Using information & communication
technology for cardiac rehabilitation
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« Kim et al. J Korean Med Scj 2020
e Jul 2017~Jun 2018
« 1.5% of AMI patients (960/64,982)

« A2 2HAL(unpublished data)
« 2017~2019
« Coronary artery stent or CABG: total 191,840%
e MZIZIE WE TWIL X R:21.519H(11.22%)
« 22l AEAME I =2 X|E: 12,7778 (6.66%)



Cardiac Rehabilitation Barrier Scale
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.J don't need CR

I can manage on my own

.my doctor didn't feel it was necessary

my people with heart problems don’t go to CR and they are fine

I prefer to take care of my health alone

I already exercise at home or in my community
I didn’t know about CR

I think I was referred but the rehab program didn’t contact me

it took too long to get referred and into the program

.of cost

.of transportation problems
.of distance

.of family responsibilities
.severe weather

.of work responsibilities

.of time constraints

travel

.I don't have the energy

I find exercise tiring or painful

.other health problems prevent me from going
.I am too old

Shanmugasegaram et al. 2012
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Road map to 70% CR participation

Cardiac reha
* Set 36 CR ses!

tion adherence
as goal
v p
eope
Cardiac rehabilitation enrolime 9
: % \
tat CR

ion referral n/
mance F

Reduce the interval between hospital discharge and cardiac rehab program orientation by formalizing
enrollment practices.

Support participation in cardiac rehab through community health workers, home health aides, and visiting
nurses.

Design culturally and linguistically appropriate programs.
Ensure access to services through transportation options and extended hours.
Where possible, reduce or eliminate financial burden on cardiac rehab participants.

Diversify cardiac rehab teams.

« Research shows that minority physicians are more likely to care for minority, poor, uninsured, and underserved people,
compared to white physicians.

Create web-based or home-based programs in rural areas.

Hospital

Develop telemedicine-monitored cardiac rehab programs for people unable to access traditional programs.

For people unable to attend all 36 sessions in a cardiac rehab facility, conduct baseline assessment in a
cardiac rehab clinic followed by a nurse-monitored home exercise program.

Reward eligible people for completing cardiac rehab programs.
Reward programs with high completion rates.

Share best practices and lessons learned, including innovations.



Home-based CR

A reasonable option for CBCR to increase participation in CR
« AACVPR/AHA/ACC Scientific Statement 2019
« ESC guideline 2016

» Effects of HBCR compared with CBCR

« Not inferior in safety, mortality, exercise capacity, risk factor
management, and HRQoL

« Superior in adherence and cost-effectiveness
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Information and Communication Technologies
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Home-based exercise
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Batalik et al. World J Clin Cases. 2020



ICT for CR

Ambulatory Monitoring
Capabilities

*ECG

* Heart Rate

« Arrhythmia

« Blood Pressure

« Cardio-Respiratory Fitness
« Stress
 Respiratory Rate

« Temperature

« Oxygen Saturation
« Ischemia

* Apnea

Devices for Ambulatory
Monitoring

» Wristwatches
« Smartphones
« Patches

» Headbands

« Eye-glasses

» Necklaces

Sana et al. J Am Coll Cardiol. 2020

(@)
SYNCHRONOUS TELEEXERCISES
SIMULTANEOUSLY
PROFESSIONAL

PARTICIPANT

(b)
ASYNCHRONOUS TELEEXERCISES

NOT SIMULTANEOUS

Doiinlaad PROFESSIONAL
e —_—
| 8 T
Upload

PARTICIPANT

%o T e
i

Costa et al, J Telemed Telecare. 2021

National Health
Insurance Service Ilsan Hospital

a FER
Biosignal{ R
L ;
Signal processing
algorithms
Analysis
No F
—————Arrhythmia?
Yes
\
~ o [ .
Clinical kfl r \
provilcri]tl;r:?u‘clivge;meor# R Flag user CIED:
CIED therapy (physician) apply therapy

b Biosfgnals EMR

e ([N 4 g n L SR
input data’|  triggers

Machine learning
foractionable -

outcomes
Actionable output
. (for example, AF or
No actionable output other rhythm
(for example, no AF) disturbances)
(-
Patient-centred Inform o, Inform
monitoring and { patient provider
triage

Krittanawong et al. Nat Rev Cardiol. 2021



HBCR compared with CBCR

Potential Advantages Potential Disadvantages

Reduced enrollment delays

Expanded capacity/access

Individually tailored programs

Flexible, convenient scheduling

Minimal travel/transportation barriers
Greater privacy while receiving CR services

Integration with regular home routine

Lack of reimbursement

Less intensive exercise training

Less social support

Less patient accountability

Lack of published standards for HBCR

Less face-to-face monitoring and communication

Safety concerns for patients at higher risk

Thomas et al. J Am Coll Cardiol. 2019



Stratification of risk during exercise =2

Exercise
testing
findings

Nonexercise
testing
findings

Absence of complex ventricular dysrhythmia during
exercise testing and recovery

Absence of angina or other significant symptoms (e.g.,
unusual shortness of breath, light-headedness, or
dizziness during exercise testing and recovery)
Presence of normal hemodynamics during exercise
testing and recovery (i.e., appropriate increases and
decreases in heart rate and systolic blood pressure
with increasing workloads and recovery)

Functional capacity =7 METs

Rest ejection fraction 250%

Uncomplicated myocardial infarction and/or complete
revascularization procedure

Absence of complicated ventricular arrhythmias at rest
Absence of heart failure

Absence of signs or symptoms of postevent or
postprocedure ischemia

Absence of clinical depression

Moderate

Presence of stable angina or other significant
symptoms (e.g., unusual shortness of breath,
light-headedness, or dizziness occurring only
at high levels of exertion [<7 METSs])

Mild to moderate level of silent ischemia
during exercise testing or recovery (ST-
segment depression <2 mm from baseline)
Functional capacity <5 METs

Rest ejection fraction = 35% to 49%

AACVPR. Guidelines for Cardiac Rehabilitation Programs. 6 edi, 2020

Presence of complex ventricular arrhythmias
during exercise testing or recovery

Presence of angina or other significant
symptoms (shortness of breath, light-
headedness, or dizziness at low levels of
exertion [>5 METSs] or during recovery)
High level of silent ischemia (ST-segment
depression 22 mm from baseline) during
exercise testing or recovery

Presence of abnormal hemodynamics with
exercise testing (i.e., chronotropic
incompetence or flat or decreasing systolic BP
with increasing workloads) or recovery (i.e.,
severe postexercise hypotension)

Functional capacity <3 METs

Left ventricular dysfunction with resting
ejection fraction <35%

History of cardiac arrest

Complex dysrhythmias at rest
Complicated myocardial infarction or
incomplete revascularization procedure
Presence of heart failure

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

Presence of clinical depression
Implanted cardiac defibrillator



Paradigm shift of CR

No CR No CR

Home CR Home CR

Traditional CR
Traditional CR

Current Paradigm New Paradigm



Phase II CR Phase III CR
Center-based CR Home-based CR



TelereCR

A controlled trial of cardiac rehabilitation in the
home setting using electrocardiographic and
voice transtelephonic monitoring

Philip A. Ades, MD, Fredric J. Pashkow, MD, Gerald Fletcher, MD, Ileana L. Pina, MD, Lenore R. Zohman, MD,
James R. Nestor, PhD Burlington, Vt

Am Heart J 2000; 139: 543-8



TelereCR

» \oice transmitter
« Telephone modem

» During cycle exercise
 Direct telephone contact with the nurse coordinator
and other patient participants
* 15~20 min, 65% of HRmax - 35~40 min, 85% of
Hrmax

« Intervention  Results
» ScottCare Tele-Rehab System
 Raytel Cardiac Service 100- Transtelephonic Hospital-Based
» Multiple long-distance phone line to monitor up to 8
patients simultaneously 3
- Patient kit S
« ECG leads and transmitter unit 3
- Headset g
g
s
&
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Home-based cardiac telerehabilitation

@ E S C European Journal of Preventive Cardiology (2022) 29, 1017-1043 FULL RESEARCH PAPER

European Society doi:10.1093/eurjpc/zwab106
of Cardiology

Effectiveness of home-based cardiac
telerehabilitation as an alternative to Phase 2
cardiac rehabilitation of coronary heart disease:
a systematic review and meta-analysis

Hadassah Joann Ramachandran ® '*, Ying Jiang', Wilson Wai San Tam',
Tee Joo Yeo?, and Wenru Wang'#

TAlice Lee Centre for Nursing Studies, Yong Loo Lin School of Medicine, National University of Singapore, Block MD 11, 10 Medical Drive, Singapore 117597, Singapore; and
*Cardiac Rehabilitation, Department of Cardiology, National University Heart Centre, Singapore, Singapore

Received 16 March 2021; revised 14 May 2021; editorial dedsion 29 May 2021; accepted 2 June 202 1; online publish-ahead-of-print 13 July 2021



Home-based cardiac telerehabilitation

Study (Total N = 14) No. of Wearable device Method of communication Comparison
participants

Accelerometer (Sensewear Pro3)

Devi et al. 2014 (UK)
Dorje et al. 2019 (China)

Duan et al. 2018 (China)
Fang et al. 2019 (China)

Lear et al. 2014 (Canada)

Maddison et al. 2019 (New
Zealand)

Reid et al. 2012 (Canada)

Snoek et al. 2021 (NED, SUI,
DEN, FRA, ESP)

Song et al. 2020 (China)

Varnfield et al. 2014
(Australia)

Wang et al. 2020 (China)
Yu et al. 2020 (China)
Yudi et al. 2020 (Australia)
Zutz et al. 2007 (Canada)

312

114
80

78

162

223
179

106
120

179
1,000
206
15

Pedometer, BP and HR monitor (C-

health XY-10)

Belt strap with sensor for PA tracing

(Ucare RG10)
HR monitor (Polar s610i)

Chest-worn wearable sensor
(BioHarness 3)

Pedometer (Yamax DIGIWALKER)

HR belt

HR belt (Sunto)

Step-counter

Smartphone’s accelerometer

HR monitor

CR nurse via e-mail or synchronized chat room

Cardiologist via WeChat

Weekly phone calls by nurse

2 home visit and weekly telephone calls by PT

Weekly one-on-on web-site chat with nurse, exercise specialist and
dietitian/monthly group chat

Physiologist provided individualized coaching on real-time platform.

SMS 3 times/week
Exercise specialist via e-mail

Telephone interview (4 > 1 time/month)

Medical staff via text messaging and telephone call, weekly

Weekly telephone call

2 cardiologists and 1 trained nurse via WeChat platform
App messaging service, weekly
Interactive and personalized feedback (5 times/week)

Weekly one-on-on web-site chat with nurse, exercise specialist and
dietitian/monthly ask-an expert group

National Health
Insurance Service

Usual care

Usual care

Usual care

Usual care

Usual care

CBCR

Usual care

Usual care

Usual care

CBCR

Usual care
Usual care
CBCR

Usual care

Ilsan Hospital




Home-based cardiac telerehabilitation

(@)

(b)

National Health
Insurance Service

Ilsan Hospital

HBCTR Control Mean Difference Mean Difference HBCTR Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% ClI 1V, Rand 95% ClI Study or Subgroup  Mean SD Total Mean SD Total ight IV, Randi 95% CI IV, Rand 95% CI
9.4.1 HBCTR versus UC 9.6.1 HBCTR versus UC
Dorje 2019 543.4 67.5 156 5235 60.2 156 41.6% 19.90 [5.71, 34.09] — Lear 2014 613.6 164.79 34 596.67 118.26 37 18.8% 0.12 [-0.35, 0.58] —_—
Fang 2019 429.65 33.7 33 396.12 36.42 34 35.4% 33.53[16.74, 50.32] —_— Snoek 2020 20.6 6 89 20.5 5.4 90 29.0% 0.02 [-0.28, 0.31) —
Subtotal (95% CI) 189 190 77.0%  25.95 [12.67, 39.22] < Song 2020 2229 479 48 1907 533 48 21.6%  0.63(0.22 1.04] —
Heterogeneity: Tau’ = 29.96; Chi’ = 1.48, df = 1 (P = 0.22); I = 32% Zutz 2007 744.6 201 8 555.6 126 S 4.3%  0.99(-0.22,2.20) —
Test for overall effect: Z = 3.83 (P = 0.0001) Subtotal (95% CI) 179 180 73.7% 0.30 [-0.07, 0.68] e
Heterogeneity: Tau’ = 0.08; Chi* = 7.43, df = 3 (P = 0.06); I’ = 60%

9.4.2 HBCTR versus CBCR Test for overall effect: Z = 1.58 (P = 0.11)
Varnfield 2014 570 80 45 584 99 27 8.6% -14.00 [-58.05, 30.05]
Yudi 2020 564 102.9 83 534 112.6 85 14.4%  30.00 [-2.60, 62.60] T— 9.6.2 HBCTR versus CBCR
Subtotal (95% CI) 128 112 23.0% 1060 [-3222,5341) R — Maddison 2019 3052 9.63 68 2939 6.75 72 26.3%  0.14[-0.20,0.47] ——
Heterogeneity: Tau’ = 577.02; Chi’ = 2.48, df = 1 (P = 0.12); I’ = 60% Subtotal (95% CI) 68 72 26.3% 0.14 [-0.20, 0.47) -
Test for overall effect: Z = 0.49 (P = 0.63) Heterogeneity: Not applicable
Total (95% CI) 317 302 100.0%  23.25 [9.50, 37.00] i Testror overal elieck; 220,80 (P=0:42)
?eterfogeneitv:"hffel{‘ -265.739:3?: = ;é;b;; =3 (P =0.21); F = 34% = 33 ) 75 0 Total (95% CI) 247 252 100.0%  0.24 [-0.02,0.51) <

est for overall effect: Z= 3.31 (P = 0. i 2 ‘Chid = - = - 3. + + - -
Test for subgroup differences: Chi? = 0.45, df = 1 (P = 0.50), I = 0% Favours [Control] Favours [HBCTR] Heterogeneity: Tau’ = 0.04; Chi’ = 7.63, df = 4 (P = 0.11); I’ = 48% ) Y 3

6-min walk test

Test for overall effect: Z = 1.79 (P = 0.07)
Test for subgroup differences: Chi* = 0.43, df = 1 (P = 0.51), I* = 0%

Symptom-limited exercise

1
Favours [Control] Favours [HBCTR]

testing



HBCR using smart ring

« Randomized controlled trial
« Cardiovascular patients
« HRR2| 60% O|&2o 2 2
 Block randominzation (1:1)
- Intervention - 1Y 0(CE MZAZ|2IX| 2 AF2| M4t E
- Control - 13]2] = O|= observation
o 1O ARZ} 2|0] B 2R HLEH Xz &

e Primary outcome
e 371E & peak VO2

" 4 = o8 v




Flow chart

National Health

Insurance Service Ilsan Hospital
[ Enroliment ]
Assessed for eligibility (N=111)
Excluded (N=47)
= Refusal to participate in the study (N=20)
= Unfamiliar with using a smartphone (N=11)
= Heart rate was not proportional to exercise intensity due to atrial
L fibrillation (N=3)
"| = Development of chest pain during cardiopulmonary exercise test (N=4)
= Restriction of exercise due to musculoskeletal problem (N=6)
= Anomic aphasia (N=1)
= Smartphone was not linked to the smart ring (N=1)
= Smart ring was not fit to the finger (N=1)
Randomization (N=64)
\ 4
y ( Allocation ] A 4
L J
Allocated to Intervention (N=32) Allocated to Control (N=32)
A 4 [ Follow-Up ] A 4
Lost to follow-up (N=6) Lost to follow-up (N=4)
 Subject’s request for interruption (N=3) * Subject’s request for interruption (N=2)
« Retrial of coronary intervention (N=1) « Retrial of coronary intervention (N=1)
« COVID-19 infection at follow-up time (N=1) » Newly diagnosed cancer (N=1)
« Newly diagnosed musculoskeletal problem (N=1)
A 4 \ 4
[ Analysis }
Analyzed (N=26) Analyzed (N=28) AT
EHEREE



Demographics

Total (N=64) Intervention (N=32) Control (N=32) P

Age (years) 59.8 £ 9.0 59.8 £ 9.9 59.7 £ 8.2 0.967
Male sex 53 (82.8%) 26 (81.3%) 27 (84.4%) 0.740
Diagnosis 0.436

Stable angina 22 (34.4%) 13 (40.6%) 9 (28.1%)

Unstable angina 9 (14.1%) 4 (12.5%) 5 (15.6%)

NSTEMI 18 (28.1%) 10 (31.3%) 8 (25.0%)

STEMI 15 (23.4%) 5 (15.6%) 10 (31.3%)
Peak VO, (mL/kg/min) 279+ 5.5 27.9+ 5.8 279+ 5.4 0.979
RER 1.08 £ 0.07 1.08 £ 0.07 1.08 £ 0.07 0.930
HRrest (beat/min) 69.3 £ 9.4 69.6 £ 9.0 69.0 £ 9.9 0.803
HRmax (beat/min) 148.8 £ 17.9 151.1 + 18.5 146.6 £ 17.4 0.327
HRmax% 93.0 £ 10.8 94.3 +£10.3 91.6 £ 11.3 0.318

Ay
FEHMAIA



Results

Cardiopulmonary exercise test
Peak VO, (mL/kg/min)
RER
HRrest (beat/min)
HRmax (beat/min)
HRmax%

KASI

PHQ-9

EQ-5D-5L

EQ_VAS

Intervention (N=26)

Baseline

279 £5.1
1.07 £ 0.07
69.9 £ 9.0
151.7 £ 174
94.9 £ 9.0
64.9 £ 13.0
2.6 £3.0
0.872 + 0.040
74.7 £ 12.9

3 months

31.1 £ 5.6
1.08 £+ 0.07
68.6 £ 9.0
153.7 £ 16.8
96.2 £ 9.0
67.0 £ 11.1
25+28
0.862 + 0.044
78.2 £ 10.8

<0.001
0.227
0.446
0.477
0.473
0.069
0.272
0.860
0.034

Control (N=28)

LRSI E

27.8 £ 5.4
1.08 £+ 0.07
69.2 £ 10.1
147.1 £ 16.5
91.6 £11.4
65.4 £ 11.5
3.0+ 3.6
0.880 = 0.029
775+ 114

3 months

29.1 £ 5.5
1.07 £ 0.07
68.6 £ 10.3
148.8 £ 19.2
92.6 £12.3
64.3 £ 12.4
29+5.2
0.880 = 0.049
75.5 £ 13.1

0.025
0.163
0.727
0.327
0.370
0.524
0.958
0.970
0.434

National Health
Insurance Service

Ilsan Hospital

Peak VO2

45.0

40.0

35.0 —(

30.0

25.0

20.0

15.0

Intervention
(N=26)

Control
(N=28)

*P<0.05

Ay
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Summary

« X145t 0|0|2] HBCRE {oliM= A&t technology?t SIBF2IE|0{OF ST
(technology-driven CR)

« S| V=2 S&o| H[thH é!’éJZHg*OI /}-Soltt.

(@)
. 7|7|29| 2A|7} OtL|2} HAHQ| 7|28 YA SEstLio| 24
. AT SIEFR(H 0] 23| L 9|£A7r>0| I Q5tC}
« OtAGE AMAAEZ 2= MH|SsE ot AA ML O{OF it
 H|OH A22eE 2|5liAH= CBCRO| 2|0] /= 20| ot 2t A&- S CBCRO|
support £[O{Of ot}

« |ICTO|A| Information=2Ct Communication0] & 22
517} H|C| X 212 52 QI AZIZ QL= CI2 siuo|C)
o« ORI M EO| LS DLIEES AHSZ 5= A




	슬라이드 1: Using information & communication technology for cardiac rehabilitation 
	슬라이드 2: 심장재활 요양급여(2017년 2월)
	슬라이드 3: 심장재활 기관 및 처방수 변화
	슬라이드 4: 국내 심장재활참여율
	슬라이드 5: Cardiac Rehabilitation Barrier Scale
	슬라이드 6: 심장재활 참여
	슬라이드 7: Million Hearts®
	슬라이드 8: Home-based CR
	슬라이드 9: 심장재활의 임상현장 및 지역사회 이행 제고 전략개발 연구
	슬라이드 10: 심장재활 이행 저해 요인 및 제고 전략
	슬라이드 11: 심장재활 담당 전문의 대상 설문(N=51)
	슬라이드 12: 가정 심장재활 환자들과의 소통 방법
	슬라이드 13: Information and Communication Technologies
	슬라이드 14: ICT for CR
	슬라이드 15: HBCR compared with CBCR
	슬라이드 16: Stratification of risk during exercise
	슬라이드 17: Paradigm shift of CR
	슬라이드 18
	슬라이드 19: TelereCR
	슬라이드 20: TelereCR
	슬라이드 21: Home-based cardiac telerehabilitation
	슬라이드 22: Home-based cardiac telerehabilitation
	슬라이드 23: Home-based cardiac telerehabilitation
	슬라이드 24: HBCR using smart ring
	슬라이드 25: Flow chart
	슬라이드 26: Demographics
	슬라이드 27: Results
	슬라이드 28: Summary

