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Worsening Heart Failure (WHF)
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Subclinical deterioration prior to HF event

Worsening Heart Failure (WHF)



Implications of WHF
• Associated with worse prognosis and progressive multiorgan 

deterioration.

• More than 1 million admissions for HF in the USA and Europe per 
year.

• Readmissions up to 24% in the first month and 50% after 6 
months.

• One out of every 6 patients admitted for HF dies within 30 days of 
hospitalization.

Ejection fraction
Intrahospital 

mortality
1 year mortality HF readmission

Readmission for any 
cause

Reduced 3,4% 22 
100 patients-year

29 
100 patients-year

48 
100 patients-year

Mildly reduced 2,1% 17
100 patients-year

19
100 patients-year

35
100 patients-year

Preserved 2,2% 17
100 patients-year

17
100 patients-year

42
100 patients-year

Kaplon-Cieslicka A. Eur J Heart Fail. 2022;24(2):335-50
Metra, M. Eur J Heart Fail 2023. Jun;25(6):776-791

Greene SJ. JACC 2023;81(4):413–24



Remote monitoring in HF

• Great promise in the management of HF patients, alerting to 

subclinical changes that allow intervention before decompensation.

• Great development during the pandemic. Avoids barriers to access to 

the healthcare system.

• Special interest comes from:

• Impact of decompensation on prognosis.

• Interventions that sought to reduce readmissions (e.g., early post-discharge 

reviews) proved effective.



Remote monitoring in HF

Kennel PJ. JAMA Cardiol. 2022;7(5):556-564

Implantable devices
(invasive)

Implanted devices
(ICD, CRT)

Telephone

“Wearables”



Telephone and electronic consults

• Collects patient data via phone call or digital 

platforms.

• Adapted in most centers: easy, low cost, convenient 

for the patient.

• “Digital barrier”

• Conflicting evidence.

• Fundamental role of the HF nurse.

• Teleconsultation (e-consultation) has demonstrated:

• Speed of care.

• Ability to resolve a relevant number of consultations in a non-

face-to-face manner.
Chaudry SI. N Engl J Med 2010; 363:2301-2309

Mazón-Ramos P. ESC Heart Fail. 2022;9(6):4150–9
Comín-Colet J. J Telemed Telecare. 2016;22(5):282-295



Telephone and electronic consults

Reduction in admission days and all cause 
mortality

TIM-HF2 iCOR

• >2000 patients. Multicentric, randomized

• Better patient selection than TIM-HF

• Daily clinical data and questionaire 

• Multidisciplinary approach

• 188 patients. Unicentric and randomized

• High risk patients

• Nurse control, they could modify treatment

• Multidisciplinary approach

Koehler F. Lancet. 2018;392(10152):1047-1057
Comín-Colet J. J Telemed Telecare. 2016;22(5):282-295



Wearables

• Large number of devices under 

development

• Main methods used:

• Pulmonary congestion measurements.

• Integrate vital signs and activity measures

• Little scientific evidence.

• Major findings in reduction of heart 

failure hospitalization.

• No FDA approval.
Shochat MK. J Card Fail. 2016;22(9):713-722

Kennel PJ JAMA Cardiol 2022;7(5):556-564
Lala A. ESC Heart Fail. 2021;8(2):1047-1054



Cardiac implantable electronic devices (CIED) based 

monitoring

• Increasing number of intracavitary devices.

• Possibility of remote monitoring

• Modification of care and treatment based on findings.

Kennel PJ JAMA Cardiol 2022;7(5):556-564
Hindricks G. Lancet 2014;384:583–590 

Hindricks G. Eur Heart J. 2017;38(22):1749-1755



• Development of algorithms for the detection of 

heart failure decompensation.

• Need for ICD and/or CRT

• Each commercial company develops its own 

algorithms

• Evidence in favor of improved patient prognosis

Cardiac implantable electronic devices (CIED) based 

monitoring

HF

Kennel PJ JAMA Cardiol 2022;7(5):556-564
Hindricks G. Lancet 2014;384:583–590

Hindricks G. Eur Heart J. 2017;38(22):1749-1755



Systems

HeartLogic® TriageHF® HeartInsight®

Kennel PJ JAMA Cardiol 2022;7(5):556-564

Cardiac implantable electronic devices (CIED) based 

monitoring



HeartLogic

• Multiparametric algorithm that helps 

stratify the risk of heart failure 

decompensation.

• It is a patient-specific index. The 

baseline value is calculated over 3 

months.

• An increase in this index indicates HF 

decompensation.

• The usual value is 16 (can be adjusted 

individually).
Boehmer JP. JACC Heart Fail 2017;5:216–25

López-Azor JC. Cardiac Failure Review 2022;8 



HeartInsight

Botto GL et al. Europace. 2024 Feb 1;26(2):euae032



TriageHF

Multiparametric 
algorithm

Rythm

Arrythmia

Device use

Congestion indexes

Patient activity



Intra-thoracic
Impedance

Fluid 
Index

Night 
Heart Rate

Activity

% CRT pacing

Heart Rate
Variability

AF burden

V Rate 
during AF

Heart Rate
Variability

Activity

Night 
Heart Rate

AF burden
V Rate during AF

% CRT pacing

Fluid
Index

1

2

3

4

1

2

1

2

1

2

-1

2

3

VT episodes/Shocks

-1*

-1*

-1*

-1*

* Missing data

Bayesian
Combination

Prior Probability
Pr( HF )

Posterior 
Probability
Pr( HF | Ei )

Prior Probability
Pr( Ei | HF )

Risk Evidence
Ei

Risk Score

High

Medium

Low

Risk Status

TriageHF



TriageHF

Calculates the risk or a HF 

event in the next 30 days 

Based on data obtained in 

the previous 30 days



TriageHF

• Uses data from the previous 30 days to 

predict the risk of HF decompensation in 

the next 30 days.

• Calculated when data is received by the 

CareLink  network (shared management 

required).

• Available from 65 days after implantation 

(OptiVol  needs 34 days to start working 

and TriageHF 30 more days to stratify risk)

Factors Threshold

Optivol ≥ 30 Ω; ≥ 60 Ω; ≥ 100 Ω

Activity ≤ 60 min/ día

AF/AT ≥ 1 hora/ día

Frec V durante 
AT/AF

≥ 90 lpm durante FA ≥ 6 
horas/ día

% VP ≤ 90% (CRT)

Shocks ≥ 1

VF/VT and 
therapies

≥ 5

Night heart rate ≥ 85 lpm o ≤ 55 lpm

Heart rate 
variability

≤ 60 ms2 



TriageHF

Cowie MR, et al. Eur Heart J. 2013;34:2472-2480

Development and validation of an integrated diagnostic 
algorithm based on device-monitored parameters to 
identify patients at risk of hospitalization for heart failure 
in an outpatient setting

High-risk patients are 

10 times more likely to 

be hospitalized in the 

next 30 days than low-

risk patients.



TriageHF Plus

22

CARELINK
REMOTE 

MONITORING*

Decision Pathway Clinical Pathway

Cardiac physiologist reviews device 
download

HFRS
Low/medium

HFRS
High

Routine
quarterly

downloads

Cardiac physiologist 
contacts TRIAGE-HF 

Plus team

Triage screening questions for indicators of 
worsening heart failure:
1. Have you experienced any new or worsening 

breathlessness? 
2. Have you experienced any new or worsening leg 

swelling? 
3. Have you gained any weight? 
4. Have you experienced any new or worsening fatigue? 

Screening question to explore alternative or 
concomitant acute medical problem. 

5. Have you been experiencing any recent ill health or 
visited a doctor or nurse about anything else?

TRIAGE 
Assessment

Issues identified 
and actioned

Routine
quarterly 

downloads

*Routine transmissions and CareAlert notifications when applicable.



TriageHF

TRIAGE HF
PLUS

High
Risk

Triage screening questions for indicators of 

worsening heart failure:

1. Have you experienced any new or worsening breathlessness? 

2. Have you experienced any new or worsening leg swelling? 

3. Have you gained any weight? 

4. Have you experienced any new or worsening fatigue? Screening 

question to explore alternative or concomitant acute medical 

problem. 

5. Have you been experiencing any recent ill health or visited a doctor 

or nurse about anything else?

Last consultation and next consultation data

Recent changes in treatment

Consultations in Primary Care and other Specialties

+



TriageHF Plus

Ahmed FZ. ESC Heart Failure 2020;7(1):108–17

Analysis of > 2000 transmissions

388 high risk

Follow-up 27 months

55,9% had WHF

Sensitivity > 98%



TriageHF Plus

Ahmed FZ. ESC Heart Fail. Published online May 7, 2024

HF decompensation detection

Hospitalization reduction



TriageHF CHUAC

In 63 patients

1.4 alerts/week

Triage-HF 
high risk

89

136 patients
in CareLink®

Medical face-to-face
consult

28 (31.5%) 

Daily review
HF nurses

Median delay 1 day (1-3)

Tele-consult
HF nurse

62 patients (98.4%)

Median delay 3 days (1-6)

Characteristics                               
N=63

Sex female n(%) 6 (9.5)

Age   median (IQR) 68 (62-75)

Hypertension  n(%) 30 (47.6)

Dyslipemia  n(%) 38 (60.3)

Diabetes mellitus  n(%) 26 (41.2)

Obesity  n(%) 20 (31.7)

Chronic Kidney Disease n(%) 35 (55.6)

Chronic Obstrictive Pulmonary 
Disease n(%)

5 (7.9)

Ischemic cardiomyopathy  n(%) 35 (55.6)

Left Ventricle Ejection Fraction  
median(IQR)

33 (27-38)

Atrial Fibrillation  n(%) 30 (47.6)

ARNI /ACEi / ARB  n(%) 47 (74.6)

Betablocker   n(%) 57 (90.5)

MRA  n(%) 46 (73.0)

SGLT2i  n(%) 48 (76.2)

Vericiguat   n(%) 6 (9.5)

Loop Diuretic   n(%) 39 (61.9)

Thiazide  n(%) 5 (7.9)

ESC HFA congress 2024

1-10-2022 to 31-12-2023

Hospitalization: 9 (14.3%)

HFH after alert: 4 (6,3%)

HF decompensation: 35 (39,3%)



Invasive remote monitoring

Zile MR et al. Circ Heart Fail. 2017;10:e003594 



Invasive remote monitoring
CardioMEMS

Cordella (Endotronix)

Vectorius V-LAP

FIRE1



CardioMEMS

• Pulmonary artery pressure monitoring

• Allows daily wireless transmission

• Implantation via right catheterization

• Calibration with in-implant pressures



CardioMEMS

Daily measurements

Allows to see the trend

Evaluate pressure curve

Clinical notes



CardioMEMS: CHAMPION Trial

HFH HFH + mortality

Abraham WT et al. Lancet 2011; 377: 658–66



CardioMEMS: MONITOR HF Trial

N=348

Any Ejection Fraction

NYHA III with WHF episode (12 months)

Primary outcome: quality of life

Efficacy outcomes: HFH

Brugts JJ. Lancet. 2023;401(10394):2113-2123

Treatment changes



CardioMEMS

Clephas PRD. Eur Heart J. 2023;44(37):3658-3668



Invasive PAP monitoring

McDonagh TA et al. Eur Heart J 2021;42(36):3599-3726
Heidenreich PA et al Circulation. 2022;145:e895–e1032 



CardioMEMS: CHUAC experience

HFH previous year (excluding HT list)
1.85 admissions/patient 

HFH after implantation (excluding HT list)
0.23 admissions/patient/year

53.0

24.0

34.5

P= 0.007 P= 0.007 P= 0.008
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Future perspectives

Zile MR et al. JACC Heart Fail. 2024 Jan;12(1):182-196

ALLEVIATE HF

Ongoing



Conclusions

• HF decompensations: very important prognostic impact on patients.

• Remote monitoring systems represent a technological advance to detect HF 

decompensations.

• Patient selection for each monitoring system is important.

• Systems using implanted devices (ICD / CRT) can detect HF 

decompensation and the possibility of early treatment.

• PA Pressure invasive monitoring can reduce HFH in selected patients.

• Importance of skilled nursing, and trained professionals.

• Promising future in the field of telemonitoring.



Thank you!
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