task while balancing (i.e., catching ball).

To prevent overload and the risk of musculoskeletal injury, special attention 
should be paid to the appropriate exercise choices as well as to correct movement 
execution. All exercises performed have to be individually dosed and controlled by 
the exercise therapist. As the determination of the right exercise intensity is far more 
difficult in these exercises than in aerobic exercise, when the exercise therapist can 
use heart rate monitoring to control intensity, improving the patient’s body percep-
tion and awareness is of particular importance. For the supervision a careful control 
of adequate respiration and observation of symptoms of overload (i.e., exudation, 
blushing, incorrect execution of the exercise) as well as the use of subjective per-
ceived rate of exertions (Borg scale) in combination with communication between 
patient and therapist are the instruments of choice. The avoidance of Valsalva 
maneuver is mandatory to prevent dangerous elevations in blood pressure.

The patient should be integrated into therapy groups according to their exercise 
tolerance, physical condition, existence of relevant exercise and/or mobility limita-
tions, and/or comorbidities, age, and experience with physical activity and exercise.

According to the exercise tolerance, most rehabilitation centers differentiate at 
least between so-called chair groups (>0.3–0.5 watt/kg body weight), low-intensity 
exercise group (>0.5–1.0 watt/kg body weight), and moderate-intensity exercise 
group (>1.0 watt/kg body weight). In larger centers more distinctive differentiation 
according to exercise tolerance and rehabilitation indication, age, and gender groups 
can be followed.

In special indications, i.e., in patients after a thoracotomy and/or saphenectomy, 
special groups for the treatment of the postoperative consequences are needed. This 
special program should include breathing exercises and careful mobilization of the 
thorax to avoid and work against reliving postures and improve breathing quality as 
well as exercises to improve venous return. Physical exertion which causes tangen-
tial vector forces in the sternal area (pressure or sheering stress, i.e., caused by dis-
symmetric exercises) should be avoided. Due to the limited physical activity early 
after heart surgery, these exercises are usually performed in seated position.

Exercise intensity can be differentiated by changing individual speed of motion, 
exercise duration, muscle mass involved, amplitude of the movement, and the flex-
ibility, strength, and coordination demand necessary to perform the exercise in an 
adequate and correct manner (Table 4.10).
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To enhance motivation and interaction within the therapy group, the integration 
of modified movement games and team games into the exercise program is to be 
recommended. Small movement games with simple modifiable rules, which can be 
played in small groups with low organizational demand, are appropriate. If modified 
team games are to be integrated, games played on separated playing fields are most 
suitable. Due to the separate radius of activity, the exercise intensity as well as the 
risk of injury can be reduced. In general the intensity of movement and team games 
can be modified by changing the rules, reducing/increasing the playground, chang-
ing the number of players, reducing/increasing the distances to overcome, reducing/
increasing the speed of movement, varying play equipments, etc. This allows adapt-
ing the game to the premises of the group and to integrate the playing activities into 
the exercise program without danger of overload. Because of the inadequate possi-
bility to control the intensity, movement games with higher demand of muscular 
strength or aerobic endurance are unsuitable (Fig. 4.23).

Table 4.10 Factors influencing exercise intensity while performing exercise to improve flexibil-
ity, agility, coordination, and strength

High Fast Long Great High High High High
Intensity Speed 

of 
motion

Exercise 
duration

Muscle 
mass 
involved

Amplitude 
of 
movement

Flexibility 
demands

Strength 
demands

Coordination 
demands

Low Slow Short Small Low Low Low Low

Fig. 4.23 To enhance motivation and interaction within the therapy group, the integration of mod-
ified games can be integrated into the exercise program (Photo German Sport University Cologne)

4 Exercise Training in Cardiac Rehabilitation



128

4.9  Patient–Therapist Relationship

Exercise therapy is a core component of the cardiac rehabilitation process that usu-
ally is led by a specially educated therapist. He/she works with the patient at every 
visit to the rehabilitation center, often for several hours every week. Thus, of all 
therapists he/she learns to know the patient best during the rehabilitation phase. 
While exercising together a special patient–therapist relationship can be estab-
lished. This opens the opportunities for informal talks about familiar and/or occu-
pational pleasures and/or problems. The patients do not seldom open themselves to 
the exercise therapist about his/her problems coping with the disease, his/her inse-
curity, anxiety, motivation, preferences for lifestyle changes, as well as problems 
and barriers he/she experiences to fulfill the demands of the CR and lifestyle 
changes he/she is confronted with during CR program. Furthermore, the supervi-
sion of the exercise intervention gives the therapist the best opportunity to observe 
how the patient reacts. Is the program meeting his/her needs, interests, preferences, 
and/or motivation? Is he/she enjoying the participation, having fun? Is he/she 
relaxed, anxious, or depressed? Is the exercise intensity, volume, as well as the 
contents of the exercise program adequate? Do any symptoms, i.e., arrhythmia, 
ischemia, musculoskeletal problems, and problems related to comorbidities during 
exercise occur? Thus the exercise therapist captures a special role within the inter-
disciplinary cardiac rehabilitation team and can serve as an important connector 
between the patient and other members of the team, including the CR physician. 
As a “person of trust,” his information and “diagnosis” should be considered 
invaluable (Fig. 4.24).

Fig. 4.24 While exercising 
together, a special patient–
therapist relationship can be 
established (Photo German 
Sport University Cologne)
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In summary the therapist responsible for exercised-based intervention for cardiac 
rehabilitation has to keep in mind that exercise training is more than a matter of evi-
dence-based medicine, endurance and/or resistance training, intensity, and volume of 
exercise. On a long-term basis, the benefit strived for will only be achieved if the 
rehabilitation team manages to motivate the patient to change her/his attitude and 
take up a regular physical activity and exercise training and optimally to continue this 
lifelong. In this regard the precondition for a self-controlled exercise training and the 
basic for the patient’s health competence are the improved patient’s body awareness 
and his/her practical skills of self-control. During the rehabilitation process, the 
patient’s perceptions, attitude, and health esteem regarding physical activity and 
exercise training have to be influenced positively. It is important that he/she experi-
ences the exercise training provided during cardiac rehabilitation as a convenient 
task that he/she can cope with as well as an activity that is associated with well-
being, fun, and social contacts. On a long-term basis, the patient will only integrate 
physical activity and exercise training into his/her daily life, if medical benefits are 
associated with personal values.
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5Angina Pectoris

Dumitru Zdrenghea and Dana Pop

Currently, the majority of patients diagnosed with stable angina receive drug ther-
apy, provided that the European clinical practice guidelines only recommend percu-
taneous myocardial revascularization (after coronary angiography) in patients 
continuing to present symptoms caused by ischemic heart disease despite optimal 
medical therapy [1].

As an example, we report the case of a 62-year-old female that was referred to 
the cardiac rehabilitation unit in the cardiology department.

The patient is an already retired women and nonsmoker, with menopause at 
54 years and, after this, with slightly increased blood pressure (150/95 mmHg), not 
treated by drugs.

She presented for 3 months retrosternal burning pain, which appeared during 
walking and climbing stairs, especially at the beginning of the effort and in case of 
cold weather.

The rest-ECG was normal, but during the cycle ergometer exercise stress test, it 
was registered a maximal ST segment depression of 1.25 mm in leads V4–V6, asso-
ciated with chest pain (Fig. 5.1). The peak exercise level was 100 W (seven METs), 
the peak heart rate 130/min, and the double product (SBP × HR) 23,000, corre-
sponding to the ischemic threshold of the patient (Fig. 5.2).

A 24-h ambulatory ECG monitoring was also performed, during which a painful 
ischemic episode (ST segment depression 1.5 mm) and five painless ischemic epi-
sodes (ST segment depression 1 mm) were registered, with a total ischemic burden 
of 70 min/24 h.

Coronary angiography showed a single-vessel coronary artery disease (75 % ste-
nosis in the circumflex artery). The echo-Doppler examination revealed a normal 
systolic and diastolic ventricular function and a small, grade I, mitral regurgitation 
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through calcification of the posterior mitral annulus. Intravascular ultrasound 
(IVUS), which was performed during coronarography, showed no unstable plaques; 
the stenotic lesion was fibrotic.

The laboratory data showed the following values: total cholesterol (TC) of 
220 mg/dl, LDL cholesterol (LDL) of 135 mg/dl, HDL cholesterol (HDL) of 40 mg/
dl, triglyceride (TG) of 260 mg/dl, and a fasting blood glucose level of 98 mg/dl. The 
body mass index (BMI) was 28 kg/m2, and the waist circumference 86 cm.

Thus, the patient was diagnosed as suffering from chronic coronary artery dis-
ease and stable effort angina, CCS (Canadian Cardiovascular Society) class II, 
hypertension grade I with very high added risk and metabolic syndrome.

The patient was advised to follow a hypocaloric Mediterranean diet to lose 
weight; a drug treatment regimen consisting of aspirin 75 mg/day, bisoprolol 10 mg/
day, rosuvastatin 10 mg/day, and perindopril 5 mg/day was initiated.

Fig. 5.1 (a) Rest ECG – normal; (b) Stress ECG (125 W) – RS, HR = 130/min, horizontal ST 
segment depression 1.25 mm V4–V6 associated with chest pain

MVO2
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Fig. 5.2 Ischemic 
threshold in coronary 
patients. After training, the 
coronary patient will 
perform the same effort  
(× METs), without 
reaching the ischemic 
threshold
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The blood pressure value returned to normal (130/80 mmHg), and angina pecto-
ris attacks during daily activities disappeared.

The patient was then addressed to the ambulatory rehabilitation unit and sub-
mitted to an 8-week, five times per week, 1-h duration, physical rehabilitation 
program, consisting of dynamic but also resistance training. It was recommended, 
in the other 2 days, to perform physical exercises and walking for at least 30 min/
day at home. After 8 weeks, a new maximal exercise stress test was performed, 
proving an increase of exercise capacity with 25 W, but with the same maximal ST 
depression.

After this, the patient was addressed to a community-based training program, 
with the recommendation to be followed for 6–12 months. After 12 months, the 
patient was recommended to perform a daily moderate or vigorous activity of 
30–60-min duration, on an individual non-supervised basis, consisting of physical 
exercises, walking, games, and swimming.

Question 1
What is the cardiovascular risk of the patient according to the SCORE cardiovascu-
lar risk chart?

The SCORE chart (Fig. 5.3) is used only in primary prevention to evaluate the 
risk of cardiovascular death for the next 10 years, a value more than 5 % being con-
sidered high and imposing special prevention measures [2].

The present patient already presents an ischemic heart disease as stable angina 
pectoris. In this case, the risk is already considered very high, imposing secondary 
prevention measures, and the use of SCORE chart is no longer indicated [2].

Question 2
Does the patient present a metabolic syndrome?

Fig. 5.3 SCORE chart: 10-year risk of fatal CVD in high and low risk regions of Europe (The 
European Society of Cardiology)
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The principal feature of the metabolic syndrome is abdominal obesity. Our 
patient presents overweight, but according to the American Diabetes Association 
(ADA) criteria for abdominal obesity (>88 cm in women, >102 cm in men), she 
doesn’t present the metabolic syndrome [3].

In turn, according to the European criteria (abdominal circumference >80 cm in 
women and >94 cm in men), the patient presents the metabolic syndrome because 
other criteria are still present (hypertension, low HDL, and increased TG). This will 
increase the cardiovascular risk because of atherogenic dyslipidemia (increased TG, 
low HDL, small dense LDL particles) and because of increased risk of diabetes [2].

Question 3
What categories of treatment are recommended for angina pectoris?

Lifestyle changes are recommended in all cardiovascular patients or with cardio-
vascular risk factors. For patients with metabolic syndrome, a special target will be 
to lose weight [2].

Drug treatment is recommended according to current guidelines: antiplatelets, 
beta-blockers, and statins; in some cases, but not ours, calcium channel blockers 
(CCBs) may be added [1]. Also, for second-line treatment, it is recommended to add 
long-acting nitrates, ivabradine, nicorandil, or ranolazine, according to heart rate, 
blood pressure, and tolerance [1, 4].

Myocardial revascularization is a good opportunity to decrease myocardial isch-
emia and to treat angina, but it is not recommended in this patient: the angina is not 
only stable, but the ischemic threshold, evaluated through double product (DP), is 
high (23,000) [1]. The maximum ST segment depression is less than 2 mm, and it 
appears at a high level of effort (100 W) and of heart rate (87 % of maximum heart 
rate). The patient presents a moderate single-vessel disease (Fig. 5.4a, b); revascu-
larization is recommended for severe one or for multivessel or left main disease. In 
addition, IVUS confirmed a stable atherosclerotic plaque (Fig. 5.5). The total isch-
emic burden is more than 60 min (limit to indicate angiography and revasculariza-
tion), but other criteria for revascularization are not fulfilled [1].

Question 4
Which components of the cardiac rehabilitation are indicated for the patient?

The treatment of risk factors (dyslipidemia, overweight, and hypertension) is 
indicated, but it is not specific for angina. The targets are those recommended by 
current guidelines [1].

Physical activity as the main component of cardiac rehabilitation is strongly rec-
ommended because it was demonstrated that physical activity and training can 
increase the quality of life and chances of survival for cardiovascular patients [1, 5].

There are two components of physical activity: physical training represents the 
organized and supervised form of physical activity [6–8]. For itself, physical training 
is not strongly recommended in this patient, whose exercise capacity is normal (seven 
METs). Still, there are at least two reasons to apply it. The first is represented by the 
direct and especially indirect effects on cardiovascular risk factors [9, 10]. The patient 
presents hypercholesterolemia, hypertriglyceridemia, and high blood pressure, which 
can be favorably influenced by physical training [7, 9]. Even more important, patients 
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included in cardiac rehabilitation programs are more adherent to the secondary pre-
vention measures, particularly in this case, when the patient presents, according to 
European criteria, a metabolic syndrome [2, 11–13]. The second reason is represented 
by the effect of physical training, beyond the increasing of exercise capacity. It was 
demonstrated that physical training, especially the high- intensity one, has antiathero-
genic, anti-inflammatory, and antithrombotic properties, decreasing the progression 
of atherosclerotic plaque and its complications [12–15] (Fig. 5.6). Last but not least, 
to increase the patient’s quality of life, it is recommended to obtain the maximal exer-
cise capacity permitted by the underlying disease [16, 17].

Physical counseling, to perform a daily physical activity of 30–60 min every day, 
5 days, or minimum 3 days/week, is also recommended for our patient because of 
the abovementioned benefices [1, 9]. On the days when physical training is per-
formed, individual physical activity is still recommended, but not compulsory [7].

a b

Fig. 5.4 Coronary angiography in RAO (a) and LAO (b) projection, respectively with caudal 
angulation. 75% stenosis of the circumflex artery (arrow) (Courtesy of Associate Professor A. 
Iancu)

Fig. 5.5 IVUS. 
Atherosclerotic plaque 
(arrow). Calcification 
suggests a fibrotic, stable 
plaque (Courtesy of 
Associate Professor A. 
Iancu)

5 Angina Pectoris



142

Question 5
Which are the objectives of physical training for a patient with stable effort angina?

As for all cardiovascular patients, the increase of exercise capacity is a very 
important target for cardiac rehabilitation programs [11]. It was demonstrated that 
after phase II rehabilitation programs, the exercise capacity VO2 increases with 
20–25 % without a significant increase of the ischemic threshold but with much less 
increase of MVO2 for the same level of exercise (Fig. 5.2).

It also targeted the consequence upon cardiovascular risk factors through a direct 
effect, but also by increasing the adherence to the specific measures applied to con-
trol them (e.g.,, quit smoking) [12, 16–18].

The pleiotropic effects upon atherogenic mechanisms are also very important, 
being demonstrated during clinical studies [15, 16].

Question 6
Which are the recommended cardiac rehabilitation modalities?

Inpatient cardiac rehabilitation is indicated only during the acute phase of 
the disease (phase I rehabilitation) or in complicated patients during phase II 
[7, 16, 19, 20].

Outpatient cardiac rehabilitation. For our patient, already asymptomatic under 
drug treatment, outpatient rehabilitation is the only indicated method. It is possible 
to be performed in a cardiac rehabilitation unit or even in a community center 
because the cardiovascular risk of the patient is moderate (class B), and tight medi-
cal supervision of physical training is not compulsory [7, 21–24].

� exercise
capacity

Physical
training

¯ cardiovascular
risk factors

¯ sympathetic
tone

� endothelial
function

¯ inflammation

¯ thrombosis
� fibrinolysis

� ischemic
preconditioning

� adherence to
cardiovascular

risk factors
treatment

Fig. 5.6 The most important benefits of physical training in cardiovascular patients, including 
angina patients
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Home cardiac rehabilitation can be recommended if supervised physical training 
is not possible [15, 25]. Because the exercise capacity of our patient is high, in this 
case, the physical training will consist of physical exercises, rapid walking, or 
domestic activities (30–60 min/day), with the recommendation to avoid the appear-
ance of pain (effort under the ischemic threshold) [26–29].

Question 7
Which training modalities and what frequency of training sessions are recom-
mended for our patient?

Physical training can use three types of exercise:
Stretching exercises are used to maintain the joint mobility and flexibility. It has 

no effect on exercise capacity [16]. It can be used as a part of physical training pro-
gram, but not to assure the training effect [30].

Aerobic training. It represents the main type of exercise, recommended in all 
cardiovascular patients, including stable angina patients [31–33]. It associates the 
abovementioned effect upon exercise capacity, mainly through peripheral but also 
through central mechanisms [34, 35]. In patients with stable effort angina, not only 
an increase of ischemic threshold (angina threshold) and a decrease in number and 
intensity of anginal attacks but also an increase in survival were registered [35–37]. 
It has the best hemodynamic cardiovascular effects (Table 5.1), and because it does 
not increase, but in fact decreases peripheral resistance during exercise, it increases 
systolic output, maximal cardiac output, and VO2 max; at the same time, it is well 
tolerated even by patients with depressed LV systolic performance [38].

Resistance training. The isometric component of exercise cannot be avoided dur-
ing daily life, and, consequently, resistance exercises have to be used during training 
sessions, especially in patients with normal LV performance, as is our patient. It was 
demonstrated (Table 5.1) that under survey and at an intensity of 20–30 % of MCV 
(maximal voluntary contraction), its hemodynamic effect is not detrimental (but at 
the same time not beneficial) upon LV performance, because of increasing afterload 

Table 5.1 The comparative 
effects of aerobic and 
resistance training

Variable Aerobic exercise Resistance exercise

VO2max ↑↑ ↑0

Muscle strength 0 ↑↑
Hemodynamic effect

  Systolic blood pressure (rest) 0 0
  Diastolic blood pressure (rest) 0 0
  Double product during submaximal exercise (MVO2) ↓↓ ↓
  Stroke volume, resting and maximal ↑↑ 0
  Mx CO ↑↑ 0
  Heart rate (rest) ↓↓ 0
Metabolic effect
  HDL ↑0 ↑0
  LDL ↓0 ↓0
  Insulin sensitivity ↑↑ ↑↑
  % fat ↓↓ ↓
↑ increase, ↓ decrease, 0 unchanged, HDL high- density lipopro-
tein cholesterol, LDL low-density lipoprotein cholesterol
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[17, 32]. In time, they can increase moderately the exercise capacity of the patients 
and decrease the double product, improving the quality of life and having neutral or 
favorable metabolic effects. The muscular strength is even more increased as during 
aerobic training (Table 5.1). They will be used in association with aerobic training 
in some of the training sessions (2–3 times per week).

The recommended training frequency in cardiovascular patients, including stable 
angina pectoris, was initially two to three times per week, but it was demonstrated 
that the best results are obtained by using five training sessions per week [16, 39]. 
The minimum training session to obtain a significant training effect is three times 
per week. It is ideal to perform seven sessions per week, however is not possible for 
practical reasons [2, 8]. That’s why the patients are encouraged to exercise by them-
selves, 30 min/day, using physical exercises and walking, in other days than those 
with supervised physical training [2, 8].

It is to mention that in physical training recommendations, we must consider the 
particularities of women. Thus, long-term exercise training sessions must be diver-
sified; exercise must be conducted in intervals rather than continuously or in small 
groups.

They should also provide support for women emotionally, socially, and psycho-
logically. There are recommended “open discussions” on secondary prevention 
measures (particularly weight loss, quitting smoking, and prescription of medica-
tion with cardioprotective effects) and on the role of physical training [6].

Question 8
Which is the recommended intensity and duration of training sessions and what 
types of exercise are recommended?

The duration of training sessions is generally recommended to be 50–60 min; 
lesser duration is recommended only in heart failure patients [16, 18]. For our patient, 
with stable coronary artery disease, the duration is maximal – 60 min [30, 31, 40].

The intensity of the performed exercise can be assessed using the Borg scale of 
perceived exertion. This scale can be used by the patient himself to determine opti-
mal training intensity. From 3 to 4, it represents a moderate activity, accounting for 
40–60 % of the maximum capacity (VO2 max). From 5 to 6, the activity is consid-
ered difficult, accounting for 60–85 % of the maximum exercise capacity, this level 
being recommended in stable ischemic heart disease, as in our case.

The intensity can be low, moderate, and high (Table 5.2).
Low-intensity physical training: 20–40 % of peak tVO2 (maximal VO2 realized dur-

ing maximal exercise stress testing, before including the patients in training programs) 
and 40–50 % of peak heart rate. The intensity is too low to increase the exercise capacity 
and to result in pleiotropic effects. This low intensity is sometimes recommended in heart 
failure patients to avoid further physical deconditioning [13, 37, 41, 42].

Moderate-intensity training (50–60 % MxVO2, 60–70 % MxHR) increases the 
exercise capacity, but only by 15–20 %, and the pleiotropic cardiovascular effects 
are modest or even absent. That’s why moderate training is recommended only to 
physically deconditioned patients or patients with LV dysfunction, arrhythmias, etc. 
It can also be realized during home rehabilitation, when the training cannot be 
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supervised. It is not recommended in our patient, with high exercise capacity and 
without LV dysfunction [13, 37, 41, 42].

High-intensity physical training (60–75 % of peak VO2, 70–85 % of max HR at 
peak effort) assures the maximal (25–35 %) increase of VO2 and, in angina, of isch-
emic threshold. It has maximal effect upon the quality of life and survival. It assures 
also the maximal pleiotropic effects of exercise, some of them registered [37, 41] 
only after intense physical training. It was demonstrated that in stable angina 
patients, high-intensity physical training results in outcomes as good as or even bet-
ter than those obtained through interventional myocardial revascularization [15]. 
Our patient belongs to a moderate-risk class, has already a near-normal exercise 
capacity, and was recommended to perform physical training on an outpatient basis. 
Therefore, high-intensity training can be applied to obtain a maximum and optimal 
result. However, in patients with stable angina pectoris, it is recommended that 
training heart rate remains below the ischemic threshold, determined during maxi-
mal exercise stress test. In our patient, it occurred at 130/min, which means that a 
training heart rate about 115–120/min (10 beats/min under the angina threshold) for 
30–40 min/training session would be suitable, of course preceded and followed by 
10-min warm-up and 10-min cooldown exercises [13, 42].

Very high-intensity training (80–90 % of peak VO2, 90–100 % of max HR at 
peak effort) will result in ischemia and probably angina, which have to be avoided 
during training sessions; hence, this is not recommended even in our stable effort 
angina patient. Moreover, this high-intensity training is not at all recommended in 
cardiovascular patients [13, 16, 37, 41, 42].

Question 9
How long is practicing physical training and physical activity recommended for our 
patient?

As for other cardiovascular patients, physical training is recommended for a 
limited period of time, but physical activity for a lifetime, this representing the last, 
phase III, of cardiovascular rehabilitation [16]. Physical training itself, represent-
ing the phase II rehabilitation, is recommended to be of 6–8 weeks duration and 
about 36 training sessions. A shorter period of training (2–4 weeks) is not enough 
to obtain the training effect, respectively, the increase in the exercise capacity and 
the appearance of the pleiotropic effects [43–46]. Classically, the objective of 
phase II cardiac rehabilitation is to increase exercise capacity at seven METs. The 
patient about whom we already discussed has this exercise capacity. Consequently, 
the objective of physical training will be to more increase the exercise capacity, but 

Table 5.2 The effects of physical training in relationship with effort intensity

VO2 Cardiovascular risk factors control Pleiotropic effects
Low 0 0 0
Moderate ↑ ↓ ↑
High ↑↑ ↓↓ ↑↑
Very high Contraindicated
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mainly the appearance of pleiotropic effects, and a good adherence to lifestyle 
changes and later physical activity. Unfortunately, after such a short period, long-
term compliance to lifestyle changes is poor. That is why, whenever possible, it is 
recommended to continue institutional (supervised) physical training another 
8–12 months. Some authors consider this period as phase III rehabilitation, but we 
prefer to call it “extended phase II rehabilitation” to avoid confusion in understand-
ing the sequential phases of cardiac rehabilitation [43–46]. After the period of 
6–8 weeks or 8–12 months, the patient will continue physical exercise on an indi-
vidual basis, as a lifestyle, for the whole life. This is necessary, because the training 
effects (the benefits of physical activity) will disappear after 3–6 weeks of seden-
tary life [43–47].

Question 10
Does late ischemic preconditioning intervene to assure the increase of exercise 
capacity during physical training?

Ischemic preconditioning refers to the finding, experimental at first and then 
clinical, that short episodes of myocardial ischemia protect the myocardium from 
unwanted effects of subsequent ischemic events. The protective effect occurs a few 
minutes after the initial preconditioning episode and lasts 1–2 h, representing the 
so-called early window of ischemic preconditioning or early ischemic precondition-
ing. After 24 h, the protective effect reappears even in the absence of other ischemic 
episodes, the protective effect being weaker but longer, up to 72 h, achieving the 
second window of preconditioning or late preconditioning [48].

Both types of ischemic preconditioning (early and late) have clinical, electric, 
arrhythmic, hemodynamic, and metabolic consequences. Ischemic preconditioning 
correlates with mitochondrial protection, thus preserving mitochondrial activity and 
energy production, which increases cell survival [48].

The mechanisms of both early and late preconditioning are complex (Fig. 5.7), 
early preconditioning being assured , mainly through adenosine and K+ ATP chan-
nels and late preconditioning mainly through iNOS and nitric oxide (Fig. 5.8) [49]. 
It was demonstrated that after moderate-to-intense physical training for a few 
weeks, ST depression was delayed, maximal depression was lower, and the isch-
emic threshold was raised during exercise test performed at the end of the rehabilita-
tion program (ET2), compared with the one (ET1) from the beginning of the 
program (Table 5.3) [50]. Because late preconditioning disappears after 72 h, it is 
not permitted to stop the physical activity more than 2 days to preserve the training 
effect, also through this mechanism [48].

Question 11
For long-term secondary prevention, are some categories of drugs useful or lifestyle 
changes and physical activity enough?

To obtain the very high targets for dyslipidemia and hypertension, in many cases, 
lifestyle changes are not enough and drugs are also necessary to control these risk 
factors. Even more, some drugs are useful not only to control the cardiovascular risk 
factors but they also have direct antiatherogenic effects or preventive effects upon 
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Fig. 5.8 The role of NO in late ischemic preconditioning. Nitrates blood level before and after 
ET1 and ET2 performed at 24-h interval in 22 coronary patients with positive exercise stress testing. 
Nitrates level rises insignifi cantly after ET1 but rises signifi cantly after ET2 , suggesting that NO 
is involved in late ischemic preconditioning

Table 5.3 Exercise testing data during ET1 and ET2 performed at 4 weeks interval in trained 
group A and untrained group B stable effort angina patients

Group A Group B

ET1 ET2 ET1 ET2

Peak effort (W⋅s) 80.3 ± 7.2 93.4 ± 8.3* 65.2 ± 5.8 72.9 ± 6.5
Double product (mmHg ⋅ b/min) 21,573 ± 3122 24,168 ± 3423 23,551 ± 3100 21,000 ± 2752
Maximal ST depression (mm) 1.52 ± 0.23 0.74 ± 0.12* 1.46 ± 0.32 1.17 ± 0.21

*p < 0.05
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atherosclerotic complications (thrombosis, arrhythmias, etc.). They are considered 
as secondary preventive drugs. Statins, antiplatelet drugs, and ACE inhibitors or 
ARBs are included in this category [1, 2]. They are recommended in any patient 
with ischemic heart disease, including stable effort angina, even if the patient is 
asymptomatic [1]. For the statins, the indication is reinforced and becomes compul-
sory in the presence of dyslipidemia – high total and LDL cholesterol. On the other 
hand, not all drugs used in ischemic patients, for angina or for other reasons, offer 
protection against atherosclerosis and its complications [1, 2, 8, 51]. As an example, 
nitrates are excellent for the prevention and control of anginal pain, but do not 
improve the prognosis of ischemic patients [1]. Calcium channel blockers are excel-
lent antianginal drugs, and in some experimental research, they proved to have anti- 
atherosclerotic effects [1]. In turn, there are not enough clinical data to support their 
usefulness for secondary prevention. For fibrates, recommended to treat hypertri-
glyceridemia, there is also some experimental support of antiatherogenic effect, but 
clinical data are lacking, and until now, they are not recommended as preventive 
therapy in ischemic patients [52–54].
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6Diabetes Mellitus Type 2 
and Cardiovascular Disease

David Niederseer, Gernot Diem, and Josef Niebauer

6.1  Clinical Information

A 54-year-old man presents at the Institute of Sports Medicine, Prevention and 
Rehabilitation for an assessment of his physical fitness. His wife gave him a voucher 
for a physical fitness check as a birthday present since he has never had an assess-
ment of his physical fitness before. He is a carpenter and reports to be healthy and 
free of symptoms. Two years ago, he had a non-ST-elevation myocardial infarction 
of the anterior wall. The left descending artery had been treated with a drug-eluting 
stent in the local cardiology department. On presentation, he reports no angina or 
other cardiac disorders. The patient smokes one pack of cigarettes per day (30 pack 
years). Both of his parents are still alive, his father is 76 years old and suffers from 
type 2 diabetes and chronic obstructive pulmonary disease, whereas his 75-year-old 
mother has no known disorders. Neither his two brothers nor his sister has any car-
diovascular diseases, and his two sons who are 27 and 30 years old are also healthy. 
He reports 30–45 min of jogging once a week, and his present medication includes 
100 mg of acetylsalicylic acid, a beta-blocker (metoprolol 50 mg 1/2-0-0), an 
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angiotensin-converting enzyme (ACE) inhibitor (ramipril 2.5 mg 1-0-0), and a 
statin (simvastatin 40 mg 0-0-1).

On physical examination, body mass index (BMI; 31.1 kg/m2, i.e., 94.3 kg; 
1.74 m), waist circumference (105 cm), and blood pressure (145/95 mmHg) were 
elevated. Auscultation of the heart and lungs revealed no pathologic findings and no 
signs of heart failure were noted. Lung function parameters (Fig. 6.1) were within 
normal limits. The ECG (Fig. 6.2) revealed signs of left ventricular hypertrophy 
(Sokolow-Lyon Index, 4.8 mV).

A maximal exercise stress test was performed on a cycle ergometer (Fig. 6.3) start-
ing with a workload of 50 watts (W) which was increased by 25 W every 2 minutes 
(min). The patient had to terminate the test due to exhaustion at 150 W. His heart rate 
at rest was 56/min and 152/min on exhaustion. Throughout the stress test and the 
recovery period, the patient was free of symptoms, and there were no signs of isch-
emia or arrhythmia on the ECG. The only pathologic finding was an increased blood 
pressure at peak exercise of 230/120 mmHg. Due to the elevated blood pressure and 
the positive Sokolow-Lyon Index, echocardiography (Fig. 6.4) was performed. A con-
centric left ventricular hypertrophy (end-diastolic diameter of the intraventricular sep-
tum [IVSd] in M-mode in the parasternal long axis view of 13 mm) and a mildly 
reduced left ventricular function with an ejection fraction of 49 % and hypokinesia of 
the anterior and anterolateral midventricular to apical segments were noted.

Parameter Unit Value 
measured

Value in % of  
predicted value 
(NHANES III)

FVC l 5.44 93%

FEV1 l 4.3 94%

FEV1/FVC 0.79 101%

PEF l/s 10.61 97%

Fig. 6.1 Lung function 
test. FVC functional vital 
capacity, FEV1 forced 
expiratory volume in first 
second, PEF peak 
expiratory flow, NHANES 
III third national health and 
nutrition examination 
survey, l liters, s seconds

V1

V2

V3

V4

V5

V6

I

II

III

aVR

aVL

aVF

Fig. 6.2 ECG with left ventricular hypertrophy
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Blood tests (Fig. 6.5) showed a fasting plasma glucose of 6.6 mmol/L 
(119 mg/dL), HbA1c of 6.4 %, and dyslipidemia. Although treated with a statin, 
total cholesterol was 7.0 mmol/L (270 mg/dL), low-density lipoprotein (LDL) 
cholesterol was 4.0 mmol/L (155 mg/dL), high-density lipoprotein (HDL) cho-
lesterol was 2.2 mmol/L (85 mg/dL), and triglycerides were 1.7 mmol/L 
(148 mg/dL).

Urine analysis (Fig. 6.6) showed microalbuminuria and glucosuria.

6.2  Risk Stratification

In order to raise the patient’s awareness and understanding for essential and manda-
tory lifestyle changes, it is very useful to assess his risk for future vascular events. 
The following questions arise:

Stage Workload Time
min:sec

Heart
rate [1/min] 

Blood
pressure [mmHg]

Rate pressure 
product

RPE

0 rest 0 56 145/95 10440 8

1 50 2 108 160/100 17280 10

2 75 4 124 180/100 22320 13

3 100 6 130 210/110 27300 15

4 125 8 147 220/115 32340 18

5 150 9:32 152 230/120 34960 20

post recovery 1 min 1 134 215/110 28810 17

post recovery 3 min 3 112 190/100 21280 13

post recovery 5 min 5 89 175/90 15575 11

Fig. 6.3 Data of cycle ergometer. RPE rate of perceived exertion

Fig. 6.4 Left ventricular 
hypertrophy (LVH)
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Parameter Unit Value Flag

potassium mmol/l 3.8 

sodium mmol/l 140

urea mg/dl 21

kreatinin mg/dl 0.9

calcium mmol/l 2.44

total proteine g/dl 7.8

glucose mmol/l; mg/dl 6.6; 119 high

c-reactive proteine mg/dl <0.6

hsCRP mg/dl 0.3 high

uric acid mg/dl 6.2

HbA1c % 6.4 high

total bilirubin mg/dl 1.1

cholesterol mmol/l; mg/dl 7.0; 270 high

triglycerides mmol/l; mg/dl 1.7;  148

HDL-cholesterol mmol/l; mg/dl 2.2;  85 high

LDL-cholesterin mmol/l; mg/dl 4.0; 155 high

creatinkinase U/l 151

CK-MB U/l 11

PTT seconds 32

fibrinogen mg/dl 317

erythrocytes T/L. 4.6

hemoglobin g/dl 13.8

hematocrit % 40.0

leukocytes G/L. 3.59

thrombocytes G/L. 170

albumin g/dl 4.9

homocystein µmol/l 12.00

Fig. 6.5 Blood parameters. hsCRP high-sensitivity C-reactive protein, HDL high-density lipopro-
tein, LDL low-density lipoprotein, CK-MB creatine kinase muscle-brain type, PTT partial throm-
boplastin time
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 1. Which variables do you need to predict the 10-year risk of heart attack and stroke 
according to HeartScore® in this patient?

Age, gender, smoking status, systolic blood pressure, total cholesterol, and coun-
try of residence [1] (see Fig. 6.7) are mandatory to calculate the 10-year risk for 
cardiovascular death according to HeartScore®. The inclusion of BMI into 
HeartScore® has been tested several times and BMI has been proven to be a very 
weak risk factor for CVD. As a result, the addition of BMI does not improve the 
predictive power of HeartScore® [1, 2]. According to the European Guidelines on 
CVD Prevention, patients with diabetes are considered at high risk and should 

weight density kg/m³ 1.015
pH 6 
leucocytes - neg
nitrite - neg
proteine - neg
glucose ++ 100 mg/dl
keton bodies - neg
urobilinogen - neg
bilirubin - neg
erythrocytes - neg
microalbumin ++ 50 mg/dl

Fig. 6.6 Urinary analysis. 
Neg negative finding, kg 
kilogram, m meter, pH 
pondus hydrogenii, mg 
milligram, dl deciliter
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Fig. 6.7 Score charts for high- and low-risk countries
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therefore be treated with maximum intensity. Therefore, the inclusion of diabetes is 
not useful, since patients are being classified as high risk already.

 2. There are two models, high risk and low risk, which of them do you use?

The model has to be chosen according to the country of residence of the patient 
(see Table 6.1).

For Austria, the low-risk model has to be chosen and calculates a 10-year risk of 
5 % (age, 54 years; smoker; systolic blood pressure, 145 mmHg; total cholesterol, 
7.0 mmol/L).

In our patient, risk estimation alone indicates an urgent need for preventive inter-
vention to avoid a second cardiovascular event.

6.3  Diagnosis of Diabetes

Because of an elevated fasting plasma glucose level of 6.6 mmol/L (119 mg/dL), an 
elevated HbA1c of 6.4 % (46 mmol/mol), microalbuminuria, and glucosuria, it is 
mandatory to test for diabetes mellitus.

How do you efficiently and accurately diagnose diabetes in cardiac patients?
According to the most recent ESC Guidelines on diabetes, pre-diabetes, and car-

diovascular diseases [2], it is recommended that the diagnosis of diabetes is based 
on HbA1c (if >6.5 % or > 48 mmol/mol) and fasting glucose (if >7.0 mmol/L or 
126 mg/dL) combined or on an oral glucose tolerance test (OGTT, 2 h glucose > 
11.1 mmol/L or >200 mg/dL) if still in doubt. (I, B) Since 2010, HbA1c may also 
be used to diagnose diabetes. Furthermore, HbA1c helps to assess the success of 
anti-glycemic therapy. HbA1c testing is highly specific compared with a 2 h OGTT 
or a fasting plasma glucose test. However, because HbA1c testing is not sensitive 
enough to rule out diabetes if levels are normal, the test should not be used for 
excluding diabetes [2]. Lower than expected levels of HbA1c can be seen in people 
with shortened red blood cell life span, as seen in glucose-6-phosphate dehydroge-
nase deficiency, sickle-cell disease, or any other condition causing premature red 

Table 6.1 Score charts for high and low risk countries

European low risk Andorra, Austria, Belgium*, Cyprus, Denmark, Finland, France, Germany, 
Greece*, Iceland, Ireland, Israel, Italy, Luxembourg, Malta, Monaco, the 
Netherlands*, Norway, Portugal, San Marino, Slovenia, Spain*, Sweden*, 
Switzerland, and the United Kingdom

European high 
risk

All other European countries

Very high risk Armenia, Azerbaijan, Belarus, Bulgaria, Georgia, Kazakhstan, Kyrgyzstan, 
Latvia, Lithuania, Macedonia, FYR, Moldova, Russia, Ukraine, and 
Uzbekistan

National versions 
are available for*

Belgium, Germany, Greece, the Netherlands, Spain, Sweden, and Poland
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blood cell death. Conversely, higher than expected levels can be seen in people 
with a longer red blood cell life span, as in patients with vitamin B12 or folate 
deficiency. Elevated HbA1c levels represent poor glucose control. However, normal 
HbA1c levels still conform with a history of recent hypoglycemia or with spikes of 
hyperglycemia. Furthermore, HbA1c measures are not reliable, if the patient went 
on a diet or medical therapy within the last 6 weeks. In addition, patients with recent 
blood loss or hemolytic anemia are not suitable for this test [2].

Performing an OGTT is the method of choice to diagnose diabetes mellitus in this 
patient. Early stages of hyperglycemia and asymptomatic type 2 diabetes are best 
diagnosed by an OGTT (Fig. 6.8 [2] and 6.9) with an intake of 75 mg of glucose dis-
solved in 250–300 mL water within 5 min (body weight × 1.75 = mg of glucose for 
test; in this patient: 93.4 × 1.75 = 163.45 mg; but intake should not exceed 75 mg). In 
this patient the 2 h post-load glucose level was 12.2 mmol/L (220 mg/dL), which is 
diagnostic for diabetes (>11.1 mmol/L or 200 mg/dL). On a side note, his HbA1c was 
6.4 % (48 mmol/mol) and fasting glucose was 6.6 mmol/L or 119 mg/dL, and conse-
quently without an OGTT, the diagnosis of diabetes would have been missed.

Diagnose /
measurement

WHO 2006/2011 ADA 2003 and 2012

Diabetes

HbA1c Can be used
If measured ≥6.5 % (48 mmol/mol)

Recommended
≥6.5% (48 mmol/mol)

FPG Recommended
≥7.0 mmol/L (≥126 mg/dL)

≥7.0 mmol/L (≥126 mg/dL)

2hPG Or
≥11.1 mmol/L (≥200 mg/dL)

Or
≥11.1 mmol/L (≥200 mg/dL)

IGT

FPG <7.0 mmol/l (<126 mg/dL) <7.0 mmol/l (<126 mg/dL)

2hPG
≥7.8-<11.1 mmol/L (≥ 140-200 
mg/dL)

Not required
If measured 7.8-11.0 mmol/L 
(140-198 mg/dL)

IFG

FPG 6.1-6.9 mmol/L (110-125 mg/dL) 5.6-6.9 mmol/L (100-125 mg/dL)
--2hPG If measured

<7.8 mmol/l (<140 mg/dL)

Fig. 6.9 Comparison of 2006 World Health Organization (WHO) and 2003/2011 and 2012 
American Diabetes Association (ADA) diagnostic criteria for impaired fasting glucose, impaired 
glucose tolerance, and diabetes

• fasting (except water) for the previous 8 -14 hours  
• oral glucose tolerance test 7:00 -8:00 am 
• baseline blood sample 
• ingestion of standardized glucose solution (1.75 grams of glucose per kilogram 

of body weight, to a maximum dose of 75 grams) within 5 minutes 
• blood draw after 2 hours 

Fig. 6.8 How to perform 
an oral glucose tolerance 
test
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Besides the diagnosis of diabetes, also impaired fasting glucose (IFG) and impaired 
glucose tolerance (IGT) may be diagnosed using fasting glucose and OGTT.

An early diagnosis of diabetes is of utmost importance, since diabetes mellitus is 
associated with a more than twofold increase of cardiac mortality. Whereas patients with 
a previous myocardial infarction do have an increased risk of 4.0, the addition of the risk 
factor diabetes mellitus leads to a further increase, accumulating to 6.4 [2]. Figure 6.10 
[2] presents a diagnostic algorithm of an efficient and practical diagnostic decision-
making pathway for patients with diabetes mellitus (DM) or coronary artery disease 
(CAD). The presence of diabetes sets the patient at the highest possible risk regardless 
of other comorbidities. In a subsample of the Euro Heart Survey more than one-third of 
the patients with CAD who underwent an OGTT had an impaired glucose tolerance. 
Implementation of this simple, effective, and inexpensive test into clinical routine of 
patients with CAD would help diagnose diabetes mellitus and thus grant these high-risk 
patients access to an optimal medical, interventional, and surgical therapy [3].

Generally, metformin is recommended as the first-line therapy in newly diag-
nosed diabetes following evaluation of renal function. An estimated glomerular fil-
tration rate (eGFR) of >50 ml/min is regarded as a cutoff value for metformin. If a 
target HbA1c of <7 % (53 mmol/mol) is not reached after a repeated measurement 
of HbA1c, the dosage of metformin may be increased up to 3000 mg, or, alterna-
tively, a second agent may be added. In selected patients, such as our patient, a more 
stringent glucose control (HbA1c 6.0–6.5 % – 42–48 mmol/mol) might be 

Cardiovascular disease (CVD) and Diabetes mellitus (DM)

Main diagnosis
DM ± CVD

Main diagnosis
CVD ± DM

CVD unknown
ECG
Echocardiography
Exercise test
Holter monitoring

CVD known
ECG
Echocardiography
Exercise test
Holter monitoring
If positive: 
Cardiology 
consultation

Normal
Follow -up

Abnormal
Cardiology consultation
Ischemia treatment
Non-invasive or invasive

DM unknown
HbA1c, FPG
If needed OGTT
Blood lipids
If MI or ACS aim 
for reasonable 
glycaemic control

Newly detected
DM or IGT
Diabetology 
consultation

DM known
Screen for 
microangiopathy 
If poor 
glycaemic control:
Diabetology 
consultation

Normal
Follow-up 

Fig. 6.10 Algorithm for patients with coronary artery disease and diabetes mellitus. CAD coro-
nary arterial disease, DM diabetes mellitus, HbA1C hemoglobin A1c, MI myocardial infarction, 
ECG electrocardiogram, ACS acute coronary syndrome, PFG plasma fasting glucose, IGT 
impaired glucose tolerance
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considered if it can be achieved without hypoglycemia or other adverse events [2]. 
In concordance with the current guidelines, we started with metformin 500 mg 
1-0-1 in our patient, as his eGFR is 74 mL/min.

6.4  Improving the Risk Factor Profile

The patient’s risk profile includes arterial hypertension, physical inactivity, smok-
ing, obesity, dyslipidemia, and diabetes mellitus. Treatment goals for cardiovascular 
risk factors are depicted in Fig. 6.11.

Blood pressure was 145/95 mmHg at rest and 230/120 mmHg at maximal exer-
cise. Blood testing shown in Fig. 6.5 revealed a fasting plasma glucose of 6.6 mmol/L 
(119 mg/dL) and dyslipidemia although treated with a statin with total cholesterol of 
7.0 mmol/L (270 mg/dL), LDL cholesterol of 4.0 mmol/L (155 mg/dL), HDL cho-
lesterol of 2.2 mmol/L (85 mg/dL), and triglycerides of 1.7 mmol/L (148 mg/dL).

The patient’s medication already included 100 mg of acetylsalicylic acid, a beta- 
blocker (metoprolol 50 mg 1/2-0-0), an ACE inhibitor (ramipril 2.5 mg 1-0-0), and 
a statin (simvastatin 40 mg 0-0-1).

To improve the risk factor profile in this patient, it is necessary to expand drug 
therapy immediately and instruct the patient on how to make lifestyle changes at the 
same time. Starting a structured program for lifestyle changes now and considering 
additional drug therapy some time later would not be enough to improve the risk 
factor profile in this patient. Additional pharmaceutical therapy is warranted. By not 
starting an intervention, the patient would continue to remain at a high cardiac risk. 
The history of this patient does not allow any more time for therapeutic nihilism.

The patient’s blood pressure is not treated adequately. A blood pressure of 
145/90 mmHg at rest and 230/120 mmHg at maximal exercise is still too high. Also, 
in cardiac patients with a reduced LVEF, a heart rate at rest of ≥70/min is associated 
with increased mortality (Fig. 6.10) [4, 5]. Thus, the beta-blocker ought to be 
increased to the highest tolerable dosage. As a result, an additional If-channel 
blocker most likely will not be needed. It is mandatory to increase the dose of the 
ACE inhibitor and beta-blocker to sufficiently treat hypertension in this patient. If a 
third agent is needed, a thiazide diuretic like hydrochlorothiazide may be added. 
According to the SPRINT study [6], the target blood pressure in a patient like ours 
could be <120/80 mmHg; however, the guidelines have not yet included this trial. 

Hypertension < 140/85 mmHg 
LDL -Cholesterol      <1.8 mmol/l (< 70 mg/dl) 
Fasting glucose: 4.4–6.1 mmol/l (80–110 mg/dl) 
HbA1c: < 6,5 %(48 mmol/mol) 
BMI: < 25 kg/m²

Waist circumference: < 102 cm 
Physical activity: 30-60 minutes on 3-7 days/week

(>150 min/week) moderate to vigorous
moderate-intensity aerobic physical
activity (as walking, cycling, etc.)
with 50–70% of maximum heart rate.     

Fig. 6.11 Goals for risk 
reduction. HbA1C 
hemoglobin A1c
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To reach the goals of risk reduction, a structured program for lifestyle changes like 
a comprehensive cardiac rehabilitation program has to be started immediately in 
order to implement all non-pharmacological treatment options.

Dyslipidemia is not sufficiently treated in this patient. According to the current 
guidelines on diabetes, pre-diabetes, and cardiovascular disease, a statin therapy is 
recommended in patients with diabetes and very high risk (i.e., if combined with 
documented cardiovascular disease, severe chronic kidney disease, or with one or 
more cardiovascular risk factors and/or target organ damage) with an LDL choles-
terol of <1.8 mmol/L (<70 mg/dL) or at least a >50 % reduction of LDL cholesterol 
if this target goal cannot be reached [2]. Consequently, we changed simvastatin to a 
more potent statin, namely, rosuvastatin 20 mg 1-0-0. It is still under investigation 
what role PCSK-9 inhibitors (proprotein convertase subtilisin/kexin type 9 inhibi-
tor) will play in such a patient [7].

With respect to obesity and physical inactivity, at least 150 min/week of moderate 
to vigorous aerobic physical activity (e.g., walking, jogging, cycling) with initially 
50 % but then 70 % of his maximum heart rate has to be initiated and ideally ought to 
be performed for 30–60 min per day on 3–7 days a week. On a side note, maximal heart 
rate is not calculated or derived from tables but assessed during maximal ergometry, 
which is terminated either by exhaustion, symptoms, or ECG changes. Exercise train-
ing has a major beneficial impact on most cardiovascular risk factors. Effects include a 
decrease in glucose and triglycerides, increase in HDL cholesterol, and reduction of 
weight and blood pressure levels [2]. While some of the positive effects of exercise 
training can be achieved by pharmaceutical agents as well, effects on endothelial dys-
function and exercise capacity are more strongly conveyed by exercise training [8, 9].

Besides physical exercise, a dietary approach is warranted. Daily caloric intake 
should be reduced to 1500 kcal and the fat intake to 30–35 % of the daily total 
energy uptake [2, 10].

Smoking cessation is key to improve the cardiovascular risk profile in this patient. 
Smoking cessation programs help smokers to quit smoking [10].

In the chronic phase (>12 months) after myocardial infarction, daily 100 mg of 
acetylsalicylic acid is recommended for secondary prevention [7].

The goals for risk reduction according to current guidelines [2, 10] are listed in 
Fig. 6.11. Participation in a comprehensive cardiac rehabilitation program helps the 
patient to reach the goals of risk reduction and reduces the overall mortality by 
26–31 % [10].

6.5  Exercise Prescription

The patient reports physical activity of 30–45 min of jogging once a week at the 
most.

Which additional exercise prescription is recommended for this patient?
According to current literature, 150 min/week of moderate to vigorous moderate- 

intensity aerobic physical activity (e.g., walking, cycling, etc.) has to be performed with 
50–70 % of maximum heart rate at least five times a week. Alternatively, high- intensity 
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interval training may also be performed, which has been shown to be rather equipotent 
[11]. Patients who follow such exercise programs can expect to experience a beneficial 
effect on glycemic control, which is not primarily mediated by weight loss. Even though 
there is less evidence for resistance training, an increase in muscle bulk will lead to 
improved insulin sensitivity and reduced levels of glucose. In addition, the patient 
should perform resistance training three times a week, targeted at all major muscle 
groups, progressing to three sets of either 10–12 repetitions at 70 % of the one-repetition 
maximum (1-RM) or 25–30 repetitions at 40 % 1-RM [12, 13] (Fig. 6.12).

Two weeks after assessment of his physical fitness, our patient agreed to partici-
pate in an outpatient rehabilitation program at the Institute of Sports Medicine, 
Prevention and Rehabilitation. This rehabilitation program lasted 12 months and 
consisted of three training sessions during the first 6 weeks followed by training 
session per week per the rest of the year. A training session included endurance 
training, resistance training, and training of proprioception and flexibility. 
Furthermore, patients received psycho-cardiological advice and nutritional support, 
participated in a smoking cessation program, and were encouraged to also exercise 
at home [14]. Long-term but not short-term multifactorial intervention with focus 
on exercise training improves coronary endothelial dysfunction in diabetes mellitus 
type 2 and CAD, as previously reported [15].

Sessions are held in small groups of three to ten patients. Training sessions last 
60 min and consist of 5 min warm-up, 50 min endurance and resistance training, 
and 5 min cool-down. Before each training session blood glucose is measured in 
each diabetic subject.

smoking 

obesity 

dyslipid-
emia

 
 

hyper-
tension

 
 

physical
inactivity

 
 

hyper-
glycemia 

athero-
sclerosis

• smoking secession 
• physical exercise 

• diet
• physical exercise 

• anti-glycemic therapy 
• physical exercise

• physical exercise 

• statins 
• diet
• physical exercise

• blood-pressure medication 
• diet
• physical exercise

Fig. 6.12 Therapeutic options to treat modifiable risk factors
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In addition calisthenics, stretching exercises, and exercises on unstable surfaces 
are performed. Endurance training is carried out on a cycle ergometer with ECG 
monitoring throughout the session. The first session is started with a heart rate 
equivalent to 50 % of VO2 peak as measured during ergospirometry. The cycle 
ergometer automatically adjusts the workload so that the heart rate always lies in the 
previously defined range. During the following sessions, the workload is increased 
up to 70–80 % of VO2 peak. If possible, patients are asked to exercise continuously 
for 30 min with the aim to train for 60 min per session. Two additional sessions per 
week are resistance training. The first sessions are used to familiarize the patients 
with weight lifting equipment. During the following weeks resistance training is 
increased up to three sets of eight to ten repetitions at 75–85 % of the one-repetition 
maximum (1-RM) in six to eight muscle groups.

While our patient was well into the program, a serious incident occurred. Since 
routine presession blood glucose measurement showed 11.2 mmol/L (200 mg/dL), 
which compared well to his previous presession measurements, he started to train. 
After 10 min of ergometer training, his heart rate started to rise although his work-
load was constantly decreasing from 75 to 45 W. The patient also reported to feel 
dizziness and experienced a dry mouth. A closer look at the ECG revealed several 
ventricular premature beats. What is the most likely cause of the patient’s symp-
toms? Hypoglycemia manifestations are summarized in Fig. 6.13.

Immediate blood glucose measurement showed a blood glucose concentration of 
19.4 mmol/L (350 mg/dL), indicating hyperglycemia in this patient.

Usual hyperglycemic symptoms are polyphagia; polydipsia; polyuria; blurred 
vision; fatigue; weight loss; poor wound healing; dry mouth; dry or itchy skin; 
impotence (male); recurrent infections such as vaginal yeast infections; groin rash; 
external ear infections (swimmer’s ear); Kussmaul hyperventilation: deep, rapid 
breathing; cardiac arrhythmia; stupor; and coma.

After some minutes of rest the patient recovered well, but blood glucose remained 
elevated at 19.4 mmol/L (342 mg/dL) after a third measurement 15 min later. The 
patient reported to have had a demanding week at his job and furthermore some domes-
tic problems. He therefore suffered from sleeplessness during the last week. To find 
relief from stress, he exercised on his cycle ergometer for a home-based training ses-
sion 2 h before the scheduled training session at our institute. Once measurements were 
obtained and it became obvious that he had hyperglycemia, he was instructed not to 

Adrenergic manifestations
anxiety, nervousness, tremor, palpitations, tachycardia, sweating, feeling of 
warmth, pallor, coldness, mydriasis, parasthaesia in the fingers

Glucagon manifestations
hunger, nausea, vomiting, abdominal discomfort, headache 

Neuroglycopenic manifestations
impaired judgment, anxiety, moodiness, depression, crying, negativism, 
irritability, rage, personality change, emotional lability, fatigue, weakness, 
apathy, lethargy, daydreaming, sleep, confusion, amnesia, dizziness,  blurred 
vision, double vision, automatic behavior, difficulty speaking, incoordination, 
paralysis, hemiparesis, paresthesia, headache, stupor, coma, abnormal 
breathing, generalized or focal seizures.

Fig. 6.13 Hypoglycemia 
manifestations
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perform any exercise for the rest of the day and to continuously measure blood glucose 
levels every 15 min. Furthermore, a urinary analysis was performed and revealed 
ketone bodies in his urine. The next day the patient’s urine was checked again and all 
parameters were within normal limits. His blood glucose level was 9.6 mmol (174 mg/
dL) and the patient reported a complete recovery after a day of rest. His blood glucose 
measurements and urinary tests are depicted in Fig. 6.14. Exhaustion causes glucose 
production in the liver (glycogenesis and glycogenolysis) plus enhanced free fatty acid 
release by adipose tissue and reduced muscle uptake of glucose (Fig. 6.15).

When? Blood glucose 
[mmol/l] ([mg/dl])

Keton bodies 
in urine

before training 11.2 (200) not assessed

immediately after 
incident

19.4 (350) ++ (50 mg/dl)

15 minutes after 
incident

19.0 (342) not assessed

next day 9.6 (174) neg.

Fig. 6.14 Blood glucose 
measurements and urinary 
tests after serious incident

Plasma glucose 
Plasma amino acids
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Sympathetic nervous system 
Acetylcholine 
Cholecystokinin 

Somatostatin 
Insulin 
Glucagon -like-peptide-1 

Glycogen degradation

Lipolysis

Gluconeo -
genesis

Glucagon

Blood glucose
free fatty acids

acetyl-CoA

Keton bodies in urine

Fig. 6.15 Role of glucagon in diabetes mellitus

6 Diabetes Mellitus Type 2 and Cardiovascular Disease



166

No such event happened in the following months and the patient completed 
52 weeks of training with an attendance rate of 95 %. Importantly, the continuous 
smoking cessation counseling in this patient resulted in a gradual decrease of the 
number of cigarettes he smoked. At the end of the 48th week of the rehabilitation 
program, he proudly announced that he had managed to quit smoking. Pre- and 
post-intervention measurements are shown in Fig. 6.16. Besides weight, body 
composition, and exercise capacity, his glucose metabolism, lipid profile, and his 
blood pressure profile also improved due to a combined approach of medication 
and lifestyle intervention. A follow-up echocardiography revealed a normalization 
of the left ventricular hypertrophy (IVSd,d 11 mm). The quality of life question-
naire demonstrated a significant improvement in seven out of eight tested domains: 
vitality, physical functioning, general health, perceptions physical role, function-
ing emotional role, functioning social role, and functioning mental health. No 
improvement was observed in the domain entitled “bodily pain.” These results 
were in keeping with those of other patients in other outpatient cardiac rehabilita-
tion programs [16, 14].

 Conclusion
This 54-year-old man presents at the Institute of Sports Medicine, Prevention 
and Rehabilitation for an assessment of his physical fitness with a history of non-
ST- elevation myocardial infarction of the anterior wall 2 years ago. Due to mul-
tiple modifiable cardiac risk factors, he has to change his lifestyle immediately. 
It is important that he enrolls in a comprehensive cardiac rehabilitation program. 
Exercise training should be performed three to five times a week at an intensity 
of 50 % of his maximum heart rate increasing to 150 min/week of moderate to 
vigorous aerobic physical activity (e.g., walking, jogging, cycling, etc.) with 
then 70 % of his maximum heart rate, ideally performed every day of the week. 
Exercise training is important, since it has a major beneficial impact on most risk 

Value unit pre post trend

Weight kg 94.3 92.8  ̄

BMI kg/m² 31.1 30.7  ̄

Pmax W 150/1:32 200/1:06 � 

Hfrest beats/min 72 66 ¯ 

Hfmax beats/min 152 163 �

BPrest mmHg 145/95 125/90 ¯ 

BPmax mmHg 230/120 215/110 ¯ 

HbA1c % 6.9 6.2 ¯ 

Glucose mmol/l; mg/dl 6.6; 119 6.5; 117 ¯ 

LDL-Cholesterol mmol/l; mg/dl 4.0; 155 2.1; 81 ¯ 

total Cholesterol mmol/l; mg/dl 7.0; 270 3.5; 135 ¯ 

HDL-Cholesterol mmol/l; mg/dl 2.2; 85 2.2; 84 =

Triglycerides mmol/l; mg/dl 1.7; 148 1.3; 111 ¯ 

Fig. 6.16 Pre- and post-measurements
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factors. Effects include a decrease in triglycerides, increase in HDL cholesterol, 
and reduction of weight and blood pressure levels [12]. In addition, it is recom-
mended to perform resistance training three times a week, targeted at all major 
muscle groups, progressing to three sets of eight to ten repetitions at a weight 
that cannot be lifted more than eight to ten times (8–10 RM) [12].

All lifestyle changes have to be supported by treating the risk factors appro-
priately with drugs for arterial hypertension, dyslipidemia, and diabetes. 
Furthermore, daily caloric intake should be reduced to 1500 kcal and the fat 
intake to 30–35 % of the daily total energy uptake [2, 10]. Smoking cessation 
should be encouraged by utilization of special programs. Also, antiplatelet ther-
apy with aspirin or other antiplatelet drugs, if aspirin is contraindicated, has to be 
initiated and maintained [7].

To guide such patients in a reasonable way is a time-consuming and lifelong 
task, to which there is no alternative.
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7Cardiac Rehabilitation After Acute 
Myocardial Infarction: The Influence 
of Psychosocial Disorders

Werner Benzer

A 52-year-old gentleman developed intensive chest pain at six o’clock in the morn-
ing. He went to the emergency room of his community hospital. After 12-lead ECG 
registration, an acute posterior wall ST-elevation myocardial infarction (STEMI) 
was diagnosed (1). ECG was tele-transmitted to the percutaneous coronary inter-
vention (PCI) centre. Diagnosis was confirmed by interventional cardiologists, and 
the logistics of care were immediately initiated. The patient was monitored. ASS, 
prasugrel and unfractionated heparin were given. Following current guidelines the 
patient was transferred to the PCI centre for emergency cardiac catheterization [1]. 
The delay from the first medical contact to the start of the cath lab procedure lasted 
approximately 80 min. Coronary angiography demonstrated a subtotal occlusion in 
the mid right coronary artery caused by acute plaque rupture (Fig. 7.1). PCI was 
performed using balloon dilatation of the plaque burden ruptured. The procedure 
could be finalized with drug-eluting stent implantation.

Did the emergency logistics care of this case meet the current guidelines?
The 2012 ESC guidelines for the management of acute myocardial infarction [1] 
defines current prehospital and in-hospital management and reperfusion strategies 
within 24 h of first medical contact. These guidelines result to primary PCI within a 
time window preferably <90 min after first medical contact (Fig. 7.2).

Following these guidelines for patients with the clinical presentation of STEMI 
within 24 h after symptom onset and with persistent ST-segment elevation or new or 
presumed new left bundle branch block, PCI should be performed as early as pos-
sible, but within 90 min after first medical contact (Fig. 7.2).

Primary PCI is defined as angioplasty and/or stenting without prior or concomi-
tant fibrinolytic therapy and is the preferred therapeutic option when performed by 
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experienced team. Primary PCI is effective in securing and maintaining coronary 
artery patency and avoids some of the bleeding risks of fibrinolysis. Randomized 
clinical trials comparing timely performed primary PCI with in-hospital fibrinolytic 
therapy in high-volume, experienced centres have shown more effective restoration 
of patency, less reocclusion, improved residual left ventricular function and better 
clinical outcome with primary PCI [2]. Routine coronary stent implantation in 
patients with STEMI decreases the need for target vessel revascularization but is not 
associated with significant reductions in death or re-infarction rates.

After successful percutaneous coronary intervention (Fig. 7.3), the patient was 
transferred to the coronary care unit of the PCI centre and was further monitored for 
24 h. Then he was sent back to the community hospital, where he experienced the 
rest of his hospital stay without any complications.

Primary PCI during the early hours of myocardial infarction has become the 
preferred therapeutic option, if it can be performed within 90 min after the first 
medical contact. In contrast to fibrinolytic therapy followed by delayed PCI prac-
tised in former times, after primary PCI and stenting, in uncomplicated cases, 

Fig. 7.1 ECG 
tele-transmission 
showed posterior wall 
STEMI
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phase I cardiac rehabilitation can start the next day, and such patients can be walk-
ing around the flat and walking upstairs within a few days. Patients with larger 
myocardial damage and heart failure, shock or serious arrhythmias should be kept 
bedridden, and their physical activity increased slowly, dependent upon their 
symptoms and the extent of myocardial damage. After primary PCI, patients who 
experience an uncomplicated course of the event can be discharged after a hospital 
stay of 2–3 days. Exercise-based rehabilitation is recommended in all patients after 
acute myocardial infarction (Class I; Evidence Level A) [1, 3].

At day of discharge an interview was performed to detect patient’s risk factors. 
Except an occupational distress during many years, no acquired cardiovascular risk 
factors could be detected (Table 7.1). Nevertheless cardiac rehabilitation was 
strongly recommended to the patient because of the current cardiovascular event. 
After financial agreement of his health insurance 2 weeks after hospital discharge, 
the patient could be admitted to an outpatient rehabilitation centre.

STEMI diagnosisa

PCI possible <120 min?

Successful
fibrinolysis?

Primary-PCI capable center

Rescue PCI

Immediate
fibrinolysis

Coronary angiography

No

Yes

NoYesPrimary-PCI

Immediate transfer
to PCI center

Immediate transfer
to PCI center

Preferably
≤90 min
(≤60 min in early presenters)

Preferably
<60 min

Preferably
≤30 min

Immediately

Preferably 3-24 h

EMS or non primary-PCI
capable center

Fig. 7.2 Prehospital and in-hospital management and reperfusion strategies within 24 h of first 
medical contact [1]. aThe time point the diagnosis is confirmed with patient history and ECG ide-
ally within 10 min from the first medical contact (FMC). All delays are related to FMC (first medi-
cal contact). Cath catheterization laboratory, EMS emergency medical system, FMC first medical 
contact, PCI percutaneous coronary intervention, STEMI ST-segment elevation myocardial 
infarction
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Fig. 7.3 (a) Coronary 
angiography demonstrated 
plaque rupture in the mid 
right coronary artery; (b) 
primary PCI was 
performed immediately 
and (c) resulted in open 
vessel with TIMI 3 flow
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Did the rest of the hospital course meet the current guidelines?
Patients without significant LV damage can sit out of bed late on the first day, be 
allowed to use a commode and undertake self-care and self-feeding. Ambulation 
can start the next day, and such patients can be walking up to 200 m on the flat and 
walking upstairs within a few days. Those who have experienced heart failure, 
shock or serious arrhythmias should be kept in bed longer, and their physical activ-
ity increased slowly, dependent upon their symptoms and the extent of myocardial 
damage.

Following routine clinical practice of the hospital, where this patient was clini-
cally managed after primary PCI, he was discharged with prescription of aspirin, 
prasugrel, nebivolol, candesartan and atorvastatin.

What is the evidence of optimal pharmacological treatment after STEMI?
The ESC guidelines for the management of acute myocardial infarction in patients 
presenting with ST-segment elevation recommend in its 2012 version [1].

• In the acute phase of coronary artery syndromes and for the following 12 months, 
dual antiplatelet therapy with a P2Y12 inhibitor (ticagrelor or prasugrel) added 
to aspirin is recommended unless contraindicated due to such as excessive risk of 
bleeding. In patients who cannot receive ticagrelor or prasugrel, clopidogrel 
(600 mg loading dose, 75 mg daily dose) is recommended (Class I; Evidence 
Level A).

• It is recommended to initiate or continue highdose statins early after admission 
in all STEMI patients without contraindication or history of intolerance, regard-
less of initial cholesterol values (Class I; Evidence Level A).

• ACE inhibitors should be considered in all patients in the absence of contraindi-
cations (Class IIa; Evidence Level A).

• Oral treatment with beta-blockers should be considered during hospital stay and 
continued thereafter in all STEMI patients without contraindications (Class IIa; 
Evidence Level A).

After acute myocardial infarction, risk assessment is important to identify patients 
at high risk of further events. When primary PCI has been performed successfully in 
the acute phase, early risk assessment is less important since it can be assumed that 
the infarct-related coronary lesion has been treated and stabilized. After hospital 

Table 7.1 Cardiovascular risk factors of the patient presented

Male Yes Family history CV disease Yes
Height (cm) 176 Creatinine (mg/dl) 1.0
Weight (kg) 78 Cholesterol (mg/dl) 189
Blood pressure (mmHg) 125/80 LDL-C (mg/dl) 105
Smoker No HDL-C (mg/dl) 58
Physically active Regular Triglycerides 167
Distress Yes Fasting blood sugar (mg/dl) 95
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discharge, phase II cardiac rehabilitation should start as early as possible. The aim is 
to restore the patient to as full a life as possible, including return to work. Dependent 
upon local facilities, in-hospital cardiac rehabilitation for 4 weeks can be useful in 
patients with severe left ventricular dysfunction or relevant co-morbidity. All other 
patients can start with outpatient cardiac rehabilitation immediately after hospital 
discharge and should be continued the succeeding weeks and months but at least 
reach rehabilitation targets. Outpatient stress testing within 2 weeks in combination 
with ECG or imaging techniques would be appropriate in these patients.

A bicycle stress test was performed before starting phase II cardiac rehabilita-
tion. Patient could perform only 75 W of 150 W expected by age and gender. He 
was not limited by symptoms of angina or dyspnoea. He only reported fatigue as he 
also felt during the weeks before his event.

Guidelines of bicycle stress test after acute coronary syndrome [4]
Acute coronary syndrome (unstable angina or acute myocardial infarction) repre-
sents an acute phase in the life cycle of the patient with chronic coronary disease. 
Thus, the role and timing of exercise testing in ACS relates to this acute and con-
valescent period. Only limited evidence available supports the use of exercise test-
ing in patients with STEMI with appropriate indications as soon as the patient has 
stabilized clinically. Only three studies investigated a symptom-limited pre-dis-
charge (3–7 days) exercise test in patients with unstable angina or non-Q-wave 
infarction. The major independent predictors of 1-year infarction-free survival in 
multivariable regression analysis were the number of leads with ischemic 
ST-segment depression and peak exercise workload achieved [5]. Because of the 
extraordinary fatigue and mood disturbance of the patient presented without clini-
cal meaningful test results, psychological aspects were focused in the initial phase 
of cardiac rehabilitation.

Anxiety is almost inevitable, in both patients and their associates, so that reassur-
ance and explanation of the nature of the illness are of great importance and must be 
handled sensitively. It is also necessary to warn of the frequent occurrence of depres-
sion and irritability that more frequently occurs after returning home. It must also 
be recognized that denial is common; while this may have a protective effect in the 
acute stage, it may make subsequent acceptance of the diagnosis more difficult. 
Large studies suggest a role for psychosocial factors as prognostic factors in cardio-
vascular disease with the strongest evidence for depression as a negative factor in 
post-infarction patients [6]. However, whether depression is an independent risk 
(after adjustment for conventional risk factors) is still unclear, and there is, so far, 
little evidence that any intervention targeting these factors improves prognosis.

In the early 1980s and early 1990s, studies reported that life stress, psychological 
distress, depressive symptoms and hostility or anger were all linked to poor out-
comes after STEMI. Depression has been associated with an increased risk of coro-
nary heart disease in both men and women. In the INTERHEART study, the authors 
showed that feeling sad, blue or depressed for 2 weeks or more in a row was associ-
ated with acute myocardial infarction across different populations and across groups 
of people with different ethnic origins [7].
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After administration of the Hospital Anxiety and Depression Scale (HADS), 
which was routinely performed in this particular outpatient cardiac rehabilitation 
centre where the patient was admitted, he presented no anxiety but clinical mean-
ingful depression score.

Is the HADS the right instrument to detect anxiety and depression  
in patients after an acute cardiac event?
A number of instruments have been used by various studies and trials to identify and 
monitor post-MI patients with depression. Unfortunately, very little information 
exists on the operating characteristics of these instruments in this population [8]. 
The Hospital Anxiety and Depression Scale (HADS) has been extensively used in 
clinical trials, gives clinically meaningful results as a psychological screening test 
and is responsive to changes in the course of disease and with interventions. We 
used the validated German version of the HADS to assess anxiety and depression in 
this study [9].

With the result of the HADS, patient was sent to short-term psychotherapy. At 
the same time exercise-based cardiac rehabilitation was started. Three sessions of 
1 h each per week was prescribed for 3 months.

Did exercise prescription in this case follow the current guidelines?
Patients recovering from acute myocardial infarction should be admitted to an 
exercise- based cardiac rehabilitation programme. Exercise training should start at a 
more moderate intensity, shorter duration and lower frequency than the ultimate 
goal. A moderate activity is in the range of 40–60 % of maximal O2 uptake or 
55–70 % of the age-adjusted maximal heart rate [10]. Most patients will be on a 
beta-blocker, which tends to decrease the heart range in a variable manner. Success 
should be assessed and reinforcement provided regularly. Gradual increases in 
activity are not only safer for sedentary patients with coronary artery disease but 
short-term successes may increase the patient’s self-efficacy for being physically 
active. The guidelines for secondary prevention of coronary disease for patients in a 
chronic and stable phase suggest that physical activities of moderate intensity 4–5 
times per week for 30–45 min are desirable. This adds up to an exercise volume of 
2 h to almost 4 h with a kcal expenditure between 900 and 1700 kcal per week. 
Endurance activities like walking, jogging or bicycling are preferable. The intensity 
of the endurance activity should be in the moderate range. It is important to consider 
the age-adjusted exercise capacity and heart rate to avoid overexertion and not to 
endanger persons who have been rather inactive for long periods of time.

Three months later, patient’s mood circumstances presented much better. 
Repeated HADS test showed values near normal. The physical performance of the 
patient also has improved in the meantime to150 W without any symptoms. At the 
end of the rehabilitation programme, the cardiac rehabilitation team stated in his 
medical report that in this patient, the comprehensive programme including short- 
term psychotherapy did meet the rehabilitation goals.

As demonstrated in this case, anxiety and depression are almost inevitable and 
must be handled sensitively. It is also necessary to warn of the request occurrence of 
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depression and irritability that more frequently occur after returning home. Large 
studies suggest a role for psychosocial factors as prognostic factors in cardiovascular 
disease with the strongest evidence for depression as a negative factor in post- 
infarction patients [11]. Therefore management of psychological risk factor and 
behavioural interventions is important. Observational studies indicate that psycho-
logical factors strongly influence the course of coronary artery disease. Management 
approaches include routinely screening for psychosocial risk factors, referring patients 
with severe psychological distress to behavioural specialists and directly treating 
patients with milder forms of psychological distress with brief targeted interventions. 
A number of behavioural interventions have been evaluated for their ability to reduce 
adverse cardiac events among patients presenting with psychosocial risk factors. 
Although the efficacy of stand-alone psychosocial interventions remains unclear, both 
exercise and comprehensive cardiac rehabilitation with psychosocial interventions 
have demonstrated a reduction in cardiac events [12]. Furthermore, recent data sug-
gest that psychopharmacologic interventions may also be effective [13]. However, 
whether depression is an independent risk is still unclear, and there is, so far, little 
evidence that any intervention targeting these factors improves prognosis [14].

Only the ENRICHD and MIND-IT studies were designed to assess cardiovascu-
lar outcomes in depressive disorders, although the MIND-IT study had very low 
statistical power [13, 15, 16]. Neither found evidence that depression treatment 
affects cardiac outcomes. Among patients with depression and history of myocar-
dial infarction in the ENRICHD clinical trial, there was no difference in event-free 
survival between participants treated with cognitive behavioural therapy supple-
mented by an antidepressant vs. usual care (75.5 % vs. 74.7 %) [15]. Cardiac event- 
free survival in the MIND-IT trial was 86.2 % for patients in the treatment group 
and 87.3 % for patients in the control group [13].

Depression treatment with medication or cognitive behavioural therapy in 
patients with cardiovascular disease is associated with modest improvement in 
depressive symptoms but no improvement in cardiac outcomes. No clinical trials 
have assessed whether screening for depression improves depressive symptoms or 
cardiac outcomes in patients with cardiovascular disease [8].

Current guidelines for the detection and management of post-myocardial 
infarction depression
The American Academy of Family Physicians (AAFP) Commission on Science 
convened a panel to review the evidence on the effect of depression on persons after 
myocardial infarction [17].

This guideline pertains directly only to patients who have sustained STEMI. For 
guideline recommendations, see Table 7.2.

Evidence question 1: What is the prevalence of depression during initial 
hospitalization for myocardial infarction?
The updated evidence review continued to show a wide range of prevalence (7.2–
41.2 %) depending on the method used to assess depression. Structured interviews 
tended to produce lower prevalence estimates, and rating scales, such as the BDI, 
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produced higher prevalence estimates. In general, across the studies, about one of 
every five patients with myocardial infarction have depression during an initial 
hospitalization.

Evidence question 2: What is the independent association of measures  
of depression with post-myocardial infarction outcome?
All studies support the association between post-MI depression and cardiac-related 
mortality, with a direct relation between severity of depression symptoms and prob-
ability of death. Six independent studies meet inclusion criteria that reported car-
diac event rates among depressed patients. One study found that the association 
between cardiac events and depression disappeared with adjustment for fatigue 
symptoms, and two others found the same when adjusting for a measure of anxiety. 
Studies of similar methodological quality have shown relations between post-MI 
depression symptoms and hospital readmission and nonfatal cardiac events or 
symptoms.

Five randomized clinical trials that specifically evaluated antidepressant medica-
tion treatment (typically with selective serotonin reuptake inhibitors (SSRIs)) could 
be identified. A trend towards improved cardiac outcomes in the largest and best 
designed of the medication studies did not reach statistical significance. Three addi-
tional publications have addressed medication treatment. A post-hoc subgroup anal-
ysis of the ENRICHD trial [15] found a 43 % reduction in death, nonfatal MI and 
all-cause mortality among those patients taking SSRIs. SSRIs appear to be safe 
from a cardiac standpoint and effective in reducing depression symptoms. SSRIs are 
preferred over tricyclic antidepressants because of the heart rate and conduction 
effects of tricyclic antidepressants.

The effects of psychotherapy are difficult to interpret because of the heterogene-
ity of the modalities used; however, at least cognitive behavioural therapy appears 
to improve depression symptoms. Subgroup analyses of several studies suggest that 
benefit accrues to patients with pre-existing depression or previous episodes of 

Table 7.2 Post-myocardial infarction depression clinical practice guidelines [17]

Recommendation
Level of 
evidence

1 Patients having a myocardial infarction should be screened 
for depression using a standardized depression symptom 
checklist at regular intervals during the post-myocardial 
infarction

A

2 Post-MI patients with a diagnosis of depression should be 
treated to improve their depression symptoms, with systems 
in place to ensure regular follow-up

A

3 Selective serotonin reuptake inhibitors (SSRIs) are preferred 
to tricyclic antidepressants for treatment of depression in 
post-MI patients

A

4 Psychotherapy may be beneficial for treatment of depression 
in post-MI patients. The existing evidence base does not 
establish what form of psychotherapy is preferred

B
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depression, whereas patients whose initial symptoms appear after myocardial 
infarction have a very high placebo response rate and generally improve regardless 
of therapy.

Following recent recommendations from the Cardiac Rehabilitation Section of 
the European Association of Cardiovascular Prevention and Rehabilitation of the 
European Society of Cardiology, a multimodal behavioural intervention, integrating 
counselling for PSRFs and coping with illness, should be included within compre-
hensive CR. Patients with psychosocial disorders after acute myocardial infarction 
should be referred for psychological counselling or psychologically focused inter-
ventions and/or psychopharmacological treatment. To conclude, the success of CR 
may critically depend on the interdependence of the body and mind, and this inter-
action needs to be reflected through the assessment and management of PSRFs in 
line with robust scientific evidence, by trained staff, integrated within the core CR 
team [18].

Learning objectives of this case:

• How to manage a patient with STEMI from the first medical contact
• How to initiate cardiac rehabilitation after STEMI and primary percutaneous 

coronary intervention
• Prevalence of depression after STEMI
• Detection and management of post-STEMI depression
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8Stable Coronary Artery Disease: 
Exercise-Based Cardiac Rehabilitation 
Reduces the Risk of Recurrent Angina 
After PCI in the Case of Arterial 
Hypertension

Werner Benzer

A 70-year-old lady presented with hypertension and angina to the general practitio-
ner. He sent her to the cardiologist for exercise stress testing. The result was incon-
clusive. During exercise, angina could be reproduced, but no ECG abnormalities 
were recorded. The cardiologist decided to send the patient to his concurrent inva-
sive cardiology department for coronary angiography. An intermediate stenosis of 
the circumflex artery could be detected (Fig. 8.1). After coronary flow reserve mea-
surement with pressure wire, the fractional flow reserve showed 0.85 (Fig. 8.2). 
Regarding the angina symptoms of the patient, the interventional cardiologist 
decided to dilate the lesion. He ended up with uncomplicated drug-eluting stent 
implantation (Fig. 8.3). A day after the procedure, the patient could be discharged 
from the hospital. ASS and clopidogrel was administered for 4 weeks. At the time 
of discharge, systolic blood pressure was 170/100 mmHg.

The guidelines of the European Society of Cardiology strongly support the use 
of PCI in clinically stable patients with coronary artery disease and angina [1]. But 
in patients with chronic stable conditions and in the absence of a recent myocardial 
infarction, PCI does not offer any benefit in terms of death, myocardial infarction or 
the need for subsequent revascularization compared with conservative medical 
treatment [2]. Patients with stable coronary artery disease and angina were included 
in the recently published COURAGE Trial [3]. Patients were randomly assigned to 
undergo PCI and optimal medical therapy or optimal medical therapy alone. This 
study showed very clearly, that, as an initial management strategy in patients with 
stable coronary artery disease and angina, PCI did not reduce the risk of death, 
myocardial infarction or other major cardiovascular events when added to optimal 
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Fig. 8.1 Intermediate 
stenosis of the left 
circumflex artery

Fig. 8.2 Coronary flow reserve measurement showed FFR of 0.85
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medical therapy. However, exercise-based cardiac rehabilitation is associated with a 
25 % reduction in overall mortality and mortality from cardiovascular causes at 3 
years [4].

Indications for revascularization in patients with stable angina or silent isch-
aemia [1]:

• Left main disease with stenosis > 50 % (Class I; Evidence Level A)
• Any proximal LAD stenosis > 50 % (Class I; Evidence Level A)
• Two-vessel or three-vessel disease with stenosis > 50 % with impaired LV func-

tion = LVEF < 40 % (Class I; Evidence Level A)
• Large area of ischaemia ( > 10 % LV) (Class I; Evidence Level B)
• Single remaining patent coronary artery with stenosis > 50 % (Class I; Evidence 

Level C)
• For symptoms in any coronary stenosis > 50 % and in the presence of limiting 

angina or angina equivalent, unresponsive to medical therapy (Class I; Evidence 
Level A)

In general PCI is effective at reducing angina in patients with symptomatic coro-
nary artery disease. But in stable patients PCI fails to reduce further cardiac events 
beyond intensive medical therapy. This should be taken in account, when decision 
to intervention is made.

Decision-making for PCI is important to optimize the success rate, to safe costs 
and to prevent complications during the procedure. It is generally accepted that 
revascularization of a coronary stenosis responsible for reversible ischaemia is justi-
fied as it relieves angina complaints and in some situations improves patient out-
come [1]. In today’s interventional practice, however, a stenosis not clearly 

Fig. 8.3 Left circumflex 
artery after PCI and stent 
implantation
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responsible for symptoms is often treated, even if ischaemia cannot be attributed to 
the lesion and even if it is only of mild or moderate severity. This applies to either a 
single intermediate stenosis or to an intermediate stenosis found incidentally in a 
patient undergoing stenting because of a more severe stenosis elsewhere in the coro-
nary arteries.

This approach not evidence based, and it is unnecessarily expensive. It might 
even be harmful because the risk of peri-procedural myocardial infarction or late 
stent thrombosis is not negligible, even when drug-eluting stents are used [5]. It is 
unlikely that stenting a haemodynamically non-significant stenosis will improve 
complaints, and there is no data suggesting that it will improve patient prognosis. 
Defining the haemodynamic significance of a stenosis from the angiogram is 
difficult.

Fractional flow reserve (FFR) is an accurate invasive index to determine in the 
catheterization laboratory whether an angiographically equivocal stenosis is of 
functional significance (i.e. responsible for reversible ischaemia) [6]. FFR can be 
simply and rapidly determined just before the planned intervention or during rou-
tine diagnostic catheterization. FFR expresses maximum achievable blood flow to 
the myocardium supplied by a stenotic artery as a fraction of normal maximum 
flow. Its normal value is 1.0, and a value of 0.75 identifies stenosis associated with 
inducible ischaemia with a high diagnostic accuracy. A recent study has suggested 
that FFR-based decision-making about revascularization of an intermediate coro-
nary stenosis results in an excellent long-term outcome [7].

Antihypertensive medication was continued as administered previously. The 
pharmacological treatment combination contents candesartan and a thiazide diure-
ticum. Because of drug-eluting stent implantation, dual platelet inhibition with aspi-
rin and clopidogrel was started and continued for a minimum of 12 months. No 
further recommendation for risk factor modification was given by the interventional 
cardiologist.

Question
Did the interventional cardiologist follow the current guidelines for management of 
patients with stable coronary artery disease and hypertension?

In practice, classification of hypertension and risk assessment should continue to 
be based on systolic and diastolic blood pressure (Table 8.1). This should be defi-
nitely the case for decision concerning the blood pressure threshold and goal for 
treatment (Fig. 8.4).

For a long time, hypertension guidelines focused on blood pressure values as the 
only variable determining the need and the type of treatment. The 2013 ESH-ESC 
Guidelines emphasized that diagnosis and management of hypertension should be 
related to quantification of global cardiovascular risk [8]. This concept is based on 
the fact that only a small fraction of the hypertensive population has an elevation of 
blood pressure alone, with the great majority exhibiting additional cardiovascular 
risk factors, with a relationship between the severity of the blood pressure elevation 
and that of alterations in glucose and lipid metabolism. Furthermore, when 

W. Benzer



185

concomitantly present, blood pressure and metabolic risk factors potentate each 
other, leading to a total cardiovascular risk that is greater than the sum of its indi-
vidual components [9]. Finally, evidence is available that in high-risk individuals 
(Fig. 8.4) thresholds and goals for antihypertensive treatment, as well as other treat-
ment strategies, should be different from those to be implemented in lower- or 
higher-risk individuals (Fig. 8.5a, b). In order to maximize cost-efficacy of the man-
agement of hypertension, the intensity of the therapeutic approach should be graded 
as a function of total cardiovascular risk.

Total cardiovascular disease risk can easily be derived from printed SCORE 
charts (see illustrations in Fig. 8.5a, b) or additionally from the web where the 
SCORE system will provide physicians and patients with information on how total 
risk can be reduced by interventions (both lifestyles and drugs) that have been 
proven to be efficacious and safe in descriptive cohort studies and/or in randomized 
controlled trials [9]. The SCORE system also allows the estimation of total 

Table 8.1 Definitions and classification of blood pressure levels (mmHg) (8)

Category Systolic Diastolic
Optimal < 120 and < 80
Normal 120–129 and/or 80–84
High normal 130–139 and/or 5–89
Grade 1 hypertension 140–159 and/or 90–99
Grade 2 hypertension 160–179 and/or 100–109
Grade 3 hypertension ≥ 180 and/or ≥ 110
Isolated systolic hypertension ≥ 140 and < 90

Blood Pressure (mmHg)

Other risk factors,
asymptomatic organ damage
or disease

High normal
SBP 130-139
or DBP 85-89

Grade I HT
SBP 140-159
or DBP 90-99

Grade 2 HT
SBP 160-179

or DBP 100-109

No other RF

Low risk

Low risk

Low to
Moderate risk

Moderate to
high risk

Moderate to
high risk

High to
very high risk

Very high risk

Moderate to
high risk

High risk High risk

High risk

High risk

High riskHigh Risk

Very high risk  Very high risk

OD, CKD stage 3 diabetes

Symptomatic CVD, CKD stage ≥4 or 
diabetes with OD/ RFs    

BP = blood pressure; CKD- chronic kidney disease; CV= cardiovascular; CVD= cardiovascular disease; DBP = diastolic blood pressure; HT = hypertension;
OD = organ damage; RF = risk factor; SBP = systolic blood pressure.

1-2 RF

≥3RF

Grade 3 HT
SBP ≥180

or DBP ≥110

Μοδερατε ρισκ

Moderate risk

Fig. 8.4 Stratification of total cardiovascular risk in categories of low, moderate, high and very 
high risk according to systolic blood pressure and diastolic blood pressure and prevalence of risk 
factors, asymptomatic organ damage, diabetes, chronic kidney disease stage or symptomatic car-
diovascular disease. Subjects with a high normal office but a raised out-of-office blood pressure 
(masked hypertension) have a cardiovascular risk in the hypertension range. Subjects with a high 
office blood pressure but normal out-of-office blood pressure (white coat hypertension), particu-
larly if there is no diabetes, organic disease, cardiovascular disease or chronic kidney disease, have 
lower risk than sustained hypertension for the same office blood pressure (8)
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Fig. 8.5 (a) SCORE chart: 10-year risk of fatal cardiovascular disease in countries at low cardio-
vascular disease risk based on the following risk factors: age, sex, smoking, systolic blood pressure 
and total cholesterol. Note that the risk of total (fatal + nonfatal) cardiovascular disease events will 
be approximately three times higher than the figures given (9). (b) SCORE chart: 10-year risk of 
fatal cardiovascular disease in countries at high cardiovascular disease risk based on the following 
risk factors: age, sex, smoking, systolic blood pressure and total cholesterol (9)
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cardiovascular disease risk to be projected to age 60 which may be of particular 
importance for guiding young adults at low absolute risk at the age of 20 or 30 but 
already with an unhealthy risk profile which will put them at much higher risk when 
they grow older. Furthermore, both systems allow the use of relative risk estimates 
that could be of interest in particular cases [9].
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Blood pressure is characterized by large spontaneous variations both during the 
day and between days, months and seasons. Therefore the diagnosis of hypertension 
should be based on multiple blood pressure measurements, taken on separate occa-
sions over a period of time. If blood pressure is only slightly elevated, repeated 
measurements should be obtained over a period of several months to define the 
patients ‘usual’ blood pressure as accurately as possible. On the other hand, if the 
patient has a more marked blood pressure elevation, evidence of hypertension- 
related organ damage or a high- or very-high cardiovascular risk profile, repeated 
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measurements should be obtained over shorter periods of time (weeks or days). In 
general, the diagnosis of hypertension should be based on at least two blood pres-
sure measurements per visit and at least 2–3 visits although in particularly severe 
cases the diagnosis can be based on measurements taken at a single visit. 24-h 
ambulatory blood pressure monitoring is recommended if blood pressure is not 
acceptable after first treatment.

Treatment can start with a single drug, which should initially be administered at 
low dose. If blood pressure is not controlled, either a full dose of the initial agent 
can be given or patients can be switched to an agent of a different class (which 
should also be administered, first at low and then at full dose). Switching to an agent 
from a different class is mandatory in case the first agent had no blood pressure 
lowering or induced important side effects. This ‘sequential monotherapy’ approach 
may allow to find the drug to which any individual patient best responds both in 
terms of efficacy and tolerability. However, although the so-called responder rate 
(systolic and diastolic blood pressure reduction ≥ 20 and 10 mmHg, respectively) to 
any agent in monotherapy is approximately 50 %, the ability of any agent used 
alone to achieve target blood pressure values ( < 140/90 mmHg) does not exceed 
20–30 % of the overall hypertensive population except in subjects with grade 1 
hypertension. Furthermore the procedure is laborious and frustrating for both doc-
tors and patients, leading to low compliance and unduly delaying urgent control of 
blood pressure in high-risk hypertensive patients. Hopes are placed on pharmacoge-
nomics, which in the future may succeed in identifying the drugs having the best 
chance of being effective and beneficial in individual patients [8, 9].

Antihypertensive drugs of different classes can be combined if (1) they have dif-
ferent and complementary mechanisms of action, (2) there is evidence that the anti-
hypertensive effect of the combination is greater than that of either combination 
component and (3) the combination may have a favourable tolerance profile, the 
complementary mechanisms of action of the components minimizing their indi-
vidual side effects. The following two-drug combinations have been found to be 
effective and well tolerated and have been favourably used in randomized efficacy 
trials.

• Thiazide diuretics and ACE inhibitors
• Thiazide diuretics and angiotensin receptor antagonists
• Calcium antagonists and ACE inhibitors
• Calcium antagonists and angiotensin receptor antagonists
• Calcium antagonists and thiazide diuretics
• Beta-blockers and calcium antagonists (e.g. dihydropyridine)

Antihypertensive treatment is also beneficial in hypertensive patients with 
chronic coronary heart disease. The benefit can be obtained with different drugs and 
drug combinations (including calcium antagonists) and appears to be related to the 
degree of blood pressure reduction. A beneficial effect has been demonstrated also 
when initial blood pressure is < 140/90 mmHg and for achieved blood pressure 
around 130/80 mmHg or less.
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In the case of the old lady presenting to other general practitioner with persistent 
angina after PCI, he did not change the pharmacological treatment prescribed by the 
interventional cardiologist. But he offered the patient to be admitted to a cardiac 
rehabilitation programme. She was not sure to agree, because the interventional 
cardiologist did not recommend such activities to her. Because of persistent symp-
toms of angina, the lady went back to the general practitioner 6 week later and asked 
now for participation in an outpatient cardiac rehabilitation programme.

How can an outpatient cardiac rehabilitation programme add to the interven-
tional treatment of angina? First of all antihypertensive medication of this patient 
was adapted following current guidelines of the management of arterial hyperten-
sion. Exercise training within days after PCI is safe. Therefore it is recommended 
that subjects begin or resume exercise training as soon as possible after the proce-
dure. Care must be taken to assure that angina symptoms are recorded and properly 
evaluated and that catheterization access sites are healed and stable. Exercise testing 
may be of considerable value in assessing new or different symptoms or in patients 
with incomplete revascularization (i.e. those in whom not all stenotic lesions have 
been dilated) [10].

Exercise is also recommended as a component of the initial treatment of hyper-
tension for as long as 12 months in patients with stage 1 hypertension (140–
99 mmHg) with no other coronary risk factors and no evidence of cardiovascular 
disease and for as long as 6 months in those with one other risk factor, not including 
diabetes. For patients with diabetes or cardiovascular disease or those with stage 2 
or 3 hypertension (160/100 mmHg), drug therapy should be initiated concurrently 
with exercise and other lifestyle modification programmes [8].

A slight increase in systolic pressure may precede exercise training sessions due 
to anticipation and is generally not a cause for concern. Incremental increases in 
systolic blood pressure during exercise are normal, although unusually high blood 
pressures ( > 190 mmHg systolic), particularly during low-level activity, may war-
rant adjustment in medical therapy. A 10–15 mmHg fall in blood pressure from 
resting levels during exercise is a cause for concern. Exercise must be discontinued 
in such instances, and the patient should be further evaluated before returning to 
training sessions.

After 3 months of exercise training three times a week, the old lady experienced 
that angina symptoms improved. With a two-drug combination of calcium antago-
nist and a thiazide diuretic, blood pressure was now 140/90 mmHg. Antihypertensive 
medication was still maintained.

Regular physical exercise in patients with stable coronary artery disease and 
angina has been shown to improve myocardial perfusion and to retard disease pro-
gression. A randomized study in patients with stable coronary artery disease and 
angina comparing the effects of exercise training versus standard PCI with stenting 
showed that exercise training resulted in superior event-free survival and better 
exercise capacity, notably owing to reduced rehospitalizations and repeat revascu-
larization [11]. This study also adds an important piece of evidence to the rationale 
for exercise-based cardiac rehabilitation also in patients with stable coronary artery 
disease and angina. It documents very clearly that an optimized medical therapy 
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together with exercise training as a lifestyle intervention can be an alternative 
approach to an interventional strategy in selected motivated patients with stable 
coronary artery disease.

Nevertheless, in most symptomatic patients with stable coronary artery disease 
and angina, PCI will remain the therapy of choice but should be combined with a 
more aggressive lifestyle intervention, initiated by exercise-based cardiac rehabili-
tation. In this sense, PCI not followed by cardiac rehabilitation should be viewed as 
a suboptimal therapeutic strategy.

Learning objectives of this case:

• Decision-making of PCI in clinically stable patients with coronary artery 
disease

• Treatment of hypertension
• How to assess cardiovascular risk in patients with hypertension
• Medical treatment of hypertension
• Cardiac rehabilitation in patients with hypertension
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9Rehabilitation of Patients After  
CABG/Sternotomy

Paul Dendale and Ines Frederix

9.1  Case: Coronary Artery Bypass Surgery

A 64-year old poorly controlled type 2 diabetic patient (HbA1c 10.4 %) is admitted 
for exercise-induced angina pectoris. He is known with a history of COPD GOLD 
II (Tiffeneau index 61 %, FEV1 55 % predicted) and still smokes 10–15 cigarettes/
day. His cholesterol is 270 mg/dl, he weighs 117 kg for 1.69 m (BMI, 41 kg/m2) and 
his blood pressure is 165/95 mmHg. He suffers from chronic kidney disease stage 
IIIa (GFR, 50 ml/min/1.73 m2).

He is currently treated with metformin 850 mg bd and bisoprolol 5 mg od. On 
admission, troponines remain normal, and a coronary angiography shows multives-
sel coronary artery disease including (1) a proximal complex LAD lesion and (2) a 
90 % stenosis of the RCA. Echocardiography shows a moderate LV hypertrophy 
(IVS 1.5 cm, PW 1.4 cm, LV mass index 118 g/m2, relative wall thickness (RWT) 
0.45) with a preserved systolic function (EF, 60 %; biplane Simpson’s method). 
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Classical coronary artery bypass surgery was the initially suggested option, based 
on the coronary angiography findings.

Question
Which risk factors for pulmonary complications are present in this patient, and how 
can they be modified by the rehabilitation team?

Answer

 1. Current smoking: Several trials have shown that patients who continue to smoke 
in the immediate preoperative period have a significant increase in pulmonary 
complications, wound healing problems and a longer stay in the intensive care 
unit. An intervention study in orthopaedic patients showed that a six-week period 
of smoking cessation significantly reduces these risks. The rehabilitation team 
should stress the importance of smoking cessation and propose treatment with 
bupropion or vareniclin. An individual support increases the chances of success-
ful abstinence. As the patient is stable, the surgery can safely be postponed for 
several weeks.

 2. The presence of reduced pulmonary function: As the median sternotomy which 
is typically used in bypass surgery is known to reduce the vital capacity in the 
first weeks after surgery, patients with a reduced pulmonary function are at risk 
of respiratory insufficiency in the postoperative period. Optimal treatment by 
betamimetic inhalation and if necessary inhaled corticoid or an oral course of 
corticosteroids is advised. Preoperative testing of inspiratory muscle strength 
can be useful to detect those patients who might have benefit of preoperative 
inspiratory muscle strength training exercises. Studies [1–4] have shown that a 
six-week training program for the inspiratory muscles decreases postoperative 
complications.

 3. Obesity: Vital capacity is further reduced by obesity, which increases the risk of 
pulmonary complications. Obesity is known as one of the risk factors for periop-
erative complications, and preoperative weight reduction has been shown to 
result in better postoperative recovery [5]. Therefore if the surgery can be post-
poned safely for weeks, an individual preoperative follow-up by a dietician may 
be useful. Using a short course of a protein diet, 5–10 kg of weight loss can be 
obtained.

 4. Insufficiently treated diabetes: In long-standing diabetes, the risks of slow or 
incomplete healing of the sternotomy are a typical complication in case of bilat-
eral mammary artery bypass grafting. The devascularisation of the sternum 
increases the risk of sternum dehiscence in the postoperative period, compromis-
ing pulmonary function even further. Optimal treatment of diabetes for several 
weeks by weight loss, low-intensity physical activity and adapted medical treat-
ment are necessary for several weeks before surgery. Mechanical support sys-
tems (e.g. SternaSafe) are promoted as means to decrease this risk further in the 
first days after the operation.
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Question
Which is a possible reason for the dyspnoea in this patient?

 1. Pleural fluid accumulation: Pleural effusions are common after sternotomy (up to 
60 % of patients show some signs of pleural effusion in the first postoperative week) 
[6]. They can occur during hospitalisation, but sometimes also occur or increase 
during the ambulatory cardiac rehabilitation programme. Pleural effusions after 
sternotomy most often occur in the left pleura. The aetiology can be diverse: pleu-
rotomy (for harvesting of the mammary artery), topical cooling with ice, inflamma-
tion (post-pericardiotomy syndrome, often occurring several weeks after the 
operation and accompanied by signs of inflammation, pain and fever) or heart fail-
ure (in this case, pleural fluid accumulates more symmetrically on both sides).

 2. Reduced pulmonary function: Sternotomy has been shown to cause an important 
acute reduction in pulmonary function [7]. A mean reduction in vital capacity and 
expiratory flows of approximately 30 % in the first weeks after the operation is 
described in the literature. The spontaneous evolution after 3 months is not always 
towards a complete resolution. In some patients, the reduced pulmonary function 
persists at one-year follow-up. Possible causes for this reduction are a change in 
breathing pattern (more upper thoracic breathing instead of abdominal breathing) 
[8], lack of coordination of the rib cage movement [9], pleural effusion, paralysis 
or paresis of a haemidiaphragm due to injury to the phrenic nerve (often in case 
of ice cooling of the heart of mammary artery harvesting; can be diagnosed with 
an EMG of the phrenic nerve). Studies have shown that postoperative reduction 
of pulmonary function is more frequent after mammary artery surgery [10], pos-
sibly due to the use of the internal mammary artery retractor. In severe cases, 
sternal instability is a cause of persistently reduced pulmonary function [11, 12]

Case Part 2
The patient is referred to ambulatory cardiac rehabilitation 5 days after a 
3-week stay in the hospital for two vessel bypass operations. The postopera-
tive phase was complicated by respiratory distress necessitating reintubation 
and ventilation for 7 days. He still feels weak and is out of breath when walk-
ing from the parking lot to the rehabilitation centre. When speaking, he needs 
to stop regularly to breathe. He also mentions paresthesias left of the sternot-
omy scar, an intermittent “rocking” sensation in his chest and pain between 
the shoulder blades. Clinical examination shows a heart rate of 115/min 
(irregular pulse), reduced breathing sounds over the left lung and swelling of 
both ankles. The scars all are healing well, but on palpitation, crepitations are 
felt next to the sternotomy scar. An ECG before discharge shows atrial fibril-
lation, diffuse repolarisation abnormalities and no signs of infarction; an 
echocardiography reveals a slightly reduced systolic function (EF, 50 %; 
biplane Simpson’s method) and no pericardial fluid.

9 Rehabilitation of Patients After CABG/Sternotomy
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Question
An initial cardiopulmonary exercise test (CPET) was conducted, the results of 
which are shown in Table 9.1. What can we learn from this CPET?

When interpreting the CPET results, we can conclude that it was a maximal 
exercise test (RER max, 1.21; HR max, 62 % pred; VR = VE max/MVV = 108 %) 
with ventilatory, rather than cardiovascular limitation and a reduced aerobic capac-
ity (VO2 max, 78 % pred).

Cardiovascular parameters confirmed a normal blood pressure evolution during the 
CPET (not shown), a normal oxygen pulse and therapy-induced chronotropic incom-
petence. Ventilatory parameters revealed a mixed restrictive-obstructive lung func-
tion, an abnormally elevated VE/VCO2 slope and ventilatory exercise test limitation.

Based on these findings there was a high suspicion for a pleural effusion, which 
was later confirmed by RxTx (Fig. 9.1).

Table 9.1 Results from 
initial CPET

Load max 194 Watt

VO2 max 20 ml/min/kg 78 % pred
HR max 102 bpm 62 % pred
RER max 1.21
VE max 94 L/min 110 % pred
VE/VCO2 slope 42
πO2 21.2 ml 107 % pred
FEV1 2.18 L 55 % pred
FVC 3.02 L 60 % pred
Tiffeneau index 58 %

VO2 oxygen uptake, HR heart rate, RER respiratory 
exchange ratio, VE minute ventilation, πO2 oxygen pulse, 
FEV1 forced expiratory volume in 1 second, FVC forced 
vital capacity

Fig. 9.1 Chest X-ray 
illustrating evident blunting 
of the left costodiaphrag-
matic sinus, typical for a 
pleural effusion
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Question
What can be done in the rehabilitation setting?

Diagnosis: Heightened suspicion for common complications is needed in the 
first weeks of ambulatory rehabilitation. Clinical examination in patients complain-
ing of persistent dyspnoea or showing a lack of normal progression in the exercise 
load will easily exclude significant pleural effusion, severe paralysis of a haemidia-
phragm or obstructive lung disease. An ergospirometry performed in the first weeks 
after the start of ambulatory rehabilitation will very often show 30–40 % reduction 
in the maximal tidal volume during exercise, but this tends to normalise during the 
program. A control ergospirometry in patients showing lack of progress will allow 
to differentiate between pulmonary and other causes. Further examinations can be 
done as needed (Rx Thorax, pleurocentesis, echocardiography, pulmonary function 
tests EMG of the phrenic nerve).

Rehabilitative therapy: It is not yet well known which physiotherapy techniques 
significantly influence the natural course of the pulmonary function after sternotomy 
[13, 14]. Most pleural effusions tend to disappear spontaneously or after a short 
course of anti-inflammatory drugs; in some cases, recurrent pleurocenteses or even 
pleurodesis is necessary. Hemidiaphragm paralysis due to phrenic nerve injury 
recovers spontaneously in 70–90 % of patients [15]. In severe cases, surgical inter-
vention with plicage of the diaphragm is proposed [15]. Preoperative inspiratory 
muscle training [3, 4] can be a good technique to reduce the risk of postoperative 
pulmonary complications in patients with a compromised pulmonary function. If 
there is a place for postoperative respiratory muscle training remains to be deter-
mined. In some cases of reduced pulmonary function due to persistent respiration- 
dependent pain, a consultation with an osteopath can be of help to some patients [16].

Case (Part 3)
Which are the other rehabilitation problems that need attention in the first 
weeks after the start of the rehab program in this patient?

 1. Sternal wound healing: Externally, the wounds seem to heal well, but the 
sensation of movement at the sternal level, especially when provoked by 
changing position in bed, could point to incomplete healing of the bone. 
Crepitations felt during palpation next to the sternal wound are a clinical 
sign suggesting delayed healing. Delayed healing of the sternum is more 
frequent in patients after bilateral mammary artery operations and diabetics. 
In cases where sternal instability is suspected, all (asymmetrical) exercises 
with the upper limbs should be avoided until complete healing. In some 
cases, some instability persists; in severe cases, a refixation can be planned. 
The pain between the shoulder blades are a typical complication of sternot-
omy: the costovertebral joints are stressed importantly, with local bleeding, 
partial dislocation and an inflammatory process as a consequence of the 
opening of the chest during the operation. Painkillers may be required to 
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allow the patient to sleep normally in the first weeks. Studies in our lab have 
shown that after a classical rehabilitation programme, some pain and reduced 
mobility persist in up to one third of the patients even 15 months after the 
operation. This may be related to the presence of a pleural drain and/or the 
exposure of the internal mammary artery. Up to now, it is not known which 
is the optimal therapy for these low-grade persistent pain problems: mobili-
sation exercises may have a place in the treatment, but definitive studies are 
lacking. In our rehabilitation centre, patients with persistent thoracic cage or 
spine problems are referred for advice by an osteopath.

 2. Heart rate: The heart rate suggests recurrence of atrial fibrillation (AF), 
which is very common after cardiac surgery [17, 18]. Up to 60 % of 
patients experience an often self-limiting episode of AF in the first days 
after operation, but during the ambulatory rehabilitation, it is much less 
frequent. Patients presenting in the rehabilitation unit with AF should be 
treated by anticoagulation and antiarrhythmic drugs or cardioversion. The 
rehabilitation setting is a very good place to detect these recurrences. Some 
categories of patients are more prone to recurrences and need to be checked 
regularly: mitral valve operations, COPD, obese patients, reduced systolic 
function, elderly patients, patients not treated with beta-blockers, etc.

 3. Obesity: After complicated surgery, it is not the ideal moment to immedi-
ately start a calorie-restricted diet. Also, more and more evidence is accu-
mulating regarding the different roles of overweight and/or obesity in 
primary versus secondary prevention for cardiovascular disease (the so- 
called obesity paradigm) [19, 20]. In secondary prevention the optimum 
body weight is shifting to a higher BMI range, to appreciate the associa-
tion of higher body weight and outcome in cardiovascular disease. Lifestyle 
recommendations for patients who are overweight/obese should be made, 
with more careful consideration of the often catabolic condition of chronic 
cardiovascular disease and may be more focused on encouraging exercise 
and a healthy diet that may not necessarily include caloric restriction.

 4. Swollen ankles: Swelling of the ankles is a frequent phenomenon after 
exposure of veins for bypass surgery. Normally, the swelling disappears 
spontaneously after 6–12 weeks, even without intervention. Diuretics are 
not advised, as they can cause disturbances of electrolytes and renal func-
tion and may reduce the blood pressure, which is often low in the first 
4–6 weeks after CABG. Support stockings reduce traction on the scars in 
the legs and are advised to be used during daytime until swelling 
disappears

 5. Hypotension: Patients after coronary bypass surgery often show a reduced 
blood pressure in the first weeks after rehabilitation. This reduction in 
blood pressure is multifactorial (bed rest, reduced food and fluid intake, 
blood pressure-lowering treatment, etc.). This can give rise to orthostatic 
reactions if the preoperative antihypertensive therapy is not (temporarily) 
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reduced. In most cases, the blood pressure returns to its preoperative value 
6–8 weeks after surgery, and the antihypertensive therapy will therefore 
often be reduced in the beginning of the rehabilitation program, while 
increasing treatment is needed at the end of the programme. In the mean-
time, advice concerning low-salt food should be given.

 6. Postoperative peripheral neuropathies [21–23]: The majority of neuropa-
thies occur as a consequence of entrapment or elongation of a part of the 
root of the plexus brachialis (nervus ulnaris) or of the peroneal nerve and 
are apparent only in the postoperative stage (often seen only in ambulatory 
rehabilitation):
 (a) Brachial plexus palsy: With an incidence of 5 and 24 %, it is mainly 

caused by the positioning of the arm (or both arms) in abduction (90°) 
and external rotation (30°) during surgery [13, 16, 24]. This combina-
tion puts the plexus in a maximal stretch situation. The retraction of 
the sternum and possible fractures of the first rib are also described as 
causal factors [16]. The plexus stretch can be further accentuated by 
turning the head of the patient into the contralateral direction. Exposure 
of the internal mammary artery, necessitating a greater retraction of 
the chest wall, has also been mentioned as a causal factor. In most 
patients especially, the lower roots (giving rise to the ulnar nerve) are 
injured and general pain is the primary complaint. Medical assessment 
is by electromyographic evaluation of the brachial plexus region. The 
majority of the patients also need to be included in an extensive phys-
iotherapeutical treatment. Nevertheless the functional recovery pro-
cess of the injured nerve is often complete after an average 
convalescence period between 3 weeks and maximum 1 year.

 (b) Peroneal nerve injury [24]: The prevalence of this postoperative nerve 
lesion is rare: literature sources mention an incidence of 0.30 % [13] up 
to 6 % [24]. In most cases the problem is attributed to excessive exter-
nal rotation of the leg(s) and/or the hip(s) during surgery. Considering 
the superficial location of the peroneal nerve(s) compression around 
the head of the fibula can be expected. In most of the cases, the injury 
is unilateral (59 %) [13], and the patient experiences reduced dorsal 
flexion of the ankle as well as impairments of skin sensitivity and pain. 
Electromyographic evaluation is recommended, but as the first signs of 
nerve denervation are visible at earliest 10 up to 14 days after the first 
occurrence of the peripheral nerve lesion, the examination needs to be 
postponed to the third postoperative week. In spite of the fact that the 
prognosis of this problem is good in most cases, some cases with a 
long-term impairment of the nerve function are reported. For both neu-
rological disorders, some comorbidity problems such as diabetes, older 
age, subnormal body weight and the duration of the operation can have 
a significant negative influence [13, 14, 16, 24].
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Case (Part 4)
The patient suffered from several postoperative problems. Are there novel 
treatment options that could prevent some of these?

Minimally invasive coronary artery bypass grafting has become an interest-
ing alternative to conventional coronary artery bypass grafting [25–29], not 
necessitating the midline sternotomy. The endoscopic atraumatic coronary 
artery bypass (endo-ACAB) can be differentiated from the endoscopic coro-
nary artery bypass grafting (endo-CABG) and the hybrid coronary revasculari-
sation. In endo-ACAB, an off-pump bypass is created between the LIMA and 
LAD through multiple small holes (Fig. 9.2). In endo-CABG, an on- pump 
bypass is created between both the LIMA, RIMA and > 1 stenotic/occluded 
coronary arteries. Hybrid revascularisation combines minimally invasive coro-
nary artery bypass surgery (of the LAD) and a percutaneous coronary interven-
tion of a non-LAD lesion [30]. These novel treatment options have the 
advantage of reducing perioperative blood loss, postoperative pain, hospital 
admission duration and accelerating patient recovery and return to work [31].

Theoretically these minimally invasive care strategies could be recom-
mended for patients with an eligible coronary anatomy, who are considered 
too high risk for open cardiopulmonary bypass surgery via midline sternot-
omy, including those with a high risk of deep sternal wound infection (diabe-
tes mellitus, morbid obesity), severely impaired left ventricular systolic 
function, chronic kidney disease, significant carotid or neurological disease, 
severe aortic calcification, prior sternotomy and lack of venous conduits [32].

The patient presented here was morbidly obese and suffered from diabetes 
mellitus type 2 and chronic kidney disease. The coronary angiography showed 
a proximal complex LAD lesion and a 90 % stenosis of the RCA, a lesion 
pattern eligible for hybrid revascularisation. He was symptomatic postopera-
tively (dyspnoea on exertion NYHA II–III) and presented with sternal wound 
healing problems, atrial fibrillation and peripheral neuropathy. Research in 
the authors’ own cardiac rehabilitation centre confirmed minimal invasive 
bypass procedures to result in reduced wound problems and reduced pain 
[33]. Future research should focus on the effect of these new treatment options 
on the other hazards associated with conventional bypass grafting.

Fig. 9.2 Endo-ACAB 
procedure
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Case (Part 5)
The patient restarts rehabilitation after electrical conversion of his atrial fibril-
lation to sinus rhythm. His program consists of three times weekly moderate 
continuous exercise training (5 min. warm-up, 30 min. at an intensity between 
the 1st and 2nd ventilatory thresholds and a 5 min. cool-down), educational 
sessions and psychological counselling. After six and twelve weeks of train-
ing, follow-up visits are planned in which repeat CPETs are performed. At 
both follow-up visits, the aerobic capacity improves steadily.

Question
What is specific about the cardiac rehabilitation program in cardiac surgery patients?

 1. Preoperative preparation: smoking cessation at least six weeks prior to surgery, 
inspiratory muscle training for six weeks preoperatively in patients at high risk 
of respiratory complications.

 2. Attention to wound healing: not infrequently, delayed healing of the sternal or 
saphenectomy wounds is present, which may cause difficulties in the first weeks 
of training. On the other hand, the avoidance of weight lifting for the first weeks 
after surgery causes a more pronounced atrophy of the muscles of the thorax and 
shoulder girdle. This is important for patients who have a job which demands 
significant strength. In this population, the training programme should incorpo-
rate strengthening exercises of the upper limbs starting from week 6 after surgery 
(when healing is complete) [34].

 3. In some centres patients are invited for ambulatory rehabilitation only after a 
waiting period of 6–12 weeks, to allow for complete healing of the sternum. 
Unpublished data from our centre shows that an early start of an adapted reha-
bilitation programme (1–2 weeks after discharge) is safe and speeds up recovery 
without causing an increase in sternal problems. Also psychological recovery is 
helped by an early start of rehabilitation.

 4. Vocational counselling is important after cardiac surgery, as many patients have 
doubts about their ability to return to work. The rehabilitation team should iden-
tify those patients who might have difficulties by specifically asking for it at the 
start of the rehabilitation programme. The training programme as well as the 
psychological counselling should be adapted to the specific demands of the job, 
and early contact with the company doctor is useful to increase the chances of a 
successful reintegration in the work setting. In cardiac surgery patients, a part- 
time return to work (with continued rehabilitation during this transition period) 
can be helpful

9 Rehabilitation of Patients After CABG/Sternotomy
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Case (Part 6)
After successful completion of the cardiac rehabilitation programme, the 
patient was advised to continue exercise training, to conform to guidelines 
introduced earlier during centre-based cardiac rehabilitation and also to sus-
tain the prescribed healthy lifestyle behaviour. Despite the patient’s good 
intentions, at the one-year follow-up visit, a return to prior unhealthy lifestyle 
and deterioration of aerobic capacity was noted (Fig. 9.3).
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Fig. 9.3 Evolution of VO2 max during patient follow-up. VO2, oxygen consumption; CR 
start, start of cardiac rehabilitation program; CR stop, end of cardiac rehabilitation pro-
gram; follow-up: VO2 at one-year follow-up visit

Question
What can we do to enable cardiac patients to sustain health lifestyle behaviour and 
aerobic capacity?

Despite the proven effectiveness of classical cardiac rehabilitation programmes 
for coronary artery disease patients, long-term benefits are often poor. This is mainly 
due to lack of adherence to prescribed secondary prevention programme lifestyle 
behaviour and exercise training [35]. As demonstrated in the GOSPEL trial, a mul-
tifactorial continued reinforced intervention for coronary artery disease patients can 
improve long-term cardiovascular risk factor control, healthy lifestyle habits and 
pharmacological therapy compliance [36]. Also, novel care delivery strategies such 
as cardiac telerehabilitation have been put forward as a valid means to improve 
patient’s adherence to secondary prevention guidelines [37]. In telerehabilitation, 
the patient is not restricted to the hospital or rehabilitation centre environment for 
cardiac rehabilitation but rehabilitates remotely by using one or several devices 
monitoring and communicating patient-specific information to the caregivers. These 
caregivers in turn have the possibility to provide patients with tailored feedback by 
email, SMS and/or messages included in a mobile smartphone-based application, 
based on received data. Prior research (Telerehab II and Telerehab III trials) con-
cluded that an additional patient-specific, comprehensive telerehabilitation pro-
gramme can lead to a bigger improvement in both physical fitness (VO2peak) and 
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associated health-related quality of life, compared to centre-based cardiac rehabili-
tation alone at one-year follow-up [38–40]. The cardiac telereabilitation programme 
reduced cardiovascular readmission rates and proved to be cost-effective (incremen-
tal cost-effectiveness ratio [ICER] = -21,707 €/QALY) [41].

 Conclusion

A specific cardiac rehabilitation early after cardiac surgery is very important to 
help the patient in his/her recovery. Attention to typical postoperative complica-
tions and the psychological response to the surgery as well as a training pro-
gramme adapted to the physical possibilities of the patient are needed. In patients 
too high risk for open coronary artery bypass surgery via midline sternotomy, 
including those at risk of deep sternal wound infection, minimally invasive alter-
natives (endo-ACAB, endo-CABG, hybrid revascularisation) can be considered. 
Novel care delivery strategies such as cardiac telerehabilitation provide a valid 
means to improve cardiac patients’ long-term adherence to secondary prevention 
programme recommendations.
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10Congestive Heart Failure: Stable Chronic 
Heart Failure Patients

Massimo F. Piepoli

10.1  Learning Objectives

The learning objectives of this case are as follows:

• Knowing neglected causes of heart failure
• Knowing the benefit of optimised medical treatment in heart failure
• Knowing the benefit of cardiac rehabilitation and secondary prevention in heart 

failure patients
• Knowing the indication of exercise prescription heart failure patient

Case History
December 2007.

A 64-year-old male patient arrived at the emergency department because 
of recent occurrence of shortness of breath, started in the last 2 months, but 
progressive, and most recently very severe disabling, since it was appearing 
for mild exercise. The last day the dyspnoea was presenting even at rest and 
during the night, such as paroxysmal nocturnal dyspnoea. This was associated 
with severe palpitation at rest.
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Fig. 10.1 Electrocardiogram

When interrogated by the triage nurse, he denied any relevant event in his 
past and no cardiovascular events in his relatives (parents, brothers and sisters), 
but he admitted the presence of important risk factors: he was taking no exer-
cise at all, he was slightly overweight (88 kg, 175 cm height, BMI 28.7) and 
during the last 4 years, he was on blood pressure medications (ramipril 5 mg 
od in the morning). On admission, his blood pressure was 100/70 mmHg, heart 
rate around 100 beats/min, no body temperature and O2 saturation 96.5 %.

On physical examination the physician recorded that he was pale, slightly 
sweating, hyperventilating, with orthopnoea, an irregularly irregular pulse and 
peripheral ankle oedema. At the heart examination, the apex was slightly dis-
placed on the left and a moderate, pansystolic murmur was heard on the apex, 
while on the lung examination, bilateral rales within the mid- and basal fields.

As first measure, the physician asked for an ECG (Fig. 10.1), a chest X-ray 
(Fig. 10.2) and routine blood test, which included full blood count, serum 
electrolyte concentration, kidney function markers, b-type natriuretic peptide 
(BNP) and cardiac enzymes (Fig. 10.3).
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Fig. 10.2 Chest X-ray

Blood test Value Reference value

Hb 13.1 gr/dl 13-17

Hct 41.1 % 40-52

BUN 65 mg/dl 10-50

Creatinine 1.56 mg/dl 0.6-1.4

Na 131.0 mEq/l 135-146

K 3.2   mEq/l 3.6-5.0

Cl 101  mEq/l 97-110

GOT/AST 38 U/l 10-31

GPT/ALT 40 U/l 10-31

LDH 189 U/l 120-240

CK/CPK 161 U/l <149

CK MB 3.1 ng/ml <2.8

Tn 1 0.3 ng/ml <0.1

BNP 525 pg/ml <100

Fig. 10.3 Blood test

10.2  Tests

10.2.1  12 Lead ECG (Fig. 10.1)

Report
Absence of regular atrial activity. Irregular and abnormally elevated ventricular rate, 
i.e. 147 /min: [normal value of heart rate: 50–100 /min]. Normal QRS axis: +60°. 
Abnormal QRS prolongation (110 ms), with repolarisation abnormalities compati-
ble with incomplete left bundle branch block (LBBB) (Table 10.1).

10 Congestive Heart Failure
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In our case: QRS duration was 110 ms, so the diagnosis of incomplete LBBB. T 
wave was concordant suggesting ischaemia.

In conclusion: Atrial fibrillation with elevated heart rate response. Ventricular 
repolarisation compatible with left ventricular overload / subendocardial ischaemia.

10.2.2  Chest X-Ray Anterior-Posterior View (Fig. 10.2)

Report
Enlarged heart: cardio/thoracic ratio >0.5 (reference value [r.v.] < 0.5); bilateral 
pulmonary congestion; bilateral pleural fluid accumulation

10.2.3  Blood Test (Fig. 10.3)

Report
Normal haemoglobin level, mild kidney dysfunction (creatinine and nitrogen eleva-
tion), electrolyte concentration reduction, elevated values of BNP, normal values of 
cardiac enzymes.

On the basis of these results, to confirm the diagnosis of heart failure, following 
the ESC Guidelines on Heart Failure, [1] it was decided to take an echocardio-
graphic examination (Figs. 10.4 and 10.5).

10.2.4  Echocardiography-2D Parasternal View (Fig. 10.4)
10.2.5  Echocardiography-2D and Colour Doppler, Two-Chamber, 

Apical View (Fig. 10.5)
10.2.6  Echocardiography Parasternal View (Figs. 10.4 and 10.5)

Report
A poorly contracting, enlarged left ventricle is evident [end diastolic diameter 65 mm 
(r.v. < 45 mm), end systolic diameter 55 mm (r.v. < 35 mm), ejection fraction 28 % 
(r.v. > 55 %)] with enlarged left atrium (46 mm; r.v. < 40 mm). Instead, normal wall 
thickness of IVS (9 mm) and posterior wall (8 mm) (r.v. < 11 mm) are present.

Table 10.1 The criteria to diagnose a LBBB on the ECG

The heart rhythm must be supraventricular in origin
The QRS duration must be ≥ 120 ms
There should be a QS or RS complex in lead V1
There should be a monophasic R wave in leads I and V6
The T wave should be deflected opposite the terminal deflection of the QRS complex. This is 
known as appropriate T wave discordance with bundle branch block. A concordant T wave may 
suggest ischaemia or myocardial infarction
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Fig. 10.4 On the left, bi-dimensional (2D)-mode long-axis views in systole and diastole; on the 
right, M-mode views at the level of the ventricles. AV aortic valve, IVS interventricular septum, LA 
left atrium, LV left ventricle, RV right ventricle

LV

LA

Fig. 10.5 Evidence of 
moderate mitral regurgita-
tion: the presence of colour 
flow in left atrium during 
systolic LV contraction, 
occupying half of the left 
atrium area, is compatible 
with significant mitral 
disease

Concerning the mitral valve is evident a reduced surface of closure of the leaflets, 
that associated with enlarged valve annulus causes functional moderate mitral 
regurgitation.

After hospital admission, the patient was immediately started on furosemide 
infusion, low-dose beta-blocker, ACE inhibitor, oral anticoagulants and low molec-
ular weight heparin. After 24 h a progressive clinical improvement was evident 
(reduction of dyspnoea, loss of 4 kg in weight) with disappearance of X-Ray sign of 
congestion and pleural fluid accumulation.

After clinical stabilisation, it was decided to attempt cardioversion earlier than 
the recommended 3 weeks of effective anticoagulant therapy, and therefore a tran-
soesophageal echocardiography was performed which excluded the presence of 
thrombi and thus reduced the thromboembolic risk (Fig. 10.6).

Therefore the patient underwent successful electrical cardioversion (Fig. 10.7: 
post-cardioversion ECG).
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Fig. 10.6 Transoesophageal 2D echo and colour Doppler imaging. On the left, transverse plane, 
at mid-oesophagus level, four-chamber view with evidence of the left atrium (LA) and ventricle 
(LV) and mitral valve leaflets (anterior, AL, on the left; posterior, PL, on the right) with regurgitant 
jet in LA. On the right longitudinal long axis view at upper oesophagus level with the evidence of 
LA and left appendage, free of thromboembolic structures
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Fig. 10.7 Now p wave in front of QRS complex, with the same axis/polarity of the QRS, is pres-
ent, indicating a regular organised atrial activity, i.e. sinus rhythm. T wave inversion is present in 
the anterior leads, suggesting a subendocardial ischaemia
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10.2.7  Post-cardioversion 12-Lead ECG (Fig. 10.7)

Question 1
Which is the most likely cause of heart failure in this patient?

 1. Ischaemic heart disease
 2. Idiopathic DCMP
 3. Valvular DCMP
 4. Tachycardiomyopath

Answer

 1. We cannot exclude the possibility of an ischaemic aetiology of the dilated car-
diomyopathy, especially if we consider the signs of subendocardial ischaemia in 
the pre- and post-cardioversion ECG tracing (although these ECG changes are 
not uncommon after an AF episode).

 2. Idiopathic dilated cardiomyopathy cannot be excluded, or in case of the absence 
of significant severe coronary artery disease, we may consider the past history of 
hypertension as a potential cause.

 3. This seems an unlikely cause of the disease, according to the finding of the 
echocardiogram.

 4. Sustained chronic tachyarrhythmias often cause a deterioration of cardiac func-
tion known as tachycardia-induced cardiomyopathy or tachycardiomyopathy. 
The exact incidence of tachycardia-induced cardiomyopathy in the general pop-
ulation is unknown, but in selected studies of patients with atrial fibrillation, 
approximately 25 % to 50 % of those with left ventricular dysfunction had some 
degree of tachycardia-induced cardiomyopathy. It is an important clinical entity 
due to the high incidence and potential reversibility of the disease process. In a 
patient with a negative history of ischaemic heart disease, this clinical entity 
should be considered Fig. 10.8 [2].

Before discharge, the patient underwent cardiac catheterisation (Figs. 10.9 and 
10.10) including coronary angiogram and left ventriculography, which excluded the 
presence of significant coronary artery disease but confirmed a poorly functioning 
dilated left ventricle.

Two weeks after discharge, the patient underwent first an echocardiographic 
control (Fig. 10.11), with evidence of small improvement in left ventricular systolic 
function (35 %).

Question 2
Which exercise protocol would you recommend?

 1. Cycle ergometer 10 watts/ /min
 2. Cycle ergometer 30 watts/ /min
 3. Treadmill Balke protocol
 4. Treadmill Bruce protocol
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Fig. 10.9 Normal coronary angiogram. LM left main, LAD left anterior descending coronary 
artery, CA circumflex coronary artery, RCA right coronary artery
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Fig. 10.8 Presents the pathophysiology linking atrial fibrillation and heart failure: heart failure 
may induce atrial remodelling including stretching of the fibres, which may trigger atrial fibrilla-
tion (AF). By increasing heart rate (HR) response, AF may determine reduction in cardiac output 
(CO), renal blood flow (RBF) with compensatory responses (including activation of the angioten-
sin (AT-II) and catecholamine (CA) systems). These changes induce myocardial fibrosis, beta- 
receptor downregulation and reduced vasodilating natriuretic peptide (ANP), all factors involved 
in the pathogenesis of heart failure (Modified from Crijns et al, EHJ 1997)

M.F. Piepoli



215

Systole Diastole 

Fig. 10.10 Left ventricle angiogram in systole and diastole: Small difference in volumes between 
the systolic (left picture) and diastolic (right picture) phases is consistent with poor left ventricular 
systolic function

Fig. 10.11 Echocardiogram 2 weeks after cardioversion. Left: 2D echo, parasternal short axis 
view of the LV; on the right, 2D echo apical view of four chambers, showing a global spherical 
remodelling of the LV); subsequently, a cardiopulmonary exercise testing (CPET) was performed 
to evaluate the extent of exercise limitation and possible cardiac transplant list enrolment and/or to 
plan an exercise training programme

Answer
The choice was the cycle ergometer using 10w/min protocol, based on the presence 
of clinical syndrome on symptomatic heart failure of these patients which requires 
a simple, easy and safe test and which provides useful information to set up a reha-
bilitation protocol based on cycle ergometer (Figs. 10.12 and 10.13).

Question 3
Which of the following CPET parameters are most valuable in heart failure 
assessment?
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Figs. 10.12 and 10.13 Compares the characteristics of different exercise protocol and the 
differences between cycle versus treadmill exercise protocols
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 1. Peak oxygen consumption (peak VO2)
 2. Ventilatory response to exercise (Ve/VCO2 slope)
 3. Exercise duration
 4. Heart rate response

Answer
The leading ventilatory parameters assessed on cardiopulmonary exercise testing are (1) 
Oxygen consumption at peak exercise (peak VO2) and at anaerobic threshold (AT), (2) 
Ventilatory response to exercise (Ve/VCO2 slope), because of their strong prognostic 
values, and they provide important information to set up a training programme.

Exercise duration and heart rate response are less valuable, since the first param-
eter is affected by the exercise protocol and the second by the pharmacological 
therapy (Figs. 10.14 and 10.15).

Question 4 How good is the correlation between peak VO2 and left ventricular 
ejection fraction (LVEF) in heart failure?

 1. Very good (R > 0.7)
 2. Fairly good (R 0.7–0.6)
 3. Poor (R 0.4–0.5)
 4. Not at all

Answer
There are several pieces of evidences showing the absence of any correlation 
between haemodynamic dysfunction of the left ventricle (such as LVEF) and 
reduced exercise intolerance (Fig. 10.16).
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Fig. 10.14 Shows how to compute peak VO2 and its important prognostic value in term of sur-
vival: a value above 18 ml/kg/min is considered a good prognostic indicator, while values below 
11 ml/kg/ min are ominous sign and indication for enrolment in cardiac transplantation list [3] 
(Modified from Francis et al., Heart 2000)
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The following figures are presenting the result from the cardiopulmonary exercise 
testing (CPET) in our patient:

Three important phases of the texts have been highlighted, i.e. baseline, anaero-
bic threshold and peak exercise with relative findings.

The Fig. 10.18 is showing the results of the text in graphical forms.

CPET Report

• Exercise protocol: cycle 10 watts/min
• Exercise duration: 6 min: stop at 2 min 60 watts for shortness of breath (SOB)
• Complication: None (no arrhythmias, or disabling symptoms)
• Peak exercise was reached at 60 watts, with RQ > 1.1, VO2 13.3 ml/kg/min [54 % 

predicted VO2max (r.v.: 24.4)], VO2 0.92 L/min [44 % predicted VO2max 
(r.v.:2.1)], BP 120/80 mmHg, HR 122 bpm [78 % predicted HRmax (r.v.:156)]

• Anaerobic threshold was reached with VO2 11.6 ml/kg/min (47 % predicted 
VO2max) or VO2 0.81 L/min (40 % predicted VO2max)
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Fig. 10.16 Lack of correlation between LVEF 
and exercise tolerance, measured as peak VO2. 
The results from one of the largest heart failure 
trials, such as the V-HeFT II study, are 
presented
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Fig. 10.15 Shows how to compute the Ve/VCO2 slope and its important prognostic value: value 
above 34 are considered abnormal (Modified from Francis et al. Heart (2000))
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Fig. 10.18 CPET results

Phase Time Work
load

VO2
ml/kg/min

VO2
L/min

VCO2
L/min

RQ VE
L/min

HR
Bpm

Baseline

CPET results

1.9 0 2.9 0.208 0.190 0.91 12.7 55

Exercise 2.9 10 5.1 0.357 0.301 0.84 16.9 71

Exercise 3.9 20 7.1 0.497 0.455 0.92 21.9 92

Exercise 4.9 30 9.5 0.655 0.641 0.98 30.6 101

Exercise 5.9 40 11.6 0.811 0.845 1.04 34.1 111

Exercise 6.9 50 12.8 0.896 0.988 1.10 40.8 115

Exercise 7.9 60 13.3 0.928 1.162 1.25 46.7 122

Recover. 8.9 0 5.5 0.385 0.482 1.25 15.5 78

Peak

Baseline

AT

Fig. 10.17 Minute by minute CPET results are shown in numerical forms, i.e. the phase, the 
times of the text, workload, O2 consumption in relative value (VO2 ml/kg min, adjusted for the 
body weight) and absolute value (L/min), CO2 production (VCO2 L/min), respiratory quotient 
(RQ, i.e. the ratio of VCO2/VO2), minute ventilation (L/min) and heart rate
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r.v. are reference values for age, sex, body mass index.
Thus our patient is presenting severe exercise limitations: Peak VO2 13.3 ml/kg/

min (Figs. 10.17 and 10.18) and abnormally elevated ventilatory response to exer-
cise (normal value < 34) VE/VCO2 37.5 (Fig. 10.19).

Question 5
Which is the correct recommendation for medication for this patient?

 1. Carvedilol, enalapril, spironolactone, furosemide, amiodarone, aspirin
 2. All above but warfarin instead of aspirin
 3. All above plus valsartan
 4. All above but sotalol instead of carvedilol and amiodarone

Answer

2. There are some controversies, but also evidence-based facts:

• Beta-blockers, angiotensin-converting enzyme (ACE) inhibitors or angiotensin 
receptor blockers (ARB), aldosterone antagonists, diuretics constitute the corner-
stone of heart failure therapy (ESC Guideline, Class of recommendation I) [1].

• Warfarin is preferred to aspirin in the setting of permanent, persistent, or parox-
ysmal atrial fibrillation, because reduced the risk of thromboembolic events 
(ESC Guideline, Class of recommendation I).

Fig. 10.19 CPET results: 
Ve/VCO2 slope
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• Both ACEIs and ARBs appear to be equally effective in the prevention of AF, in 
patients with systolic left ventricular dysfunction or LV hypertrophy [4].

• Combination of beta-blockers, angiotensin-converting enzyme (ACE) inhibitors, 
angiotensin receptor blockers (ARB) and aldosterone antagonists is contraindi-
cated because of side effect and mortality [1, 5].

• In the setting of atrial fibrillation and heart failure and low ejection fraction, 
amiodarone is the only effective anti-arrhythmic option (ESC Guideline, Class of 
recommendation 1).

The patient underwent an exercise training programme home based on bicycle, 
with periodic hospital-based control (Class I recommendation, Level of Evidence 
A: Fig. 10.20).

Question 6
Why is exercise training programme recommended in heart failure patients with 
reduced systolic function?

 1. Because it reduces hospitalisation
 2. Because it improves quality of life
 3. Because it improves quantity of life
 4. All above

Fig. 10.20 Recommendation for exercise training in heart failure (European Society of Cardiology 
Guidelines)
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Answer

 1. Structured exercise training programme improves exercise capacity, quality of 
life (reduces breathlessness and fatigue) and autonomic control and reduces hos-
pitalisation (ESC Guideline Class of Recommendation I (Fig. 10.20) [1].

The HF-Action trial findings have risen some doubt, but its several limitation makes 
its findings at least inconclusive. In fact although it is the most comprehensive study to 
date, examining the effects of exercise upon patients with heart failure have addressed 
important points but left unsolved several issues: it confirms the safety of a home-based 
exercise training programme in CHF patients, but its lack of improvement in survival 
could be easily attributed to its several limitations, outlined by the authors themselves 
(study population too young and too healthy, lack of titration of the training pro-
gramme, poor compliance and as a consequence, insufficient training effect).

Question 7

Which is the correct recommendation for physical activity to start with in this 
patient?

 1. 15–20 min. of bicycle home based 3–5 days per week at moderate to high inten-
sity (based on heart rate at 50–60 % peak VO2)

 2. At least on 1 day of the weekend physical activity of 1–2 h in outdoor cycling
 3. At least every day 10–20 mins outdoor jogging
 4. Each week at least 1 training in a swimming club

Answer

 1. Correct answer: Six months of regular aerobic exercise training at moderate 
intensities (50–60 % of VO2peak) and volumes (150 min per week) are associated 
with small but significant improvements (falls) in end-diastolic volume and end- 
systolic volume in patients with CHF, whereas these volumes increased in the 
inactive CHF volunteers, indicating that moderate-intensity exercise training is 
safe and may also promote reverse remodelling of the left ventricle in 
CHF. Intense exercise regimens (both aerobic and strength) are associated with 
sharp increases in platelet reactivity, whereas moderate-intensity training is asso-
ciated with relatively counterbalanced stimuli to the thrombogenic and fibrino-
lytic systems. Therefore, patients with CHF, particularly those with (a history of) 
atrial fibrillation (like in our case), unstable atherosclerotic plaque or shortly 
after coronary artery stenting, should avoid high-intensity exercise. For many 
other reasons, high-intensity exercise should not normally be included in exer-
cise programmes for patients with CHF.
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The application of a tolerated workload from cycle ergometer training to outdoor 
cycling as well as jogging is not possible because of environmental factors influenc-
ing cardiovascular stress (e.g. head wind, slopes, temperature).

During swimming, head-up immersion and the hydrostatically induced volume 
shift result in an increased volume loading of the left ventricle, with increase of 
heart volume, and pulmonary capillary wedge pressure. Swimming slowly (20–
25 m/min) results in measurements of heart rate, blood lactate and plasma catechol-
amines similar to those measured during cycle ergometry at workloads of 
100–150 W. Because of these findings, chronic heart failure patients with diastolic 
and systolic dysfunctions should swim only after consultation with their physician.

Pragmatically, a sedentary lifestyle often contributes to the development of CHF, 
with many individuals harbouring long-term aversions to exercise. It is more likely 
that they will accept, and then enthusiastically adopt, healthful enduring exercise if 
that exercise is at relatively comfortable intensities [6].

10.3  Scheme of Home-Based Exercise Training Programme

Three to five weekly sessions on cyclette with the following protocol: 5–10 min 
unloading warming up, 15–20 min at heart rate corresponding to 50–60 % of heart 
rate at peak VO2 and 5–10 min unloading cooling down.

At the start of the training programme, we performed a maximal symptom- 
limited CPET (to exclude any contraindication to training programme and to assess 
exercise capacity) and an echocardiogram.

Every 3–6 months of the training programme and/or after change in medication, 
i.e. ß-blocker or clinical condition, a repetition of maximal symptom-limited car-
diopulmonary exercise testing was planned to check the patient compliance, to 
exclude contraindication and to adjust the workload of the cyclette.

Every 1–3 months, a hospital clinical control was planned to exclude any risk, 
which may contraindicate the prolongation of the home-based training 
programme.

The patient was enrolled in a bicycle home-based ET programme, with periodic 
hospital control, with the intensity of exercise of 30 watts, 15–30 min/day, at least 3 
x/week, and the load was progressively increased to 50 watts after 3 months (Fig. 
10.21).

After the 6-month training period, the patient was still in sinus rhythm, asymptom-
atic, NYHA class I and well compensated. Echocardiogram showed improvement in 
LVEF with only mild global hypokinesia (51 %), with normal left atrial size and no 
mitral regurgitation (Fig. 10.22). Cardiopulmonary exercise testing documented 
improvements in exercise tolerance (peak VO2 15.4 ml/kg/min (+15 %) (Fig. 10.23) 
and ventilatory response to exercise: VE/VCO2 34.6 (r.v. < 34) (Fig. 10.24).
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Fig. 10.22 Echo-
cardiographic examination 
after ET

Phase Time Work
load

VO2
ml/kg/min

VO2
L/min

VCO2
L/min

RQ VE
L/min

HR
Bpm

Baseline 1.9 0 2.9 0.208 0.190 0.91 12.7 55

Exercise 2.9 10 5.1 0.357 0.301 0.84 16.9 71

Exercise 3.9 20 7.1 0.497 0.455 0.92 21.9 92

Exercise 4.9 30 9.5 0.655 0.641 0.98 30.6 101

Exercise 5.9 40 11.6 0.811 0.845 1.04 34.1 111

Exercise 6.9 50 12.8 0.896 0.988 1.10 40.8 115

Exercise 7.9 60 13.3 0.928 1.162 1.25 46.7 122

Recover. 8.9 0 5.5 0.385 0.482 1.25 15.5 78

Peak

ET

Fig. 10.21 Shows how the CPET findings were used for planning the ET programme in our 
patients
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Fig. 10.23 CPET results after ET

Fig. 10.24 Improvement  
in ventilatory response  
to exercise (Ve/VCO2 slope) 
after ET
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11Cardiac Rehabilitation in Patients 
with Implantable Cardioverter 
Defibrillator

L. Vanhees, V. Cornelissen, J. Berger, F. Vandereyt, 
and P. Dendale

In this particular report, we choose to present this rather exceptional case, who had 
a sedentary employment but with high levels of leisure time physical activity. This 
patient had a first stable period of many years after the first ICD implantation. 
However, when the ICD device was replaced because of battery failure, the patient 
experienced several electrical storms, for which he received psychological treat-
ment because of fear of shock delivery in general and reticence towards exercise in 
particular.

Subsequent to the presentation of this case and the discussion regarding items 
which have to be considered when rehabilitating this patient, we will compare this 
case to expected results and possible complications during a cardiac rehabilitation 
programme, based on current scientific literature.

Case Report: Period 1
A 37-year-old male patient was sent to the cardiology department because of 
a 2-year lasting complaint of dizziness and intermittent loss of sight during 
severe exercise training. He did not perceive palpitations and received phar-
macological treatment for possible vestibular problems.

Examination with resting ECG and symptom limited bicycle ergometry 
showed a possible former anteroseptal infarction (Fig. 11.1) and frequent pre-
mature ventricular beats (PVB).
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To unmask an eventual Brugada syndrome, the patient received 100 mg 
Tambocor. Although there were no arguments for Brugada syndrome, the test 
revealed frequent PVB’s with multifocal couplets and triplets (Fig. 11.2).

Electrophysiological examination reproduced the symptoms, where echography 
revealed no suspicion for arrhythmogenic right ventricular dysplasia (ARVD), nor 
were late potentials found. Treatment with amiodarone (200 mg; 2/day) was then 
started. After 6 weeks of pharmacological treatment, a control examination showed 
that the patient still experienced the same symptoms together with high nausea and 
photo sensibility indicating a low tolerability for the medication. Electrophysiological 
examination still induced symptoms and arrhythmias in spite of the use of amioda-
rone and indicated a right ventricular origin. Therefore, the option of ICD implanta-
tion (implantable cardioverter defibrillator) became plausible. Patient-specific 
characteristics can be found in Table 11.1.

Four months after the first cardiac examination, a single chamber ICD was 
implanted with one lead in the right ventricular apex. Four weeks after implantation, 
this patient was included in a cardiovascular rehabilitation programme where a 

Fig. 11.1 Resting ECG showing possible former anteroseptal infarction

Fig. 11.2 Example of a documented triplet
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baseline symptom-limited exercise test was undertaken. Results from this test are 
presented in Table 11.2.

Question Which items do we have to take into account when testing and training a 
patient with an ICD device?

 1. Device settings:

When testing or training an ICD patient, the level of exercise that could cause a 
defibrillation shock or anti-tachycardia pacing intervention should be avoided. The 
design of an exercise programme should always be preceded by a maximal or 
symptom- limited exercise test. Despite the fear of patients with an ICD and the risk 
of harmful and threatening symptoms, the exercise test has a key role in the evalua-
tion of arrhythmias, the ICD device, peak heart rate and exercise tolerance and 
medical therapy (Fig. 11.3).

The testing protocol should consist of a standardized graded exercise tolerance 
test on a motor-driven treadmill or bicycle ergometer with assessment of ECG, 
blood pressure and oxygen uptake. The golden standard for the assessment of the 

Table 11.1 Patient characteristics before ICD implantation

Age/gender 38/male
Socio-demographics
  Occupation International truck driver
  Social Married, two children
  Physical activity regular competitive 

soccer and tennis
Clinical examination
  Height(cm) 177
  Weight (kg) 71
  BMI (kg/m2) 22.7
  Blood pressure (systolic/diastolic) 120/80
  Resting heart rate (beats/min) 55
  Auscultation heart Normal
  Auscultation lungs Normal
Medical history Appendectomy (not recent)
Blood parameters
Echography Normal; ejection fraction: 65%
Resting ECG Sinus rhythm; left anterior semi bloc, Q waves in V2, 

V3 and V4, flat repolarization anterolateral, negative T 
wave inferolateral

Electrophysiological examination Inducible non-sustained ventricular tachycardia 
(200–220 beats/min) with right ventricular origin and 
reproducibility symptoms

MRI Localized anterior wall hypokinesia
ECG monitoring Very frequent PVBs and a few episodes of 

polymorphic ventricular tachycardia

11 Cardiac Rehabilitation in Patients with Implantable Cardioverter Defibrillator



230

functional capacity is peak oxygen uptake [1]. A submaximal test (terminating the 
test at a given percentage of predicted maximum heart rate) is not recommended. 
Firstly because medications affect the age-predicted maximum of the heart rate, 
as a result of which it would only give an estimate of the actual exercise tolerance. 
Secondly it would not give the opportunity to evaluate the reactions of cardiac 
rhythm and the ICD on maximal exercise. The participant reaches a maximum 
cardiorespiratory response by continuing the exercise test till exhaustion or 
fatigue. In some studies, the point where the patient reached a heart rate threshold 
of cut-off point minus 10–30 beats was one of the endpoints of the test, in order 
to avoid discharge of the ICD. [2–5]. However, Lampman and colleague stated 
that when the cut-off point is situated below the age-predicted maximum (220 
minus age), the ICD should temporarily be switched off during the exercise test 
[6]. This way, the patient could reach his or her true maximum without being at 
risk for inappropriate shocks. A similar strategy was used in the study from 
Belardinelli et al., where the minimal firing rate of the ICD device was set 20 
beats above the peak heart rate achieved during maximal exercise testing [5]. 
However, it seems more logical to perform a maximal exercise test with the ICD 
activated, because that way you can gather information about the reaction of the 
cardiac rhythm and the ICD to exercise. Also the result of the exercise test can 
give confidence to the patient that exercise at a predetermined level is safe and can 
be performed in the controlled environment of a cardiac rehabilitation centre. A 
recent study evaluated the safety of symptom- limited exercise testing in 400 ICD 
patients [7]. They performed exercise testing until symptoms or until the 

Table 11.2 Results from baseline symptom limited exercise test

Rest
  Heart rate (beats/min) 79
  Systolic blood pressure (mmHg) 122
  Diastolic blood pressure (mmHg) 87
Peak exercise
  VO2 (mL/min) 2,058
  VO2 (mL/min/kg) 29
  VO2 predicted value (%) 72
  Oxygen pulse (mL/beat) 13.2
  Oxygen pulse predicted value (%) 79
  Load (W) 165
  Load predicted value (%) 75
  Heart rate (beats/min) 156 (safety threshold 162–172)
  Heart rate predicted value (%) 86
  Systolic blood pressure (mmHg) 165
  Diastolic blood pressure (mmHg) 75
  RER 1.19
  VE 63.4
Anaerobic threshold VO2 (mL/min) 1,031
ECG Several runs of nsVT starting from 120 W

RER respiratory exchange ratio, VE ventilation, nsVT non-sustained ventricular tachycardia
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achievement of a heart rate 20 beats below the VT zone while remaining on phar-
macological treatment. Most of the patients stopped exercise because of exhaus-
tion (±70 %) or dyspnoea (±25 %). Signs of ischaemia were very rare, no ICD 
shock or antitachycardia pacing occurred and only in 16 out of the 400 patients 
exercise testing had to be stopped prematurely because of reaching the HR thresh-
old without being exhausted. These results show that maximal or symptom- 
limited exercise testing in ICD patients with optimal pharmacological treatment is 
safe and feasible, but should only be performed in a professional and medical 
environment with continuous emphasis on safety measures. To ensure this safety 

Fig. 11.3 Implantable cardioverter defi brillator (ICD) patient during exercise testing

Table 11.3 ICD device parameters

Device characteristics Therapy
VF zone (beats/min) 250–500 6 DS (35 J)
VT zone (beats/min) 182–250 Three burst pacing; three 

ramp pacing; 5 DS (35 J)
Brady pacing (beats/min) 34 WI pacing

VF ventricular fibrillation, VT ventricular tachycardia, DS defibrillation shock
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precaution, information concerning the device settings should be available, and 
(Table 11.3) during testing and training, a (donut) magnet needs to be in the 
immediate vicinity of the patient to be able to interrupt eventual inappropriate 
interventions of the ICD.

In the beginning of a training programme, ECG monitoring during exercise is 
advisable to be able to document eventual exercise induced arrhythmias. The reha-
bilitation team should be well instructed about emergency measures in this particu-
lar patient population. They also have to know that they do not incur a risk by 
touching a patient while his ICD discharges, to avoid reactions of fear from the team 
members in case of an emergency.

 2. Lead displacement:

Except from general safety recommendations when working with ICD patients, 
like thorough knowledge of the patient and the implanted device, the proximity of 
specialized ICD care and of course the active knowledge of the emergency proce-
dure, some specific recommendations when training ICD patients are important. For 
the ICD lead to well grow in, a time interval of 4 weeks is mandatory before initiat-
ing any form of physical training and especially exercises which include movement 
of the left arm, as the ICD device is mostly implanted in the left pectoral muscle 
region. And although one would expect the ICD lead to have grown in, left arm 
hyperextension, arm ergometry and upper body strength exercises are to be post-
poned for at least 6 weeks after implantation. When exercises would include this left 
arm, low mobilization range and low intensity is mandatory. The patient needs cor-
rect information from the rehabilitation team to know which movements are 
acceptable.

 3. Psychological and educational needs:

Apart from complications related to surgery, most post-operative stress is caused 
by the possibility of experiencing an electrical shock and the lack of treatment of the 
underlying cause for implantation. It is logical to think that the implantation of a 
lifesaving device would make the patient confident of the improved life expectancy 
and relieve the fear of sudden death. But living with the possibility of receiving a 
defibrillating shock at any time can be emotionally devastating. Compared to the 
general population, quality of life and psychosocial adjustment are poor in patients 
with an ICD [8–10]. According to Sears et al. [9], ICD-specific fears and symptoms 
of anxiety are the most common symptoms experienced by patients with 
ICD. Moreover, 13–38 % of these patients experience diagnosable levels of anxiety. 
ICD-specific fears include fear of shock, fear of device malfunction, fear of death 
and fear of embarrassment. The health-related quality of life is also negatively asso-
ciated with fear of exercise [8]. When comparing two groups of ICD patients 
according to the experience of a defibrillating shock, Jacq et al. concluded that 
exposure to shocks may lead to an increased risk of anxiety and depressive symp-
toms [11].
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Social and working life can also be negatively influenced as there is a limitation 
in physical activity, due to the fear that stress or emotions might alert the device. 
Others may worry about their body image or avoid exercise and sexual activity 
because of fears of arrhythmias and discharge of the ICD. In some countries, driving 
is even, at least temporarily, prohibited. Also partners of ICD patients report feel-
ings of helplessness and uncertainty about what to do if, or when, the ICD dis-
charges. They worry about the reliability of the ICD and about their own position if 
their partner should die. This may commonly result in overprotection of the ICD 
patient, and partners often restrict or restrain them from doing physical activities. 
The importance of involving, educating and equipping partners with the relevant 
information and skills so that they can empower and support the patient to reach 
informed decisions should not be underestimated [12, 13]. In the absence of such 
interventions, the potential for misconceptions, misguided beliefs and marital con-
flicts can increase, perpetuating further uncertainty, fear and loss of control as well 
as precipitating physical symptoms. Various studies report on the psychological 
benefits for patients with an ICD after psychological intervention or comprehensive 
cardiac rehabilitation. Kohn et al. [14] studied cognitive behavioural therapy in 
patients with an ICD in a randomized controlled trial. They concluded that cognitive 
behavioural therapy was associated with decreased levels of depression and anxiety, 
and increased adjustment, particularly among those patients who received a shock 
[14]. Fitchet et al. reported decreased anxiety scores after 12 weeks of comprehen-
sive cardiac rehabilitation (CR), including psychosocial counselling, in a random-
ized controlled trial [4]. These data demonstrate the importance of planning and 
organizing psychosocial support for patients with an ICD in comprehensive cardiac 
rehabilitation. However, a recent review concluded that more randomized controlled 
studies are warranted to better highlight the impact of CR and exercise training on 
anxiety, depression and quality of life [15]. But although more and more patients are 
treated with an ICD device, the referral from hospitals to cardiac rehabilitation cen-
tres is still negatively influenced by the fear of inappropriate shock delivery during 
exercise. The beneficial effects of cardiac rehabilitation in terms of secondary pre-
vention and on physiological and psychosocial functioning of cardiac patients in 
general are well established [16].

 4. Vocational counselling:

In many countries, the law forbids patients with an ICD to drive trucks or trans-
port people as a profession. This item needs to be addressed already in the pre- 
implantation period and from the beginning of the ambulatory rehabilitation 
programme. Reorientation or retraining for other professions can help the patient in 
finding a new job, which is a prerequisite for many to return to a “normal” life. Also 
counselling concerning sports participation is needed. Competition is to be avoided, 
but low level exercise such as doubles tennis, cycling, etc. can be performed [17].

Before even starting with the actual physical training component of the cardiac 
rehabilitation programme, our patient was hospitalized because of recurrent VT 
for which he received three defibrillating shocks. Although no life-threatening 
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arrhythmias were induced by maximal exercise testing, our patient reached a peak 
heart rate of 77 % of the predicted value compared to 86 % in the exercise test few 
days before, perhaps indicating some avoidance towards heavy exercise. To pre-
vent the further need for ICD interventions, as our patient is relatively physically 
active (tennis and soccer), a beta-blocking agent was provided (Emconcor 5 mg). 
Six weeks after starting the rehabilitation programme with a frequency of two 
times a week, our patient was retested, showing the following results (Table 11.4), 
indicating a small increase in maximal oxygen uptake capacity (VO2) but a 36 % 
improvement in workload. When reviewing the peak heart rate, some doubts 
about medication compliance could be mentioned. Because of a return to full-time 
employment, our patient prematurely dropped out of the rehabilitation 
programme.

Period 2 The patient was followed at the outpatient pacemaker clinic for years 
without having received discharges, but with infrequent anti-tachycardia pacing epi-
sodes. After 8 years, the ICD had to be replaced because of battery depletion. The 
characteristics from the second ICD device are shown in Table 11.5.

Six months afterwards, the patient experienced several consecutive shocks in 
1 day due to a very rapid ventricular tachycardia, independent from physical 
activity. Treatment with amiodarone and beta-blockers did not control the 

Table 11.4 Results from maximal exercise testing after 6 weeks of training

Rest
  Heart rate (beats/min) 65
  Systolic blood pressure (mmHg) 110
  Diastolic blood pressure (mmHg) 70
Peak exercise
  VO2 (mL/min) 2,219
  VO2 (mL/min/kg) 31.7
  VO2 predicted value (%) 79
  Oxygen pulse (mL/beat) 14.9
  Oxygen pulse predicted value (%) 90
  Load (W) 225
  Load predicted value (%) 104
  Heart rate (beats/min) 172 (safety threshold 162–172)
  Heart rate predicted value (%) 94
  Systolic blood pressure (mmHg) 170
  Diastolic blood pressure (mmHg) 94
  RER 1.28
  VE 76.2
Anaerobic threshold
  VO2 (mL/min) 1,041
ECG Several runs of nsVT starting from 200 

Watt

RER respiratory exchange ratio, VE ventilation, nsVT non-sustained ventricular tachycardia
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arrhythmia, and the patient experienced several series of discharges (up to 8 in 
1 day). A new coronarography showed no stenosis, and echography still showed a 
zone of apical akinesia. He underwent a right ventricular ablation procedure and 
was sent again for ambulatory cardiac rehabilitation. Psychologically our patient 
was extremely anxious, especially in regard to exercise because of the experience 
with many electrical storms, independent from any form of physical activity. A 
bicycle ergometry test indicated a limited (motivation towards) maximal exercise 
capacity (Table 11.6).

Question How do we approach this patient in a second rehabilitation 
programme?

 1. Exercise prescription:

The participation in low-intensity exercises in the safety of a well-supervised 
cardiac rehabilitation programme is very important to regain confidence in doing 
exercise in “real life”. A slow increase of the exercise level with in the beginning 

Table 11.5 Second ICD device parameters

Device characteristics Therapy
VF zone (beats/min) 240–500 6 DS (35J)
VT zone (beats/min) 194–240 Four burst pacing; four 

ramp pacing; WI pacing
Brady pacing (beats/min) 34

VF ventricular fibrillation, VT ventricular tachycardia, DS defibrillation shock

Table 11.6 Results from maximal cycle ergometry during period with several electrical storms

Rest
  Heart rate (beats/min) 71
  Systolic blood pressure 

(mmHg)
130

  Diastolic blood pressure 
(mmHg)

77

Peak exercise
  Load (W) 160
  Load predicted value (%) 75
  Heart rate (beats/min) 124 (safety threshold 174–184)
  Heart rate predicted value 

(%)
72

  Systolic blood pressure 
(mmHg)

153

  Diastolic blood pressure 
(mmHg)

82

ECG Several episodes of nsVT; ST depression with horizontal or 
descendant ST slope in aVL (−1.1 mm)

nsVT non-sustained ventricular tachycardia
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ECG monitoring will help the psychological recovery of the patient. At this moment 
however, it is unknown if participation in a rehabilitation programme also reduces 
the risk of severe arrhythmias, device discharge or death. Up to now, the scientific 
literature and experience in large rehabilitation centres do not show signs of 
increased risk of discharge, but definite information will have to await the results of 
the above-mentioned trial.

 2. Heart rate monitoring during exercise:

Again, it is imperative that the rehabilitation team has perfect knowledge of the 
settings of the ICD in a particular patient and eventual changes in medication which 
might influence the heart rate response during exercise. On the other hand, the 
ambulatory rehabilitation is a very good setting to optimize the pacing settings in 
patients who are pacemaker dependent or have chronotropic incompetence. As most 
pacemakers have a built in sensor which respond to different physical stimuli 
(motion, acceleration, vibration, impedance), different exercises may provoke dif-
ferent pacing rates. A bicycle test is not the optimal way to test the sensor rate, 
whereas a treadmill test will reproduce better the response during daily life. Asking 
the patient which exercises he or she does at home is essential to optimize the activ-
ity sensor settings.

 3. Psychological approach after an electrical storm:

The anxiety of the patient is explained in part by the fact that he has a device that 
is implanted to save his life, but that can hurt him badly in doing so. The electrical 
storms with several discharges, while conscious causes a sensation of helplessness, 
which needs to be addressed by the psychologist team. The implanted device liter-
ally makes it impossible to “run away” from the problem. Therefore, as many 
patients are getting a prophylactic ICD for non-ischaemic reasons, the “normal” 
educational material needs to be adapted specifically to the ICD patients.

 4. Exercise avoidance:

Avoidance of exercise is a typical problem after frequent discharges. Therefore, 
supervised exercise and psychological counselling should address the questions 
which exercises are allowed and which have to be avoided or postponed.

Before the patient could start in his second cardiac rehabilitation programme, a 
new right ventricular ablation procedure was indicated because of the high inci-
dence of life-threatening arrhythmias and associated electrical storms. Meanwhile 
this patient was offered to participate in the psychological sessions for ICD patients 
(Fig. 11.4), because of the tremendous exercise avoidance and fear for device dis-
charges. After each session, our patient had to fill in the following questionnaire 
(Fig. 11.5) assessing his concerns. This relatively recent questionnaire gives an indi-
cation to which extent an ICD patient has certain concerns [18].
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Figure 11.6 shows the results from this questionnaire in the course of the five 
sessions at which our patient participated, indicating a relatively high level of 
concerns. At this moment, this patient deals with severe psychological problems 
because of the fear of ICD discharges, limiting his general public functioning 
(Fig. 11.6).

After the ablation procedure, our patient will re-enter the cardiac rehabilitation 
programme and has the intention of finishing the full 3 months of rehabilitation.

Question Which results can we expect from a multidisciplinary cardiac rehabilita-
tion programme?

Table 11.7 provides an overview of the studies that have examined the influence 
of exercise training in ICD patients [2–5, 19–22].

Week 1:

Week 2:

Week 3:

Week 4:

Week 5:

Week 6:

on patient and family.                         

stabilising heart rate.

and pacing/relaxation and breathing.

 pacing/relaxation and breathing/CBT model

 pacing/relaxation and breathing/CBT model and self-talk/Q+A session.

pacing/relaxation and breathing/thoughts and feelings.

Goal review - individual

Goal review - individual

Goal review - individual

Goal review - individual

 Q + A session with family members - separate to participants - elicitation of concerns/avoided
CBT Model - self-talk and how to change it - practical exercises in session.

concerns and misconceptions
How what we think can affect our heart rate - cognitive-behavioural model and negative effect of

Exercise goal review - group

Exercise goal review - group

Exercise goal review - group
Programme review
Maintenance of change and coping with setbacks.

disclosed/reported difficulties.

Review of last session - exercise/life changes since ICD/goal setting and

Thoughts, feelings and behaviour - exploratory discussion, group solution finding to

activities/impact of ICD on family.

Exercise goal review - group

Introduction Cardiac Rehabilitation - benefits and efficacy
Information and education about ICD

Risk factors for CHD - what are yours and how can we help you?
Review of last session - importance of exercise/life changes since ICD

Review of last session - importance of exercise/life changes since ICD/goal setting

Review of last session -  exercise/life changes since ICD/goal setting and

Review of last session -  exercise/life changes since ICD/goal setting and

Introduction to and importance of exercise/activity

Introduction to goal setting and pacing - setting individual goal plans
Introduction to relaxation and breathing - benefits and efficacy in reducing adrenaline and

How the ICD has changed peoples lives - elicitation of concerns/avoided activities/impact of ICD  
Experiental-Comparison Activity - demonstration of ‘safe’ amounts of exercise/work

Fig. 11.4 Summary of session aims
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The ICD Patient Concerns Questionnaire-ICD-C.

one box. Please don’t leave any out.

We want to know what things worry you about living with your ICD. It is important that you answer
every question. Don’t spent too long thinking about your answer. For each question please tick ( ) 

 I am worried about ......

1.   My ICD firing

Not at
all

A little
bit

Some
what

Very
much

so

Quite
a lot

2.   My ICD not working when I need it to

3.   What I should do if my ICD fires

4.   Doing exercise in case it causes my ICD to fire

5.   Doing activities/hobbies that may cause my ICD to fire

6.   My heart condition getting worse if the ICD fires

7.   The amount of time I spend thinking about my heart
      condition and having an ICD

8.    The amount of time I spend thinking about my heart

9.    The ICD battery running out

10.  Working too hard/overdoings causing my ICD to fire

11.  Making love in case my ICD fires

12.  Having no warning my ICD will fire

13.  The symptoms/pain associsted with my ICD firing

14.  Being a burden on my partner/family

15.  Not being able to prevent my ICD from firing

16.  The future now that I have an ICD

17. Problems occurring with ICD e.g. battery failure

18. Getting too stressed in case my ICD fires

19. Not being able to work/take part in activities and hobbies
      because I have an ICD

20. Exercising too hard and causing my ICD to fire

Fig. 11.5 ICD patient concerns questionnaire

Fig. 11.6 Results from 
the ICD patient concerns 
questionnaire

ICD Patient Concerns Questionnaire
58

56

54

52

50

48

46

44
Session 1 Session 2 Session 3 Session 4 Session 5

Total Score (maximal 100)
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Taking these results into account, some adapted recommendations for exercise 
training can be formulated, especially concerning upper extremity exercises. An 
ambulatory, supervised exercise training programme should contain three training 
sessions a week for at least 12 weeks with a duration of 60–90 mins and consist of 
a warming up, the main exercise part, and a cooling down. The warming up is a 

Table 11.7 Components and results from several exercise programmes

Author
Study
plan No.

Training 
characteristics

Exercise 
tolerance Complications

Vanhees
(2001) [2]

Three 
months
CCR

8 TF, 3 sessions/week
TD, 90 min/session
TI: [HRrest + 
60–90 % (HRmax-
HRrest)] with upper 
limit of HR= 
detection rate – 30 
beats

Peak VO2, 
+24 %

One 
asymptomatic 
VT with ICD 
intervention

Fitchet
(2003) [4]

Twelve 
weeks CCR 
with aerobic 
exercise 
training

16 TF: not specified
TD: not specified
TI: HR of 60–75 % of 
age adjusted 
maximum with upper 
limit of HR=detection 
rate – 10 beats

Exercise time, 
+16 %

NO ICD 
discharges

Kamke
2003 [19]

23±4 days 
with steady 
state and/or 
interval 
training

107 TF, 1–3 sessions/day
TD, 15 min/session
TI: not specified; 
upper limit of HR = 
detection rate – 20 
beats

Exercise load, 
+100 %

No ICD 
interventions 
linked to 
physical 
training

Vanhees
(2004) [3]

Three 
months CCR 
with aerobic 
exercise 
training

92 TF, 3 sessions/week
TD, 90 min/session
TI: Leuven (HRrest + 
90–90 %[HRmax- 
HRrest]) with upper 
limit of HR= 
detection rate-20 
beats
TI: Leiden, 50–80 % 
max intensity

Peak VO2, 
+17 %

Three ICD 
discharges after 
VT: patients 
dropped out of 
the study. One 
ICD discharge 
after VT. ONE 
VT without 
intervention
One 
inappropriate 
shock

Belardinelli
(2006) [5]

Eight weeks 
CCR

52 TF, 3 sessions/week
TD, 60 mins/session
TI, 60 % peak VO2

Min firing rate set at 
+20 beats of HRmax 
achieved during 
exercise testing

Peak VO2,
+28 %
Workload,
+36 %

No adverse 
events

(continued)
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period of calm physical activity of 5–10 mins, inducing the patient into cardiovas-
cular adjustments and limiting the risk of arrhythmias or other cardiovascular com-
plications. It can include low-intensity aerobic exercise and flexibility exercises. 
The cooling down is a mild exercise or relative rest of 5–10 mins, protecting the 
patient from possible complications in the early recovery period and to help the 
cardiovascular system to return slowly to a resting condition. The main part of the 
training session can contain aerobic exercises like walking, jogging, cycling, arm 
ergometry, rowing and predominantly isotonic callisthenics. The exercise intensity 
is individually determined for every patient, based on the participant’s clinical sta-
tus and the initial exercise tolerance assessed by the baseline exercise test. The 
interval for training heart rate (HR) is calculated, using the formula of Karvonen 
(HRtraining HRrest + 60–90 % × (HRpeak – HRrest)). Furthermore, ICD patients 
are restricted not to surpass the upper heart rate threshold, which was determined 
in the studies mentioned above as the lowest programmed detection rate minus 10, 
20 beats. The cut-off rate is determined for each individual patient depending on 
the slowest ventricular tachycardia, and the exercise physiologist is responsible for 
knowing the cut-off rate for the device of each patient who participates in the 

Table 11.7 (continued)

Author
Study
plan No.

Training 
characteristics

Exercise 
tolerance Complications

Dougherty
(2008) [21]

Eight weeks 
CCR with 
aerobic 
exercise + 
home 
walking 
followed by 
4 months 
home 
walking

10 TF, 3 supervised 
sessions/week
TD: 60 mins/session
TI: gradually 
increased to 60–80 % 
HRmax
+ 2 hours of home 
walking
Following 8 weeks, 
30 mins of walking 
on most days of the 
week

At 8 weeks:
exercise time, 
+11 %
No effect on 
peakVO2

No adverse 
events

Dougherty
(2015) [22]

8+16 weeks 
RCT (usual 
care vs 
aerobic 
exercise)

160 (76 
usual 
care; 84 
exercise 
group)

TF, 5 sessions/week
TD, 60 min/session
TI: gradually 
increased from 
60–65 % HRres to 
80–85 % HRres.
upper limit of HR = 
detection rate – 20 
beats
During 16 weeks 
maintenance phase 
(150 mins/week at 
80 % HRres)

Larger 
improvements 
in peakVO2 in 
aerobic group 
compared to 
usual care

No significant 
difference 
between both 
groups with 
regard to ICD 
shocks 
(tendency to 
more shocks in 
usual care 
group).
Only one ICD 
therapy related 
to exercise

CCR comprehensive cardiac rehabilitation, TF training frequency, TD training duration, TI train-
ing intensity
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rehabilitation programme. It is recommended to increase the exercise intensity 
progressively, based on feedback from the patient and on the results of further 
exercise tests. In our experience, we recommend an upper heart rate threshold dur-
ing exercise training of the detection rate minus 20 beats/min. Patients with a his-
tory of ventricular arrhythmias provoked by ischaemia or heart failure exacerbations 
should also pay attention to the body position. It is recommended to perform exer-
cise in an upright position rather than prolonged supine activities, because of lower 
left ventricular filling pressures in the upright position. Many patients receiving an 
ICD device are also typed as heart failure patients. Therefore, the addition of resis-
tance training can be highly relevant for these patients with mostly a very poor 
physical condition. Conraads and colleagues already highlighted the importance of 
adding isodynamic exercises of specific muscle groups at moderate intensity [23]. 
By adding resistance training to the endurance training, amelioration of muscle 
strength and the application on daily encountered activities are possible. Again, 
arm exercises should be prescribed with special care and should especially be 
avoided the first 6 weeks after implantation.

The possibility of ECG monitoring should be available in the training room. 
During the first training sessions, the ECG monitoring assures confidence, freedom 
of movements and safety from shocks that may occur during exercise. It can give 
valuable information about heart rhythm, and it can make the patient confident in 
the safety of exercise. When there are no problems during the first sessions, other 
heart monitoring devices (e.g. Polar) give enough information to train safety. In the 
absence of a heart rate monitor, patients should palpate their peripheral pulse regu-
larly during and after the exercises, in order to determine if the pulse is within the 
limits of the target heart rate. The rehabilitation environment should be light and 
airy and adequately equipped in order to encourage exercise. Although there is a 
specific need for close supervision and ECG monitoring during exercise activities, 
the same safety measures should be taken as in cardiac rehabilitation programmes 
for a general population of cardiac patients. Exercise training may provoke limited 
ventricular tachycardia in patients with an ICD during training and/or at the end of 
the post-training exercise programme. The diagnosis of ventricular tachyarrhythmia 
occurs when the heart rate exceeds the programmed cut-off rate, and consequently 
the therapy is delivered by the ICD. After a shock has been delivered, the ICD is 
interrogated within the next 24 h in order to locate the reason and to, if necessary, 
make adaptations to the ICD programmed characteristics. As soon as the patient is 
again clinically stable and feels confident to restart exercise training, the rehabilita-
tion programme should be continued.

There is great emphasis on the individualization of risk factor management, a 
multidisciplinary approach to ensure provision of optimal care and the need for life- 
long exercise participation. Cardiologists, physicians, exercise physiologists, dieti-
cians, psychologists and other professionals should collaborate to manage risk 
reduction through follow-up techniques, including office or clinic visits, attendance 
of cardiac rehabilitation sessions and mail or telephone contact to show interest in 
the patient, to keep the patient motivated for participation in the programme and to 
further reduce psychological stress.
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12The Rehabilitation in Cardiac 
Resynchronization Therapy

Dumitru Zdrenghea, Dana Pop, and Gabriel Guşetu

12.1  Introduction

Heart failure (HF), especially systolic heart failure, represents an increasingly 
important public health issue [1]. Due to a more effective management of many 
cardiac diseases, we encounter fewer complications and observe an increase in sur-
vival, heart failure now being diagnosed in older patients, therefore in patients that 
have multiple comorbidities such as renal, respiratory, or hematologic disease.

The decrease in left ventricular ejection fraction and cardiac output results in a 
decrease in physical performance and favors a sedentary lifestyle, reducing the 
exercise capacity even more.

Moreover, poor exercise capacity seems to be the consequence not only of abnor-
mal cardiac hemodynamics but also of skeletal myopathy. This is due to sympathetic 
overstimulation, chronic activation of inflammatory pathways with inadequate muscle 
blood flow, malnutrition, and deconditioning and relies on structural changes such as 
decrease in mitochondria volume, in the amount of oxidative enzymes, and also in a 
shift in myofibril content from slow-twitch myosin heavy chain (type 1 and 2a) to 
fast-twitch myosin type 2b fibers [2], more glycolytic than the first ones. Muscular 
atrophy and evidence of abnormal myocyte apoptosis are often recorded [3, 4].

The patients’ decreased exercise capacity needs to be improved by any means. 
Optimal pharmacological treatment has been proven to enhance the patients’ QoL 
and life expectancy, but it has its limitations [5]. Cardiac transplant, although a valu-
able treatment in end stage heart failure, is restricted due to co-morbidities, limited 
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supply of donor hearts and complex postoperative care [6, 7]. Physical training, 
specially designed for patients with heart failure, has proven to be a cost- effective 
method to increase their exercise tolerance and quality of life (QoL) [8], even if the 
benefit is not as spectacular as in ischemic heart disease. Thus, six of the trials 
included in the ExTraMATCH meta-analysis yielded a 20 % increase of peak oxy-
gen consumption (VO2 peak) following physical training programs [9]. The pro-
gram duration and training intensity should be adapted to the baseline clinical and 
hemodynamic parameters [10].

Furthermore, cardiac resynchronization therapy (CRT) applied in moderately to 
severely symptomatic patients with decreased LVEF (below 35 %) and significant 
mechanical dyssynchrony due to left bundle branch block has demonstrated, over 
the last two decades, additional benefits in terms of prognosis, quality of life, car-
diac hemodynamics, and exercise capacity [11]. Thus, 1–3 months following CRT 
device implantation, large clinical trials, such as COMPANION and MUSTIC-SR 
[12], have extensively shown improvement in NYHA class and QoL scores, reduced 
hospitalizations, improvement in 6 MW distance, and in VO2 peak and ventilatory 
threshold as markers of exercise performance. CRT accumulates these benefits 
without increasing myocardial oxygen consumption; by restoring left ventricle 
mechanical synchrony, it improves left ventricular ejection fraction and cardiac out-
put and reduces mitral regurgitation.

Taking into account that CRT recipients are basically HF patients with a pace-
maker, prescribing exercise according to the recommendations designed for people 
with HF should result in additional benefits in terms of aerobic performance. Indeed, 
a sub-study of COMPANION reported a 40 % increase in VO2 peak in the group 
that combined CRT and 4 months of exercise training as compared to CRT alone 
that only led to a 16 % improvement [11].

Physical training, however, encounters some “technical” issues in CRT patients, 
which need to be taken into account in order to achieve the maximum benefit.

Case Report
A 56-year-old man (DOB 27 Aug 1959) with a 5-month history of idiopathic 
dilated cardiomyopathy (DCM) was admitted in our department. He was a 
non-smoker and had no alcohol consumption in the past. He had a son who 
died of heart failure at age 32, 2 months after the patients’ diagnosis was 
established. Even though suggestive for a family form of DCM, genetic test-
ing was not carried out. At the time of diagnosis (5 months earlier), a coronary 
angiography was performed and significant coronary artery disease was ruled 
out. Recommendations about lifestyle changes were made and medical treat-
ment was initiated (carvedilol, perindopril, furosemide, spironolactone).

After 5 months of good adherence to non-pharmacological treatment and 
medication, the patient complained of poor exercise tolerance (dyspnea) dur-
ing daily activities – NYHA III class; hence, he was addressed to the 
Cardiology Department of the Clinical Rehabilitation Hospital.
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On physical examination no peripheral or respiratory signs of congestion 
were found: weight = 76 kg, height = 168 cm, and BP = 100/80 mmHg; stan-
dard 12-lead ECG showed sinus rhythm, 60 bpm; PR interval = 200 ms; and left 
bundle branch block – LBBB (QRS duration = 170 ms – Fig. 12.1). The cardiac 
ultrasound revealed an LVEF = 24 %, moderate functional mitral regurgitation, 
left ventricular mechanical delay (septal-to-posterior wall motion delay, 
SPWMD = 150 ms), interventricular mechanical delay (IVMD = 50 ms), and a 
global longitudinal strain (GLS) = −14.2 %, lower than normal.

During cardiopulmonary exercise testing (CPET) on cycle, 10 W/min 
ramp protocol, the patient achieved a peak VO2 of 11 ml/kg/min (3, 1 METS), 
ventilatory threshold being lower than normal – 32 % of the predicted 
VO2max.

We considered that the patient was eligible for CRT-D (cardiac resynchro-
nization therapy with defibrillator). After the implantation of CRT-D device, 
we noted the narrowing of the QRS complex (150 ms – Fig. 12.2) and initial 
upward deflection in V1 and downward in V6 – criteria of a successful 
CRT. There were also improved: the LVEF (30 %), GLS (−17.2 %), and the 
ultrasound parameters of interventricular and intraventricular dyssynchrony 
(IVMD = 30 ms, SPWMD = 100 ms).

The patient was reevaluated 4 weeks later. Reassessment via cardiac ultra-
sound showed unmodified parameters, and the CPET demonstrated an 
increase in the peak VO2 up to 12 ml/kg/min, representing a 9 % increase in 
oxygen uptake after CRT.

Fig. 12.1 MI, 56 years, male. Standard 12-lead rest ECG at admission. Sinus rhythm,  
HR = 60 bpm; PR= 200 ms; LBBB, QRS duration = 170 ms
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Question 1
Could CRT explain the increase in exercise capacity? Is CPET always required to 
assess the exercise capacity after CRT or is clinical evaluation accurate enough? 
Could an increase in peak VO2 of 1 ml/kg/min be considered acceptable after CRT 
or is it inadequate?

Answer
Improvement of exercise capacity after CRT has been largely demonstrated [11, 
13]. In heart failure patients with LBBB, the delayed activation of the left ventricu-
lar lateral wall induces a mechanical inter- and intraventricular dyssynchrony that 
additionally impairs the already decreased LVEF. Hemodynamic studies have 
shown, 1–3 months after CRT, improvement of the LVEF [14, 15], stroke volume, 
and SBP and reduction of the capillary pulmonary wedge pressure, mitral regurgita-
tion [16], LV systolic and diastolic diameters [12, 17], and BNP concentrations 
[18]. Once these goals have been achieved, the neurohormonal blockade optimiza-
tion [19] by drugs like beta-blockers, ACE inhibitors, or mineralocorticoid receptor 
antagonists becomes feasible.

In addition to cardiac hemodynamic improvement [20], CRT results in clinical 
benefits: increase of exercise capacity usually by one NYHA class, less hospitaliza-
tions [21], and better QoL scores [13]. All these benefits are usually recorded in the 
first 1–3 months after implantation [22].

Fig. 12.2 MI, 56 years, male. Standard 12-lead rest ECG after the implantation of CRT-D 
device. The QRS complex shortened (150 ms) and records an initial positive (upward) 
deflection in V1 and negative (downward) deflection in V6, due to early activation of the 
posterolateral wall of the LV(criteria of successful CRT)
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Alongside enhanced cardiac hemodynamic, some peripheral mechanisms are 
also responsible for the increase in the patients’ exercise capacity; the acute increase 
in systolic blood pressure has a sympathoinhibitory effect, exerted through stimula-
tion of the carotid baroreceptors and probably of the cardiopulmonary baroreceptors 
and muscular ergoreceptors [11]. The sympathetic nerve overstimulation, resulting 
in arteriolar constriction and decreased capillary blood flow, is the cornerstone of 
skeletal myopathy in heart failure, inducing reactive oxygen species release (favored 
by local hypoperfusion), inflammatory cytokine synthesis [4], with further protein 
loss, and abnormal apoptosis. Both direct assessment of MSNA (muscle nerve sym-
pathetic activity) [23] or plasma epinephrine levels [24] and studies of HRV (heart 
rate variability) [25, 26] as marker of autonomic imbalance proved the decrease of 
sympathetic overstimulation after CRT. The latter was noted 3 months following the 
implantation and was associated with increase in 6 MWT distance or peak VO2 dur-
ing CPET [11].

The vascular endothelial function, impaired in HF patients, seems to be another 
pathway positively influenced by CRT in terms of exercise capacity improvement. 
Thus, RH-PAT (reactive hyperemia peripheral arterial tonometry) index increases 
with 20 % after CRT is added to optimal pharmacologic therapy [27, 28].

After CRT, the CPET is not imperative; however, the accurate assessment of 
exercise capacity gain [29] and prognosis as well as the best rehabilitation program 
outlines rely on the CPET parameters; therefore, it is recommended whenever 
possible.

In our patient, the exercise capacity was moderately increased (a VO2 max 
improvement of only 1 ml/kg/min) at the lower border of the reported ranges (1.1–
2.3 ml/kg/min), directly related to the baseline LVEF and duration of the disease 
[14, 30].

Question 2
What are the possible determinants of less than expected improvement in exercise 
capacity after CRT?

• Technical issues related to the implantation of the CRT device
• Sedentary lifestyle at the onset of the disease
• Comorbidities: obesity, chronic respiratory disease, anemia, etc.

Answer
In clinical trials, about 30 % of patients have no benefit from CRT (CRT non- 
responders) [31]. Certain documents concerning the best approach to CRT non- 
responders have shown that reevaluation of the CRT device (including pacing lead 
position and programmed parameters) should be considered along with optimiza-
tion of the pharmacologic therapy as the main steps in this “troubleshooting algo-
rithm” in order to achieve and maintain the clinical outcome [32].

The suboptimal technical results of CRT are primarily related to LV pacing lead 
placement limitations, caused by particular anatomy of the coronary sinus branches, 
scar proximity, or phrenic nerve stimulation, but also to suboptimal atrioventricular 
(AV) and right ventricle-to-left ventricle (RV-LV) delay [33].
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In our patient, the poor improvement in exercise capacity was not determined by 
technical issues, all the parameters tested soon after implantation and at 4 weeks 
post-procedural evaluation being within normal range.

On the other hand, some clinical issues such as preexisting sedentary lifestyle 
and physical deconditioning could lead to a weaker and delayed response to CRT, 
but our patient has an active lifestyle.

Furthermore, the CRT non-responders should be evaluated for other well-known 
conditions such as chronic kidney disease, worsening of mitral regurgitation, new- 
onset atrial fibrillation, or myocardial ischemia (in the setting of coronary artery 
disease). All of them were ruled out in our case.

The third category includes conditions unrelated to abnormal cardiac perfor-
mance, but certainly very common among HF patients [32]. These conditions are 
able to decrease the benefits of CRT.

Obesity increases oxygen consumption at rest; thus, the maximal effort capacity 
is reduced but our patient has normal weight. Chronic respiratory diseases, espe-
cially COPD [34, 35], contribute to the decrease in peak VO2 by impairing the respi-
ratory phase of oxygen transportation. Our patient performed spirometry, which 
showed normal values, and the ventilatory parameters were also within normal 
range during CPET; thus, a respiratory cause was improbable.

Anemia is another well-known cause for reduced effort capacity in heart failure 
patients. It could be the result of erythropoietin deficit, in this case erythropoietin 
treatment representing a feasible option for improving clinical status. More often 
anemia is due to iron deficit, which occurs long before the onset of anemia. This is 
why screening for iron deficiency by serum ferritin determination and parenteral 
iron replacement is largely recommended in HF patients [36].

In our patient, a moderate anemia was recorded (Hb = 10.3 g/dl, ferritin 30 ng/
ml) as well as an iron deficiency of 489 mg. We therefore administered iv Ferinject 
(500 mg/10 ml), and after 4 weeks, the normalization of hemoglobin was achieved 
(Hb = 13.1 g/dl). An additional dose of 500 mg was administered to restore the iron 
reserve. This was followed by an improvement in clinical status. The patient noticed 
a better effort capacity and quality of life. Therefore we considered the patient can 
be included now in a physical training program.

Question 3
What is the rationale of cardiac rehabilitation in CRT recipients considering that the 
resynchronization therapy by itself improves the exercise capacity?

Answer
The physical training in resynchronized HF patients is recommended because it 
further enhances exercise tolerance [37]. The COMPANION trial has reported an 
improvement of 24 % in exercise capacity [11], regardless of baseline characteris-
tics of patients or disease severity.

These benefits result mainly from improvement of peripheral mechanisms 
involved during exercise, including skeletal muscle abnormalities (peripheral sym-
pathetic nerve activity, inflammatory cytokines, endothelial dysfunction) [37, 38], 
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the last being recorded after at least 3 months of cardiac rehabilitation [38]. 
Therefore, for the same myocardial oxygen consumption and cardiac output, endur-
ance training provides additional benefits in terms of exercise capacity measured by 
parameters such as peak oxygen consumption (peak VO2). Reverse left ventricular 
remodeling and increasing of cardiac output were also reported [12].

So, our patient was enrolled in a cardiac rehabilitation program designed for 
heart failure patients. The physical training was initiated in the Outpatient 
Department of the Clinical Rehabilitation Hospital.

A 6-month program consisting of three sessions/week was initiated. According 
to current guideline recommendations, each session was planned to consist of 
5 mins warm-up and cool-down period and progressive 15–30 mins training on 
cycle, with progressive increase in exercise workload from 50 % peak VO2 (HR = 
80 bpm) to 70 % peak VO2 (HR = 90–95 bpm). To calculate training HR, the heart 
rate reserve (HRR) was used because peak HR during CPET was low (treatment 
with carvedilol). During the rest of the days of the week, walking 2–3 km/hour, for 
15–30 mins, was recommended.

Medical advice regarding lifestyle changes (dietary energy content, salt intake, 
smoking, and alcohol forbidden) was provided.

During cycle ergometer training, even if the heart rate increased appropriately, he 
tolerated the exercise poorly and complained of dyspnea, especially once the HR 
exceeded 80 bpm.

Question 4
How can the unexpectedly decreased exercise tolerance be explained?

Answer
The debate comprises several issues:

• The severe impairment of the left ventricle systolic performance. The negative 
correlation between the LVEF and the resting heart rate has been demonstrated; 
furthermore, the lower the LVEF [39], the lower the maximal exercise heart rate 
and the heart rate reserve.

• In our patient, however, the LVEF significantly improved (from 24 to 30 %) and 
the resting heart rate was normal. Moreover, during exercise, the heart rate 
increased normally, even if the patient complained of dyspnea.

• The skeletal myopathy in heart failure [4]. The decreased oxidative capacity of 
skeletal muscle is an important limiting factor of exercise capacity especially in 
elderly or in patients with longer disease duration. It is not the case of our middle- 
aged patient with a 6-month history of heart failure and without any suggestive 
symptoms of myopathy (muscular weakness/pain).

• The loss of biventricular pacing during exercise. The greatest benefits of CRT 
observed during the follow-up of large cohorts were associated with a biventricu-
lar pacing exceeding 98 % of all ventricular beats [40]. When the biventricular 
pacing is lost (due to atrial fibrillation or, in sinus rhythm, because of an AV 
conduction faster than the programmed AV interval), the LBBB, ventricular 
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dyssynchrony, and the hemodynamic disturbances will reappear and the benefit 
of CRT is lost. This can occur during exercise (including physical training) above 
a certain heart rate because of increased sympathetic stimulation.

The ECG monitoring of the patient during training has shown shortening of the 
intrinsic PR interval to 150 ms, when the heart rate exceeded 80 bpm. Whereas the 
programmed AV delay was 160 ms, the biventricular pacing was lost, and on the 
surface (standard 12-lead) ECG, the initial LBBB reappeared (Fig. 12.3). Therefore 
the AV delay was refined by choosing a rate-responsive AV delay corresponding to 
130 ms for a heart rate range of 80–120 bpm.

As seen in Fig. 12.4, after reprogramming the AV interval, the biventricular pac-
ing was preserved during physical training, up to a heart rate of 108 bpm. Given the 
improvement of the symptoms (dyspnea), he was able to complete his 6-month 
training program.

At the end of the training program, CPET showed a 25 % improvement in peak 
VO2 (from 12 to 15 ml/kg/min – Fig. 12.5) and also the maintaining of biventricular 
pacing all along exercise testing.

 Conclusion
CRT is an effective additional tool in the management of systolic heart failure 
patients, in the setting of LBBB and LVEF <35 %. By improving cardiac hemo-
dynamics but also the skeletal myopathy and peripheral mechanisms which 
intervene during exercise, physical training enhances the benefits of 
CRT. Whenever physical training fails to increase the exercise capacity, the 

Fig. 12.3 MI, 56 years, male. On the ECG recorded during training sessions, at HR above 80/min, 
the LBBB reappears because PR shortens to 150 ms, less than the programmed AV delay (160 ms)
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Fig. 12.4 MI, 56 years, male. The AV delay was programmed at 130 ms. During the entire train-
ing session, the biventricular pacing is preserved, up to a HR of 108 bpm
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underlying causes, as anemia or loss of biventricular pacing during exercise, 
have to be reviewed.

That’s why always before or during the exercise training is recommended to 
check by CPET, exercise testing, or by ECG monitoring of the training sessions, 
if during the entire session the biventricular pacing is preserved.
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13Exercise Training in Congenital Heart 
Diseases
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and Konrad Brockmeier

13.1  Introduction

Congenital malformations of the heart and vessels occur in 5–9 per 1000 live births 
[1–4]. The data from the European Surveillance of Congenital Anomalies central 
database (EUROCAT) show the average prevalence in Europe to be 7.2 per 1000 
live births varying between countries [3]. The spectrum of congenital malforma-
tions of the heart and vessels is diverse. Defects can roughly be categorised into 
left-to-right shunt lesions, cyanotic lesions, obstructive lesions and complex lesions 
associated with common mixing and single ventricle physiology [1] (Fig. 13.1). 
Table 13.1 shows the most frequent congenital heart diseases comprising approxi-
mately 80 % of all malformations [1, 2].

About 10–15 % of the congenital malformations of the heart and vessels do not 
require correction. Between 70 and 80 % of all congenital heart defects can be cor-
rected or palliated in the long term, and an increasing number of therapeutic pro-
cedures can be performed by interventional catheterisation techniques, avoiding 
the need for open-heart surgery [1]. Definitive therapeutic procedures are increas-
ingly carried out in early infancy, to avoid long-term complications resulting from 
the haemodynamic burden or from chronic cyanosis [5–7]. In 2002, a total of 
27,772 operations for the treatment of congenital malformations of the heart and 
vessels were performed in Europe. Germany leads the European statistic. In 2014, 
5779 cardiac operations for congenital heart defects were performed in Germany, 
4775 of those using the heart-lung machine. Significantly, almost half of all 
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operations were performed on neonates and infants. In addition, there were 5100 
catheter interventions [8]. Progress in treatment of congenital heart disease has led 
to a dramatic reduction of mortality [6–10]. Population-based data from the USA 
demonstrate 39 % reduction in mortality from heart defects (all ages) in the period 
from 1979 to 1997 [4]. Mortality rates demonstrate further decline up to 2007 [4, 
8] that since then have been stable on the low level. Age at death is increasing, sug-
gesting that more affected persons are living to adolescence and adulthood [8, 9]. 
Results of the UK central cardiac audit database, valid for the year 2001, show the 
1-year survival rate for children undergoing operation before 1 year of age at 90 % 
and for therapeutic catheterisation at 98.1 % [10]. In Norway in 2011, the 1-year 
survival for children undergoing operation was 96.5 % and the 5-year 95.0 % [6]. 
In Germany mortality from congenital cardiac malformations (operated or 

Without shunt
20–30 %

(PS, CoA, AS)

Without Shunt
20–30 %

Left-right-shunt
Ca. 50 %

(VSD, ASD, PDA)

Right-left-shunt
20–30 %

(ToF, TGA)

With shunt
70–80 %

Acyanotic
70–80 %

Cyanotic
20–30 %

Fig. 13.1 Classification of congenital heart defects according to defects with or without shunt and 
with or without cyanosis (Definition of abbreviations, see Table 13.1) [20]

Table 13.1 The most frequently diagnosed congenital heart diseases [1, 2]

Acyanotic defects
Obstructions in valves or vessels Primary left-to-right shunt
  Pulmonary stenosis (PS) 6–13 %
  Coarctation of the aorta (CoA) 

8–11 %
  Aortic stenosis (AS) 6–9 %

  Ventricular septal defects (VSD) (isolated) 
14–16 %

  Atrial septal defects (ASD) 4–10 %
  Persistent ductus arteriosus (PDA) 10–15 %

Cyanotic lesions
Right-to-left shunt Complex lesions
  Tetralogy of Fallot (ToF) 9–14 %
  Transposition of the great arteries 

(TGA) 10–11 %

  Single ventricle physiology, e.g. hypoplastic left 
heart syndrome (HLHS) 4–8 %
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unoperated) has decreased by approximately 60 % between 1990 and 2014. This 
decrease was seen in all age groups. The greatest decline was seen in the group of 
neonates (70 %) [8]. In Finland the 60-year survival in CHD patients was found to 
be 70 % versus 86 % for the general population [7]. Thus the population of adult 
patients with congenital heart diseases (ACHD) is continuously growing. Due to 
the remarkable improvement in survival, this also applies to the group of patients 
with more complex disease. The precise number of ACHD patients in Europe is 
unknown [11].

With improved survival, the focus of follow-up care has to shift from assessment 
of procedure-related mortality towards assessment of long-term quality of life. A 
review from Marino et al. [12] revealed high prevalence of developmental disorders/
deficits in children with CHD. This applies to attention performance, psychosocial 
strengths as well as deficits in gross and fine motor development. Preventive diag-
nosis and treatment have to be initiated early, aiming to find deficits and alleviate 
them through the use of specific therapeutic/rehabilitative measures [13–15]. Motor 
development and physical activity are one of the fields on which diagnosis and treat-
ment must focus, in particular to what extent physical activity should be recom-
mended in order to improve the quality of life [13–18].

This chapter will focus on the impact of physical activity and exercise training in 
children, adolescents and adults with congenital heart disease.

13.2  The Impact of Physical Activity and Exercise Training 
in Children and Adolescents with Congenital Heart 
Diseases

Children have a basic need for motor activity. This elementary need to move is bio-
logically based and guaranteed by the dominance of central nervous excitation pro-
cesses. Movement serves as a catalyst in the child’s development, especially in 
younger children. A high level of movement ensures the advancement of the child’s 
physical development, especially the locomotor system, which through movement 
gains the impulses needed for its normal development [19, 20]. In contrast, physical 
inactivity in childhood is abnormal – regardless of whether it is due to physical, 
emotional, psychosocial or cognitive factors [20]. Establishing contacts self- 
confidently, thoughtfulness, cooperation, benchmarking, competence, abiding by 
rules and participating in group activities are important behaviours which preschool 
children mainly learn by taking part in active games with peers. As early as pre-
school age, good motor abilities, skilfulness and strength improve a child’s social 
reputation with his/her group of peers, thereby improving self-confidence and sup-
porting the development of emotional stability and positive self-image; this is even 
more pronounced at early school age [19]. Thus the children’s perceptual and motor 
experience not only determines their physical and motor development but also deci-
sively influences their emotional, psychosocial and cognitive development. 
Deficiency in this field might affect the children’s entire personal development in a 
negative way [19–21].
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Often, cardiac disease means a restriction of the affected child’s perceptual and 
motor experience. Complex and severe heart defects may, at least temporarily, cause 
reduced symptom-limited exercise tolerance and therefore require a certain amount 
of rest. Times of inpatient examinations or corrective operations are always periods 
of more or less strict immobilisation. Depending on their duration and the child’s 
age and mental stability, cardiac disease can lead to developmental stagnation or 
regression. Great uncertainty exists especially with regard to the danger to which 
one might expose children by allowing them to engage in physical activity. This is 
often – unnecessarily – also the case with children whose physical capacities are 
grossly normal [20, 21]. Figure 13.2 shows the conditional network of possible 
causes and effects of physical inactivity in children with heart diseases.

Relatively few studies [19, 21–25] have focused on the motor development in 
children with congenital malformed heart (Fig. 13.3). All studies but one [25] per-
formed have demonstrated that deficits in motor development can be expected in a 
relatively large group of affected children and adolescents. In a large study [21] the 
motor development in 194 subjects with congenital malformations of the heart was 
compared with that of a representative control group of healthy peers. The classifi-
cation of the motor development demonstrated 58.7 % of the children with heart 
disease to have moderate to severe deficits in gross motor skills and 31.9 % to have 
severe deficits (Fig. 13.4). In the group of children with CHD, no differences were 
found for gender, but older children and adolescents (aged 11–15 years) had more 
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Fig. 13.2 Conditional network of possible causes and effects of physical inactivity in children 
with congenital heart diseases (CHD) [20]
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The body-coordination-test for children (KTK) 
Schilling F. Körperkoordinationstest für Kinder. KTK Manual. Weinheim: 1974

Balancing
backwards

MQ 1

Monopedal
jumping
MQ 2

Sidewise moving
on boards

MQ 4

Sidewise
jumping
MQ 3

MQ                          Classification

131-145 high motor deverlopment

116-130 good motordeverlopment

86-115 normal motor deverlopment

71-85 moderate motor disturbances

56-70 sever motor disturbances

< 56 below classification level

Fig. 13.3 The body coordination test for children. Classification of motor development depending 
on the motor quotient adjusted for age and gender (Schilling F. Körperkoordinationstest für Kinder. 
KTK Manual. Weinheim: 1974) [21]
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Fig. 13.4 Classification of the motor development in children with congenital heart disease com-
pared to a representative group of healthy pears [21]
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severe deficits compared to younger children (5–10 years of age; p < 0.01). The 
mean age- and gender-adjusted motor quotient was significantly lower in the group 
of children with CHD compared to the control group. This was seen in the children 
with significant residual sequelae as well as in those with no or mild residual 
sequelae (Fig. 13.5). This is especially noticeable since there is no reason for any 
restriction of physical activity in the children with mild uncorrected lesions or with-
out residual sequelae after previous surgery.

Another large study investigated the motor competence in children with complex 
congenital heart disease [18]. The results of 120 children (aged 7–12 years) who 
had undergone a surgical repair with multiple and complex correction within the 
first year of life were compared with that of 387 healthy school children at same 
age. Children with CHD scored significantly worse for manual dexterity, ball skills, 
grip strength, quadriceps muscle strength and static and dynamic balance (Fig. 
13.6). Compared with the healthy peers, children with complex congenital heart 
disease had 5.8-fold (95 % confidence interval, 3.8–8.8) risk of having some degree 
of impaired motor competence. The risk for having severe motor disturbances was 
11-fold (95 % confidence interval, 5.4–22.5) [18].

The results of studies investigating the exercise tolerance of children and young 
adults with various forms of congenital heart diseases demonstrate that depending 
on the severity of the defect, the success of corrective procedures and the presence 
and degree of residual sequelae, physical performance may be limited [26–38]. 
However, the findings show that even children with mild uncorrected lesions or 
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without residual sequelae after previous surgery may reveal a substantial reduction 
in their physical performance [27, 28, 37].

Fredriksen et al. [27] compared the peak oxygen uptake (VO2peak) of 169 children 
and adolescents (91 boys, 78 girls, aged 8–16 years) with congenital heart disease 
with that of a representative control group of 196 healthy pears. The results demon-
strated that patients with CHD exhibited lower VO2peak values in all age groups, with 
declining values for boys after the age of 12–13 years (Fig. 13.7). While patients 
with tetralogy of Fallot had lower VO2peak values, they made approximately the same 
progress with age as healthy peers. A marked decline in VO2peak was seen in patients 
with transposition of the great arteries after the age of 12–13 years. These results 
have been confirmed in more recently published studies showing reduced exercise 
capacity in children, adolescents and young adults (aged 6–25 years) with various 
CHD diagnosis. They revealed VO2peak to be markedly reduced by 60–82 % of that 
predicted [33, 35, 36, 38].

Some studies have evaluated the physical activity patterns in children and ado-
lescents with CHD and [38–43] and in the majority of the cases found it to be 
reduced compared to healthy pears.

A study investigating the activity patterns of 54 children and adolescents (aged 
7–14 years) after neonatal arterial switch operation using 24 h continuous heart rate 
monitoring revealed that these patients do not meet the guideline for physical activ-
ity. Compared to the results of 124 age-matched healthy children, the CHD group 
was significantly less active. This was true for moderate and vigorous activities. The 
results revealed only 19 and 27 % of the CHD patients engaged in more than 30 min 
a day of moderate activity and 20 min a day in vigorous activity, respectively [42]. 
McCrindle et al. [43] demonstrated that in children and adolescents after Fontan 
procedure, the measured time spent in moderate and vigorous activity was markedly 
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Fig. 13.6 Mean results in quadriceps and handgrip strength as well as static balance (low balance 
index indicates good abilities to perform the balance task) in children with complex congenital 
heart disease compared with healthy peers (According to Holm et al. [18])
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below normal at all age. This was seen particularly in female patients and was not 
significantly related to self-reported activity levels or to VO2peak levels [43].

O’Bryne et al. [38] evaluated the habitual exercise habits in 88 subjects 
(12.6 ± 3.3 years) with conotruncal abnormalities. They revealed median amount 
of weekly exercise to be 4 h (interquartile range 0–2, 2–4, 4–9.7, and 9.7–24 h/
week). The VO2peak was 76 ± 21 % of that predicted. They found hours of weekly 
habitual exercise to be correlated with exercise performance. Arvidsson et al. 
[40] evaluated the physical activity level and physical performance in 32 children 
aged 9–11 years and 25 adolescents aged 14–16 years with CHD. They found a 
significant correlation between physical activity level and VO2peak in 9–11-year-
old girls and 14–16-year-old boys and girls but not in the group of 9–11-year-old 
boys with CHD.

Obesity is also a common comorbidity in children with congenital heart dis-
eases [44]. Findings from Stefan et al. [45] demonstrated exercise-intolerant and 
activity- restricted children experienced larger increases in the absolute body mass 
index (BMI) and the BMI percentile than children with neither exercise intolerance 
nor activity restrictions. In 110 children with congenital heart disease (mean age 
8.4 years), activity restriction was the strongest predictor of the risk of being over-
weight and obese at follow-up [45].

These results emphasise the importance of encouraging children and adolescents 
with congenital heart disease to engage more in physical activity and exercise train-
ing in order to avoid sedentary behaviour in adulthood and prevent atherosclerotic 
cardiovascular disease.

The impact of a congenital cardiac malformation on the development of the 
affected child depends on the type and severity of the malformation, as well as the 
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timing and success of therapeutic measures. For some complex malformations with 
single ventricle physiology, only palliative solutions are available. Lesions such as 
tetralogy of Fallot [46], atrioventricular septal defect [47] and transposition of the 
great arteries [46] can be successfully corrected in infancy with good long-term 
outcome. After successful correction in infancy, most of the children born with 
cyanotic congenital malformations are able to participate in all normal age-appro-
priate physical activities with their healthy peers [13–15, 48–54]. While in children 
with significant postoperative clinical findings some restrictions regarding physical 
activity might be recommended, the group of children with no or mild residual 
sequelae do not require any restrictions and should be taking part in normal physical 
activity. Although it is well recognised that neurological impairment might be 
caused by pre-/postoperative persistent low cardiac output, acidosis and/or hypoxia 
or from ischaemia related to surgery and be associated with later neurological defi-
cits [55–59], this alone does not explain the deficits in motor development observed 
in children with congenital heart diseases. The main studies cited did exclude all 
children with recognised syndromes, disabilities or comorbidities, which might 
have affected their motor development. It is more likely that a significant proportion 
of the deficits in motor development observed are primarily due to lack of efficient 
bodily perception and movement experience due to restrictions in physical activity. 
Overprotective behaviour in the children’s parents and teachers could be an impor-
tant reason for the observed deficits. Mothers of children with congenital heart dis-
ease report higher levels of vigilance with their children than mothers of healthy 
children same aged [60]. Anxiety and overprotecting parents’ attitude might reduce 
the child’s exposure to peers, not least regarding physical activity, which might 
influence the child’s social competence, motor development and cause retardation 
[61]. Parents of children with congenital heart disease are more likely to report 
elevated levels of parenting stress compared to the normal population [62–64]. This 
high level of stress is unrelated to the severity of the child’s disease but tends to be 
higher in parents with older children when it becomes more difficult for them to set 
limits and maintain control [65]. Mothers are most concerned not only about the 
medical prognosis of their child but also regarding the child’s quality of life includ-
ing aspects like functional and physical limitations [65].

13.3  Recommendations for Physical Activity

Numerous groups of experts have provided recommendations concerning exercise 
for children with CHD [13–15, 50–53, 66]. These recommendations can contribute 
to avoiding unnecessary exclusion of children and adolescents with heart disease 
from physical activity and sport. Moreover, they can minimise children’s, parents’ 
and teachers’ insecurity in regard to the affected child’s physical abilities. In keep-
ing with these recommendations, all youth with CHD who fulfil the necessary 
requirements should have the opportunity to participate in physical activity and, if 
needed, take part in specially adapted programmes of physical education. For the 
assessment of aptitude and classification, the primary heart defect is less important 
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Table 13.2 Classification according to current cardiac situation and postoperative clinical find-
ings [20, 66]

Group 0 Patients with haemodynamically significant cardiac defects before cardiac surgery/
interventions (including ablation)

Group 1 Patients after heart surgical/catheter interventional operations
  1.1 No residual sequelae (complete correction)
  1.2 With mild residual sequelae
  1.3 With significant residual sequelae
  1.4 Patients with complex heart defects after palliative interventions
  1.4a Such as the Fontan operation or the Mustard operation for TGA, where separation 

of systemic and pulmonary circulation has been achieved
  1.4b Patients in whom the two circulatory systems have not been separated (e.g. 

aortopulmonary shunt operation)
Group 2 Patients with heart defects not requiring operation
  2.1 Shunt lesions with insignificant left-to-right-shunt such as small atrial or 

ventricular septal defect
  2.2 Insignificant valvular defects/anomalies such as congenital bicuspid aortic valve
  2.3 Clinically insignificant arrhythmias/changes in ECG
  2.4 Clinically insignificant myocardial changes
Group 3 Patients with inoperable heart defects
Group 4 Patients with chronic cardiomyopathy
  4.1 Clinically significant
  4.2 Clinically insignificant
Group 5 Patients with problematic long-term/permanent therapy
  5.1 Pacemaker
  5.2 Anticoagulants
  5.3 Antiarrhythmics
  5.4 Anticongestives
Group 6 Patients after heart transplantation

Table 13.3 Recommendation for exercise training according to the classification of the severity 
of the current clinical situation [66]

Group Severity Category
Recommendation for 
exercise

0 Cardiac defects requiring surgery 0 No ports
A No residual sequelae (complete 

correction)
1.1 Unlimited

B Mild residual sequelae 1.2; 2.1; 2.2; 2.3; 2.4; 
4.2

Unlimited

C Clinically significant residual 
sequelae

1.3; 5.1; 5.2; 5.3 No competitive sports

D Severe clinically significant 
residual sequelae

1.4a;1.4b; 3; 4.1; 5.4; 
[6]

Limited sports

E Vitally threatening findings No sports

than the current clinical status and potentially deleterious residual defects (Tables 
13.2 and 13.3).

For many of the affected children, no restriction of physical activity and sport is 
recommended [13–15, 49–50, 53, 66]. This group includes all children and adoles-
cents whose heart defects were definitively corrected in infancy or early childhood 
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(persistent ductus arteriosus, small atrial septal defect, ventricular septal defect), 
who do not have symptom-limited reduction of exercise capacity (Group 1.1). Even 
in patients with mild residual defects (Group 1.2) (such as moderate aortic valve 
disease), normal load can be permitted in physical education and physical activities 
in leisure time. This also applies to children and adolescents whose cardiac defects 
do not require surgery (Group 2, for instance, small septal defects or insignificant 
valvular stenosis) [20, 66]. Patient groups 1.1, 1.2 and 2 do need temporary partici-
pation in remedial programmes and/or adapted physical education if a restriction of 
physical fitness and/or psychomotor deficits exists. In this context, the indication for 
participation in special exercise-based rehabilitation groups may also result from 
psychosocial reasons [54].

Despite the reduction in mortality and improved haemodynamic outcomes of 
surgery and interventional catheterisation, a considerable number of affected 
children and adolescents have haemodynamically significant residual defects, 
which may impair their expectancy and quality of life. For them, participation in 
special exercise-based rehabilitation groups is most recommended. For patients 
with significant findings, complex heart defects subsequent to palliative interven-
tions, inoperable heart defects, chronic cardiomyopathy, complex arrhythmia or 
after heart transplantation, participation in physical activity cannot generally be 
advocated. Here, a decision for each individual patient has to be made in consul-
tation with the attending paediatric cardiologist. Patients with complex heart 
defects after palliative operations (Group 1.4) represent a special group. In a 
great number of them (Group 1.4a), a separation of the systemic and pulmonary 
circulations can be performed, and thus no cyanosis persists. However, some 
patients remain cyanotic (Group 1.4b). For these groups, and for children receiv-
ing anticoagulant therapy or with implanted devices (pacemakers, ICDs) or at a 
risk of sudden death, special and sometimes individual recommendations have to 
be made [13–15, 49–50, 53, 66]. Possible contraindications for participation in 
physical activities are summarised in Table 13.4.

Prior to starting a physical training programme, a thorough cardiological 
examination has to be performed in order to classify diagnosis and severity of the 
disease (Table 13.5). The objective of this examination is to determine the 

Table 13.4 Contraindications for 
participation in physical activities 
[20, 66]

Contraindications for participation in physical 
activity may result from the following:
  Acute myocarditis
  Children/adolescents with heart defects which 

acutely require surgery
  Significant coarctation and/or heart failure 

NYHA class III/IV (preoperative)
  Severe pulmonary hypertension
  Severe cyanosis
  Complex arrhythmia
  Severe cardiomyopathy, obstructive 

hypertrophic cardiomyopathy
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patient’s individual symptom-limited exercise tolerance and the risk of exercise-
related sudden cardiac death associated with the individual’s specific disease 
[13–15].

In addition to the required preliminary examinations (Table 13.5), physical activ-
ity participation should be assessed at the initial examination as well as at every 
control checkup. For children up to 10–12 years of age, regular assessment of motor 
development and different motor skills is recommended [14, 15].

13.4  Physical Activity in Children and Adolescents with CHD

Improvement of physical activity in children with CHD should start as early as pos-
sible. In this way, deficits in perceptual and motor experience and their negative 
consequences can be minimised. Children need to be provided with the opportunity 
to act out their basic need for physical activity and should only be stopped if there 
is a specific danger of sudden death. They should participate in physical activity 
(indoors and outdoors) with their peers in an unrestricted fashion, as far as possible. 
This applies to play and guided activity in kindergarten, school and/or sports clubs 
[14–15, 20, 50, 66].

Recommendation for physical activity and exercise training has to include infor-
mation about the type, contents, intensity, duration and frequency of exercise. The 
appropriate type of exercise is of main importance. Predominantly static exercise 
can result in high stress on the systemic and pulmonary circulations, which can have 
extreme effects on the haemodynamic function in congenital heart disease. 

Table 13.5 Required preliminary examinations to determine the possibility of participation in 
physical activity and exercise training [13–15, 20, 66]

Initial examination:
  Precise knowledge of patient’s clinical history
  General physical examination
  ECG at rest
  Echocardiography
  Ergometrya(spiroergometry, if needed), especially in case of cyanotic lesions with 

transcutaneous
  O2 measurement, 6 min running test or 6 min walking test if needed with ECG monitoring 

(as an alternative for younger children)
  Long-term ECG
Facultative: stress echocardiographya

Control checkups (at least yearly)
  Clinical history
  General clinical examination
  ECG at rest
  Echocardiography
  Endurance testinga

aStarting at age 5–6
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Predominantly dynamic type of exercise, however, reduces the afterload and can 
therefore be expected to have a protective effect [15, 66]. Selected forms of exercise 
and games in childhood with a high dynamic/low static component are running, 
skipping, jumping, cycling, swimming, inline skating, skateboarding, running 
games, ball games and so-called small active games. Types of exercise with a high 
static/low dynamic component are, for example, climbing, swinging, leaning on 
both arms, pulling, pushing, martial arts such as judo and gymnastics, e. g. on the 
high bar or the parallel bars (leaning on both arms, hanging) [15, 66]. Figure 13.8 
shows classification of selected organised sports and exercise based on peak static 
and dynamic components during participation.

Recommendation on exercise intensity should be established and controlled 
based on the results of an exercise stress test done on a bicycle/treadmill ergometer 
including ECG and blood pressure monitoring. In physical activities and exercises 
with high dynamic components, i.e. aerobic endurance activities, heart rate, breath-
ing and rate of individually perceived exertion can be used to assess appropriate 
intensity (Chap. 4).

Participation in specific supervised programmes for the promotion of motor abil-
ities can help to limit motor deficits and prepare and support the integration of 
children into their peer group [19]. The special aims of such programmes are to 
develop individual perception of potential limitations and establish the boundaries 
of their exertional tolerance. In connection with acquiring age-appropriate knowl-
edge about the disease-specific situation and the resulting symptom-limited 
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capacity, this leads to a realistic self-estimation. In combination with this positive 
self-concept, emotional and psychosocial stability as well as a proper social integra-
tion, a realistic self-evaluation represents the most efficient protection from over-
load in daily life, physical activity and sport [19]. This is of special importance in 
adolescents with CHD since the specific behaviour patterns in youth often cause 
them to consciously disregard their body signals in order to avoid the ‘embarrass-
ment’ a necessary physical break would bring about. By doing this, they expose 
themselves to potential danger. Prevention of this danger can – besides appeals to 
the adolescent’s rationality – only be achieved through an early stabilisation of per-
sonality and the improvement of self-responsibility and self-confidence.

Results of empirical studies show that the physical performance and motor 
skills of children and adolescents with CHD can be enhanced through regular 
engagement in autonomous or supervised physical activity [19, 25, 31, 35, 68–
71]. These results also demonstrate that such participation not only improves 
physical performance (Fig. 13.9) and motor abilities but also positively influ-
ences the child’s emotional, psychosocial and cognitive development. The par-
ticipation of 16 patients (aged 8–17 years) with complex congenital heart disease 
(11 Fontan patients and 5 with other CHD) in a 12-week exercise-based cardiac 
rehabilitation programme (1 h twice a week) revealed a significant improvement 
of exercise capacity. VO2peak rose from 26.4 ± to 30.7 ± mL/kg per min and ven-
tilatory anaerobic threshold from 26.4 ± to 30.7 ± mL/kg per min. No changes 
were seen in the control group. No rehabilitation- related complications or 
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adverse effects were observed [69]. Both groups were reinvestigated 6.9 ± 
1.6 months after competition of the programme, and the results demonstrate sus-
tained improvements in not only exercise function but also self-esteem and emo-
tional status in the rehabilitation group [68] (Fig. 13.10).
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In 31 children with various types of CHD who participated in 8-month specific 
psychomotor training programme (75 min once a week), significant improve-
ments in their motor performance were achieved. The number of children classi-
fied with deficits in motor performance decreased from 54.8 to 29.0 % [17] (Fig. 
13.11). Figure 13.12 illustrates how possibly negative consequences of the dis-
ease can be compensated through the improvement of motor abilities and skills by 
special motor training programmes. In 61 children with single ventricle physiol-
ogy after Fontan (aged 6–11 years) who participated in 24 months of home-based 
rehabilitation programme, motor gross skill improved significantly by 49 %. The 
level of moderate- to- vigorous physical activity increased significantly and was 
measured 36 ± 31 min/week above the baseline result at 24-month evaluation 
[25]. In a systematic review [31] of effects of physical exercise training pro-
grammes in CHD children and young adults, the results of 31 articles (621 sub-
jects) were analysed. Eighteen studies reported on occurrence of adverse events, 
but none of them reported negative findings related to the exercise programme. 
Twenty-four studies (177 subjects) reported results on VO2peak with mean increase 
of 2.6 ml/kg/min. Significant improvement in 6 min walking distance was reported 
in two studies. Muscle strength was assessed in five studies, showing significant 
improvement in strength mediated by the programme in three studies [31]. 
Tikkanen et al. [35] published a systematic review evaluating the results of 
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cardiac rehabilitation in congenital heart disease in patients under 18 years of age. 
Sixteen studies met the inclusion criteria. These studies were of heterogeneous 
methodology and variable quality. Aerobic exercise training and resistance train-
ing were the core components of the exercise-based rehabilitation programmes. 
They found great differences in the exercise contents as well as exercise intensity, 
frequency and duration. While most of the older studies only included aerobic 
exercises, the more currently published studies included combined aerobic and 
resistance exercise programme. None of the studies reported adverse events. The 
optimal structure of an exercise-based paediatric cardiac rehabilitation programme 
remains unclear [35].

13.5  Phase II Rehabilitation: Heart Groups for Children 
and Adolescents with CHD

In Germany special medically prescribed, supervised outpatient therapy services 
(children’s heart groups) have been launched to promote psychomotor skills in 
children and adolescents with CHD [19, 54]. Children in need of this therapy are 
given the opportunity to be physically active in a medically supervised, ‘pro-
tected area’. Here, potentially existing psychomotor deficits can be identified and 
treated. Simultaneously, conditions for a thorough integration into physical 
activity of peers (as, for instance, physical education at school) are established. 
Most children need only short-term participation (90–120 sessions or units). For 
children who, as a result of the severity of their disease, urgently require medical 
supervision during physical activity, longer-term participation (possibly for 
years) is desirable and practical in order to provide means for them to be physi-
cally active at all. To provide adequate individual attention, group sizes should 
be small (up to 10 children), and children should all approximately be of the 
same age. Table 13.6 summarises the main objectives of the specific psychomo-
tor training programme provided in these groups [54]. The content of special 
motor training programmes primarily aims at improvement of perceptual and 
motor development in order to compensate for existing deficits. Positive experi-
ence of one’s own body, its functions and capabilities constitutes the basis for 
developing a positive self-image, which in turn helps the children to cope with 
their disease and the possible restrictions connected with it. Based on differenti-
ated body perception, children develop awareness for strain and learn to have the 
confidence to take breaks during group activities as often as needed. Moreover, 
all age-appropriate forms of activity should be made available for the children. 
At preschool and elementary school age, these are diverse coordinative tasks 
involving gross and fine motor skills (Figs. 13.13 and 13.14). Specific resistance 
and endurance training is neither necessary nor efficient up to the age of 8–10. 
Improved strength and cardiovascular performance at this age result from 
improved motor coordination.
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Table 13.6 General and special objectives to be achieved by the participation in special medi-
cally prescribed, supervised psychomotor training programmes (children’s heart groups) [19, 54]

General objectives are:
  To eliminate or minimise impairments, disabilities and handicaps linked to the disease and to 

prevent possible secondary effect
  To promote self-management and self-responsibility in terms of self-help
  To promote equal participation in social life and to prevent prevention or counteract possible 

discrimination. It is particularly important to ensure and/or re-establish the affected person’s 
integration into school, education, job, family and society

  To enhance overall quality of life
  To reduce disease-related morbidity
Special objectives are:
  To improve physical performance
  To improve perceptional and movement experience
  To improve body coordination, endurance, strength, speed and flexibility
  To improve motor skills
  To improve sport-specific skills
  To offer insight into the diversity of physical activity and sports available for peer groups
  To give advices for movement-orientated leisure activities
  To provide motivation for autonomous lifelong physical activity
  To identify and compensate possible existing deficits in motor development
  To improve social skills and social integration
  To improve self-esteem and self-image and coping with the disease
  To develop a realistic self-evaluation
  To help coping with the disease

Fig. 13.13 Psychomotor training at preschool age in the children heart group
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Even at early school age, but especially in adolescence, sport-specific skills 
are acquired and increasingly improved through diverse and varied physical 
activities depending on interests and available resources. An important goal is to 
offer insight into the diversity of physical activity and sports available to all 
youth (Fig. 13.15). This is meant to help them obtain specific skills and knowl-
edge and thereby enable and motivate them to participate with their peers in 
physical activities and choose an adequate lifetime sport. Special attention has to 
be given to the danger of abdominal strain. Even at preschool age, children with 

Fig. 13.14 Psychomotor training in the children heart group

Fig. 13.15 Modified 
games in the children 
heart group
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specific risk factors should learn to avoid breath holding during exercise (see 
Chap. 4). Participation in a children heart groups can also help to minimise par-
ents’ concern and anxiety about their child being physically active and can 
thereby reduce overprotection [19, 54].

13.5.1  Exercise Training in Adult Patients with Congenital Heart 
Diseases (ACHD)

13.5.1.1  Epidemiology
Approximately 85 % of the patients born with congenital malformations of the heart 
and vessels survive into adult life [70]. Precise data on the size and composition of 
the population of adult patients with CHD are not available but can be assumed to 
change constantly [11]. Improvement in survival of patients with CHD has led to a 
continuously growing number of ACHD patients, in particular those with more 
complex disease [11]. In the Euro Heart Survey on adult congenital heart disease 
[73], the data of 4110 patients with eight diagnosis groups (ASD II, VSD, ToF, 
CoA, TGA, Marfan syndrome, Fontan circulation, cyanotic defects) were collected 
with follow-up of 5.1 years. The results demonstrate a predominately young popu-
lation (median 27, range 23–37 years) with substantial morbidity (in particular 

Fig. 13.16 Cardiopulmonary 
exercise testing
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arrhythmias, endocarditis or a stroke/TIA) but low 5-year mortality. The majority of 
the patients had no or only mild functional limitation, and more than 60 % of them 
were classified in NYHA class I. Major differences was seen between the diagnosis 
groups with the worst outcomes in patients with cyanotic defects and patients with 
Fontan circulation. However, a noticeable number of patients in the group of 
‘milder’ defects also suffered from cardiac symptoms [73]. These findings empha-
sise the importance of specialised care for adult born with congenital malformation 
of the heart and the vessel.

Relatively few data are available on exercise capacity and exercise tolerance in 
adult patients with congenital heart diseases (Fig. 13.16). These date demonstrate a 
reduced aerobic capacity in all groups investigated [74–83]. Most of these data 
focus on patients with complex congenital heart disease. Severely diminished exer-
cise capacity has been demonstrated in adult [74–76, 78] as well as in adolescent 
patients after Fontan operation [78] showing VO2peak which ranges from 14.8 to 
26.3.8 mL/kg per min, corresponding to 32 % up to 65 % of predicted value. An 
early surgical procedure was associated with higher VO2peak values. A retrospective 
analysis of the results of cardiopulmonary exercise test performed in adult patients 
with congenitally corrected transposition of the great arteries also revealed a 
severely reduced exercise capacity (VO2peak 11 to 22 mL/kg per min; 30–50 % of 
predicted value). The results demonstrate normal mean resting heart rate but reduced 
heart rate response to exercise (79 % of predicted value) [79]. Similar results were 
found in 168 adult patients who had undergone surgical repair of tetralogy of Fallot 
with VO2peak at 51 % and peak heart rate at 79 %, compared to predicted values. 
Exercise capacity decreased with increasing age and was also associated with the 
age at surgical repair [80]. Fredriksen et al. [77] compared the exercise capacity of 
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475 adult patients (aged 16–71 years) with a wide spectrum of congenital heart 
diseases (ASD, ccTGA, ToF, Epseins anomaly, modified Fontan procedure, Mustard 
procedure). The results demonstrate considerably reduced exercise capacity (25–
50 %) in all groups but with great variance between diagnosis groups (VO2peak range 
6 to 45 mL/kg per min) showing the lowest values within in the Fontan group (Fig. 
13.17). All patients achieved significantly lower maximal heart rate than predicted, 
and in all patients except those with ASD, forced vital capacity was lower than the 
predicted values [77]. Diller et al. [81] performed cardiopulmonary exercise testing 
in 335 adult patients (mean age 33 ±13 years) with wide spectrum of congenital 
heart diseases (ToF, Fontan procedure, Mustard procedure, complex anatomy, val-
vular disease, ASD, Eisenmenger, ccTGA, pulmonary atresia, aortic coarctation, 
Epseins anomaly, VSD). They found exercise capacity to be diminished in all 
patients, even in those who were allegedly asymptomatic (VO2peak 26.1 ± 8.2 mL/kg 
per min) (Fig. 13.18). The mean VO2peak was 21.7 ± 8.5 mL/kg per min compared to 
45.1 ± 8.5 mL/kg per min in the healthy control group (p < 0.001). The results dem-
onstrate great variance between diagnosis groups, with the highest values (28.7 ± 
10.4 mL/kg per min) in patients after repair of aortic coarctation and the lowest 
(11.5 ± 3.6 mL/kg per min) in the Eisenmenger syndrome patients. Great variance 
was also seen within the diagnosis groups. Follow-up date (304 days; range 
17–580 days) revealed peak VO2 < 15.5 mL/kg/min to be associated with higher 
risk of hospitalisation or death (hazard ratio, 2.9; 95 % CI 2.2–7.4 p < 0.0001) and 
death alone (hazard ratio, 5.6; 95 % CI 1.4–31.2 p < 0.02) [79] (Fig. 13.19).

Kempny et al. [82] analysed the results of available studies (n = 2286, 23 papers) 
together with own results (n = 2129) in 4415 patients with wide spectrum of diag-
nosis and severity of CHD. They found exercise capacity measured using cardiopul-
monary exercise test to be reduced in 80 % compared to references of healthy 
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subjects, defined as 90 % of predicted peak VO2. They revealed significant differ-
ences between subgroups: the highest values were found in the arterial switch TGA 
group (36.7 ± 9.1 mL/kg/min, 89 % of predicted values). The lowest values were 
found in the Eisenmenger syndrome patients (12.5 ± 3.9 mL/kg/min; 42.7% of pre-
dicted value) and those with complex heart disease (15.7 ± 5.6; 46 % of predicted 
value). Similar to Diller et al. [81], they found exercise capacity to be markedly 
reduced even in patients with simple lesion. Significant differences were also 
observed in VE/VCO2 slope with the highest values in patients with low exercise 
capacity [82]. Both peak VO2 and VE/VCO2 slopes have been shown to correlate 
with NYHA class and quality of life and to be independent predictors of morbidity 
and mortality in patients with congenital heart diseases [81–84].

In patients with chronic heart failure, chronotropic incompetence (CI) has been 
demonstrated to be a predictor of cardiac death and all-cause mortality [85]. Norozi 
et al. [86] investigated the presence and risk of CI in 345 patients (aged 14–50 years) 
with diverse congenital heart disease. Chronotropic incompetence was defined as 
the failure to achieve ≥80 % of the predicted maximal heart rate response given by 
220 – age (years) at peak exercise. The results revealed 34 % of the patients to have 
chronotropic incompetence. Patients with CI had higher NYHA class (1.7 ± 0.06 vs. 
1.4 ± 0.03, p < 0.001), significant elevated N-BNP levels as well as reduced VO2peak 
and VO2AT. Resting heart rate and maximal heart rate achieved during exercise test 
were also significantly reduced. These results were reconfirmed after excluding 
patients, who received negative chronotropic medication [86]. Diller et al. [81] eval-
uated the heart rate response to exercise in 727 adult patients with varying diagnosis 
(mean age 33 ± 13 years). They diagnosed chronotropic incompetence in 62 % of 
the patients with the highest prevalence in patients after Fontan palliation (85 %), 
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Fig. 13.19 Prognostic value of exercise intolerance in adult patients with congenital heart disease. 
Risk of death alone or risk of hospitalisation or death in patients with exercise intolerance (VO2peak 
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with Eisenmenger physiology (90 %) and with complex anatomy (81 %). The low-
est prevalence was seen in patients with repaired ventricular septal defect. Patients 
with CI were more likely to have higher NYHA class and lower peak VO2 (20.4 
±8.2 vs. 28.0 ± 9.9 mL/kg/min). During a median follow-up of 851 days after car-
diopulmonary exercise testing, 38 patients died. The results demonstrate lower val-
ues of heart rate reserve, peak heart rate, heart rate recovery and peak VO2 to be 
significantly associated with increased mortality.

Abnormal heart rate response to exercise was shown to be a powerful prognostic 
marker in adult patients with congenital heart disease, independent of arrhythmic medi-
cation and exercise capacity. Lower heart rate reserve was associated with greater risk 
of death in patients with complex anatomy, Fontan circulation and tetralogy of Fallot 
[87]. Thus, special attention has to be paid to chronotropic incompetence in adolescents 
and adult patients with congenital heart disease. This also applies to heart rate vari-
ability, which has been demonstrated to be reduced in this group of patients [87–89].

The overall 20-year risk of developing an atrial arrhythmia from age 20 years is 
7 % and from age 55 years is 38 %. Several of these are complex atrial arrhythmias, 
which are not amenable to pharmacological control except with the use of multiple 
(and potentially negatively inotropic) medications. The results of catheter ablation 
are also variable. Often new surgical modifications (the atrial Maze operation, 
Fontan conversion) need to be considered. As this subgroup also has a high risk of 
sudden (potentially arrhythmic) cardiac death, exercise recommendations need to 
be weighed very carefully [90].

Beside the severity of the disease and the presence of clinically significant resid-
ual lesions, chronotropic incompetence and impaired lung function may contribute 
to the reduced aerobic capacity seen in adult patients with congenital heart diseases. 
Furthermore, few studies have reported skeletal muscle abnormalities in adults with 
Fontan circulation [91–94], suggesting that muscle wasting as known in heart fail-
ure patients might be common in this population. Cordina et al. [91] evaluated the 
skeletal muscle mass and muscle metabolic in 16 patients (30 ± 2 years) with Fontan 
circulation using dual x-ray absorptiometry (DXA) for lean mass quantification and 
calf muscle magnetic resonance spectroscopy. The results demonstrate reduced 
muscle mass and intrinsic muscle metabolic abnormalities in adults with Fontan 
circulation, showing a quarter of the group to have muscle wasting within sarcope-
nia range [91]. Muscle wasting was associated with reduced exercise capacity. 
Kröönström et al. [95] evaluated the muscle function in 315 adult patients with 
CHD (34 ± 13 years) using isotonic and isometric muscle function test. The results 
revealed CHD subjects to have lower isotonic muscle function in the upper and 
lower body compared to references of healthy subjects. Furthermore, higher NYHA 
classes II–IV were demonstrated to be a significant predictor for reduced isotonic 
muscle function.

However, exercise limitations might also be caused by factors like physical 
deconditioning due to low habitual physical activity level and lack of exercise expe-
rience in childhood, misperception about exercise restrictions as well as lack of 
interest and/or anxiety [72], while symptoms only account for approximately 30 % 
of all barriers to exercise [72].
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13.5.1.2  Physical Activity in Adult Patients with Congenital Heart 
Disease

Sedentary lifestyle is assumed to be prevalent in adults with CHD. Current guide-
lines recommend 30 min of daily activity at individualised intensity for adults with 
CHD [96]. The habitual physical activity in this group is not well studied and the 
published results controversial. Dua et al. [97] assessed the physical activity of 61 
adults with congenital heart diseases over 1 week using accelerometer. The range of 
physical activity was seen between normal and severely limited, declining with 
increasing severity of the disease. However, only 23 % of the asymptomatic patients 
(NYHA class I) engaged in more than 30 min a day of moderate activity. The results 
revealed that most of the patients were willing to participate in physical activity and 
exercise but were unsure about the safety and the benefits of such activities. Müller 
et al. [98] evaluated the physical activity levels using triaxial accelerometer in 330 
adult CHD patients. They found 76 % of the patients to meet the recommendations 
of daily physical activity. In most of the patients, exercise capacity was reduced 
(73.7 ± 19.5 % of predicted). Sandberg et al. [99] assessed the habitual physical 
activity in 80 patients (40 simple lesions; 40 complex lesions) and compared to that 
of 42 age- and sex-matched controls using an Actiheart monitor which is a com-
bined uniaxial accelerometer and heart rate monitor. The results demonstrate no 
significant differences in time spent with moderate-to-vigorous activity and seden-
tary time between the groups. Only 54 % of the patients with simple lesions, 45 % 
of those with complex lesions and 56 % of the controls did reach the current recom-
mendation for physical activity. Tikkanen et al. [100] assessed physical activity and 
exercise capacity in 145 patients (33.5 ± 10.2 years) including follow-up over 
13.2 months. At baseline 42 % reported low, 32.4 % occasional and 25.5 % frequent 
physical activity. Exercise capacity was significantly higher in the frequently active 
group (27.4 ± 4.0 vs. 21.4 ± 6.1 vs. 19.0 ± 5.0, respectively). At follow-up frequent 
physical activity was associated with retention or even improvement in exercise 
capacity. The results support the assumption that exercise capacity in adult CHD 
patients is not only limited by disease-related factors and regular physical activity 
has the potential to improve the often seen diminished exercise capacity in this 
group [101]. All together these results emphasise the importance of individualised 
activity recommendation for adult patient with CHD.

The results of a British study [102] demonstrate that in adult patients with 
CHD, the safety, efficiency as well as potential health benefits of physical activity 
and exercise training are usually not addressed by the physicians. Out of 99 adult 
CHD patients questioned, 71 % reported that this topic had never spontaneously 
been raised by none of their physicians. Only 19 % reported that they had been 
encouraged to be more physically active, and 11 % stated that they had been told 
to have no exercise limitation due to the cardiac disease. More commonly, patients 
were given advises which kinds of exercise were prohibited. On the other hand, 
only 37 % of the patients reported that they had addressed this topic by them-
selves while consulting their physician. Almost half of them assumed that all 
physical activity and exercise were safe for them, including patients with more 
severe CHD [102].
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Gratz et al. [103] compared the self-reported health-related quality of life and 
the results of cardiopulmonary exercise test in 564 patients (14–73 years) with 
various CHD. In all diagnosis groups, even the simplest exercise capacity was sig-
nificantly lower than in the control group of healthy subjects. Despite these limita-
tions in exercise capacity, the patients reported excellent quality of life in most 
aspects. Reductions were only reported regarding physical aspects, with significant 
lower scores for physical functioning, while psychosocial aspects were not diver-
gent to healthy population. Most of the patients severely overestimated their physi-
cal abilities, whereas almost none of them did underestimate their physical abilities. 
This was seen in all diagnosis groups. The reason for this misconception of physi-
cal abilities might be that the patients themselves as well as their families actively 
dissimulate limitations in subjective exercise capacity to improve their self-esteem. 
Lack in thorough knowledge about the disease, its treatment, prevention and 
 contraindication especially regarding physical exertion might also contribute to 
this misconception and might result in precarious overexertion by the patients 
themselves [103].

Especially in young people with congenital heart disease, the ability to exercise 
is a fundamental measure of quality of life, perceived capacity for social accep-
tance, employment, sexual relations and procreation [72]. Recommendation regard-
ing recreational physical activity, exercise training and sports (including competitive 
sports) should be a core component of the patients’ education. Physical activity in 
youth is a major predictor of maintained fitness throughout life [96, 104]. Thus 
education regarding physical activity should begin as early as possible in school age 
and be intensified in early adolescent stage to avoid lack of exercise experience, 
poor coordination and physical deconditioning already at younger age and the trans-
ference of sedentary lifestyle into adulthood. If these adolescents need to be 
restricted in their physical activity, information about this should be given at early 
adolescent stage (10–12 years), allowing both the child and the parents to adapt to 
the new rules [50].

13.5.1.3  Exercise-Based Cardiac Rehabilitation in Adults 
with Congenital Heart Disease

Available data demonstrate that adults with congenital heart diseases do have sub-
normal up to severely limited exercise tolerance. It has also been demonstrated that 
low exercise tolerance in this group of patients is associated with higher risk of 
morbidity as well as mortality. Numerous studies have demonstrated the benefit of 
exercise training, especially endurance training in healthy individuals as well as for 
individuals with cardiovascular disease. This also applies to patients with chronic 
health failure where exercise training has been demonstrated to reduce symptoms 
and improve exercise tolerance and quality of life [105]. Therefore the obvious 
question is if exercise training could have similar effects in individuals with con-
genital malformations of the heart and the vessels. In several smaller studies, 
exercise- based cardiac rehabilitation programmes in children and adolescents with 
CHD have been shown to be safe and to improve exercise efficiency [31, 35, 68–
70]. This has also been seen in patients with complex congenital heart disease 
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resulting in sustained improvement in exercise tolerance without rehabilitation- 
related complications or adverse effects [31, 35, 68, 69]. However, the efficacy and 
safety of structured exercise-based rehabilitation programmes in adults with con-
genital heart defects are more or less unknown [72].

In a pilot study performed on adult patients with repaired tetralogy of Fallot, 16 
individuals were randomised to an exercise (n = 8; mean age 35.0 ± 9.5 years) or a 
control group (n = 9; mean age 43.3 ± 7. years). The exercise group participated in 
a 12-week exercise programme including one 50 min session once a week. The 
exercise programme included a 40 min endurance training (20 min cycle ergometry 
and 20 min treadmill walking) with relative intensity level of 60–85 % of peak VO2. 
In addition patients were motivated to perform twice a week a home-based pro-
gramme including brisk walking with relative intensity of 60–85 % of their maxi-
mal heart rate. The results demonstrate significant improvements in VO2peak 
(22.1 mL/kg/ min to 24.3 mL/kg/min; p = 0.049) in the exercise group, whereas it 
remained unchanged in the control group (21.8 mL/kg/min to 22.1 mL/kg/min; p = 
0.825) (Fig. 13.20). No rehabilitation-related complications or adverse effects were 
reported [106].

Winter et al. [107] performed a randomised controlled clinical trial evaluating 
the efficacy of a 10-week exercise training versus control in adults with a systemic 
right ventricle. Analysis was performed for a sample of 46 patients (32+11 years; 
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Fig. 13.20 Changes in VO2peak (mL/kg/min) achieved by exercise-based intervention in adult 
patients with tetralogy of Fallot compared to a control group (according to Therrien et al. (106)). 
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programme three times a week including 20 min individualised aerobic training (60–85 % VO2peak) 
on cycle ergometer and 20 min treadmill walking
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intervention n = 24; control n = 22). The exercise training was home based and 
included three sessions of step aerobics per week.

Patients were advised to perform warm-up for 5 min at 60 % of maximal heart 
rate followed by 32 min interval training with five 4 min intervals with 75 % (up to 
90 %) HRpeak alternated with four 3 min intervals at 60 % of HRpeak, followed by 
5 min cool-down at 60 % of HRpeak. As a result of the intervention, VO2peak 
improved by 7 % with significant difference compared to controls (3.4 mL/kg/min, 
95 % CI: 0.2–6.7; p < 0.04), and significant improvement was also seen in OUES 
(170, 95 % CI: 105–236; p < 0.001). The control group showed no significant 
changes in cardiopulmonary exercise test results during follow-up.

NT-proBNP levels and quality of life remained unchanged during follow-up in 
both groups [104]. No adverse events occurred during training. The authors conclude 
that patients with a systemic RV should be encouraged to become physically active. 
Westhoff-Bleck et al. [108] randomised 48 patients (29.3 ± 3.4 years) after Mustard 
procedure to a 24-week home-based exercise intervention (n = 24) or control group 
(n = 24). The intervention group was advised to perform continuous aerobic exercise 
training on a cycle ergometer with low intensity (heart rate corresponding to 50 % 
VO2peak) starting with 10 min exercise three times per week. During the 24-week 
intervention exercise, frequency and duration were increased gradually up to five 
sessions per week and 30 min exercise time. To improve adherence to training, 
patients received weekly phone calls. Exercise training was well tolerated, and no 
cardiac decompensation or arrhythmias while exercising was observed. The results 
demonstrate significant improvement in VO2peak (3.8 ml/kg/min, 95 % CI: 1.8 to 5.7; 
p = 0.001), maximum exercise time, maximum workload as well as VO2 and work-
load at aerobic threshold in the exercise group. An insignificant decrease in VE/
VCO2 slope was observed in the intervention group, whereas control revealed an 
insignificant incline. NT-proBNP levels remained unchanged during follow-up in 
both groups. Systemic ventricular function and volumes determined by cardiac mag-
netic resonance imaging remained unchanged in both groups. The intervention group 
showed significant improvement in NYHA classification (p = 0.046). The authors 
conclude that low intensity aerobic exercise training improves exercise capacity and 
can be performed safely in this group of patients. Dua et al. [109] evaluated the effi-
cacy of a 10-week home-based exercise intervention in 50 adults with wide spectrum 
of CHD. The exercise intervention comprised an individualised progressive walking 
programme on 5 days a week. All patients were contacted twice a week by telephone 
call to assess progress and adverse effects and improve adherence to the programme. 
The participation leads to significant increase in treadmill test duration, physical 
activity and improvement in quality of life. No adverse effects were reported [109].

These promising results encourage implementing exercise rehabilitation pro-
grammes for stable adult patients in order to improve exercise tolerance as well as 
to oppose sedentary lifestyle common in these patients. Further studies are neces-
sary to ascertain utility, efficacy and safety of structured exercise-based rehabilita-
tion programme in adult CHD patients but also in order to find out if the participation 
in such programmes is associated with reduced symptoms, improved exercise toler-
ance and quality and length of life.
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Adult patients with congenital malformations of the heart and the vessels are 
at risk to adapt a sedentary lifestyle and develop overweight and obesity. Reduced 
exercise capacity has been found in all diagnosis groups also in asymptomatic 
patients. In the majority of the patients, no exercise restriction is necessary [96, 
110]. Physicians taking care of adult patients with CHD should address the topic 
physical activity and exercise training regularly. Mentoring the patient regarding 
his/her exercise tolerance and physical activities should be a part of every con-
sultation. Based on the results of thorough medical examination, including car-
diopulmonary exercise test (see Table 13.5), individual exercise prescriptions 
should be provided and updated regularly [96, 110]. An individual exercise pre-
scription should emphasise the beneficial effects of physical activity and exercise 
training on exercise tolerance, physical limitations, risk modification, psychoso-
cial factors and health concerns such as obesity [96, 110]. All patients who are 
not severely limited by symptoms at rest should be encouraged to have an active 
lifestyle [52, 96]. Exercise prescription should include information about target 
heart rate as well as other tools, which help the patient find out if the relative 
intensity of the activity performed is adequate for him/her. The ‘breathing rule’, 
an activity which can be carried out as long as breathing still permits comfortable 
speech, may also be helpful [110]. Recommendations for competitive athletes in 
adults with congenital heart diseases have been published [50, 52]. Currently 
only few data are available concerning recreational exercise in adult CHD 
patients. This also applies to results from exercise-based cardiac rehabilitation in 
this group of patients [72, 96]. All patients who do not need any restriction 
regarding physical activity and exercise training should be encouraged to take up 
regular exercise training, especially endurance training, and be provided with 
individual exercise prescription (see Chap. 4). The participation in structured 
medically supervised exercise training may be helpful to catch up limitations in 
exercise capacity and educate the patient in order to provide him/her with the 
knowledge and self-esteem necessary to take up physically active lifestyle and 
regular exercise training on his/her own. Patients with significant residual 
sequelae, complex heart defects after palliative intervention such as the Fontan 
operation or the Mustard operation for TGA might also benefit from medically 
supervised individually prescribed low-to-moderate intensity aerobic endurance 
training (see Tables 13.2 and 13.3).
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14Case-Based Learning Cardiac 
Rehabilitation Pacemaker Implantation

P. Dendale and I. Frederix

Case (Part 1)
A 55-year-old patient was admitted to the emergency department with increas-
ing dyspnea. He had a history of mitral and aortic valve replacement (metallic 
prosthesis) for rheumatic stenosis 10 years earlier. Since several months, he 
noticed swelling of the ankles, a dry cough, and dyspnea on light exercise such 
as walking. He was treated with anticoagulants. Amiodarone was started 2 years 
earlier for paroxysmal atrial fibrillation. On admission, he was comfortable at 
rest, but showed clear swelling of the ankles, diminished lung sounds suggest-
ing pleural fluid, and swelling of the jugular veins and the liver. The blood pres-
sure was 135/85 mmHg and heart rate was regular at 47/min. Valve sounds were 
normal. An ECG showed slow sinus rhythm and left bundle branch block. Chest 
X-ray showed a slight enlargement of the heart and pleural fluid bilaterally.

An echocardiogram showed a preserved systolic function (EF of 61 %, 
biplane Simpson’s method) and an important LV hypertrophy (IVS 1.54 cm, 
PW 1.51 cm, LV mass index 116 g/m2, relative wall thickness (RWT) 0.53); 
the right ventricle was also dilated with a slight increase in pulmonary pres-
sures (TR maxPG 38.25 mmHg) (Fig. 14.1). The mitral and aortic valve pros-
theses were normal, and the inferior caval vein was dilated.

The diagnosis of heart failure with preserved systolic function was made, 
and the patient was treated with bumetanide 2 × 1 mg and spironolactone 

14.1  Pacemaker Implantation
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25 mg and lost more than 6 kg of fluid. He was discharged in NYHA II–III 
and referred to cardiac rehabilitation.

During the initial visit at the beginning of cardiac rehabilitation, the patient 
was depressed and anxious, and he worried a lot about his future and the 
future of his family and his work. He was working full time as a technical 
engineer before he was admitted for heart failure. His work required moderate 
physical activity. An exercise test showed a VO2 max of 15 ml/kg/min (55 % 
pred), with a heart rate staying at around 50–55/min up to maximal exercise. 
A rehabilitation program was started, consisting of 45-min moderate continu-
ous exercise training sessions between the patient’s 1st and 2nd ventilatory 
threshold for 3 times a week, as well as psychological counselling.

After 3 months of training, the patient remained dyspneic, and his control 
cardiopulmonary exercise test showed an increase of VO2 max to only 
16.5 ml/kg/min (Table 14.1).

Fig. 14.1 Transthoracic echocardiography. Left: parasternal long axis view (1, IVSd; 2, 
LVEDD; 3, PWd). Right: apical four-chamber view

Table 14.1 Maximal cardiopulmonary exercise test results before and after cardiac 
rehabilitation

Before rehabilitation After rehabilitation
Heart rate max 55/min (33 % pred) 59/min (36 % pred)
Load max 80 watt 90 watt
VO2 max 15 ml/kg/min (55 % pred) 16.5 ml/kg/min (61 % pred)
RER max 1.22 1.26
Anaerobic threshold 50 watt 60 watt
VE/VCO2 slope 38 38
Breathing reserve 58 % 60 %

Note: Breathing reserve was calculated as VE max/MVV (MVV = 40 × FEV1). VE minute 
ventilation, MVV maximal voluntary ventilation, FEV1 forced expiratory volume in 1 s. 
VO2 oxygen uptake, RER respiratory exchange ratio
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Question
What are possible reasons for the lack of influence of rehabilitation on his feeling of 
dyspnea:

 1. Hyperventilation
 2. Lack of muscle mass or muscular strength
 3. Pulmonary hypertension
 4. Chronotropic incompetence

Answer
All four possible explanations may play a role in limiting exercise capacity after 
rehabilitation in this patient:

• Anxiety and hyperventilation are frequently found in patients with heart failure: 
a possible clue to this problem is often found when patients do not support the 
face mask of the ergospirometry. A history of claustrophobia is also often present 
in these patients. Psychological counselling and breathing control exercises can 
reduce the anxiety and increase the feeling of control for the patient

• Peripheral muscle atrophy is very common in heart failure, due to disuse, but 
also to the inflammatory state that often accompanies this pathology. Exercise 
tolerance and quality of life in heart failure patients are more related to periph-
eral muscle function than to ejection fraction. Testing and training of the large 
muscle groups is more and more standard in rehabilitation programs for severe 
heart failure.

• Respiratory muscle weakness is often present in heart failure and after cardiac 
surgery. Strength training of the respiratory muscles (inspiratory muscle strength 
training) was shown to be almost as efficient as endurance training in increasing 
exercise capacity in severe heart failure.

• The pulmonary artery pressure was slightly elevated at rest, but it is well known 
that exercise can increase the pulmonary artery pressure importantly in these 
patients. A sign suggesting that pulmonary hypertension may play a role is the 
evolution of the VE/VCO2 slope, which in this patient was increased to 38. 
Exercise echocardiography may allow quantification of the pulmonary artery 
pressures and confirm exercise-induced pulmonary hypertension, thereby 
explaining part of the patient’s symptoms. Prior research indicates exercise train-
ing to be effective in improving pulmonary hypertension patients’ exercise 
capacity, functional class, and quality of life [1]. However, more clinical trials 
and research are required to assess the effects of different types of exercise pro-
grams (including aerobic exercise training, resistance training, inspiratory mus-
cle training, or a combination).

• Chronotropic incompetence, especially in patients with a relatively fixed cardiac 
output due to the presence of two artificial valves, may also play a role in his dys-
pnea. In the patient presented in this case, the CPET was maximal during both 
tests (RER max of 1.22 and 1.26, respectively); however, heart rate max < 85 % 
pred for age (220 – age = 220–55 = 165; 165 × 85 % = 140) confirms the presence 
of chronotropic incompetence in the absence of bradycardia-inducing therapy.

14 Case-Based Learning Cardiac Rehabilitation Pacemaker Implantation
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Question
Based on the results of the cardiopulmonary exercise test, what is the most probable 
cause for the patient’s symptoms and rather limited improvement in aerobic capacity?

Answer
The results indicate the cardiopulmonary exercise test to be maximal (RER max 
1.21), without ventilatory limitation. The patient’s aerobic capacity still remained 
suboptimal. Electrocardiographic recordings show persistent RV apical pacing at 
65/min without clear rate response (although the pacemaker was programmed in 
DDDR mode). As the pacemaker activity sensor is often more responsive to exer-
cise when the body moves significantly, an exercise test on the treadmill was subse-
quently performed: in our patient it showed an increase of pacing rate to a maximum 
of 82/min. Reprogramming of the pacemaker was done by increasing the sensitivity 

Case (Part 2)
A DDDR pacemaker was implanted (indication: persistent symptomatic sinus 
node, disease type chronotropic incompetence, IIb indication [2]), pro-
grammed at a lower rate of 65/min, and a high intensity interval training (HIT) 
program was prescribed (10-min warm-up, repeating intervals of 4 min at 
Borg 15 and 3 min at Borg 10, 5-min cool-down), three times a week. Also, 
the patient was seen individually by the psychologist for breathing control 
exercises.

After 6 weeks, the patient was scheduled for a follow-up visit with the 
cardiologist. There he mentioned persistent reduced exercise capacity and 
dyspnea on exertion NYHA II. Clinical investigation reveals no signs indic-
ative of cardiac decompensation. The patient’s blood pressure 
(123/84 mmHg) and pulse (65/min, regular rhythm) were within normal 
limits. The results of the performed maximal cardiopulmonary exercise test 
are shown in Table 14.2.

Table 14.2 Cardiopulmonary exercise test results both before and after pacemaker 
implantation

Before PM implantation After PM implantation
Heart rate max 59/min (36 % pred) 65/min (39 %)
Load max 90 watt 100 watt
VO2 max 16.5 ml/kg/min (61 % pred) 17 ml/kg/min (63 %)
RER max 1.26 1.21
Anaerobic threshold 60 watt 70 watt
VE/VCO2 slope 38 23
Breathing reserve 60 % 65 %

VO2 oxygen uptake, RER respiratory exchange ratio
Note: electrocardiographic monitoring during the cardiopulmonary exercise test showed a 
sustained paced rhythm (65/min), morphologically compatible with monochamber RV 
 apical pacing (left superior axis, rS in V1)
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of the activity sensor, and the patient was tested again on the bicycle and the tread-
mill. Maximal heart rate now rose up to 98/min (59 % pred) on the bicycle and 115/
min (70 % pred) on the treadmill. The patient was now able to increase significantly 
the training load, and a control exercise test showed a significant increase in exer-
cise capacity (VO2 max 23 ml/kg/min, 85 % pred). The patient returned to work 
after 6 more weeks of rehabilitation.

The rehabilitation program is ideally suited to optimize the settings of the pace-
maker. In most cases, at the pacemaker clinic, only the resting values are checked. 
When the patient is relatively young and physically active, a test during treadmill 
exercise will nicely demonstrate if a sufficient chronotropic response is present. To 
know how the sensors react, it is important to know which sensor is used in a par-
ticular pacemaker [3–7]. Accelerometers are the most common type of sensor. They 
will react poorly to an exercise test on the bicycle, and even the treadmill will not 
always stimulate this sensor optimally. Contemporary pacemakers have a rate 
response option, based on input signals from multiple sensors (activity sensor/
accelerometer, minute ventilation sensor, QT sensor). Repeated pacemaker controls 
with exercise testing on the treadmill can be necessary to find the optimal settings.

Case (Part 3)
After returning to work, the patient was requested to come regularly to the 
cardiology department for follow-up (both for his HFpEF and for pacemaker 
control). The patient however moved and now had very busy professional 
commitments due to a recent promotion, thereby making it difficult to attend 
all scheduled appointments. Can we provide the patient with follow-up with-
out necessitating him to come for in-clinic visits?

Follow-up of pacemaker function and of physical activity from a distance 
can now be done by telemonitoring [8]. Patients with implantable devices such 
as pacemakers (especially when in combination with heart failure) should be 
followed up every 3–12 months, which traditionally required in- clinic visits. 
Latest-generation devices allow data transmission and technical or medical 
alerts to be sent from the patient’s home to the physician (remote monitoring, 
i.e., telemonitoring). A number of studies have shown its effectiveness in timely 
detection and management of both clinical and technical events and endorsed 
its adoption [9, 10]. As a consequence the European Society of Cardiology 
(ESC) has integrated remote implantable device monitoring in its guidelines 
(Class IIa indication) [2]. The role of activity monitoring in long-term follow-up 
or home rehabilitation using these data is still to be investigated.

 Conclusion
The rehabilitation of patients presenting with symptoms of heart failure requires 
a truly multidisciplinary approach: deconditioning, fear of physical activity, 
post- traumatic stress in patients who were hospitalized with acute pulmonary 
edema, sleep apnea, weight loss and cachexia, etc., all contribute to the reduction 
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in quality of life in these patients. A cardiac rehabilitation program consisting of 
patient- tailored exercise prescription (based on primary pathology, present 
comorbidities, and exercise modifiers), education, and psychological support is 
needed.

Even though the implantation of a pacemaker is not considered a routine indi-
cation for cardiac rehabilitation, this case shows that in active patients, interesting 
and important information can be gathered during the exercise program. In con-
trast to the normal pacemaker follow-up, where only resting data are often consid-
ered, the rehabilitation program gives the opportunity to fine-tune the pacemaker 
programming. At the start of a cardiac rehabilitation program, a maximal exercise 
test on the bicycle and on the treadmill should be performed in pacemaker-depen-
dent patients, to analyze the response of the pacemaker to exercise. The further 
follow-up of patients with implanted devices is nowadays possible by remote 
monitoring, not necessitating patients to come for in-clinic visits.
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15Case-Based Learning: Patient 
with Peripheral Artery Disease

Jean-Paul Schmid

15.1  Clinical Information

A 75-year-old male was addressed to the outpatient cardiac rehabilitation clinic for 
a supervised exercise training programme and risk factor intervention due to symp-
toms of intermittent claudication. He is known for bilateral peripheral artery disease 
(PAD) stage II according to the Fontaine classification (cf. Table 15.1) for 3 years 
due to a high-grade stenosis of the arteria femoralis superficialis on the left side, 
treated conservatively until now. Initially, symptoms were present on the left side 
only, but 1 year ago, they appeared also at the right side, where they actually 
predominate.

What is the evidence regarding a supervised or non-supervised exercise train-
ing programme with risk factor intervention in patients with lower extremity 
PAD?

Table 15.1 Classification of peripheral artery disease: Fontaine stages

I Pathological finding at physical examination; patient without symptoms, also during 
exercise

II Claudication intermittents: symptoms during exercise
IIa Pain-free walking distance, > 200 m
IIb Pain-free walking distance, < 200 m
III Pain at rest: mostly during the night, relieve of pain by position change or getting up
IV Acral lesion, gangrene
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Fig. 15.1 Resting ECG. Sinus rhythm, 60/min

• A programme of supervised exercise training is recommended as an initial treat-
ment modality for patients with intermittent claudication (Class I, Level of 
Evidence: A) [1, 2].

• Supervised exercise training should be performed for a minimum of 30–45 min, 
in sessions performed at least three times per week for a minimum of 12 weeks 
(Class I, Level of Evidence: A) [3]. The usefulness of unsupervised exercise 
programmes is not well established as an effective initial treatment modality for 
patients with intermittent claudication (Class IIb, Level of Evidence: B) [3]; 
however, non-supervised exercise therapy is indicated when supervised exercise 
therapy is not feasible or available [1].

Twelve years ago, the patient was also diagnosed a three-vessel coronary artery 
disease and had to undergo coronary artery bypass surgery with a left internal mam-
marial artery–left anterior descending artery graft and venous grafts on the right 
coronary artery, circumflex artery and the first diagonal branch of the left anterior 
descending artery. Figure 15.1 shows the ECG at rest. The left ventricle at that time 
showed a concentric hypertrophy with an infero-lateral hypokinesia and a slightly 
reduced left ventricular systolic function with an ejection fraction of 48 %. Actually, 
the patient does not complain about cardiac symptoms. An exercise stress test 3 
years ago was electrically positive but clinically negative.

As further diagnosis, arthrosis of the left knee with condition after meniscectomy 
5 years ago and a condition after hip replacement on the right side due to coxarthro-
sis 15 years ago are known.

Cardiovascular Risk Factors Arterial hypertension treated for more than 
30 years, dyslipidaemia (treated since 12 years), condition after smoking (stopped 
12 years ago, 40 pack-years)
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The results of a screening blood sample are as follows: glucose, 5.2 mmol/L 
(94 mg/dL); total cholesterol, 4.9 mmol/L (190 mg/dL); LDL-C, 3.4 mmol/L (130 mg/
dL); HDL-C, 0.9 mmol/L (35 mg/dL); and triglycerides, 1.2 mmol/L (105 mg/dL).

Actual Medication Aspirin 100 mg/d, lisinopril/hydrochlorothiazide 20/12,5 mg/d, 
nebivolol 10 mg/d, simvastatin 40 mg/d

• Is there any exertional limitation quickly relieved at rest of the lower extremity 
muscles or any history of walking impairment, i.e. fatigue, aching, numbness or 
pain?

• Any pain at rest localized to the lower leg or foot and its association with the 
upright or recumbent positions?

• Primary site(s) of discomfort: buttock, thigh, calf or foot?
• Upper extremity exertional pain, particularly if associated with dizziness or 

vertigo?
• Any transient or permanent neurological symptoms?
• History of hypertension or renal failure?
• Post-prandial abdominal pain and diarrhoea, particularly if related to eating and 

associated with weight loss?
• Erectile dysfunction?

15.2  Clinical Assessment

75-year-old patient in good general condition, obese (172 cm, 90 kg, BMI 30.4 kg/m2). 
The patient describes classical intermittent claudication with crampy pain of his 
right calf. The pain-free walking distance in the plain is between 200 and 300 m; in 
uphill, symptoms occur already after 50–100 m.

Cardiopulmonary auscultation is normal. Blood pressure is 130/75 mmHg on 
both sides. Heart rate is 60/min., regular. Hip flexion at the right side is limited. No 
blood flow murmurs are noted over the carotid, subclavian, ilio-femoral or renal 
arteries. Palpation of the abdominal aorta is normal.

The pulse over the femoral arteries was palpable at both sides, attenuated on the 
right. Distally, only the posterior tibialis artery on the left side was weakly palpable 
(c.f. Fig. 15.3). The other examination findings were normal, especially no skin 
lesions of the legs or feet.

What are the key points of history taking in a patient with PAD?

What are the key points of the clinical assessment of a patient with PAD?

15 Case-Based Learning: Patient with Peripheral Artery Disease
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• Measurement of bilateral arm BP, auscultation and palpation of the cervical and 
supraclavicular fossae areas, peripheral arteries and abdominal aorta with anno-
tation of any bruits and inspection of the feet for trophic defects.

• Any poorly healing wounds of legs or feet?
• Reduced muscle mass, strength and endurance?
• Ankle–brachial index measurement (cf. Fig. 15.2).
• Functional capacity?

The oscillogram measured at the big toe shows a moderately abnormal graph 
with a flat peak, an equal upslope and downslope time and a missing dicrotic notch. 
This finding is confirmed by the ABI which is 0.77 on the right side and 0.92 on the 
left side (c.f. Fig. 15.3).

Right ABI
Higher right-ankle pressure

Higher Left-ankle pressure

Higher arm pressure

Higher arm pressure

Left ABI

Interpretation of ABI

> 1.30 Noncompressible

Normal
Mild-to-moderate peripheral
 arterial disease
Severe peripheral arterial
 disease

Right-arm
systolic pressure

Right-ankle
systolic pressure

Left-ankle
systolic pressure

DP

PT

DP

PT

Left-arm
systolic pressure

0.91–1.30
0.41–0.90

0.00–0.40

Fig. 15.2 Measurement of the ankle–brachial index (ABI). Systolic blood pressure is measured by 
Doppler ultrasonography in each arm and in the dorsalis pedis (DP) and posterior tibial (PT) arter-
ies in each ankle [4]
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ABI Measurement (Fig. 15.2): Systolic blood pressure is measured by Doppler 
ultrasonography in each arm and in the dorsalis pedis and posterior tibial arteries in 
each ankle [4]. The higher of the two arm pressures is selected, as is the higher of 
the two pressures in each ankle. The right and left ankle–brachial index values are 
determined by dividing the higher ankle pressure in each leg by the higher arm pres-
sure [5]. The ranges of the ankle–brachial index values are shown, with a ratio 
greater than 1.30 suggesting a non-compressible, calcified vessel. In this condition, 
the true pressure at that location cannot be obtained, and additional tests are required 
to diagnose peripheral arterial disease. Patients with claudication typically have 
ankle–brachial index values ranging from 0.41 to 0.90, and those with critical leg 
ischaemia have values of 0.40 or less.

Segmental limb plethysmographic waveform analysis is based on evaluation of 
waveform shape and signal amplitude (Figs. 15.4 and 15.5). Standardized criteria 
relating waveform changes to anatomic site and hemodynamic severity of disease 
are used in diagnostic interpretation. Pulse volume recordings are typically per-
formed by injecting a standard volume of air into pneumatic cuffs. The volume of 
air injected into the cuff is enough to occlude the venous circulation but does not 
occlude the arterial circulation. Volume changes in the limb segment below the cuff 
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Fig. 15.3 Measurement of the ankle–brachial index and arterial pulse volume plethysmography 
(oscillogram) of the 75-year-old patient with intermittent claudication, Fontaine stage IIa

How is the ABI correctly measured and which are the pathologic ranges?
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are translated into a pulsatile pressure, which is detected by a transducer and then 
displayed by a pressure pulse contour.

A normal pulse volume recording, similar to the arterial waveform, is composed 
of a systolic upstroke with a sharp systolic peak followed by a downstroke that con-
tains a prominent dicrotic notch. If a haemodynamically significant stenosis is pres-
ent, dissipation of energy occurs because of arterial narrowing; this is reflected in a 
change in the pulse volume recording contour, indicating a proximal arterial 
obstruction. The amount of variation in the pulse volume recording contour is 
reflective of disease severity, as shown in Fig. 15.4.

15.3  Functional Capacity

For assessment of the functional capacity and possible exercise-induced ischaemia, 
a symptom-limited exercise stress test on a bicycle (15 W/min. Ramp protocol) was 
effectuated. The patient performed 102 W, corresponding to 74 % of the predicted 
value. Blood pressure increased from 130/75 mmHg to 190/80 mmHg, heart rate 
from 60/min. up to 117/min. (80 % of the predicted). Rate pressure product was 
22′230. The reason for test termination was right calf pain. The test was clinically 
and electrically negative (Fig. 15.6).

Low thigh

Ankle

Calf

Calf

Normal
• Sharp upstroke
• Scooped or flat interval between peaks
• Possible dicrotic notch

Mildly abnormal
• Sharp upstroke
• No flat period or scooping between peaks
• No dicrotic notch

Moderately abnormal
• Flat peak
• Equal upslope and downslope time
• No dicrotic notch

Severely abnormal
• Flat peak
• Equal upslope and downslope time
• No dicrotic notch
• Low amplitude

Fig. 15.4 Pulse volume plethysmography: Pulse volume recording contour with increasing vas-
cular disease severity [14]
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Fig. 15.5 Pulse volume plethysmography: Determination of the site of occlusion by pulse volume 
plethysmography

Fig. 15.6 ECG at maximal exercise of a symptom-limited exercise stress test
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On a treadmill test with fixed speed (3.2 km/h) and slope (10 %), the pain-free 
walking distance was 134 m, the maximal walking distance 210 m, limited by clau-
dication of the right calf.

The roles of exercise testing in PAD patients are the following:

 (a) Excluding occult coronary artery disease, monitoring symptoms, ST–T wave 
changes, arrhythmias, heart rate and blood pressure responses.

 (b) Establishing the diagnosis of lower extremity PAD when resting measures of 
the ABI are normal.

 (c) Objectively document the magnitude of symptom limitation in patients with 
lower extremity PAD and claudication.

 (d) Objectively measure the functional improvement obtained in response to clau-
dication interventions.

 (e) Differentiate claudication from pseudoclaudication in individuals with exer-
tional leg symptoms.

 (f) Provide objective data that can demonstrate the safety of exercise and to indi-
vidualize exercise prescriptions in patients with claudication before initiation of 
a formal programme of exercise training.

The recommendations of ACC/AHA practice guidelines for the management of 
patients with peripheral arterial disease concerning exercise testing are the 
following:

• Exercise treadmill tests are recommended to provide the most objective evidence 
of the magnitude of the functional limitation of claudication and to measure the 
response to therapy (Class I, Level of Evidence: B).

• A standardized exercise protocol (either fixed or graded) with a motorized tread-
mill should be used to ensure reproducibility of measurements of pain-free walk-
ing distance and maximal walking distance (Class I, Level of Evidence: B).

• Exercise treadmill tests with measurement of preexercise and postexercise ABI 
values are recommended to provide diagnostic data useful in differentiating arte-
rial claudication from nonarterial claudication (“pseudoclaudication”) (Class I, 
Level of Evidence: B).

• Exercise treadmill tests should be performed in individuals with claudication 
who are to undergo exercise training (lower extremity PAD rehabilitation) so as 
to determine functional capacity, assess nonvascular exercise limitations and 
demonstrate the safety of exercise. (Class I, Level of Evidence: B).

• A 6-min walk test may be reasonable to provide an objective assessment of the 
functional limitation of claudication and response to therapy in elderly 

What is the usefulness of assessment of the functional capacity and exercise 
testing in PAD patients and which are the appropriate tests?
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individuals or others not amenable to treadmill testing (Class IIb, Level of 
Evidence: B).

The patient attended regularly the exercise training programme during 12 weeks, 
three times a week without complication.

15.3.1  Warm-up and cool-down

• Periods of 5–10 min each.

15.3.2  Types of Exercise

• Treadmill and track walking are the most effective.
• Resistance training has benefit for patients with other forms of cardiovascular 

disease, and its use, as tolerated, for general fitness is complementary to walking 
but not a substitute for it.

15.3.3  Intensity

• The initial workload of the treadmill is set to a speed and grade that elicits clau-
dication symptoms within 3–5 min.

• Patients walk at this workload until claudication of moderate severity occurs and 
then rest standing or sitting for a brief period to permit symptoms to subside.

15.3.4  Duration

• The exercise–rest–exercise pattern should be repeated throughout the exercise 
session.

• The initial session will usually include 35 min. of intermittent walking; walking 
is increased by 5 min each session until 50 min of intermittent walking can be 
accomplished.

15.3.5  Frequency

• Treadmill or track walking 3–5 times per week.

What are the key elements of a therapeutic exercise-training programme for 
rehabilitation from PAD in patients with claudication [6]?
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15.3.6  Role of Direct Supervision

• As the patient’s walking ability improves, the exercise workload should be 
increased by modifying the treadmill grade or speed (or both) to ensure that the 
stimulus of claudication pain always occurs during the workout.

• As walking ability improves, and a higher HR is reached, there is the possibility 
that cardiac signs and symptoms may appear. These symptoms should be appro-
priately diagnosed and treated.

Six weeks after the start, the patient noted the first clinical benefits, and at the end 
of the programme, he was able to walk 400 to 500 m without rest in the plain. In the 
standardized treadmill test, pain-free walking distance had increased from 134 to 
198 m and the maximal walking distance from 210 to 324 m.

The positive effects of a formal exercise-training programme for claudication 
have been demonstrated in many randomized trials [7]. Exercise improves not only 
maximal treadmill walking distance but also health-related quality of life and 
community- based functional capacity (i.e. the ability to walk at defined speeds and 
for defined distances). Girolami et al. [8] reported in a meta-analysis of randomized 
trials that exercise training increased maximal treadmill walking distance by 179 m 
(95 % CI 60 to 298). This degree of improvement should translate into longer walk-
ing distances on level ground. In another meta-analysis, Gardner et al. [9] showed 
that exercise training improved pain-free walking time in patients with claudication 
by an average of 180 % percent and improved maximal walking time by an average 
of 120 %. A meta-analysis from the Cochrane Collaboration that considered only 
randomized, controlled trials concluded that exercise improved maximal walking 
time by an average of 150 % (range, 74–230 %).

The time course of the response to a programme of exercise has not been fully 
established. Clinical benefits have been observed as early as 4 weeks after the 
initiation of exercise and may continue to accrue after 6 months of participation 
[10]. Improvements in walking ability after 6 months of supervised exercise reha-
bilitation three times per week were sustained when patients continued to partici-
pate in an exercise maintenance programme for an additional 12 months [11].

15.4  Risk factor Management

PAD is part of the multisite disease atherosclerosis. An integrated approach to preven-
tion and treatment of atherothrombosis as a whole is therefore highly warranted. After 
the programme, blood pressure was well controlled with values around 130/80 mmHg, 
measured regularly at the beginning of each exercise session. To improve lipid control, 
simvastatin was substituted with rosuvastatin 10 mg and ezetimibe was added. At the 

What range of improvement can be expected from an exercise training?
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end of the programme, total cholesterol was 3.9 mmol/L (150 mg/dL), LDL-C was 
1.9 mmol/L (75 mg/dL), HDL-C was 1.1 mmol/L (40 mg/dL) and triglycerides were 
1.1 mmol/L (100 mg/dL). The improvement in the walking distance enabled 
the patient to be much more active in his daily activities, and he is willing to con-
tinue his efforts after having resumed the exercise programme.

15.4.1  Smoking

• Aggressive smoking cessation efforts constitute one of the most important inter-
ventions a physician can make in caring for patients with PAD.

• Individuals with lower extremity PAD who smoke cigarettes or use other forms 
of tobacco should be advised to stop smoking and should be offered comprehen-
sive smoking cessation interventions, including behaviour modification therapy, 
nicotine replacement therapy, or bupropion/vareniclin (Class I, Level of 
Evidence: B) [1, 3].

15.4.2  Physical Activity

• Exercise activities, such as walking, lasting >30 min, ≥3 times/week, until near- 
maximal pain, are recommended.

• A supervised hospital- or clinic-based exercise training programme, which 
ensures that patients are receiving a standardised exercise stimulus in a safe envi-
ronment, is effective and recommended as initial treatment modality for all 
patients (Class I, Level of Evidence: A).

• Supervised exercise training should be performed for a minimum of 30 to 45 min, 
in sessions performed at least three times per week for a minimum of 12 weeks 
(Class I, Level of Evidence: A).

• No data to support the efficacy of the informal “go home and walk” advice and 
the usefulness of unsupervised ET programmes is uncertain (Class IIb, Level of 
Evidence: B).

15.4.3  Lipid Control

• The optimization of the lipid profile in PAD patients leads to reductions in mor-
tality and vascular events and may improve symptoms of intermittent claudica-
tion and functional capacity.

• All patients with PAD should have their serum LDL cholesterol reduced to 
<100 mg/dL (2.6 mmol/L, Class I, Level of evidence B). In high-risk patients, 
LDL should be reduced to < 70 mg/dL (1.8 mmol/L) or ≥50 % LDL cholesterol 

What are the recommendations concerning risk factor management in PAD 
patients [1, 3, 12]?
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reduction when the target level cannot be reached (Class IIa, Level of Evidence: 
B) [1]. High-risk patients are considered to be individuals with (a) multiple 
major risk factors (especially diabetes), (b) severe and poorly controlled risk fac-
tors (especially continued cigarette smoking) and (c) multiple risk factors of the 
metabolic syndrome.

• Fibrates may play an important role in patients with low serum HDL (< 40 mg/
dL or 1.0 mmol/L) or high serum triglyceride concentrations (>150 mg/dL or 
1.7 mmol/L, Class IIa, Level of Evidence: C) [3].

15.4.4  Hypertension

• Individuals with PAD should receive hypertension treatment according to cur-
rent national guidelines. A blood pressure < 140/90 mmHg or if comorbidities, 
diabetes or chronic renal disease are present, a target blood pressure < 130/80 mm 
Hg should be aimed (Class I, Level of Evidence: A) [3].

• Only major reductions in perfusion pressure may worsen claudication.
• ß-Blockers are not contraindicated in patients with PAD and should be considered 

in the case of concomitant coronary artery disease and/or heart failure [1, 13].

15.4.5  Diabetes

• Proper foot care, including use of appropriate footwear, chiropody/podiatric 
medicine, daily foot inspection, skin cleansing and use of topical moisturizing 
creams, should be encouraged, and skin lesions and ulcerations should be 
addressed urgently in all patients with diabetes and lower extremity PAD (Class 
I, Level of Evidence: B) [3].

• In patients with PAD and diabetes, the HbA1c level should be kept at ≤6.5 % 
(Class I, Level of Evidence: C) [1].
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