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Cardiac rehabilitation is a program which reduces morbidity and mortality in patients with ischemic heart disease.
However only some European centers provide these programs for patients diagnosed with cardiac ischemia. Therefore
home-based programs were developed for cardiac rehabilitation. Strava is a social network developed to track activities
of running and cycling both in athletes and individuals searching for recreation and sport activities. In our work we
present an approach based on Strava tracking to improve the quality of cardiac rehabilitation. Real-time monitoring of
heart rate, steps per minute and speed during recreational or competitive activities can be used to increase physical
capacity in individuals with ischemic heart disease.
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1 Introduction
Cardiac rehabilitation is the sum of actions needed to
provide an optimal level of physical activity after an
acute episode of cardiac disease. Beside risk factors,
physical exercise is the cornerstone of rehabilitation
(1).
1.1 Cardiac rehabilitation in ischemic heart
disease.
Patients with acute coronary syndrome or post-PCI
have a class I level A indication for cardiac
rehabilitation in current guidelines, and patients with
chronic angina have a class I level B indication (2).
Physical training has been shown to reduce risk
factors in patients with ischemic heart disease (3).
Patients that had an acute myocardial infarction or an
acute coronary syndrome, or underwent a coronary
bypass procedure are eligible for cardiac
rehabilitation programs. If the patient already
developed NYHA IV heart failure or the
coronarography shows significant remaining lesions
or significant ventricular arrhythmias, cardiac
rehabilitation could be postponed or even excluded as
a way of treatment (4).
1.2 Phases of Cardiac rehabilitation in ischemic
heart disease.
Cardiac rehabilitation programs consist of 3 phases.
The first phase starts early after stent implantation, or
medical treatment, in hospital, after assesing the basic
functional mobility of the patient and associated risk
factors. Upon discharge the patient can continue
phase 2 consisting in monitored excercise activities.

The last phase is phase 3 with increased intensity of
excercise guided by self- monitoring of the heart rate,
cadence, and pace and self-perceived exertion (5,6).
1.3. Heart rate during physical training.
Patients after an acute coronary event have an
accelerated heart rate increase to standardized
workload, similar to individuals with prolonged bed
rest. This is called a deconditioning response to
disease. The cardiac response to excercise is related
to a decrease in the vagal tone which is further
translated to an increase in the heart rate (7). During
dynamic tpes of exercise heart rate increase is liniar
to workload and within minutes it reaches a steady
state for a given intensity of physical activity. Heart
rate during excercise depends on the age of the
patient, body position, type of physical activity,
environment, and can be measured using different
devices or apps (fig 1,2).
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Fig. 1. Garmin Forrunner device used for excercise
tracking. It can display distance, heart rate and pace. It
uses an optical heart rate sensor with green light on the
back of the device to measure heart rate.

Fig. 2. Polar device used for excercise tracking. It has
a pectoral belt for heart rate measurement that
transmits the signal to the watch using bluetooth
technology.
2. Devices for home-based rehabilitation.
Phase 3 rehabilitation is an alternative to cardiac
rehabilitation programs that take place in hospitals or
as
out-patient
rehabilitation.
Home
based
rehabilitation may be improved using devices that
measure not only biological variables such as heart
rate, blood pressure, respiratory rate and caloric count
but also cadence, speed and distance using motion
sensors and accelerometers with long-term information
storage programs. All those devices increase the
adherence of patients to cardiac rehabilitation
programs. A high number of devices for home-use are
launched and improved every month to increase the
ease of access to remote monitoring. It is possible in
our days to assess home- based cardiac rehabilitation
with real-time remote monitoring using various apps
and devices making the follow-up of patients more
efficient (8).
Polar and Garmin devices are tools for exercise
tracking that can be used for home-based cardiac
rehabilitation programs. They can be used by
cardiologists to evaluate their patient’s activity and
keep track of the progress during the excercise
program. Both Garmin and Polar devices include a
wide range of watches of various size and style with or
without an attached chest band for respiratory and heart
rate monitoring during exercise. Devices can monitor
physical activities like walking, running, swimming,
bike riding and much more (9).

2.1 Strava platform
Strava platform has an important role in the quality of
the rehabilitation program and patient’s adherence.
Doctors can obtain information both during excercise
and postexcercise: activity duration, speed, average
pace, elevation gain, calories burnt as well as heart rate
and respiratory rate at specific splits during excercise,
related to distance, pace and elevation. Strava
automatically processes diagrams and figures based on
measured parameters. This makes cardiac rehabilitation
significantly easier for the patient and user friendly for
the doctor that supervises the program from the hospital
or his own computer (10).
Another important asset that this platform provides is
the social network interface that can help increase the
adherence to the program by offering the possibility to
join various running clubs even cardiovascular
rehabilitation clubs which can offer further support and
motivation for the patient.
2.2. Individual coaching by telephone or internet
The telehealth or e-health technologies due to their
lower grade of flexibility and professional input on
excercise programs may not be as effective as the phase
II-hospital based rehabilitation program. Nevertheless,
the results of remote excercise monitoring can be
improved by the real time advices of a cardiologist
during the rehabilitation program, by phone, email or
phone messages using different applications.
Interaction with a cardiologist is expected to increase
both the patient’s adherence to the program and quality
of training (11).
3. Stepwise approach to Strava tracking
Step 1: Before beginning stage 2 of cardiac
rehabilitation a stress test should be performed to assess
the maximum heart rate during physical activity. If the
test is not performed the theoretical maximum heart rate
will be calculated using the formula 220-age.
Step 2: The patient’s risk factors will be assesed: lowrisk, high-risk or very high-risk. High-risk patients are
considered those with ejection fraction of < 40%,
patients with failed reperfusion therapy, patients with
severe three-vesel disease and those > 70 years old.
Very high-risk patients are considered those that
already have clinical signs of heart failure NYHA III of
IV.
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Step 3: The patient should aquire a Strava compatible
tracking device: Garmin, Polar (fig 1,2), Suunto,
Tomtom, Fitbit and synchronize the device with the
Strava personal account.

Step 6: Each time the patient performs physical activity,
information will be uploaded to Strava and can be seen
by the cardiologist for further advices.
Step 7: The cardiologist can check the activities
uploaded by his patients from his office or from his own
home. He will search for: distance traveled by the
athlete, speed, cadence and heart rate, different graphs
and maps (Fig 3-6).
Step 8:
After verifying the data provided by Strava platform,
the doctor can give advices on how to increase or
decrease distance, speed and frequency of
activities/day.

Fig. 3. Map with the distance traveled by the patient.
The GPS system of the Garmin or Polar watch can trace
the patient while exercising. (Source: personal
collection)

Fig. 5. Heart rate curve. For a rehabilitation cardiologist
this curve is very important as it shows the intensity of
physical activity performed by the patient. The patient
did more intense activity than calculated by the
Karvonen formula: for a 40- year-old patient is: (180Fig. 4. After terminating the daily training program, 80) x 0,6+80=140 bpm.
the patient can upload his activity on Strava. This (Source: personal collection)
image shows the pace curve as minutes/km during the
total duration of 50 minutes training.
(Source: personal collection)
Step 4: The cardiologist will establish thre excercise
intensity according to the risk, using the Karvonen
formula:
Low risk = 0.6 x (max heart rate-resting heart
rate)+resting heart rate.
Hish risk=-0.5 x (max heart rate-resting heart
rate)+resting heart rate.
Fig. 6. Cadence curve. The figure shows the number of
Very hisgh risk = 0.4x (max heart rate-resting heart steps the patient takes per minute. In this case 175spm
rate)+resting heart rate.
is a good cadence. (Source: personal collection)
Step 5: The patient will start training with a frequency
of 4 times/week for 30 minutes then will increase
gradually to 7 times/week and up to 1 hour.
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Conclusion:
Exercise training remains the cornerstone of
rehabilitation in cardiovascular patients as it
decreases morbidity and mortality in patients with
ischemic heart disease, it improves symptoms and
cardiac risk factors, as well as increases the quality of
life by increasing physical functioning and exercise
capacity. Strava, as a social network, using Polar and
Garmin tracking devices, helps the patient with
ischemic heart disease by improving the quality of the
rehabilitation and increases the adherence to home
based cardiac rehabilitation program
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