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Fig.1. ePRO output screen.
Displays six QOL metrics from KCCQ in a hexagonal graph (top left) and as a time-series chart (right) for tracking

symptom and QOL changes. A message section (bottom left) enables bidirectional communication between patients
and healthcare providers.
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Fig.2. Display of physical activity.
Weekly average, total steps in the last two weeks, steps above target pulse rate, and body
weight.
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Fig.3. Interactive cardiac rehabilitation using remote monitoring systems.
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Table 1. Representative trials of non-invasive remote monitoring in heart failure.

No. of

Intervention

Trial name Patient eligibility patients Type of monitoring (vs. usual care) Outcomes Results
Nurse visit, treatment, All-cause death
TEMA-HF Hospitalized 160  Weight, BP, HR and follow-up at a . Positive
length of hospital stay
later date
All-cause death
Prior hospitalizati 24-h hysici
TIM-HF r~1oT ospitatization 710  Weight, BP, HR, ECG ourg ysicra (Secondary: CVD/ Neutral
within 24 months consultation support L
HF hospitalization)
Telephone-based
Prior hospitalization . eep 9“6 a§e 24-hour consultation All-cause death, 180-
Tele-HF . 1653  interactive voice . Neutral
within 30 days support on weekdays  day rehospitalization
response system
ight, BP, HR Regular teleph 180- hospital-
BEAT-HF Hospitalized 1437 “veight, BR HR, cgular telephone  180-day rehospital-
symptom support by nurses 1zation
. o Weight, BP, HR, .
P hospitalizat 24-h h All- death, CV- ..
TIM-HF2 ror ROSpranzalion 551 §p0,, ECG, symptom our pysicran cause death, LV= - p sitive
within 12 months . consultation support  related hospitalization
(biomarker)
Prior hospitalization . . :
ithin 12 months or Central monitoring + Drug implementation
SUPPORT-HF2 W 202 Weight, BP, HR Consultation support rate, QOL,NYHA Neutral

estimated annual
mortality risk >10%

(vs Monitoring only)  class

BP; blood pressure, HR; heart rate, ECG; electro-cardiogram, SpO,; saturation of percutaneous oxygen.

LEZREL SR WOIZIE, AERFIZERED,
LEE) YAV FETH)TEPEFTF LB LN
QTR

B2, ePRO X BH MO HIRILIE O TR G W
bdHorA, TOMMEERE EILAFT LI LICK
D, BEEAVPEHEICHLTLY [HEK 25-C
BTHr2eDTELLEV)—HidbdH D, Fr M
F124T - 72 TIE, ePRO 1§ Z Yk ZH D1
IS & BIRIECHER L 20O BEE 1T - 724G
B, BEOEBREAOWLEED L, E#FEPD
RSN DEHICHT 2 EROG D YHEI S
EERWELTWA"Y, MA T, ePRO HHUEEEL,
Filhh, PRAEmk . SEHING, BN L. R
V=T x VT —=h =l LR TOERRE
BT 52 EDTE, F— LEROEEVE) TR
ENBUAEBRIIBVTIREELEHETHL L
Eiohb,

8 &

AHFZETIE, OAEBEZEITH LT, EETONH
REFHM D 7212 ePRO 2 L. HIZERIIZ XL 5
HEPIL T LB EE 2 A L7 EBRIEOEE O
TODEEE=Y) v rIBEME L, Tu S
T LA OHBMERREEO LITMA T, BEBXY

EHEH OB T 2t L. SR L) BBEOK
& AN SMROER 2 MG 5. £, W70
77 2, B LR O R EBGE O UeE R he it
SN B EHROG LN EICH %559 5 W RS D
D ZHISED . X DHURH ZZRANEICN LT
LISHDPTTRETH D EER BN b,

E 33

AWFFE O L FBTEH TH 5 B RAEE, st
Grace Imaging D )7 4 (21, WIZEEBE O RFICE K BRI
20 F R OB ST MR SR AR B N
DEHDH WA - L - ATNES - POLERA T B
JERA NP F RGN O HMERLE 2L T
WET-HF I SN T2 Hi DB EF IR ZH ) £
L7z2 &, SoWEMY) TRALEZR L LT T,

2 E X W

1) Abraham WT, et al. (2011): Wireless pulmonary artery
haemodynamic monitoring in chronic heart failure: a
randomised controlled trial. Lancet, 377, 658-666.

2) Brown-Johnson C, et al. (2023): Evaluating the imple-
mentation of Patient-Reported Outcomes in heart failure
clinic: a qualitative assessment. Circ Cardiovasc Qual
Outcomes, 16, €009677.

3) Brugts JJ, et al. (2023): Remote haemodynamic monitoring
of pulmonary artery pressures in patients with chronic

heart failure (MONITOR-HF): a randomised clinical trial.



4)

5)

Lancet, 401, 2113-2123.

Caiani EG, et al. (2024): Standardized assessment of
evidence supporting the adoption of mobile health
solutions: a Clinical Consensus Statement of the ESC
Regulatory Affairs Committee: developed in collaboration
with the European Heart Rhythm Association (EHRA),
the Association of Cardiovascular Nursing & Allied
Professions (ACNAP) of the ESC, the Heart Failure
Association (HFA) of the ESC, the ESC Young Community,
the ESC Working Group on e-Cardiology, the ESC Council
for Cardiology Practice, the ESC Council of Cardio-On-
cology, the ESC Council on Hypertension, the ESC Patient
Forum, the ESC Digital Health Committee, and the
European Association of Preventive Cardiology (EAPC).
Eur Heart J Digit Health, 5, 509-523.

Kamiya K, et al. (2019): Nationwide survey of multidisci-
plinary care and cardiac rehabilitation for patients with

heart failure in Japan - an analysis of the AMED-CHF

7)

8)

10)

(53)

Study. Circ J, 83, 1546-1552.

Lindenfeld J, et al. (2021): Haemodynamic-guided
management of heart failure (GUIDE-HF): a randomised
controlled trial. Lancet, 398, 991-1001.

BH S (2021) ¢ LMERBEIZBT L) NEY
T—vavIClT A4 FIA Y, HAEERGYR/
HADEY NE) 57— a Y SEGRATA K54 7.
Shiraishi Y, et al. (2018): 9-year trend in the management
of acute heart failure in Japan: a report from the national
consortium of acute heart failure registries. ] Am Heart
Assoc, 7, e008687.

Spertus JA, et al. (2015): Development and validation of a
short version of the Kansas City Cardiomyopathy Ques-
tionnaire. Circ Cardiovasc Qual Outcomes, 8, 469-476.
Yamashita S, et al. (2025): Electronic Patient-Reported
Outcome system implementation in outpatient cardiovascular
care: a randomized clinical trial. JAMA Netw Open, 8,

€2454084.



