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ABSTRACT 

Background: Multiparametric remote monitoring of patients with heart failure (HF) has the potential 

to mitigate the health risks of lockdowns for COVID-19.  

Aims: To compare health care use, physiological variables, and HF decompensations during one 

month before and during the first month of the first French national lockdown for COVID-19 among 

patients undergoing remote monitoring. 

Methods: Transmitted vital parameters and data from cardiac implantable electronic devices were 

analyzed in 51 patients. Medical contact was defined as the sum of visits and days of hospitalization.  

Results: The lockdown was associated with a marked decrease in cardiology medical contact (118 

days before vs 26 days during, -77%, p=0.003) and overall medical contact (180 days before vs 79 

days during, -58%, p=0.005). Patient adherence with remote monitoring was 84±21% before and 

87±19% during lockdown. The lockdown was not associated with significant changes in various 

parameters, including physical activity (2±1 to 2±1 h/day), weight (83±16 to 83±16 kg), systolic blood 

pressure (121±19 to 121±18 mmHg), heart rate (68±10 to 67±10 bpm), heart rate variability (89±44 

to 78±46 ms, p=0.05), atrial fibrillation burden (84±146 vs 86±146 h/month), or thoracic impedance 

(66±8 to 66±9 Ω). Seven cases of HF decompensations were observed before lockdown, all but one of 

which required hospitalization, versus six during lockdown, all but one of which were managed 

remotely. 

Conclusions: The lockdown restrictions caused a marked decrease in health care use but no 

significant change in the clinical status of HF patients under multiparametric remote monitoring. 

KEYWORDS : Remote monitoring, heart failure, COVID-19, telemedicine 
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LAY SUMMARY 

The first French COVID-19 lockdown had a huge detrimental impact on conventional health care use 
(-78% in cardiology medical contact). However the lockdown had little impact over the short-term, if 
any, on vital parameters and the clinical status of patients with heart failure who were adherent to 
multiparametric remote monitoring. This remote monitoring strategy allowed early identification and 
home management of most of the heart failure decompensations during the lockdown. 
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GRAPHICAL ABSTRACT 

 

 

Heart failure multiparametric remote monitoring.  

1: Patients were equipped with a multiparametric remote monitoring system that incorporates daily 

blood pressure (BP), heart rate (HR), body weight, and symptom status. The receiving server could 

additionally incorporate blood test results. Cardiac implantable electronic devices (CIEDs) were 

remotely monitored, when applicable. 2: Collected data were monitored by a specialized team of 

nurses and physicians (the remote monitoring center). 3: Relevant and actionable information could 

be communicated to the patient and their healthcare professionals. 
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INTRODUCTION 

Numerous countries have implemented movement restrictions and physical distancing measures to 

reduce viral transmission during the coronavirus disease 2019 (COVID-19) pandemic. In France, the 

first lockdown was strict and enforced, including a maximum allotment of one hour outside the home 

for selected activities, exercise restrictions to 1 km from one’s home, and mandatory time-stamped 

forms when doing so. This lockdown was accompanied by national guidelines on medical 

countermeasures, including cancelling non-urgent medical and surgical activities to preserve 

intensive care capacity for potential surges in COVID 19 patients and to limit viral spread between 

hospitals.1 Patients with heart failure (HF) are a particularly vulnerable population in this context: HF 

decompensation and hospitalization can occur because of their heightened susceptibility to infection 

but also because of potential lockdown-related reductions in physical activity, withdrawal from 

psychosocial support networks, and disruptions in healthcare delivery.2–4 Remote monitoring of 

patients with HF using home sensors or cardiac implantable electronic devices (CIEDs) has proven to 

be effective when added to standard care in randomized controlled trials.5,6 However, whether 

remote monitoring can mitigate the health risks of lockdowns – in particular restrictions in 

conventional measures of care provision – is unknown. We therefore examined the impact of the 

first national lockdown for COVID-19 in France on the healthcare use and the clinical status of 

patients with HF under multiparametric remote monitoring. 

 

MATERIAL AND METHODS 

Physiological variables, HF decompensations, and healthcare use were retrospectively examined one 

month before and one month after the beginning of the first French lockdown for COVID-19 (March 

17, 2020) in a sample of patients with chronic HF who were remotely monitored. All patients were 

enrolled in the French HF remote monitoring program Experimental Telemedicine And Provision of 

Enhanced Services (ETAPES)7 at least one month before the beginning of the national lockdown and 

were followed at the Bordeaux University Hospital. Patients were eligible for enrollment in the 

ETAPES program if they had symptomatic HF (with or without reduced left ventricular ejection 

fraction) and had been hospitalized for acute HF within the preceding 12 months. Consent: all 

patients provided informed consent for study participation. 

Multiparametric remote monitoring 

All patients were equipped with a multiparametric remote monitoring system (CareLine Solutions™, 

Mérignac, France), which includes either a tablet or smartphone connected via Bluetooth to a body 

weight scale and a blood pressure monitor. This system allows for daily transmissions of weight, 

blood pressure, heart rate, and responses to questions relating to five HF symptoms to a remote 

monitoring server, which is also capable of importing blood test results. These parameters were 

subject to 17 programmable alerts based on critical absolute values or changes over time. All 

participants were concomitantly enrolled in a HF education program. Triggered alerts from the 

system were reviewed during office hours by specialized nurses and physicians of the Bordeaux 

University Hospital cardiac remote monitoring center. This center was also responsible for remote 

monitoring of CIEDs. 

Lockdown measures 

Between March 17 and May 11, 2020, all residents in France were instructed to stay home as much 

as possible and to venture outside only for essential errands or approved work. When outside the 
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home, all residents were required to carry a signed and time-stamped document justifying the 

reason. Failure to produce a valid form could result in a fine. Hospitals were instructed to cancel all 

non-urgent medical or surgical activities.1  

Study periods and variables of interest 

Variables of interest were compared between two periods: before lockdown from February 15 to 

March 16, 2020 (31 days) and during lockdown from March 17 to April 17, 2020 (31 days).8 The 

CareLine Solutions™ remote monitoring platform was used to collect data on weight, blood pressure, 

heart rate, symptoms, blood tests, alerts, HF decompensation events, medical changes, 

consultations, and details of hospitalizations (including the number, length of stay, and reason for 

admission). Measures of healthcare use were cross-checked using patient medical records and phone 

calls to patients and practitioners. We defined the medical contact index as the sum of in-person 

visits and days of hospitalization for each 31-day period (i.e., the number of days during which the 

patient was medically assessed in person). Cardiology-specific and overall medical contact indices 

were calculated. We retrieved the following CIED parameters from the Biotronik Home Monitoring 

service center (Biotronik, Berlin, Germany) and the Medtronic CareLink website: daily mean heart 

rate, daily heart rate variability, daily atrial fibrillation burden, daily activity, and daily thoracic 

impedance. Heart failure decompensations were reported by the cardiologists from the remote 

monitoring center and resulted in an increase in diuretic treatment.  

Statistical analysis  

Categorical variables are expressed as absolute numbers (percentages); continuous variables are 

expressed as mean ± standard deviation. Adherence with remote monitoring was calculated as the 

percentage of days that patients transmitted body weight data out of all effective surveillance days. 

The number of days spent in hospital was subtracted from all possible surveillance days to calculate 

the number of days of effective surveillance in each study period. The dependent t-test or the 

Wilcoxon signed rank test were used to compare continuous data, with a significance level of 0.05. 

Statistical analyses were performed using SPSS software, version 18.0 (SPSS Inc., Chicago, Illinois). 

 

RESULTS 

Population 

A total of 53 patients with HF were eligible for the study; however, two patients were excluded 

because data were missing for the periods of interest. One of these patients was hospitalized for an 

orthopedic condition for over 60 days soon after the start of the pre lockdown period; another was 

already hospitalized at the beginning of the before lockdown period and was not discharged until 

after the lockdown had been implemented. Patient characteristics and HF therapies at inclusion of 

the treatment group are summarized in Table 1.  

Table 1: Baseline patient characteristics.  
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Health care use 

The cardiology contact index markedly decreased from 118 days (28 visits and 90 days of 

hospitalization) before lockdown to 26 days (6 visits and 20 days of hospitalization) during the 

lockdown (-77%, p=0.003). The overall medical contact index also decreased from 180 days (80 visits 

and 100 days of hospitalization) before lockdown to 79 days (52 visits and 27 days of hospitalization) 

during the lockdown (-58%, p=0.005). Three virtual visits were performed before versus 12 during 

the lockdown. 

Physiologic parameters 

Adherence with remote monitoring was high and similar before and during lockdown (84 ± 21% and 

87 ± 19%, respectively). The overall observance was similar between patients older than 80 (90±16%) 

and the younger patients (84±18%; p=0.13). There were no significant changes in weight, blood 

pressure, or heart rate between the two study periods. Data from remote CIEDs interrogations 

corroborated these findings, with no significant change observed in heart rate, heart rate variability, 

atrial fibrillation burden, thoracic impedance, or daily activity (Table 2). No sustained ventricular 

arrhythmia occurred during any of the study periods. 

Table 2: Details of data from home sensors and cardiac implantable electronic devices. 

Alerts and Telephone calls  

Details of CareLine alerts before and during lockdown are shown in Table 3. Overall, the remote 

monitoring center received fewer alerts during lockdown than before it, although the numbers of 

telephone calls emitted by the remote monitoring center were similar between the two periods (3.6 

± 4.1 per patient before lockdown vs 2.9 ± 3.2 during lockdown). Blood test alerts were significantly 

reduced during the lockdown due to the strong decrease in medical analysis laboratory 

frequentation. Figure 1 shows trends in weight, heart rate, and systolic blood pressure (from home 

sensors) and in activity and thoracic impedance (Optivol™ index) from CIEDs during the two study 

periods in a patient with chronic HF who clinically decompensated on the second day of the 

lockdown (March 18, 2020, red arrow) and was managed at home with an increase in their diuretic. 

Table 3: Details of alerts transmitted before and during lockdown. 

Figure 1: Multiparametric remote monitoring in a patient with heart failure. 

HF decompensation 

The number of HF decompensations was similar during lockdown compared to before: 6 events in 5 

patients vs 7 events in 6 patients, respectively. Table 4 presents and overview of HF 

decompensations with related triggered alerts and medical interventions. Before the lockdown, all 

but one episode required hospitalization. Conversely, during the lockdown, all but one HF 

decompensation were managed at home. Among these four patients with HF decompensations 

managed at home, three remained free from hospitalization over the subsequent three months. One 

patient was hospitalized for decompensated HF after an in-person consultation during lockdown. 

None of the patients reported symptoms suggestive of COVID-19 nor tested positive for SARS-CoV-2. 

Table 4: Heart failure decompensation details. 
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DISCUSSION 

Lockdowns could theoretically have a detrimental impact on HF patient outcomes due to disrupted 

contact with healthcare professionals, lifestyle changes, and loss of social support networks. 

However, our data suggest that the first national lockdown in France had little short-term impact, if 

any, on vital parameters and clinical measures of patients with HF who were adherent to 

multiparametric remote monitoring despite a significant reduction in conventional measures of 

healthcare access. 

Consequences of the lockdown restrictions  

Strict government health mandates aimed at limiting the spread of COVID-19 were associated with a 

reluctance among patients to attend hospitals and resulted in a marked reduction in medical contact 

and in admissions to hospital for cardiovascular disease.8–10 In line with previous reports, we 

observed a two third-reduction in cardiology appointments and a greater than 50% reduction in 

overall medical contact associated with lockdown measures – findings that could be expected to 

favor HF destabilization.11,12 

There exist several potential explanations for the stability observed in the clinical status of patients 

with HF during lockdown in our study. It could be that patients with symptomatic HF lead relatively 

sedentary lifestyles and are relatively ‘homebound’ at baseline, therefore lockdowns do not impose a 

marked change in their daily lives. The unchanged activity level seen in our study sample during 

lockdown could support this explanation. However, this is an inconsistent observation: in a similar 

population of patients implanted with cardiac resynchronization therapy devices but without 

dedicated remote monitoring, Al Fagif et al observed a significant decrease in activity level during 

lockdown, suggesting that lockdowns could meaningfully impact such patients’ lifestyles.13 This is 

further supported by the results of a French survey of patients with HF but without remote 

monitoring that found that during the same lockdown 42% exhibited a decrease in physical activity, 

14.5% had a decrease in dietary adherence, 22% had a decrease in well-being, and 27% reported 

weight gains of >2 kg, coinciding with 72% of their medical appointments being cancelled.11 An 

alternate explanation is that the remote monitoring program, which includes patient education, 

mitigated the impact of lockdown measures, allowing for ongoing surveillance of vital parameters, 

preserving patients’ contact with their medical team (via telephone calls), and providing 

opportunities to reinforce lifestyle counselling and to make timely treatment adjustments. 

Remote management of HF decompensation  

The TIM-HF2 (Telemedical Interventional Monitoring in Heart Failure) randomized trial suggested 

that multiparametric remote management of patients with HF could reduce unplanned 

cardiovascular hospitalization or death.5 We studied a similar strategy in combination with CIED 

remote monitoring in the unique context of a national lockdown for COVID-19, during which in-

person contact with the hospital and healthcare providers was discouraged. With this strategy, most 

of the decompensations were remotely identified (6/7 before and 5/6 during the lockdown) and 

more importantly, four of five patients with HF decompensation during lockdown could be managed 

at home, avoiding hospitalization. We have learned from this unique experience, that when detected 

earlier, HF decompensations do not need to be systematically hospitalized. Although the number of 

events is low, these findings suggest that remote monitoring can be an effective strategy during 

lockdowns, while also suggesting that its value may be underappreciated in non-lockdown settings.  
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Limitations 

This is a single center retrospective study with a limited number of patients and events. However, we 

evaluated a large number of parameters with few missing data. Unlike other monitoring strategies 

that rely on direct-to-consumer technologies (e.g., smartphones), which are more likely to appeal to 

younger patient populations, the system used in this study was provided and supported by 

healthcare professionals. In our study design, the one-month-period before to lockdown served as a 

control. We could not exclude that some patients already applied some form of self-quarantine. 

However, Vetrovsky et al. showed a rather stable activity in HF patients among the 3 weeks before, 

and a drop clearly delimited by the start of the lockdown restrictions.4 The positive predictive value 

of the alert system could not be assessed because multiple alerts could occur for the same event and 

reoccur if not suspended by the user. Because the present findings were obtained with a 

multiparametric approach in a structured remote monitoring center they represent a complex 

intervention and their generalizability to different technologies or other organizations is unknown. 

Perspective 

The COVID-19 pandemic and associated lockdowns have forced health care teams to rapidly adopt 

remote monitoring and telehealth strategies.14 Until recently, the lack of consistent benefits 

observed in randomized trials with remote monitoring in patients with HF had hindered widespread 

adoption of this approach. In light of the TIM-HF2 results, however, the French government launched 

the ETAPES program to explore this strategy at a national level. The program is still under evaluation, 

but the COVID-19 crisis and national lockdowns have created unique opportunities to examine its 

potential. Our findings suggest that a combination of home sensors and CIED remote interrogation 

capabilities represent a method of complying with public health measures while preserving the care 

and safety of patients with chronic HF. Our experience therefore argues for the benefits of this 

strategy in this patient population and supports larger studies to confirm our findings. 

 

CONCLUSION 

The clinical status of HF patients under multiparametric remote monitoring was minimally affected 

by lockdown restrictions despite a marked decrease in conventional measures of health care use. 

This strategy, combined with patient education, may mitigate the health risks associated with strict 

lockdowns for COVID-19. 
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FIGURE LEGENDS 

Figure 1: Multiparametric remote monitoring in a patient with heart failure. 

Trends in vital parameters from a 72-year-old patient with non-ischemic cardiomyopathy with a left 

ventricular ejection fraction of 25% and a dual chamber implantable cardioverter-defibrillator 

(Medtronic Evera XT DR). Each panel demonstrates is divided by a vertical line into the period before 

lockdown (days 1 to 31) and during lockdown (days 32 to 62). On day 33 (second day of the 

lockdown), a weight alert was received (gain of 2.3 kg in 5 days, red arrow). The patient complained 

of worsening dyspnea and abdominal bloating. The patient was asked to double his dose of 

furosemide and continued to be remotely monitored at home. Another alert was received 36 days 

after lockdown implementation, which prompted a further increase in diuretic for few days until a 

blood test alert was triggered for an increase in creatinine and urea levels, then the patients 

stabilized. This patient was fully managed remotely and did not require hospitalization during the 

following 9 months. Home sensor-derived trends are depicted in blue (weight, heart rate (HR), and 

systolic blood pressure (SBP)); activity and OptiVol trends from the CIED are depicted in black. 
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TABLES 

Table 1: Baseline patient characteristics 

Characteristic  

Male sex 43 (84) 

Age, y 

 ≥80 y 

72± 11 

14 (27) 

NYHA classification 

 NYHA 2 

 NYHA 3 

 NYHA 4 

 

19 (37) 

26 (51) 

6 (12) 

HF aetiology 

 Ischaemic 

 Dilated cardiomyopathy 

 Valvular 

 Tachyarrhythmia 

 Other 

 

22 (43) 

15 (29) 

5 (10) 

4 (8) 

5 (10) 

Co-morbidities  

 Atrial Fibrillation 36 (70) 

 Overweight/obesity 31 (61) 

 Hypertension 35 (69) 

 Diabetes mellitus 23 (45) 

 Dyslipidemia 33 (65) 

eGFR, mL/min/1.73 m2 49 ± 25 

BNP, pg/mL 591 ± 614 

LVEF, % 

 ≤35% 

35 ± 12 

31 (61) 

Cardiac implantable electronic devices  

 Implantable cardioverter-defibrillator 27 (53) 

 Permanent pacemaker 12 (24) 

 Cardiac resynchronization therapy 18 (35) 
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– CRT-D 

– CRT-P 

14 (27) 

4 (8) 

 

eGFR :glomerular filtration rate; BNP: B-type natriuretic peptide; ACEi: angiotensin-converting 

enzyme; ARB: angiotensin II receptor blocker. *% of target dose.  
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Table 2: Details of data from home sensors and cardiac implantable electronic devices 

 

 Before LD During LD  

Home Sensors Data (N=51)    

Days of remote monitoring 28 ± 6 31 ± 1 <0.01 

Days of transmissions 24 ± 8 27 ± 6 0.01 

Adherence, % 84 ± 21 87 ± 19 0.08 

Weight, Kg 83 ± 16 83 ± 16 0.12 

SBP, mmHg 121 ± 19 121 ± 18 0.91 

DPB, mmHg 73 ± 9 73 ± 9 0.86 

Heart rate, bpm 68 ± 10 67 ± 10 0.36 

Device Data (N=21)    

Activity, h/day 2 ± 1 2 ± 1 0.27 

Heart rate, bpm 71 ± 5 70 ± 6 0.08 

Heart rate variability, ms 89 ± 44 78 ± 46 0.05 

AF burden, h 84 ± 146 86 ± 146 0.72 

Thoracic impedance, Ohms 66 ± 8 66 ± 9 0.61 

 

LD: lockdown; SBP: systolic blood pressure; DBP: diastolic blood pressure; AF burden: atrial fibrillation burden 

(total hours/31 days).  
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Table 3: Details of alerts transmitted before and during lockdown 

 Before LD During LD  

Weight alerts, n 95 76 0.60 

Blood pressure alerts, n 20 7 0.46 

Heart rate alerts, n 11 13 0.10 

Symptom alerts, n 53 26 0.15 

Blood test alerts, n 27 7 0.01 

Total alerts, n 206 139 0.12 

Telephone calls, n (com) 183 (53) 148 (38) 0.34 

Telephone calls, N=total, com=calls for absence of communication. 
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Table 4: Heart failure decompensation details 

 CareLine Alert 
Device 
Alert 

Action 

Before LD   Home Hospital 

Patient 1 Weight gain >2Kg/5days NA IV diuretics  

Patient 2 
PM VR BS 

Weight gain >4Kg/Ref 
∆ Blood Urea >20% 

No ↑ oral diuretics 
 

Hospitalization 
7 days after 

Patient 3 Weight gain >4Kg/Ref 
Weight gain >2Kg/5days 
∆ Symptoms 
HR>100 bpm/3 days 

NA  Hospitalization 

Patient 4 
CRT-D Bio 

Weight gain >4Kg/Ref 
Weight gain >2Kg/5days 
∆ Symptoms 
∆ NT-proBNP >20% 

No ↑ oral diuretics 
 

Hospitalization 
7 days after 

Patient 5 
ICD DR Med 

No TriageHF™ Index 
High for 9 days 

 Hospitalization 

Patient 1 Weight gain >2Kg/5days NA IV diuretics Hospitalization 

Patient 6 
PM VR MP 

Weight gain >4Kg/Ref 
Weight gain >2Kg/5days 
∆ Symptoms 

NA ↑ oral diuretics 
 

Hospitalization 
3 days after 

During LD   Home Hospital 

Patient 7 
ICD DR Med 

Weight gain >4Kg/Ref 
Weight gain >2Kg/5days  

No ↑ oral diuretics 
 

 

Patient 8 
CRT-D Ab 

Weight gain >2Kg/5days 
∆ Symptoms 

↑AT/AF Burden 
↓%BIV Pacing 

↑ oral diuretics 
↑ Sab-Valsartan 

 

Patient 4 
CRT-D Bio 

Weight gain >4Kg/Ref 
∆ Symptoms 

No ↑ oral diuretics 
 

 

Patient 1 Weight gain >2Kg/5days  NA IV diuretics  

Patient 9 
CRT-P Ab 

No No  Hospitalization 

Patient 1 Weight gain >2Kg/5days NA IV diuretics  

 

Overview of the nine patients with heart failure decompensations under remote monitoring 

presented in chronological order. The first column indicates the patient’s number and the device 

model. PM VR BS: pacemaker VR Boston Scientific. CRTD bio: CRT-Defibrillator Biotronik. ICD DR 

Med: ICD DR Medtronic. CRT-D Ab: CRT-Defibrillator Abbott. CRT-P Ab: CRT-Pacemaker Abbott. The 

second column depicts the CareLine Solutions alerts at the time of HF decompensation diagnosis. 

Weight gain >4Kg/Ref: weight gain in comparison to the weight patient’s reference. Weight gain 

>2Kg/5days: gain of more than 2Kg in 5 consecutive days. ∆ Symptoms: worsening of symptoms 

based on the questionnaire. HR>100 bpm/3 days: mean heart rate above 100 bpm on 3 consecutive 

days. ∆ Blood Urea >20% and ∆ NT-proBNP >20%: increase >20% of the last known value. The third 

column depicts the CIEDs remote monitoring alerts at the time of HF decompensation diagnosis. The 

last columns indicate the medical interventions required. 
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