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My series of lecture 
• Benefits of exercise: 2000 

• Setting of cardiac rehabilitation: 2000-Now 

• Concept of cardiac rehabilitation: 2000-2010 

• Series in APCCRC: CR in Thailand, Return to work, High risk clinic, Metabolic syndrome, Exercise 
is Medicine 

• Cardiac rehabilitation in heart failure, in AICD: 2007-2014 

• Model of cardiac rehabilitation: 2012-13  

• Cardiac rehabilitation, where program should be promoted: AFCC 2014 

• Exercise training: AFCC 2014 

• High risk clinic @ World Congress of Cardiology 2014 Melbourne 
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•Our experiences 



Cardiac telerehabilitation 

• without any high technology: telephone call, texting etc. 

 

 

• With high technology: wearable devices. ECG monitoring etc. 



 

Patel et al. Journal of NeuroEngineering and Rehabilitation 2012, 9:21  



 



 



Application of system 

• health and wellness monitoring  

• safety monitoring 

• home rehabilitation 

• assessment of treatment efficacy 

• early detection of disorders.  



Are wearable tech the future of CR ?  

The answer is   YES 
There are 3 topics in this conference on wearable 

- The Role of Technology in Exercise Promotion                                                                                                         by 
Dr. Tee Joo Yeo 

- this lecture 

-Cardiac Rehabilitation using Wearable Sensor for Monitoring                                                                        
Physical Activity by Dr. Yutaka Kimura 



• 11 trials (n=1189) met eligibility criteria        

• Physical activity level was higher following 
telehealth exCR than after usual care. 

• Compared with centre-based exCR, telehealth 
exCR was more effective for enhancing physical 
activity level, exercise adherence, diastolic 
blood pressure and low- density lipoprotein 
cholesterol.  

• Telehealth and centre- based exCR were 
comparably effective for improving maximal 
aerobic exercise capacity and other modifiable 
cardiovascular risk factors. 
 

Results 

This meta-analysis aimed to 
determine the benefits of 
telehealth exCR on exercise 
capacity and other modifiable 
cardiovascular risk factors 
compared with traditional exCR 
and usual care, among patients 
with coronary heart disease 
(CHD). 

Objectives 

Rawstorn JC, et al. Heart 2016;102:1183–1192.  



Telehealth defining 

Telehealth exCR interventions used ICT (eg, telephone, 
mobile/smartphone, mobile application [app], portable 
computer, Internet, biosensors) to deliver or monitor structured 
exercise training that included prescriptive components such as 
frequency, level of intensity and duration. Telehealth and 
centre-based exercise could be deliv- ered alone or as part of 
comprehensive CR.  

Rawstorn JC, et al. Heart 2016;102:1183–1192.  



• Telehealth exCR appears to be at least as effective as 
centre-based exCR for improving modifiable 
cardiovascular risk factors and functional capacity, and 
could enhance exCR utilisation by providing additional 
options for patients who cannot attend centre-based 
exCR. Telehealth exCR must now capitalise on 
technological advances to provide more comprehensive, 
responsive and interactive interventions.  

Conclusions 

Rawstorn JC, et al. Heart 2016;102:1183–1192.  



The effects 

 

maximal aerobic exercise capacity.  physical activity level 



exercise adherence  

body composition  



systolic blood pressure.  
diastolic blood pressure.  



• Low to moderate risk CR patients were randomised to a 12-
week home-based training (HT) programme or a 12-week 
centre-based training (CT) programme.  

• both groups, training was performed at 70–85% of maximal 
heart rate (HRmax) for 45–60min, 2–3 times per week.  

• The HT group received three supervised training sessions, 
before commencing training with a heart rate monitor in their 
home environment. These patients received individual 
coaching by telephone weekly, based on training data 
uploaded on the Internet.  

• The CT programme was performed under the direct supervision 
of a physical therapist. Exercise capacity and health-related 
quality of life were assessed at baseline and at 12 weeks. 
 

Method 

• CT (n = 25) and HT (n = 25) both 
showed a significant improvement in 
peak oxygen uptake (peak VO2) (10% 
and 14% respectively) and quality of life 
after 12 weeks of training, without 
significant between-group differences.  

• The average training intensity of the HT 
group was 73.3 +/- 3.5% of HRmax.  

• Training adherence was similar 
between groups.  

Results 

European Journal of Preventive Cardiology 
2014, Vol. 21(2S) 26–31 

 



Heart 2009;95:1964–1968.  



Heart 2009;95:1964–1968.  



Heart 2009;95:1964–1968.  



• Purposes and goal 

• Sensors and devices and system monitoring 

• Patient selection 

• Barriers to implementation 

• Cost and sustainability CARDIAC FAILURE REVIEW 
\Access at: www.CFRjournal.com   



Review of tele-health monitoring 

• Wearable technology 

 

• Smart phone 

 

• Mobile ECG monitoring 



Types of sensor 
• Type of Sensors 

• ECG or Heart sensor: Electrocardiography measures the electrical activity of the heart by using 
electrodes placed on the skin  

• PPG or light sensor: Photoplethysmography measures the volumetric change of the heart by 
measuring light transmission or reflection. 

• Light wavelength  (RED VS GREEN) 

• Green light is suitable for the measurement of superficial blood flow in skin.  

• Light with wavelengths between 500 and 600 nm (the green-yellow region of the visible spectrum) 
exhibits the largest modulation depth with pulsatile blood absorption.  

• IR or near-IR wavelengths are better for measurement of deep-tissue blood flow  

• Number of sensors: the more is good but consume more power 



 



 



 



Factors Affecting PPG Recordings  

• the measurement(i.e., probe, PPG and PD attachment site) 

• the contact force 

• mechanical movement artifacts 

• subject posture, and breathing 

• ambient temperature.  



Settle of technologies 
• Green for general measurement 

 

• Red for precise and more variable measurement 

 

• 3 LED 

 

• The right algorithms 



 



 



 



 



 



 



 

BioMed Eng OnLine (2017) 16:23  



 

BioMed Eng OnLine (2017) 16:23 



 

BioMed Eng OnLine (2017) 16:10  



Conclusions:  

• Current study can estimate only the relative variation of blood pressure 
but could not find the absolute pressure value. Moreover, proposed 
index has the limitation of diastolic pressure tracing. However, the 
result shows that the proposed PI(pressure index) is statistically 
significantly correlated with blood pressures, and it suggests that the 
proposed PI as a promising additional parameter for the cuffless blood 
pressure monitoring.  

BioMed Eng OnLine (2017) 16:10 



 

Conf Proc IEEE Eng Med Biol Soc. 2014 ; 2014: 5264–5267  



 

Conf Proc IEEE Eng Med Biol Soc. 2014 ; 2014: 5264–5267  



 

Chandrasekhar et al., Sci. Transl. Med. 10, eaap8674 (2018) 7 March 2018  



 



 



 



 

The Open Nursing Journal, 2017, 11, (Suppl-1, M7) 232-240  



device caterries 

•  Devices capturing the gestures related to nutrition, such as arm and 
wrist movements;  
 

•  Devices capturing sounds and vibrations from chewing and/or 
swallowing;  
 

• Devices that identify the kind and the amount of food analyzing food 
digital images.  



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 

https://marvelapp.com/30e5ffd/screen/34494805


 

https://marvelapp.com/2d62990/screen/34620622


 

Helo 

https://website.worldgn.com/products/helo/helo-lx-start/


Maximum oxygen measurement 

 



Maximum oxygen measurement 

 



etc. 

 



 



ECG monitoring 

• Single limb-lead ECG recording devices 

 

• Chest-lead ECG devices 

 

• Multi lead devices (Holter) 



 

Handheld/Pen  ECG Event Recorder 
เพื่อให้ผู้ป่วยบันทกึ ECG ได้ทนัท่วงทแีละแม่นย ำ 

หน่วยควำมจ ำสำมำรถบันทกึอำกำรเส่ียงโรคหวัใจได้ถงึ 500 ครัง้ 

Wearable ECG Monitor 
เพื่อบันทกึ ECG, อัตรำกำรเต้นของหวัใจ, SPO2 

ตลอดทุกสภำวะกำรท ำงำนของหวัใจตำมที่แพทย์ส่ัง 
เพื่อตรวจจับอำกำรผิดปกตต่ิำงๆ 

Traditional ECG machine 
เคร่ืองวัด ECG แบบดัง้เดมิ ขนำดใหญ่ ใช้ในโรงพยำบำลเท่ำนัน้ 

อำจไม่สำมำรถตรวจอำกำรของผู้ป่วยได้ทนัท่วงท ี

Cardiology Technology 



 

Intelligent ECG Holter 
เพื่อเพื่อบันทกึ ECG, อัตรำกำรเต้นของหวัใจ, SPO2 

 เช่ือมต่อ Wifi เพื่อสังเกตุอำกำรโดยแพทย์ได้ตลอด 24 
ช่ัวโมง 

Portable  “Energy” ECG recorder 
(New ECG technology) 

สำมำรถตรวจจับกำรเร่ิมต้นควำมผิดปกตขิองหวัใจได้
ล่วงหน้ำ ก่อนที่จะเกิดอำกำร โดยตรวจจับ myocardium 
energy ในแต่ละ cardiac cycle, diastolic dysfunction, 

pathology change ได้ก่อนเคร่ือง ECG แบบปกต ิ

Cardiology Technology 

เพื่อให้แพทย์ตรวจจับและบันทกึอำกำรผิดปกตขิองหวัใจของผู้ป่วย
ที่เกดิขึน้ได้ทนัที รวดเร็วกว่ำในอดีตเพื่อให้ผู้ป่วยใกล้ชิดกับแพทย์
มำกขึน้ อีกทัง้วิเครำะห์สังเกตุอำกำรผิดปกตล่ิวงหน้ำมำกขึน้โดย 

engery ECG เทคโนโลย่ีใหม่ล่ำสุด  



 



 



 



 



• We conducted PubMed and Internet 
searches for “handheld” or 
“wearable” or “patch” 
electrocardiography devices to enlist 
available technologies. We also searched 
PubMed with names of individual 
devices to obtain additional citations. 
We classified available devices as a 
“single limb lead ECG recording 
devices” and chest-lead “ECG 
recording devices.” If a device used 
more than three electrodes, it was 
defined as a conventional 
electrocardiography or Holter machine 
and was excluded from this review  

We identified a total of 15 
devices. Overall, only six of these 
devices (five single lead and one 
chest lead) featured in published 
medical literature as identified 
from PubMed search. A total of 
13 citations were available for the 
single limb lead ECG recording 
devices and 6 citations for the 
chest-lead ECG recording devices.  

Journal of Arrhythmia. 2018;34:129–138  



• Alivecor kardia 

 

 

 

 
Journal of Arrhythmia. 2018;34:129–138  



 



• Ziopatch 

Journal of Arrhythmia. 2018;34:129–138  
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Our experience 

• Patient report their own smartphone-based device, application 

 

• Handheld ECG device for MET@Home project and active individual 
who want to return vigorous activities 

 

• Setting the tele monitoring system with the property developer: 
SANSIRI 



 



Divine program 

https://www.firstbeat.com/en/


European Journal of Preventive Cardiology 2013; 20(S2): 1–24     

• telemedical studies have mostly investigated electrocardiogram (ECG)-
monitored exercise training at home and internet-based counseling for lifestyle 
modification in selected low-risk patients after an acute cardiac event. First 
reports of telerehabilitation in patients with heart failure are also promising. 
However, we need large scale prospective randomized studies to show that 
cardiac telerehabilitation is equally effective as it has been shown for exercise-
based outpatient CR programs which are provided according to current 
standards and guidelines. Cardiac telerehabilitation is a promising new tool in 
particular to include patients in CR which are not living near a centerbased CR 
program or who are not able to attend such a program for various reasons and 
to improve long-term adherence to a healthy lifestyle after center-based CR.  



Are wearable tech the future of CR ? 

 

The answer is    YES YES YES 



What next?? 

• Local centralised web-based program 

 

• Standard protocol 

 

•wearable as the medical appliance 


