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Home monitoring



Home monitoring: why bother?

https://firstaidforlife.org.uk/strokes/

https://www.amazon.nl/Start-Why-Leaders-Inspire-Everyone/dp/1591846447

https://quizlet.com/be/332838591/hart-hc-8-heidbuchel-flash-cards/
https://www.hartstichting.nl/hart-en-vaatziekten/cijfers-hart-en-vaatziekten

https://firstaidforlife.org.uk/strokes/
https://www.amazon.nl/Start-Why-Leaders-Inspire-Everyone/dp/1591846447


Start with why

• Chronic ill

• Shortage of staff

https://www.businessinsider.nl/zorg-uitgaven-groei-wopke-hoekstra/



Home monitoring (?)





Start of eHealth

https://www.statista.com/statistics/263437/global-smartphone-sales-to-end-

users-since-2007/; www.pubmed.gov
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Netherlands: eHealth utopia!

- 98% has internet access

- 84% has a smartphone

- Leader in Europe



Funding of e-Health start-ups 

https://www.statista.com/statistics/388858/investor-funding-in-digital-health-industry/



What do we get in return?



What do we get in return

https://research2guidance.com/325000-mobile-health-apps-available-in-2017/



Risks



Possibilities







Short “slack time”

• Definition slack time: “Slack time can be defined as the amount of time an task can 
be delayed without causing another task to be delayed or impacting the completion 
date of your project.”

https://searchsap.techtarget.com/answer/What-is-slack-time

Median of 24 years from description to implementation

Contopoulos-Ioannidis, Science, 2008;321:1298-9



COVID-19

Tom Fishburne. Marketoonist.com



The elderly and tech? 

Used with consent for Box-related presentations.



Applications, atrial fibrillation



The forgotten one

Spoelman et al. BMJ Open. 2016 Nov 

9;6(11):e013166



Blood pressure monitor



Photoplethysmography

https://www.fibricheck.com/the-fibricheck-guide-to-analyse-ppg-measurements/



Single lead ECGs

Mydiagnostick, available via: https://www.mydiagnostick.com/nl/product.html

Tieleman et al., Validation and clinical use of a novel diagnostic device for screening of atrial fibrillation. 

Europace. 2014.

https://www.mydiagnostick.com/nl/product.html




Multiple lead ECGs



Watch

https://abcnews.go.com/Health/apple-watch-told-46-year-man-irregular-heartbeat/story?id=59726093



Patches

https://vitalconnect.com/



Electronic Medical Record



Screening

Svennberg et al., Europace (2022) 24, 979-1005



Rehearse AF

Halcox et al., Circulation, 2017;136:1784-1794



The Big Question

Noseworthy et al., Circulation 2019. 



Applications, (acute) heart failure



Heart failure

1-2%

Of US adults have heart 
failure

>10%

Of US adults > 70 years 
have heart failure

50%

HFrEF

McDonagh, ESC Guidelines Heart Failure, EHJ 2021;42:3599-3726; www.cbs.nl



Readmissions (clinical and cost aspects)

• Readmission rates for heart failure are high: 25% of patients 
discharged is readmitted

• Mortality in (re)hospitalized patients is significantly higher

• Quality of life is significantly lower in patients who are 
frequently readmitted

• Heart failure costs 30 billion US dollars in the United States 
annually

• 80% of these costs is due to hospitalizations

Ponikowski et al. European Heart J. 2016;37(27):2129-200
Fonarow GC et al. JAMA. 2007;297(1):61-70.

Hjalmarson et al. JAMA.2000;283(10):1295-1302
Heidenreich PA et al. Circ Heart Failure.2013:6(3):606-19.



Heart failure

https://www.dicardiology.com/article/cardiomems-heart-failure-monitoring-adds-benefit-when-combined-device-therapy, 

http://medicalremoteprogramming.blogspot.com/2011/06/hacking-grandpas-icd-why-do-it.html, https://newnationnews.org/technology/tim-

hf2-remote-patient-management-improve-outcomes-hf-00606086

https://www.dicardiology.com/article/cardiomems-heart-failure-monitoring-adds-benefit-when-combined-device-therapy
http://medicalremoteprogramming.blogspot.com/2011/06/hacking-grandpas-icd-why-do-it.html
https://newnationnews.org/technology/tim-hf2-remote-patient-management-improve-outcomes-hf-00606086


Trials

Abraham, CHAMPION, Lancet. 2011. 377. Chaudhry, NEJM. 2010.363;324. Koehler, TIM-HF II, Lancet. 2018. 392;1047-57. Hindricks, IN-TIME, Lancet.384;583-90.



Signs of heart failure decompensation

Hospitalization

Cardiac

output ↓

Sympathetic 

nervous activity↑

Left atrial 

pressure↑

Heart 

Sounds

Pulmonary 

Fluid ↑

Thoracic impedance

Respiration

Sleep incline

Weight ↑

Symptoms ↑

Activity ↓

HRV

Weight 

Activity

“Typical” Progression of Heart Failure Decompensation

Copyright Boston Scientific Inc. Slide used with permission.

0- 40 days



Intrathoracic impedance for early 

detection of fluid retention

Yu et al. Circulation. 2005;112:841-848
Abraham et al. CHF. 2007;13:113-115



Results

• Ten patients, 25 hospitalizations for fluid retention

• Impedance reduction: 15.3±10.6 days in advance

• Symptoms worsening: 3.0±2.5 days in advance

Yu et al. Circulation. 2005;112:841-848



RCT (intrathoracic impedance 

measurement)

Van Veldhuisen DJ. Circulation. 2011;124:1719-1726.



Combining sensors



Multisensor

algorithm

Alert state 



Multisense - Results

Median time alert-to-
event (in days): 34 days

Sensitivity: 70%

Unexplained alert rate: 
1.47

≤2 weeks to event: 89% 
alert 

Boehmer JP et al. JACC Heart Fail. 2017 Mar;5(3):216-225.



Problem: recognizing + no action = no 

change of outcome

https://usadultliteracy.com/2013/05/22/idiom-of-the-week-an-accident-waiting-to-
happen/

eHealth is the camera 
that brings you this picture



What do we do after an alert?



Approaches differ

Santini et al., Clinic Cardiol, 
2020



MANAGE HF II



Heart Failure care path

HF caregiver 
contacts patient

Index ≥ 16
Device 
technician 
receives alert

Digital CIED 
evaluation

HF caregiver 
receives 
information

Continuous 
monitoring and 
transmissions 
through home 
monitoring

Treatment adjustment 
in line with ESC HF 
guideline

Follow up in 2, 
6 & 10 weeks

Re-evaluate 
in 72 hours 

Evaluation according to the Heart Failure 
questionnaire

+ +

• True positive 🡪 Alert + ≥ 2 symptoms and/or 
signs of congestion

• False positive 🡪 Alert + ≤ 1 symptoms 
and/or signs of congestion

• True negative 🡪 ≤ 1 symptoms and/or signs 
of congestion

• False negative 🡪 ≥ 2 symptoms and/or signs 
of congestion



Results

85 (92%) 
primary heart 
failure related

7 (8%) clinically 
meaningful, not 
primarily heart 
failure related 

alerts excluded
- 6 deviations from care 

path

130 alerts 
available for 
analysis

136 alerts

92 True positive 
alerts (71%)

34 False positive 
alerts (26%)

4 False negative 
alerts (3%)

Slide by M. Feijen, MD; used with permission



Treskes et al., ESC Heart Failure 2021;8:1541-
1551



Monitoring of symptoms

Vd Burg et al., Clinical eHealth. 2020;40-48.



Monitoring weight, blood pressure and symptoms

Chaudhry, NEJM. 2010.363;324., Koehler, TIM-HF II, Lancet. 2018. 392;1047-57.



Koehler et al.

Koehler et al. Lancet. 2018 Sep 22;392(10152):1047-1057.



Applications, cardiothoracic surgery



Metrolijn – CTC zorgpad

13-4-2023Waardegedreven Zorg in 202256

Basalt
HART
TEAM

LUMC
OK

PREHAB
EINDE 

CTC

Slides dr. J.M.J. Boogers, copied and presented with permission



13-4-2023Waardegedreven Zorg in 202257

CTC Zorgpad – Patient’s Journey

ALGEMEEN:

1. CTC website

2. CTC film met ‘echte patient’ en op CVIC/Basalt/ICU

3. Patient ervaringen meenemen, Buddy Systeem

4. Populatie dashboard (kwaliteit, registraties, onderzoek)

5. Patient dashboard (patienten zorg, snelle inzage problemen)

Peri-operatiefPre-operatief Post-operatief

Slides dr. J.M.J. Boogers, copied and presented with permission



13-4-2023Waardegedreven Zorg in 202258

CTC Zorgpad – Patient’s Journey

Prehabilitatie programma:

1. Fitter operatie ingaan - Physitrack app, Fysiotherapie, BOX

2. Screenen Psycho-sociaal (Angst, Delier, Frailty, Depressie)

3. Screenen Leefstijl (stop roken, alcohol), CVRM

4. Wensen en Verwachtingen Patient

5. Voedingsadviezen

Betere informatie voorziening – Website, Film, Dashboards

Peri-operatiefPre-operatief Post-operatief

Slides dr. J.M.J. Boogers, copied and presented with permission



Physitrack 
App

4/13/2023 59Waardegedreven Zorg in 2022

Slides dr. J.M.J. Boogers, copied and presented with permission







Outcomes

Biersteker et al., Europace 2023; 25. 49-58.



13-4-2023Waardegedreven Zorg in 202263

CTC Zorgpad – Take Home Message - Doelen

- Zorgkwaliteit (patient tailored care, lagere morbiditeit en mortaliteit)

- Kosten-efficientie (kortere ligduur, minder opnames)

- Betrokkenheid Patient en verwijzers (patient empowerment)

- Betere planning en optimaal gebruik opname capaciteit (UFT track)

Slides dr. J.M.J. Boogers, copied and presented with permission



Robotics



Robotics



Nurse Robot



Lab vs clinical practice



Case report



Male, 75 years old

CAG: 

- RCA: significant stenosis mid RCA

- LCA: CTO RDA, sign stenosis MO, stent RDP open

Echo: 

- Dilated LV, moderately reduced function after 

- Good RV function

- MI gr 4, AoI gr 2, TI gr 2, sPAP 50 mmHg

Slides and case by courtesy of dr. Beeres & dr. Den Haan



Male, 75 years old

1986: Anteroseptal myocardial infarction

2005: VT’s for which ICD secondary prevention

2017: Progressive HF,  NYHA 3

- RR 110/60 mmHg, congested

- Hb 7,9 mmol/L, GFR 21 ml/min/1,73 m2, pro BNP 6614 
ng/L

Co-morbidity:

- Hypertension

- Chronic kidney disease

- Excessive alcohol intake

Fenprocoumon

Bumetanide 2 + 1 mg

Spironolacton 25 mg

Fosinopril 10 mg

Amiodarone 200 mg

Rosuvastatine 10 mg

Slides and case by courtesy of dr. Beeres & dr. Den Haan



Male, 75 years old

Slides and case by courtesy of dr. Beeres & dr. Den Haan



Male, 75 years old

Slides and case by courtesy of dr. Beeres & dr. Den Haan



Male, 75 years old

Slides and case by courtesy of dr. Beeres & dr. Den Haan



Male, 75 years old

Slides and case by courtesy of dr. Beeres & dr. Den Haan



Male, 75 years old

Oct 2017:

CABG + AVR + MVP + LV reconstruction + LV lead

2 weeks ICU

Upgrade to CRT-D

GFR 29 ml/min/1,73 m2

Sent to cardiac rehabilitation

Fenprocoumon

Bumetanide 2 + 1 mg

Metoprolol 25 mg

Amiodarone 200 mg

Rosuvastatine 10 mg

Geen ACE/MRA ivm NF

Slides and case by courtesy of dr. Beeres & dr. Den Haan
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Alert and evisit: HeartLogic 17, asymptomatic

Inclusion. HeartLogic 8, eGFR 44, BNP 6474 ng/L

1
2

Male, 75 years old

Slides and case by courtesy of dr. Beeres & dr. Den Haan
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1

Alert and evisit: HeartLogic 17, asymptomatic

Inclusion. HeartLogic 8, eGFR 44, BNP 6474 ng/L

1
2

3

Evisit: HeartLogic 25, mild symptoms, excessive fluid intake

Male, 75 years old

Slides and case by courtesy of dr. Beeres & dr. Den Haan
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Alert and evisit: HeartLogic 17, asymptomatic

Inclusion. HeartLogic 8, eGFR 44, BNP 6474 ng/L

4

1
2

3
4

Evisit: HeartLogic 25, mild symptoms, excessive fluid intake

Male, 75 years old

Outpatient clinic visit: HeartLogic 22, congestion, GFR 33, BNP 9650 ng/L

Slides and case by courtesy of dr. Beeres & dr. Den Haan
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5 Outpatient clinic visit: HeartLogic 0, reduction symptoms, eGFR 42, BNP 4173 ng/L

Male, 75 years old

Alert and evisit: HeartLogic 17, asymptomatic

Inclusion. HeartLogic 8, eGFR 44, BNP 6474 ng/L

Outpatient clinic visit: HeartLogic 22, congestion, GFR 33, BNP 9650 ng/L

Evisit: HeartLogic 25, mild symptoms, excessive fluid intake

Slides and case by courtesy of dr. Beeres & dr. Den Haan
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