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Abstract

Cardiac rehabilitation (CR) is a cornerstone in the secondary prevention of cardiovascular disease (CVD). Compre-
hensive cardiac rehabilitation has obtained the highest class of recommendation and the level of evidence for the
treatment of patients with ST-segment elevation myocardial infarction, after myocardial revascularization, with chronic
coronary syndromes, and in patients with heart failure (HF). Comprehensive cardiac rehabilitation should be imple-
mented as soon as possible, be multi-phasic, and adjusted to the individual needs of the patient. CR is still suboptimally
used, and many cardiac centers do not have such services (2). The provision of CR services should be based on standards
and key performance indicators, and guidelines containing a minimum standard of cardiac rehabilitation utilization
should be published to improve the quality of the CR program. This document presents an expert opinion that sum-
marizes the current medical knowledge concerning the goals, target population, organization, clinical indications, and
implementation methods of the CR program in the Kingdom of Saudi Arabia.

Keywords: Cardiac rehabilitation, Cardiovascular disease, Exercise training, Secondary prevention of cardiovascular
disease, Saudi Arabia, Guidelines

1. Epidemiology unhealthy lifestyles and CVD risk factors in the

) ] ] ) adult Saudi population, with an overall rate of low

I n Saudi Arabia, cardiovascular disease (CVD) physical activity (69.4%), obesity (49.6%), an un-

accounts for mpre than 45% of all'deaths a's a healthy diet (34.4%), dyslipidemia (32.1%), hyper-

consequence of lifestyle changes, rapid urbaniza-  tengion (30.3%), and diabetes (25.1%). In addition,

tion, an increase in unhealthy diets and the preva- 1770, of the study participants were current
lence of a sedentary lifestyle. Consequently, the rate gy gkers, and 16.9% had a history of stress [1].

of cardiovascular risk factors remains high. The re- The importance of cardiac rehabilitation (CR) is

sults of the Prospthive Urban Ru.ral Epidemiology increasing because of the growing number of patients
Study (PURE-Saudi) revealed a high prevalence of  ,fiar acute cardiac events with subsequent
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complications and progression into a chronic state. To
promote CR utilization, which is still limited in the
Kingdom of Saudi Arabia, the Saudi Group for Car-
diovascular Prevention and Rehabilitation (SGCVPR)
proposed the standards for the implementation of CR,
considering the specific local features and including
minimum standard of CR use, including the goals,
target population, program organization, clinical in-
dications, and methods of implementation of CR in the
Kingdom of Saudi Arabia.

2. Definition and goals

Despite evidence demonstrating that exercise-
based CR, prescribed by a medical professional, has
a positive impact on the fundamental pathophysi-
ology of coronary artery disease, improves exercise
capacity, quality of life, and psychological well-
being, in addition to reducing mortality, morbidity,
and hospital readmissions, CR remains underutil-
ized globally, with less than 30% of the eligible pa-
tients participating in a CR program after a CVD
event [2]. Comprehensive CR is defined as an indi-
vidualized multidisciplinary intervention that en-
tails clinical evaluation, management and
modification of the CVD risk factors, physical ac-
tivity counselling, prescription of exercise training,
dietary counselling as well as psychological, social,
and vocational support [3]. Comprehensive CR
should be implemented as soon as possible, and
should consist of multiple stages.

3. Indications

The patient groups that should be offered a car-
diac rehabilitation program are presented in Table 1
[4]. All patients should enter the cardiac rehabilita-
tion program through a referral from the physician
responsible for the patient's care. Patients can attend
the supervised exercise training program approxi-
mately two weeks after the myocardial infarction
(MI), one-to-two weeks after elective percutaneous
coronary intervention, four weeks after cardiac
surgery or implantation of the electrical cardiac
devices, and after clinical stabilization and optimal
GDMT in patients with heart failure (CCF),
following individual review during the in-patient
phase [5]. Medical consent for patients to attend the
exercise component of the second and the mainte-
nance CR phases are required in accordance with
the exclusion criteria.

4. Contraindications

The exclusion criteria for a structured exercise
training program are listed in Table 2 [6]. Patients

Table 1. Clinical indications for comprehensive cardiac rehabilitation.

o Post-acute coronary syndromes

ePost-myocardial revascularization

eChronic coronary syndromes

eHeart failure

eFollowing implantation of cardiac implantable electronic
devices, pacemakers, resynchronization devices, or
implantable cardioverter defibrillators

eFollowing heart valve repair/replacement

eFollowing heart transplantation

eFollowing implantation of ventricular assist devices

ePeripheral arterial disease

eFollowing cerebrovascular events

eIndividuals with cardiovascular risk factors, i.e., with
diagnosis of diabetes, dyslipidemia, and arterial hypertension

ePulmonary hypertension

who do not meet the referral criteria for a structured
exercise program should be offered an educational
component and obtain sufficient information about
physical activity at home.

5. Phases of cardiac rehabilitation

Patients hospitalized for a cardiac event or pro-
cedure and discharged to a transitional setting on the
basis of a physician referral or an ongoing order
should receive CR services, which include (a) initial
and daily clinical status assessments; (b) early pro-
gressive mobilization; (c) identification of and infor-
mation regarding the modification of cardiovascular
risk factors; (d) self-care; and (e) a complete discharge
plan with options for traditional center-based or
hybrid outpatient CR. Three phases are organized,
starting with inpatient, continuation as outpatient
and finally in the community, Table 3 [5,7].

6. Admission assessment

The CR program should commence with a
comprehensive entry assessment (Fig. 1). Admission

Table 2. Exclusion criteria for the structured exercise program.

eUnstable angina

eAcute heart failure

eSevere aortic stenosis

eUncontrolled atrial or ventricular arrhythmias

eComplete atrioventricular block without pacemaker

eAcute pericarditis or myocarditis

eRecent pulmonary embolism

eAcute thrombophlebitis

eAortic aneurysm with diameter greater than 4 cm

eResting systolic blood pressure greater than 200 mmHg or
resting diastolic blood

ePressure greater than 110 mmHg

eUncontrolled diabetes mellitus

eAcute systemic illness or fever

eSevere orthopedic conditions that would prohibit exercise

eLeft ventricular thrombus (less than 6 months)

eUncontrolled asthma
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assessment allows for the identification of the indi-
vidual needs of patients referred to CR and facili-
tates personalized goals and the plan of care [8],
which includes:

(1) Medical History (Clinical History, Comorbid-
ities, medical therapy, evaluation of atheroscle-
rotic risk factors, and symptoms (NYHA class,
CCS angina class, Fontaine and Rutherford
classification for lower extremity peripheral ar-
tery disease) Review of lifestyle modifications
(diet, smoking, weight control, BP self-moni-
toring, glucose control, and Physical activity
level).

(2) Physical examination (heart failure symptoms,
arrhythmia, HR and BP control, extracardiac
atherosclerotic manifestations, frailty syndrome,
musculoskeletal disorders, and neurologic
symptoms);

(3) Psychosocial assessment (stress, social support,
depression, anxiety, cognitive function assess-
ment); and

(4) Functional capacity assessment, Symptom-
limited exercise test (preferably CPET, 6-MWT).
If the patient is not able to undertake a standard
exercise test on a treadmill or cycle leg ergom-
eter, a functional test like the 6-min walk test or
the incremental shuttle walk test should be
performed.

Cardiac risk stratification is the next step and
identifies patients at risk for a cardiac event recur-
rence. The exercise risk stratification process is

Table 3. Phases of cardiac rehabilitation.

mandatory and determines the exercise training
intensity and duration, exercise facility, and level of
supervision [9]. The five common components of CR
—exercise training, lifestyle changes (diet and
nutritional counselling, tobacco cessation), risk fac-
tor management (lipid and blood pressure control),
heart health education, psychological support, and
return to work—should be provided in more prac-
tical and affordable ways [10,11].

7. Exercise training program

Exercise training parameters should adhere to the
FITT-VP principle, i.e., frequency, intensity, time,
type, volume, and progression. Each exercise ses-
sions should entail warm up, main phase, and a cool
down component [3]. Patients are observed for
15 min at the end of the cool down. The type of
exercise depends on the functional capacity of the
patient and the equipment available. Exercise ses-
sions should include aerobic, resistance, flexibility,
and neuromotor components. Endurance aerobic
exercise involving large muscle groups is the stan-
dard form of training, and walking program repre-
sents the most basic, and effective form of aerobic
exercise, with an interval or a continuous approach
applied. The ventilatory or lactate thresholds will
determine the exercise intensity.

However, due to the limited availability of car-
diopulmonary exercise testing, alternative methods
can be applied, based on the rating of perceived
exertion, or on the training heart rate [11]. A useful
measure of exercise intensity in a low-resource

Phase I Phase II

phase III

In-patient during hospitalization for a
cardiovascular event

4—14 days
As the patient's clinical status is
stabilized or after an elective procedure

At the coronary care unit, intensive care
unit, postoperative ward, or cardiac
rehabilitation ward

Continued until the patient can be
discharged from hospital

The main goal of phase I for the patient is
to achieve independence, self-care and

prevent complications of immobility.

ECG monitoring is recommended.

Early outpatient or residential supervised
structured program

8—12 weeks

Should start as soon as possible, optimally
within two weeks after discharge

24 CR and optimally 36 sessions

Can be offered to patients after discharge
from hospital, can be delivered remotely as
in patient, outpatient or home exercise
program using data transmission technology
(hybrid cardiac telerehabilitation).

The form of structured, multidisciplinary
program. Exercise Training depends on

exercise capacity and the risk of complications.

Improve exercise tolerance, maintain
treatment outcomes, and reduce the risk of
disease recurrence.

ECG monitoring for at least 6—12 sessions.

Home or community-based
maintenance phase
Delivered in ambulatory or
community-settings and
should be lifelong as part of
healthy lifestyle intervention

Delivered in ambulatory,
home or community-settings

Improve exercise tolerance,
maintain treatment outcomes,
and reduce the risk of disease
recurrence.

ECG monitoring in high-risk

patients for at least 6—12 sessions

GUIDELINE
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Admission assessment

Medical History

Psychosocial assessment.
-Anxiety & Depression ( Hospital
anxiety and depression scale),

- cognitive function assessment
(Montreal cognitive assessment or
Mini-mental status examination)

Cardiac risk stratification
Low risk
Moderate risk
High risk

\

Physical examination

Functional capacity assessment
and additional tests.

include Symptom-limited exercise
test- preferably CPET, 6-MWT.

Cardiac Rehab Components
-Exercise training.

- Lifestyle changes(diet and
nutritional counselling)

-.Risk factor management

- Heart health education

- psychological support and return to
work.

Fig. 1. Cardiac rehabilitation step-up approach.

environment is a rating of perceived exertion using
the 20-point Borg scale, with exercise typically per-
formed at an intensity of 11—14 on this scale [12].
The exercise training progression should be based
on the individual's clinical response, and program
goals. Resistance training is recommended after at
least 1 week of supervised endurance training and
can be performed with elastic bands, small weights,
or using the patients' own body weight [13]. In
addition to aerobic and resistance training flexibility
and neuromotor exercises should be applied 2—3
times weekly [14,15].

8. Staffing

All CR team members should be competent in
basic life support (BLS) and in using the automated
external defibrillator (AED), and at least one team
member involved in the direct supervision of exer-
cise must be competent in advanced cardiac life
support (ACLS) (Table 4).

9. Facility

All areas should provide temperature and humid-
ity control. A source of water should be immediately
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available in all exercise area. A regularly tested
emergency call system should be available in all ex-
ercise areas. Participants with disabilities should
have full access to all CR facilities (Table 5).

10. Equipment

CR equipment should optimally include equip-
ment for a functional capacity assessment and pro-
vided with exercise equipment (Table 5). In a low-
setting environment, equipment for exercise provi-
sion and monitoring may be a challenge; therefore,
non-equipment exercise program (e.g., walking or
cycling if the patient has their own bicycle) can be
recommended as a minimal option [16].

Table 4. Staffing.
Staff Role & Responsibilty

Cardiologist, Physiatrist CR director, responsible for
establishing all medical pro-
tocols, policies, and procedures,
ensuring that CR program is safe
and comprehensive. It should be
a physician who is a board-
certified cardiologist or physiat-
rist with a strong background in
clinical cardiology, exercise
testing and cardiac rehabilitation
experience or education in the
organization and administration
of a CR program

Nurses Advanced knowledge of exercise
physiology, nutrition, and CVD
risk factor management.
Responsible for implementing
the exercise component of the
program and participating in the
patient education program
services

Physiotherapists and/or
Exercise physiologist

Psychologist Responsible for developing stra-
tegies for stress management.
Dietitian Provide and supervise nutri-

tional counseling services to the
patients

Table 5. Facility & equipment.

11. Safety of exercise program

Appropriately conducted exercise training is safe;
the risk of major adverse events during exercise
sessions is very low, with the reported occurrence of
cardiac arrest, myocardial infarction, and fatal
events 1 per 116,906, 1 per 219,970, and 1 per 752,365
patient-hours of training, respectively [17,18].

Pre-screening prior to each physical exercise ses-
sion should include changes in symptoms, signs,
and ECG. Medical supervision is suggested for the
high-risk patients mentioned in Table 6 [19]. Pa-
tients at lower risk or who have completed super-
vised exercise sessions can exercise safely at home
or in community settings. To monitor the exercise
intensity, a “talk test” can be used when a heart rate
measurement is not possible.

12. Psychoeducational program

Education related to physical activity, risk factor
control, smoking cessation, and dietary counselling
should be provided. Psychoeducational sessions
should be held for patients and include dietary
counselling and an introduction to the psychological
and emotional aspects of recovery form a cardiac
event [17]. The Hospital Anxiety and Depression
Scale (HADS) should be administered on admission
and after completion of CR program (HADS- Arabic
version available) [20].

If more detail is required, then separate in-
struments for depression and anxiety may be
considered. For example, depression can be
measured with the Patient Health Questionnaire 9
(PHQ9) for detecting Major Depressive Disorder
based on a structured clinical interview [21].

Anxiety could be measured with the Generalised
Anxiety Disorder Instrument (GAD-7) and has been
validated in cardiac populations [22].

The Quality of life (QoL) may be measured using
the Short Form Health Survey (SF-12) or similar

Space for patient reception and waiting
Consultation area
Space for education

Area for assessment of functional capacity (with treadmill and/or leg
cycle ergometer for standard exercise testing and appropriate place for
conduction 6-min walk test i.e., 20 m long hallway with markers in the
corners) floor space required for aerobic exercise per individual of 3.0

—4.0 m2
Gym/exercise area
Documentation storage area

Rest rooms with showering
Minimal option

Treadmill or/and supine leg cycle ergometer with
software for continuous ECG monitoring cardiac
monitoring clinical assessment equipment, chart of
rate of rating of perceived exertion preferable
cardiorespiratory exercise testing equipment, life
support equipment, medical alert signals system
Equipment for an aerobic and strength training hand
weights, resistance bands, multi-weight machines,
medical alert signals system

Non-equipment exercise program e.g. walking or
cycling if the patient has own bicycle)

GUIDELINE



Table 6. Risk stratification by the American association of cardiovascular prevention and rehabilitation.
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Parameter

Low risk

Moderate risk

High risk

Left ventricular ejection fraction
Complex ventricular dysrhythmia

Angina or other symptoms (unusual
shortness of breath, lightheadedness
or dizziness)

Hemodynamics during exercise testing
and recovery

Ischemic ECG changes
Functional capacity

Clinical data

LVEF 50% or more

Absent at rest or during exercise
testing and recovery

Absent during exercise testing
and recovery

Normal Hemodynamics

None

7 METS or more

100 Wats or more
Uncomplicated MI or
revascularization procedure
Absence of CHF

Presence of signs or symptoms
of post- event/post- procedure
ischemia

LVEF 35—49%

Present only at high level of
exertion (7ZMETS or more)

ST-segment depression <2 mm
5—6.9 METS
75-100 Watts

Present at rest or during exercise testing
and recovery

Present at low levels of exertion

(<5 METS) or during recovery

Abnormal hemodynamics during
exercise testing (i.e chronotropic
incompetence or flat or decreasing
systolic BP with increasing workload) or
during recovery (severe post-exercise
hypotension)

ST-segment depression >2 mm

<5 METS

<75 Watts

History of cardiac arrest Complicated
MI or revascularization procedure
Presence of signs and symptoms of
post-event/post —procedure ischemia
Presence of CHF

Clinical depression

Absent

Present

All characteristics Listed must be
absent for patients to remain low
risk.

Those who do not fit into any
classification classified as
moderate risk

One or more of these findings places
the patient at high risk.

01¢
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Table 7. FITT-VP aerobic training formula.

Training parameter Description

Number of exercises or sessions during
a day or week Recommendations:

4—7 days per week

Direct (METS, oxygen uptake, Watts),
indirect (training heart rate, Borg scale)/
Recommendations:

40%—80% of maximal heart rate or ox-
ygen uptake reserve or Borg scale 11
—16, 10 beats per minute below event-
heart rate (heart rate at start of angina
or ECG ischemic changes)

Time of training or total time during a
week Recommendations: 20—60 min
per session

Exercise type Recommendations:
Rhythmic, involving large muscle
groups (biking, walking, swimming)
Total energy expenditure in time V=F x
I x T Recommendations: 500—1000
MET-min per week,

1500 kcal per week

Load increase rate Recommendations:
5—10 min over 12 weeks

Frequency (F)

Intensity (I)

Time (T)

Type (T)

Volume (V)

Progression (P)

tools [23]. Both (Montreal cognitive assessment, or
Mini-mental status examination—2 and Mini-cog)
are valid and good screening tools for cognitive
impairment in Arabic-speaking patients [24,25].

13. Physical activity recommendations

Aerobic capacity is a strong prognostic marker in
healthy individuals. One metabolic equivalent of task
(MET) in aerobic fitness corresponds with a 13%
decrease in all-cause mortality and a 15% decrease in
the incidence of cardiovascular events [26]. Long-term
physical activity after completing a cardiac rehabili-
tation program is essential. Current guidelines on
physical activity recommend that individuals with
increased cardiovascular risk should perform at least
150 min of aerobic exercise at a moderate intensity or
75 min of high intensity exercise three to five days a
week or a combination of moderate- and vigorous-
intensity exercise, Table 7 [27]. The moderate-in-
tensity activities (i.e., 3—5.9 MET) entail, e.g., brisk
walking (5—6.5 km/h), or slow biking (15 km/h). Ex-
amples of vigorous activities (>6 MET) include
jogging, running, and bicycling (>15 km/h). In addi-
tion to an aerobic component, moderate-intensity
resistance training involving large muscle groups is
recommended twice a week, Table 8. Individuals who
cannot perform 150 min of moderate-intensity phys-
ical activity each week should be as active as health
condition allows. To maintain an adequate physical
activity level, motivational interventions should be

applied, e.g., self-monitoring utilizing wearable ac-
tivity trackers [28].

14. Discharge and documentation

A discharge summary should include information
regarding the patient's completed program, docu-
mented progress, goals achieved and planned. On
discharge, the patients should be given both verbal
and written advice regarding further goals. The
referring cardiologist should be notified by a
discharge summary of the patient's attendance on
the CR program. Each patient attending the CR
program should have a medical record with detailed
information.

15. Outcome measurements

Evaluation of CR outcomes should include
symptoms, changes in functional capacity, and car-
diac function, risk factor control, quality of life,
nutritional and psychosocial status. The quality of
life may be assessed using the Short Form Health
Survey (SF-12). The SF-12 includes one item that
assesses self-rated health, which has been shown to
predict survival. The instrument is regarded as a
reliable and valid generic measure of health-related
quality of life in cardiac populations [23].

Cardiac rehabilitation key performance indexes
(KPI's) should include percent of eligible patients
enrolled for phase II of cardiac rehabilitation, average
waiting time from referral to start of the structured
CR program, CR adherence, weight reduction in
obese and overweight patients, improvement of
functional capacity and quality of life [29].

Table 8. FITT-VP resistance training formula.

Training parameter Description

Number of exercises or sessions during
a day or week. Recommendations:

2-3 non-consecutive days per week
One-repetition maximum, Borg scale
Recommendations: 40—70% of one
repetition maximum, 8—15 repetitions
for each major muscle group,1-3 sets,
Borg scale 12—15

Time of training or total time during a
week. Recommendations: No specific
training duration has been identified for
effectiveness

Exercise type Recommendations:
Involving each major muscle groups
Not specified

Load increase rate Recommendations:
Gradual progression of greater resis-
tance and/or more repetitions per set

Frequency (F)

Intensity (I)

Time (T)

Type (T)

Volume (V)
Progression (P)

GUIDELINE
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16. Telerehabilitation

CR provides a supervised rehabilitation program
remotely through using advanced medical and
telecommunication technology [2]. Phase II of tele-
rehabilitation can be delivered at home following an
exercise capacity assessment and a few supervised
exercise training sessions at a cardiac rehabilitation
facility. Home programs typically include up to 20
training sessions. The core components of an exer-
cise session include permission for training based
on a medical interview by phone, ECG recording,
heart rate and body weight measurements, assess-
ment for exercise contraindications, followed by
exercise training guided by a telerehabilitation sys-
tem with programmed recording and transmission
of the electrocardiogram [30]. The type of home-
based exercise training depends on the availability
of exercise equipment, and if equipment is not
available, walking is recommended[31].

17. Conclusion

CR is an important intervention which aim to
improve CV outcome and can be implemented with
minimal resources either at the hospital or in the
community.
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