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a b s t r a c t 

Background: Home telemonitoring in heart failure (HF) patients may reduce workload of HF nurses by 

reducing face-to-face contacts. The aim of this study is to assess whether telemonitoring as a substitu- 

tion could have negative effects as expressed by less reduction in circulating natriuretic peptide levels 

between baseline and one-year of follow up compared to usual care. 

Methods: A post-hoc analysis of the e-Vita HF trial, a three-arm parallel randomized trial conducted in 

stable HF patients. Patients were randomized into three arms: (i) usual HF outpatient care, (ii) usual 

care combined with the use of the website heartfailurematters.org, and (iii) telemonitoring (e-Vita HF 

platform) instead of face-to-face consultations. Mixed linear model analyses were applied to assess dif- 

ferences in the N-terminal prohormone of brain natriuretic peptide (NT-proBNP) levels between the three 

arms over a year. 

Results: A total of 223 participants could be included (mean age 67.1 ± 10.1 years, 27% women, New 

York Heart Association class I–IV; 39%, 38%, 14%, and 9%). The mean left ventricular ejection fraction was 

35 ± 10%. The median of routine face-to-face contacts over a year was 1.0 lower (2.0 vs. 3.0) in the third 

arm compared with usual care. Median NT-proBNP levels did not significantly differ between the three 

arms. 

Conclusion: In stable and optimally treated HF patients, telemonitoring causing a reduction of routine 

face-to-face contacts seems not to negatively affect hemodynamic status as measured by NT-proBNP lev- 

els over time. 

© 2021 The Authors. Published by Elsevier Ltd on behalf of Japanese College of Cardiology. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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ntroduction 

In the Netherlands, nurse-led multidisciplinary heart failure 

HF) disease management programmes are intensive, with on av- 

rage, three times face-to-face contacts a year with HF nurses and, 

nce yearly, a consultation with a cardiologist specialised in HF [1] . 

uch attention is paid to adherence to medical therapy, education, 

ifestyle, and applying monitoring tailored to each individual HF 
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atient [ 2 , 3 ]. Non-invasive home telemonitoring could be an im- 

ortant component of HF disease management by facilitating re- 

ote support to patients and by helping patients and healthcare 

rofessionals to early detection of worsening of HF. Ideally, home 

elemonitoring could be used to substitute face-to-face contacts 

nd thus prevent work overload of HF nurses and reduce travel- 

ing of patients to the hospital. 

Previous randomized clinical trials (RCTs) on the effectiveness 

f home telemonitoring in HF evaluated such telemonitoring in ad- 

ition to usual care [ 4–6 ]. Only a few studies showed a relatively

mall beneficial effect on (cardiovascular) mortality and HF hos- 
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italization, notably only if the usual care was not of the highest 

evel [ 7 , 8 ]. However, also the type of home telemonitoring and the

ase mix (severity of disease state, stable vs. unstable patients, etc.) 

ontributed to these differences in outcomes between previous 

tudies. HF home telemonitoring should focus either on those who 

asily deteriorate, with the aim to safely prevent HF re-admissions 

9] , or -rather the opposite- it should focus on stable HF patients 

mainly in New York Heart Association (NYHA) class I and II with 

ptimal treatment] and then aimed at reducing the number of rou- 

ine face-to-face contacts with HF nurses [1] . 

It is well known that an individual’s increase in B-type natri- 

retic peptide (BNP) levels is associated with the risk of adverse 

linical events [ 10–12 ]. Therefore, changes in natriuretic peptides 

evels can be used as a surrogate outcome in HF studies. Currently, 

t is unknown whether reducing face-to-face contacts by increasing 

ome telemonitoring in HF may have negative effects, which could 

e uncovered by increase in circulating natriuretic peptides levels 

ver time compared to usual care. 

The e-Vita HF trial evaluated stable HF patients who had been 

anaged for > 3 months in Dutch HF dedicated outpatient clinics 

 1 , 13 ]. In the three arm RCT, (i) an e-health adjusted care pathway

EACP), including an interactive platform for HF disease manage- 

ent (the e-Vita platform) with telemonitoring facilities plus the 

ebsite heartfailurematters.org (HFM) was compared to (ii) usual 

are and (iii) usual care plus access to the website HFM [ 1 , 13 ]. The

xplicit aim of EACP was to replace routine consultations to pre- 

ent work overload of HF nurses, which otherwise may occur in 

ase home telemonitoring were added to standard care [13] . This 

esulted in a reduction in the median number of routine contacts 

etween the EACP group and the usual care group (median 2.0 vs. 

.0/year) [1] . 

The aim of this post-hoc analysis of the e-Vita HF trial was to 

ssess changes over time of circulating natriuretic peptide levels 

amino-terminal (NT) pro BNP] between the three arms of the e- 

ita HF trial. 

ethods 

The design of the e-Vita HF study was described previously [13] . 

n short, the e-Vita HF study was a three-arm parallel randomized 

rial in 450 stable chronic HF patients, with in each arm 150 pa- 

ients managed in 9 HF outpatient clinics in the Netherlands. The 

rimary endpoint was self-care as measured with the European 

eart Failure Self-care Behavior (EHFScB) scale. Self-care improved 

n the EACP arm compared to usual care at 3 months, but this ef- 

ect attenuated during the remaining follow up of 9 months [1] . 

ne of the secondary outcomes was health-related quality of life 

s measured with the Minnesota Living with Heart Failure Ques- 

ionnaire, and a similar trend was seen over time [1] . 

In this study, EAPC was compared to (i) usual care and (ii) usual 

are plus HFM. In the EAPC arm, biometric values (blood pressure, 

eight, pulse) were automatically forwarded to the e-Vita plat- 

orm using Bluetooth. If these values were outside the predefined 

hresholds or if the measurements were not recorded, the HF nurse 

eceived an alert via the e-Vita platform. No routine face-to-face 

onsultations with the HF nurse were scheduled, but, if needed, 

he patient could contact the nurse. 

atient population 

Eligible patients were aged 18 years or older, diagnosed with 

F for at least 3 months, and had sufficient cognitive and physi- 

al function. Exclusion criteria were non-availability of internet and 

mail, inability of the patient or his/her family to work with in- 

ernet and email, inability of the patient or his/her family or care 

akers to read and understand Dutch. 
2 
In the e-Vita HF trial, either BNP or NT-proBNP values were 

easured. We did not include BNP because BNP and NT-proBNP 

iffer with regard to their biological activity and half-life, in vitro 

tability, and clearance mechanisms. There were 23 missing base- 

ine NT-proBNP values (usual care: n = 8, usual care plus web- 

ite: n = 8, EACP: n = 7) and because of the low number, these

ere imputed, but the 86 missing values at 6 and/or 12 months 

ere not (see Fig. 1 ). Patients with missing NT-proBNP values at 6 

nd/or 12 months were excluded, because the delta could not be 

alculated. The missing NT-proBNP values occurred due to logisti- 

al problems in the participating hospitals, and in one batch con- 

aining 55 samples because the central laboratory did not handle 

he blood adequately. Because 23 patients died within the year of 

he follow up, in total 223 patients could be analyzed ( Fig. 1 ). The

aseline characteristics of these 223 patients did not differ from 

he 227 who were not included in this post-hoc analysis (Online 

able 1 ). 

tatistical analyses 

Continuous variables with a normal distribution are expressed 

ith means and standard deviation (SD). NT-proBNP and estimated 

lomerular filtration rate (eGFR) levels (skewed distribution) are 

resented as medians with interquartile range (IQR). For further 

nalysis, we used log transformations to achieve a more normal 

istribution. 

Because performing a complete case analysis (deleting all pa- 

ients with one or more missing values from the analysis) may lead 

o bias and lack of power, we decided to multiple impute miss- 

ng baseline NT-proBNP values [14] . Multiple imputation was per- 

ormed to impute missing baseline values only. For this, we used 

redictive mean matching for continuous variables, and regression 

ethods for categorical variables. We created 25 imputed datasets 

nd performed the analyses on each imputation set separately. The 

resented results are based on pooled estimates. 

Differences in NT-proBNP levels (between baseline and 6 and 12 

onths) in the EACP group were compared to (i) usual care, and 

ii) usual care plus HFM using a linear mixed model. We included a 

andom intercept to correct any differences between patients from 

ifferent hospitals and a residual covariance (GEE type) matrix to 

orrect repeated measurements of the outcome (NT-proBNP) over 

ime. The validity of the models (distributional assumptions, ho- 

oscedasticity) was assessed with residual plots. 

All analyses were performed in two steps: In the first step only 

he three arms and time points (baseline, 6 and 12 months) were 

ncluded in the model. In the second step, we added the baseline 

easurements of the outcome as well as age, gender, body mass 

ndex, history of atrial fibrillation, history of acute coronary syn- 

rome, patient-reported NYHA class, left ventricular ejection frac- 

ion, and eGFR as potential confounders. 

esults 

Of the original 450 patients, 223 patients could be analyzed 

or delta NT-proBNP values over a year ( Fig. 1 ). The mean age

f the 223 patients was 67.1 ± 10.1 years and 27% were women 

 Table 1 ). The mean left ventricular ejection fraction was 34 ± 10%, 

nd the majority of patients had a low patient-reported NYHA 

lass: I 39%, II 38%, III 14%, and IV 9%, respectively. Forty-five per- 

ent of the patients had a history of an acute coronary syndrome 

nd 41% of atrial fibrillation. The median eGFR was 68 (IQR 52–

5) ml/min/1.73 m 

2 . The median face-to-face visits with the HF 

urse in the e-Vita HF arm compared to usual care was 2.0 (IQR 

.0–3.0) vs. 3.0 (IQR 2.0–4.0). In the six months before enrolment 

n the trial, 11% of the 223 participants were re-hospitalized for 

orsening HF. In patients with NYHA class I, the combination of 
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Fig. 1.. Flow chart of study patients of the post-hoc analysis. 

NT-proBNP, N-terminal prohormone of brain natriuretic peptide. 
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n angiotensin-converting enzyme (ACE) inhibitor or angiotensin 

eceptor blocker (ARB) with a beta-blocker was prescribed to 74% 

f the patients. In 38% of those with NYHA class II or higher, the 

ombination ACE inhibitor or ARB with beta-blocker and a miner- 

locorticoid receptor antagonist (MRA) was prescribed. 

Median NT-proBNP values were low on average. There was a 

eduction in NT-proBNP levels during the one-year study period: 

n all 223 participants, the median at baseline was 119 pg/ml (IQR 

3–310) and at 12 months 91 pg/ml (IQR 32–275). The delta reduc- 

ion in NT-proBNP was 26 pg/ml in the EAPC arm versus 7 pg/ml 

n the usual care arm ( Table 2 ). After linear mixed modelling, there

ere no significant differences in the median log NT-proBNP lev- 

ls (at baseline and after 6 and 12 months) between the EACP arm 

nd usual care arm ( Table 3 ). 

iscussion 

In this study, we showed that a reduction of 33% in sched- 

led face-to-face contacts in the EAPC arm did not have a nega- 

ive impact on NT-proBNP levels over the course of one year when 

ompared to (high intensity) usual multidisciplinary HF outpatient 

are. Importantly, this result was seen in stable HF patients. The 

ercentage of re-admissions for worsening HF in the 6 months be- 

ore enrolment in the randomized trial was low (11%) and the vast 

ajority of patients had a low patient-reported NYHA class (77% 

YHA class I or II) under treatment. In 74% of the patients with 

YHA class I an ACE inhibitor or ARB with beta-blocker was pre- 

cribed, and in 38% of the patients with NYHA class II or over, 

n ACE inhibitor or ARB with beta-blocker and MRA. Interpreting 

hese results, one should realize from the 2012 ESC guidelines on 

eart failure onwards, MRAs were recommended in symptomatic 
3 
F patients (NYHA class ≥ II and left ventricular ejection fraction 

 35%), and that the uptake of new recommendations in everyday 

ractice takes time. 

ackground of home telemonitoring in the Netherlands 

In the Netherlands, most HF patients managed in multidis- 

iplinary HF outpatient clinics receive intensive care with three 

imes a year routine face-to-face contacts with a HF nurse and 

 yearly consultation with a cardiologist with special interest in 

F, similarly as seen in the-Vita HF study (mean of 3.2 contacts) 

1] . The government and health insurance companies stimulate the 

se of home telemonitoring in HF with the aim of reducing costs, 

hile patient organizations ‘embrace’ telemonitoring because it 

ould improve self-care and self-confidence of patients. Neverthe- 

ess, home telemonitoring in HF is still not widely implemented in 

F care. Barriers include financial incentives for the transition of 

are to an EAPC to compensate for the time investment of health 

are professionals, and the lack of an evident mortality-reducing 

ffect of home telemonitoring in addition to or as a partly substi- 

ute for the standard of care. 

revious Dutch home telemonitoring research in HF mainly focused 

n reduction of HF (re)admissions 

Our study builds on the results of five former studies that eval- 

ated non-invasive home telemonitoring in HF in the Netherlands 

 9 , 15–18 ]. Comparison of these studies is hampered by differences 

n methods, case mix, and interventions. Nevertheless, none of 

hese studies showed significant beneficial effects on (cardiovascu- 

ar) death or HF hospitalization [ 1 , 9 , 16 –19 ]. All studies, except the
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Table 1 

Baseline characteristics of 223 patients, divided in usual care, usual care with guided access to the heartfailurematters.org website, and e-health adjusted care pathway. 

Baseline characteristics 

Arm 1, usual care 

( n = 72) 

Arm 2, usual care with 

heartfailurematters.org 

website ( n = 75) 

Arm 3, e-health adjusted 

care pathway ( n = 76) p -value 

Demographics 

Mean age in years ± SD 68.2 ± 11.6 67.3 ± 9.2 65.8 ± 9.6 0.34 

Female sex, % 29.2 29.3 24.0 0.68 

Mean BMI ± SD 28 ± 4 28 ± 5 29 ± 5 0.50 

Medical history 

Acute coronary syndrome, % 48.6 40.0 46.1 0.56 

Atrial fibrillation, % 33.3 48.0 39.5 0.19 

Renal disease, % 12.5 17.3 13.2 0.66 

Mean LVEF ± SD 36 ± 10 35 ± 11 33 ± 10 0.20 

Hospitalization HF in the 6 

months before start of the 

study, % 

12.5 12.0 9.2 0.79 

Patient-reported NYHA class at 

baseline, % 

0.15 

I 40.3 33.3 44.7 

II 36.1 38.7 39.5 

III 19.4 13.3 9.2 

IV 4.2 14.7 6.6 

Medication use 

ACEI, % 50.0 57.3 53.9 0.71 

ARBs, % 33.3 28.0 22.4 0.33 

Beta-blockers, % 84.7 84.0 80.3 0.74 

MRAs, % 44.4 44.0 44.7 0.99 

ACEI and/or ARBs plus 

Beta-blockers, % 

72.2 72.0 73.7 0.97 

Loop diuretics, % 80.6 81.3 73.7 0.18 

Laboratory results 

Median eGFR ml/min/1.73m 

2 

(25th–75th percentiles) 

68 (51–83) 65 (51–87) 69 (57–84) 0.56 

Questionnaires 

Self-care behavior score ∗ , 

mean EHFScBS total score ±
SD 

71.9 ± 14 70.1 ± 16 71.8 ± 14.5 0.71 

Quality of life, mean 

Minnesota Living with Heart 

Failure Questionnaire ∗∗ , total 

score ± SD 

27.1 ± 19.7 27.4 ± 18.8 25.2 ± 19.0 0.78 

ACEI, angiotensin-converting-enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; eGFR, estimated glomerular filtration rate; HF, heart failure; LVEF, 

left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NYHA, New York Heart Association; ∗the European Heart Failure Self-Care Behavior Scale 

(EHFScBS) consists of nine items on a 5-point Likert scale with standardized score 0 to 100, with a higher score meaning better self-care; ∗∗ the Minnesota Living with Heart 

Failure Questionnaire consists of twenty-one items on a 5-point Likert scale with standardized score 0 to 105, with lower scores meaning better health related quality of life. 

Table 2 

Median N-terminal prohormone of brain natriuretic peptide values in pg/ml with 25th–75th percentiles at baseline, 6, and 12 months. 

Usual care ( n = 72) Usual care + heartfailurematters.org website ( n = 75) e-health adjusted care pathway ( n = 76) 

Baseline 96 (32–307) 121 (40–309) 109 (38–310) 

6 months 108 (36–232) 108 (46–222) 89 (40–185) 

12 months 89 (32–282) 93 (34–287) 83 (25–259) 

Table 3 

Mixed linear model presented on a log transformed scale, with N-terminal prohormone of brain natriuretic peptide unadjusted and adjusted for baseline differences in 

age, gender, body mass index, history of atrial fibrillation, history of acute coronary syndrome, self-reported NYHA class, LVEF, and eGFR. 

Comparison arms Unadjusted Adjusted 

Difference in 

regression coefficient 

(95% CI) 

p -value Difference in regression 

coefficient (95% CI) 

p -value 

Usual care versus usual 

care + heartfailuremat- 

ters.org website 

0.11 (-0.27 - 0.48) 0.58 - 0.08 (-0.16 - -0.05) 0.59 

Usual care versus e-health 

adjusted care pathway 

- 0.15 (-0.52 - 0.22) 0.43 - 0.20 (-0.30 - -0.11) 0.15 

Usual care + heartfailure- 

matters.org website versus 

e-health adjusted care 

pathway 

- 0.26 (-0.63- 0.12) 0.18 - 0.13 (-0.23 - -0.01) 0.38 

Both models were corrected for differences between participants from different hospitals. 

4 
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[  

[  

[  

[  
-Vita HF trial, focused on patients who easily deteriorate and were 

imed to prevent HF re-admissions. Four studies provided home 

elemonitoring in addition to usual care and two (e-Vita HF and IN 

OUCH) aimed at (partly) substitution for care [ 1 , 15 ]. 

The e-Vita HF trial is the only study with a focus on reducing 

he number of routine face-to-face contacts in stable HF patients 

1] . 

ome telemonitoring and the COVID-19 pandemic 

The COVID-19 pandemic has put enormous pressure on health 

are systems worldwide, and with teleconsultation routine face-to- 

ace contacts could be substituted. Home monitoring with pulse 

ximetry of patients with COVID-19 appeared to be useful to early 

etect clinical deterioration due to (silent) hypoxemia. Because HF 

atients have a more than 10 times higher risk for hospitaliza- 

ion for COVID-19, home oxygen monitoring is worthwhile. The 

OVID-19 pandemic offered a boost to digitalizing health care, and 

Health may substitute at least a part of the time-consuming face- 

o-face routine care contacts. 

imitations 

This study has several limitations. First, the current post-hoc 

nalysis was performed in a fraction of the original population of 

he e-Vita HF trial. However, this selection did not seem to result 

n selection bias, because the baseline characteristics of included 

nd excluded patients were similar. 

Second, our results in the EAPC arm cannot straightforwardly 

e generalized to unstable HF patients. Third, NT-proBNP values 

epend on multiple variables, not only on severity of heart fail- 

re. Atrial fibrillation also results in increased left atrial and ven- 

ricular wall stress and thus elevated NT-proBNP values. Fourth, 

e did not register the number of patients who developed new- 

nset atrial fibrillation during the one year of follow up. How- 

ver, given the incidence rate of atrial fibrillation in older peo- 

le, it may be expected that no more than a few percent of pa-

ients developed new-onset atrial fibrillation within a year. More- 

ver, this likely would occur similarly in the different study arms, 

nd thus would not introduce bias or affect our conclusion because 

e used delta NT-proBNP (change over time) and not the absolute 

T-proBNP values. 

onclusion 

An EAPC management strategy including home telemonitoring 

nd aimed at reducing routine face-to-face contacts seems to be a 

ood and likely cost-effective alternative for intensive HF nurse-led 

utpatient care of stable and well up-titrated HF patients. 
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