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Background: Remote patient management (RPM) in heart failure (HF) patients has been investigated in several prospective randomized trials. The Telemedical Interventional Management in Heart Failure II (TIM-HF2)-trial showed reduced all-cause mortality and hospitalizations in heart failure (HF) patients using remote patient management (RPM) vs. usual care (UC). We report the trial's results for prespecified eGFR-subgroups.

Methods: TIM-HF2 was a prospective, randomized, controlled, parallel-group, unmasked (with randomization concealment), multicenter trial. A total of 1,538 patients with stable HF were enrolled in Germany from 2013 to 2017 and randomized to RPM (+UC) or UC. Using CKD-EPI-formula at baseline, prespecified subgroups were defined. In RPM, patients transmitted their vital parameters daily. The telemedical center reviewed and co-operated with the patient's General Practitioner (GP) and cardiologist. In UC, patients were treated by their GPs or cardiologist applying the current guidelines for HF management and treatment. The primary endpoint was the percentage of days lost due to unplanned cardiovascular hospitalizations or death, secondary outcomes included hospitalizations, all-cause, and cardiovascular mortality.

Results: Our sub analysis showed no difference between RPM and UC in both eGFR-subgroups for the primary endpoint (<60 ml/min/1.73 m2: 40.9% vs. 43.6%, p = 0.1, ≥60 ml/min/1.73 m2 26.5 vs. 29.3%, p = 0.36). In patients with eGFR < 60 ml/min/1.73 m2, 1-year-survival was higher in RPM than UC (89.4 vs. 84.6%, p = 0.02) with an incident rate ratio (IRR) 0.67 (p = 0.03). In the recurrent event analysis, HF hospitalizations and all-cause death were lower in RPM than UC in both eGFR-subgroups (<60 ml/min/1.73 m2: IRR 0.70, p = 0.02; ≥60 ml/min/1.73 m2: IRR 0.64, p = 0.04). In a cox regression analysis, age, NT-pro BNP, eGFR, and BMI were associated with all-cause mortality.

Conclusion: RPM may reduce all-cause mortality and HF hospitalizations in patients with HF and eGFR < 60 ml/min/1.73 m2. HF hospitalizations and all-cause death were lower in RPM in both eGFR-subgroups in the recurrent event analysis. Further studies are needed to investigate and confirm this finding.
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INTRODUCTION

Heart failure (HF) is a highly prevalent syndrome associated with increased mortality, morbidity, and detrimental effect on the quality of life (1). Due to demographic changes number of patients with HFare expected to increase further (2). There is a strong interrelation between the heart and kidneys implying that the declining function of one affects the function of the other, resulting in cardiorenal syndrome (3–6). Chronic kidney disease (CKD) is an important independent risk factor for poor outcomes in patients with cardiovascular disease (7). CKD is a comorbidity in up to 12% of patients with HF (8, 9). In patients with the cardiorenal syndrome, congestive decompensation is particularly common and entails hospitalization in many cases (3). In patients hospitalized with HF, the fraction of patients with renal impairment increases up to 40% (1, 10, 11). The extent of re-hospitalizations and length of hospital stay raises with advanced CKD stages (12).

Diuretics are highly effective in the treatment of hydropic decompensation. But the response to diuretics depends on renal function and the user has an impact on the risk of acute kidney injury and recurrent hydropic decompensation (13, 14). Because of the close interaction between HF and renal function with the need for close monitoring and therapy modification, telemedical interventions in higher CKD stages may offer benefits (14–17).

Despite guideline-directed medical treatment, device therapy and interventional therapies (coronary revascularization, heart valve repair, cardiac implants) patients with HF are at risk for disease progression and acute worsening. Remote patient management (RPM) is a new structured care approach combining telemonitoring of vital signs, information from sensors, and cardiac implants with educational support and collaborative care in a heart failure network. Early detection of worsening followed by early intervention with therapy adjustment creates a tight outpatient feedback loop to avoid hospitalization. RPM has been shown to stabilize the patient's condition and achieve better outcomes, particularly after hospitalization for worsening HF. This has been demonstrated for invasive and non-invasive telemonitoring (18, 19).

The Telemedical Interventional Management in Heart Failure II (TIM-HF2) trial investigated remote patient care in patients with HF (20, 21). Like in other trials RPM was associated with a significant reduction in the percentage of days lost due to unplanned cardiovascular hospital admissions and all-cause death (18, 20, 22–26). At the study entry, the trial stratified patients according to their eGFR, and the protocol prespecified subgroup analysis of patients with renal impairment. The aim of this study was to analyze the effect of RPM on hospitalizations and mortality in HF patients with impaired (eGFR < 60 ml/min/1.73 m2) vs. better renal function (eGFR ≥ 60 ml/min/1.73 m2) and to analyze the impact of renal function on the study outcomes.



METHODS


Study Design

The TIM-HF2 trial, registered at clinicalTrials.gov (NCT01878630), was a prospective, randomized, controlled, parallel-group, unmasked (with randomization concealment), and multicenter trial with pragmatic elements introduced for data collection. Detailed methods and overall results of this trial have been published (20, 21).



Setting and Participants

The trial was performed in Germany from 2013 to 2017. Inclusion criteria were stable heart failure in New York Heart Association functional class II or III, hospital admission due to worsening heart failure within 12 months before randomization, a guideline-directed medical therapy with left ventricular function (LVEF) ≤45%, or being on diuretics with LVEF ≥ 45%. Key exclusion criteria were end-stage renal disease, major depression (Depression model of the Patient Health Questionnaire-9 score >9), recent hospitalization (7 days for any cause, 1 month before cardiac interventions like coronary revascularization or cardiac resynchronization therapy implantation), or planned cardiac procedures.

Patients were randomly assigned (1:1) to either RPM including usual care (UC) or UC alone (21). Renal function was determined by creatinine measurements at baseline and estimation of glomerular filtration rate using the CKD-EPI formula. Subgroups were prespecified into three strata of renal function (<30, 30–60, ≥ 60 ml/min/1.73 m2) based on eGFR at baseline (21). As groups of eGFR <30 ml/min/1.73 m2 were small in both arms, we merged them with the eGFR-group 30–60 ml/min/1.73 m2 for further analysis. Important clinical variables were balanced using Pocock's minimization algorithm at randomization (21). No interim analyses were planned.



Intervention

The RPM intervention consisted of a daily review of transmitted vital parameters (bodyweight, blood pressure, electrocardiogram, peripheral capillary oxygen saturation, and self-rated health status on a scale) from the patient's home to the telemedical center (TC); the patient education; and co-operation between the TC, and the patient's General Practitioner (GP) and cardiologist. Following standard operating procedures an individualized assessment of the clinical status, medication, and adherence of the patients was done daily. In the case of need, therapy adjustments were recommended to the GP or instituted directly to the patient by the TC physician outside business hours. There was 24/7 physician-guided emergency support by the TC. On a monthly basis, the HF nurses performed structured telephone interviews via telephone.

Patients allocated to UC were followed up in accordance with the current guidelines for HF management and treatment (27). Throughout the study follow-up, the patient's GP and cardiologist were free to adjust or prescribe treatments in accordance with the patient's clinical condition.

Patients in both study groups were followed up for at least 365 days and up to 393 days after randomization. All patients were examined by their cardiologists at the screening and baseline visit and at the final study visit; the latter was done on day 365 (28-day time window) after randomization. In between, patient visits were undertaken by the patient's GP or local cardiologist scheduled at 3, 6, and 9 months. At all visits, data were collected in a case report form, which included vital signs and body weight, and the patients were asked about the occurrence of hospital admissions since the last study contact. A crosscheck with health insurance companies was done to avoid collection bias and ensure complete hospitalization data. The study was conducted along with the Principles in the Declaration of Helsinki and the laws and regulations in Germany. All participants gave their informed consent. Ethics approval was obtained from the local ethics committee.



Outcomes

The primary endpoint was the percentage of days lost due to unplanned cardiovascular hospitalization or death from any cause, comparing RPM with UC during the individual patient follow-up time. The main secondary outcomes were all-cause mortality and cardiovascular mortality during the individual patient follow-up time plus 28 days after the last study visit, to a maximum of 393 days; percentage of days lost due to unplanned cardiovascular hospitalizations, and percentage of days lost due to unplanned heart failure hospitalizations.



Statistical Analysis

We used IBM SPSS Statistics, Version 27, and R version 4.1.0 for the analysis of the data (28, 29). All analyses were performed according to the intention to treat principles on the full analysis set. Laboratory data were imputed using last-observation-carried-forward in case the patient survived. The highest amount of missingness in a single laboratory value was less than 6%. To categorize the patients according to their kidney function at baseline, the eGFR was calculated using the CKD-EPI-formula to define the subgroups (30). All analyses of this study are secondary and therefore exploratory. The following analyses are done separately for the subgroups regarding eGFR. The main study's primary endpoint percentage of days lost due to unplanned cardiovascular hospitalization or death from any cause was compared as a weighted average between the randomized groups using a permutation test using individual observation time as weights. Kaplan-Meier analysis was applied for the combined endpoint of all-cause mortality and first rehospitalization. The potentially recurrent events unplanned cardiovascular hospitalizations and unplanned heart failure hospitalizations were analyzed with the use of negative binomial models on the number of distinct events per patient accounting for all-cause or cardiovascular death as terminal event and incidence rate ratios (IRR) were calculated. Recurrent event analyses were performed for the combined endpoints unplanned cardiovascular hospitalizations and cardiovascular mortality, unplanned cardiovascular hospitalizations and all-cause mortality, unplanned heart failure hospitalizations and cardiovascular mortality, and unplanned heart failure hospitalizations and all-cause mortality. A Cox regression analysis was performed to investigate the influence of covariates for all-cause death. Covariates included demographic parameters at randomization (sex, age, BMI), and laboratory or diagnostic findings at baseline (sodium, potassium, NTproBNP, LVEF). As the analysis was performed for the whole cohort, the prespecified eGFR subgroup and randomization arm were included too. An interaction between eGFR and sodium at baseline was investigated.




RESULTS

Overall, 1,571 patients were included in the study (Figure 1). Allocated into the RPM group were 796 patients, of whom 765 (96.1%) were included in the full analysis set. Allocated into usual care (UC) were 775 patients of whom 773 (99.7%) were included in the full analysis set. The 12-month-visit was performed in 671 (87.7%) in RPM and 669 (86.5%) in UC.


[image: Figure 1]
FIGURE 1. Flowchart of the cohort. eGFR, estimated glomerular filtration rate; RPM, remote patient management; UC, usual care. *Survival status known up to 393 days post randomization for all patients who withdrew prematurely.


Table 1 shows baseline data of patients in both study arms regarding their kidney function.


Table 1. Demographics of remote patient management (RPM) and control group (UC) with regard to eGFR at randomization.
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In total, 878 (57.1%) had an impaired renal function (eGFR < 60 ml/min/1.73 m2, eGFR < 60) at randomization and 660 (42.9%) had an eGFR ≥ 60 ml/min/1.73 m2 (eGFR ≥ 60). The prespecified groups had 158 (10.3%) patients with eGFR < 30 ml/min/1.73 m2 (65 RPM and 93 UC), 720 (46.8%) patients with eGFR 30–60 ml/min/1.73 m2 (368 RPM and 352 UC) and 660 (42.9%), patients with eGFR ≥ 60 (332 RPM, 328 UC). As the group eGFR < 30 ml/min/1.73 m2 was small in both groups this group was analyzed together with 30–60 ml/min/1.73 m2.

Table 2 shows demographic data of all patients stratified by kidney function at baseline. In the group with impaired renal function mean eGFR was 42 ± 11 ml/min/1.73 m2 compared to 78 ± 13 ml/min/1.73 m2 in the group with better renal function. Patients with impaired renal function were older, less frequently male, had a lower BMI, a higher NT-proBNP level, and more comorbidities (2.0 ± 1.2 vs. 1.1 ± 1.0). Clinical signs of fluid overload were reported more frequently in patients with eGFR < 60. Furthermore, concomitant medication was different in patients with CKD as a number of drugs was higher in patients with eGFR < 60.


Table 2. Demographics of the whole cohort, impaired (eGFR < 60 ml/min/1.73 m2), and normal (eGFR ≥ 60 ml/min/1.73 m2).
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The distribution of patients with eGFR < 60 and eGFR ≥ 60 at randomization was balanced due to the randomization algorithm (RPM 56.6 and 43.4%, UC 57.6 and 42.4%).

In patients with eGFR < 60 and eGFR ≥ 60 LVEF at randomization was similar in RPM and UC as per the study protocol (≤45% vs. >45%). Applying the heart failure classification most patients showed HFrEF in both study arms.


Study Outcomes According to Renal Function and Treatment Group

Table 3 shows the results of our analysis of the main trial's primary endpoint and key secondary outcomes comparing both study arms in patients with eGFR < 60 and eGFR ≥ 60. The effect of RPM on the primary outcome of the percentage of days lost due to unplanned cardiovascular hospitalizations or death from any cause was not significantly different in the eGFR-subgroup analysis.


Table 3. Outcomes comparing remote patient management (RPM) vs. usual care (UC) in patients with eGFR < 60 ml/min/1.73 m2 and ≥ 60 ml/min/1.73 m2, respectively.
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All-cause mortality was significantly reduced in the RPM group compared to the UC group. Overall, 61/765 patients (8.0%) in the RPM group and 89/773 (11.5%) in the UC group died (p = 0.02). In patients with eGFR < 60, 48/433 (11.1%) patients in the RPM group vs. 74/445 (16.6%) in the UC group died, resulting in a 33% reduction in incidence rate ratio [11.2 vs. 16.6%, IRR 0.67 (0.47–0.96), p = 0.03]. But this difference was not seen in patients with eGFR ≥ 60: 13/332 (3.9%) patients in the RPM group vs. 15/328 (4.6%) in the UC group died. Table 4 shows the causes of death.


Table 4. Reasons for Death depending on kidney function and study arm.

[image: Table 4]

The cumulative incidence of all-cause mortality by renal function and study group is shown in Figure 2. Patients with eGFR < 60 had a significantly higher 1-year-survival in the RPM than in the UC group (89.4 ± 1.5% vs. 84.6 ± 1.7%, p = 0.04), whereas in patients with GFR ≥ 60, 1-year patient survival was similar in both groups (96.0 ± 1.1% vs. 96.3 ± 1.0%, p = 0.7).


[image: Figure 2]
FIGURE 2. (A) All-cause mortality according to randomization arm and renal function. Overall p < 0.001, for eGFR subgroup <60 ml/min/1.73 m2 p = 0.037 RPM (green) vs. UC (red), eGFR subgroup ≥60 ml/min/1.73 m2, p = 0.7 RPM (purple) vs. UC (blue). (B) Number at risk for all-cause mortality according to randomization arm and renal function: eGFR subgroup <60 ml/min/1.73 m2, p = 0.037 RPM (green) vs. UC (red), eGFR subgroup ≥60 ml/min/1.73 m2, p = 0.7 RPM (purple) vs. UC (blue).


The percentage of days lost due to unplanned heart failure hospitalization was significantly lower in RPM than in UC [11.4 vs. 18.9%, IRR 0.80 (0.69–0.95), p = 0.007] in patients with eGFR ≥ 60. This did not reach significance in patients with eGFR < 60 (23.8 vs. 29.4%, p = 0.07).

The recurrent event analyses are shown in Table 5A. Recurrent cardiovascular hospitalizations and all-cause or cardiovascular death, respectively, showed no difference between patients with the renal function above or below 60 ml/min/1.73 m2 in both treatment arms.


Table 5A. Hospitalization as recurrent event analysis of the cohort according to the treatment arm.

[image: Table 5]

In patients with eGFR < 60 recurrent heart failure hospitalizations [incidence rate ratio (IRR) 0.74, p = 0.05] and the combination of recurrent heart failure hospitalizations and all-cause death (IRR 0.70, p = 0.02) were lower in the RPM group than in the UC group, whereas the combination of cardiovascular hospitalizations and all-cause death (IRR 0.80, p = 0.07) or heart failure hospitalizations and cardiovascular death (IRR 0.74, p = 0.05) were not different.

In patients with eGFR ≥ 60, heart failure hospitalizations (IRR 0.60, p = 0.02), the combination of heart failure hospitalizations and all-cause death (IRR 0.64, p = 0.04) and heart failure hospitalizations and cardiovascular death (IRR 0.61, p = 0.02) were lower in the RPM group than in the UC group.

Changes in lab values and depression scores from baseline to end of observation are shown in Table 5B. A decline of eGFR was observed in RPM and UC in both groups: eGFR ≥ 60 −2.1 vs. −0.8 ml/min/1.73 m2, p = 0.02 and eGFR < 60: −5 vs. −4 ml/min/1.73 m2, p = 0.02, respectively. Other biomarkers of renal function remained unchanged on average. NT-proBNP was similar between RPM and UC in patients with eGFR ≥ 60 and <60.


Table 5B. Comparison of lab values and MLHFQ from baseline to end of observation (last carried forward) according to the treatment arm.
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The number of vital signs transmitted was not different in patients with eGFR < 60 and eGFR ≥ 60 in RPM. There were more medication changes in patients with eGFR < 60 than in those with eGFR ≥ 60 (11 vs. 9, p = 0.003, Table 6). The distribution of patients receiving diuretics and RAAS medication is given in Supplementary Table 1. There were no differences between RPM and UC in patients with eGFR ≥ 60 and eGFR < 60.


Table 6. Measurements in remote patient management and changes in medication in patients with normal and impaired renal function.

[image: Table 6]



Cox Regression Analysis for All-Cause Death According to Renal Function

Table 7 shows a cox regression analysis on all-cause death in patients with eGFR < and ≥60 ml/min/1.73 m2. An increase of 1 ng/ml NT-pro-BNP showed an 8.1% higher risk of death. An increase of 1 kg/m2 in body mass index showed a 3.6% risk reduction. Age at randomization showed a 2.6% higher risk per 1 year. The eGFR subgroup <60 ml/min/1.73 m2 showed a risk for death 2.3 times as high as the subgroup eGFR ≥ 60 ml/min/1.73 m2. The interaction between sodium at baseline and eGFR was significant and showed a risk reduction of 5% per increase of 1 mmol/l sodium in patients with eGFR < 60 and was not significant in patients with eGFR ≥ 60.


Table 7. Cox regression analysis for all-cause death in eGFR subgroups < and ≥ 60 ml/min/1.73 m2.
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DISCUSSION

The present exploratory analyses of prespecified eGFR-subgroups from the TIM-HF2 trial investigate the clinical effects of RPM in an HF population with impaired renal function. Other high-risk groups within the TIM-HF2 study cohort have been investigated and also showed better outcomes in the RPM group (31–33). Thus our paper extends this observation to patients with impaired vs. better renal function. Since patients in the prespecified subgroups had identical risk at baseline, the differences in outcome might be explained by the need for more extensive monitoring of high-risk groups such as patients with poor baseline eGFR.

The strong interrelation between heart and kidney function causing the cardiorenal syndrome has been known for long (3–6). CKD is an important independent risk factor for poor outcomes in patients with cardiovascular disease (7) and impaired renal function is one of the strongest predictors of outcome in HF (10–12, 34). The prevalence of CKD is rising worldwide. There are many biomarkers for prognosis (risk of mortality) and prediction (reaction to treatment) (35). However, in our study that started in 2013 only eGFR was calculated. eGFR has a high prognostic and predictive impact on mortality and disease progression. NT-pro BNP as a main prognostic marker in heart failure patients has limited use in patients with CKD as it is accumulating due to CKD.

Because of the prognostic impact of renal function on heart failure outcomes, the subgroup of patients with the impaired renal function was chosen for this prespecified sub-analysis of the TIM-HF2 trial. Impaired renal function was defined as an eGFR < 60 ml/min/1.73 m2 as defined by KDIGO CKD stage III, from which a yearly control is recommended to slow down the further deterioration of renal function (36). The study demonstrates that non-invasive RPM may reduce all-cause mortality and recurrent hospitalizations in this high-risk population. RPM in HF shares key interventions of CKD patient management with optimization of volume status, potassium levels, and blood pressure by medication change (10–12, 34). Furthermore, patients with CKD are prone to cardiovascular comorbidities and suffer from cardiovascular events (37). While the benefit of pharmacological therapies and device therapy has been shown for this subgroup (38–41), the effect of RPM as a new structured approach to prevent unplanned heart failure hospitalizations and death has not yet been studied prospectively (26, 42–48). RPM in the TIM-HF2 trial targets volume management and optimization of cardiac pre- and afterload by a medication change, detection of arrhythmia, patient education, and establishment of collaborative heart failure networks including 24/7 emergency service.

The TIM-HF2 cohort is a well-characterized high-risk HF population with optimal background HF therapy and the use of implantable cardiac devices. The study was initiated in 2013 and groups were stratified with an LVEF cutoff of 45%. In 2016, heart failure guidelines changed introducing a third category (heart failure with mid-range ejection fraction) with LVEF 40 to <50%(27, 49). This class shares features from HFrEF and HFpEF and is underrepresented in current studies (50).

Demographic features and overall event rates are comparable to other recent interventional trials in HF patients (8, 26, 45, 51–53). Patients with TIM-HF2 and impaired renal function had more comorbidities, a higher number of drugs used, and showed higher event rates in terms of hospital admission and mortality, compared to other recent studies (12, 52). The Cox regression analysis shows the known risk factors associated with risk for all causes of death (12, 13). The interaction between sodium at baseline and eGFR was significant in patients with eGFR < 60 and showed a risk reduction in patients with eGFR < 60 for increasing sodium at baseline. The influence of the treatment arm on the overall cohort was not significant. This may be due to underpowering or it may imply that this treatment intervention will be most useful for selected patients with a higher disease burden.

The primary outcome of the percentage of days lost due to unplanned cardiovascular hospitalizations or all-cause death is a relevant endpoint from the patient's perspective. While the main study showed a benefit of using RPM in the primary outcome, we cannot provide further evidence for RPM effects in the subgroups of patients with impaired (eGFR < 60) and better (eGFR ≥ 60) renal function. However, the effect size of RPM was more pronounced in the group of patients with impaired renal function (UC: 24.5 vs. RPM: 34.1 days) than in patients with normal renal function (UC: 9.3 vs. RPM: 10.6 days). As the study was powered to show the effect of RPM on the whole population, it was underpowered to show differences between RPM and UC within these eGFR-subgroups regarding this endpoint.

Our subgroup analysis revealed a 33% reduction (RPM: 11.1% vs. UC: 16.6%) in the secondary endpoint of all-cause mortality in patients with impaired renal function during the 1-year follow-up period, whereas this outcome was not significantly changed in patients with better renal function (eGFR ≥ 60). We conclude that the effect of RPM in the main study is mainly driven by the patients with impaired renal function, a cohort with much higher disease burden and event rates. Therefore, patients with impaired renal function may benefit the most from RPM and may be a suitable target group for receiving this new treatment.

In TIM-HF2 the percentage of days lost due to unplanned cardiovascular hospitalization or death of any cause was lowered by 25% with RPM irrespective of the renal function at baseline. In this sub-analysis, RPM reduced the percentage of days lost due to unplanned hospitalizations due to heart failure in patients with eGFR ≥ 60 significantly by 1.3 days (1.8 vs. 3.1 days). Given the impact of HF on healthcare expenditures this decrease is meaningful in shortening hospital stays. In patients with eGFR < 60 the difference between RPM (5.4 days) and UC (7.5 days) was not significant.

Recurrent events of heart failure hospitalizations have a high impact on individual health, and stress healthcare resources and thus, have become key endpoints in heart failure trials (18, 34, 43, 46). In this study, the incidence, as well as the number of days lost due to recurrent heart failure hospitalizations and all-cause death or cardiovascular death, was lower in RPM than in UC, in both eGFR-groups.

RPM has no influence on the length of the hospital stay, but the lower number of hospitalizations indicates the efficacy of the RPM intervention, even in patients with impaired renal function. Large RCTs with invasive RPM by pulmonary artery sensor measurements showed a similar reduction of first and recurrent HF hospitalization, but not mortality, and did not investigate the effect on patients with impaired renal function (18, 54).

The effect of RPM in patients with impaired renal function might be explained by tighter surveillance and early intervention on evolving problems. Medication changes were more frequent in this vulnerable group illustrating the narrow steady state and need for close monitoring and therapeutic adjustments.

Positive effects of RPM in patients with heart failure on survival, rehospitalization, and length of hospital stay have been reported earlier (19, 20, 24, 25, 55) and have become guideline recommendations for the disease management in HF (27). For the first time, we can demonstrate that RPM is also effective in patients with impaired renal function and may offer additional benefits that lead to lower mortality and less recurrent hospitalizations. Thus, the telemedicine approach can be further refined for patients who might benefit the most from this intervention. The patient group with HF and eGFR < 60 has a high risk for mortality and days admitted to the hospital. All-cause mortality was reduced by 5.5% utilizing RPM reflected into a number needed to treat of 18 to save one life on average. During follow-up, patients in the RPM group showed a more pronounced eGFR-decline compared to UC. This may reflect a more consequent use of drugs like diuretics and RAAS-inhibitors for maintaining a decongested and compensated volume status. A longer follow-up and additional investigation with a focus on medication changes are needed to explore this observation and evaluate renal outcomes.

In conclusion, our study shows that remote patient management may reduce all-cause mortality in the highly vulnerable population of patients with heart failure and CKD. In Germany telemedicine for patients with advanced heart failure has been implemented recently to further reduce mortality (50–53, 55, 56).



CONCLUSIONS

RPM may reduce all-cause mortality and HF hospitalizations in HF-patients with eGFR < 60 ml/min/1.73 m2. HF hospitalizations and all-cause death were lower in RPM in both eGFR-subgroups in the recurrent event analysis. A further prospective study for a primary analysis including other renal outcomes and biomarkers is needed for further evaluation.



LIMITATIONS

The intervention was adapted to the German healthcare system and involved collaborations with GPs and cardiologists. The original study was not powered for these subgroup analyses. Data cannot be shared due to National and European Union Laws. A statistical analysis plan can be obtained on request.

The study protocol did not specify renal endpoints (acute kidney injury, dialysis) and renal events were not reported separately. Thus, further analysis, like a competing risk analysis is not possible.

The investigation of lab values in the follow-up was restricted to creatinine in the blood. Data of other renal biomarkers like proteinuria and cystatin c are lacking.

For patients in UC, there was no collection of medication changes, whereas in patients with RPM all changes were trackable. One reason for not collecting UC medication plans was the lack of control mechanisms. The medication data at baseline and final visit at which both study groups were documented were highly variable, and thus, that was beyond the scope of this work.

For patients in UC, there was no collection of medication changes. Thus we only can provide medication data at baseline and final visit for both study groups in Supplementary Table 1 which showed no relevant differences.



DATA AVAILABILITY STATEMENT

The datasets presented in this article are not readily available because data cannot be shared due to National and European Union Laws. Requests to access the datasets should be directed to marcel.naik@charite.de.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the local Ethics Committee at Charite University Medicine Berlin. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

MN contributed with statistical analysis, data preparation and interpretation, writing and revising the manuscript. KB contributed revising the manuscript. KK contributed to research conception and design, data acquisition, data preparation and interpretation, manuscript drafting, and critical revision of manuscript. EV contributed to statistical analysis, data preparation and interpretation, manuscript drafting, and critical revision of manuscript. MP contributed to statistical analysis, data preparation, interpretation, and revising the manuscript. OA contributed funding and revising the manuscript. SS contributed funding and revising the manuscript. WD contributed revising the manuscript. FK contributed to the research conception and design, data acquisition, data preparation and interpretation, manuscript drafting, critical revision of manuscript, obtaining funding, and supervising the work. SW contributed to data acquisition and critical revision of manuscript. All authors contributed to the article and approved the submitted version.



FUNDING

This study was supported by a research grant of the German Federal Ministry of Education and Research (Grant Numbers 13KQ0904A, 13KQ0904B, 13KQ1104A). The TIM-HF2 study was a part of the research and development project Gesundheitsregion der Zukunft—Nordbrandenburg.



ACKNOWLEDGMENTS

We thank Mr. Volker Möller for data management and Mrs. Prutha Gaitonde for proofreading the manuscript. MN and WD are participants in the Berlin Institute of Health (BIH) Charite Digital Clinician Scientist Program funded by the Charité—Universitätsmedizin Berlin, the Berlin Institute of Health and the German Research Foundation (DFG).



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2022.917466/full#supplementary-material



REFERENCES

 1. Stork S, Handrock R, Jacob J, Walker J, Calado F, Lahoz R, et al. Epidemiology of heart failure in Germany: a retrospective database study. Clin Res Cardiol. (2017) 106:913–22. doi: 10.1007/s00392-017-1137-7

 2. Koch-Institut R. Wie steht es um unsere Gesundheit?. Robert Koch-Institut, Epidemiologie und Gesundheitsberichterstattung (2015).

 3. Rangaswami J, Bhalla V, Blair JEA, Chang TI, Costa S, Lentine KL, et al. Cardiorenal syndrome: classification, pathophysiology, diagnosis, and treatment strategies: a scientific statement from the American Heart Association. Circulation. (2019) 139:e840–78. doi: 10.1161/CIR.0000000000000664

 4. Ronco C, Bellasi A, Di Lullo L. Cardiorenal syndrome: an overview. Adv Chronic Kidney Dis. (2018) 25:382–90. doi: 10.1053/j.ackd.2018.08.004

 5. Ronco C, Bellasi A, Di Lullo L. Implication of acute kidney injury in heart failure. Heart Fail Clin. (2019) 15:463–76. doi: 10.1016/j.hfc.2019.05.002

 6. Ronco C, Di Lullo L. Cardiorenal syndrome in western countries: epidemiology, diagnosis and management approaches. Kidney Dis. (2017) 2:151–63. doi: 10.1159/000448749

 7. Hillege HL, Girbes AR, de Kam PJ, Boomsma F, de Zeeuw D, Charlesworth A, et al. Renal function, neurohormonal activation, and survival in patients with chronic heart failure. Circulation. (2000) 102:203–10. doi: 10.1161/01.CIR.102.2.203

 8. Ohlmeier C, Mikolajczyk R, Frick J, Prutz F, Haverkamp W, Garbe E. Incidence, prevalence and 1-year all-cause mortality of heart failure in Germany: a study based on electronic healthcare data of more than six million persons. Clin Res Cardiol. (2015) 104:688–96. doi: 10.1007/s00392-015-0841-4

 9. Egan BM, Sutherland SE, Tilkemeier PL, Davis RA, Rutledge V, Sinopoli A. A cluster-based approach for integrating clinical management of Medicare beneficiaries with multiple chronic conditions. PLoS ONE. (2019) 14:e0217696. doi: 10.1371/journal.pone.0217696

 10. Metra M, Cotter G, Gheorghiade M, Dei Cas L, Voors AA. The role of the kidney in heart failure. Eur Heart J. (2012) 33:2135–42. doi: 10.1093/eurheartj/ehs205

 11. Metra M, Davison B, Bettari L, Sun H, Edwards C, Lazzarini V, et al. Is worsening renal function an ominous prognostic sign in patients with acute heart failure? The role of congestion and its interaction with renal function. Circ Heart Fail. (2012) 5:54–62. doi: 10.1161/CIRCHEARTFAILURE.111.963413

 12. Swindle JP, Chan WW, Waltman Johnson K, Becker L, Blauer-Peterson C, Altan A. Evaluation of mortality and readmissions following hospitalization with heart failure. Curr Med Res Opin. (2016) 32:1745–55. doi: 10.1080/03007995.2016.1205972

 13. Palazzuoli A, Testani JM, Ruocco G, Pellegrini M, Ronco C, Nuti R. Different diuretic dose and response in acute decompensated heart failure: clinical characteristics and prognostic significance. Int J Cardiol. (2016) 224:213–9. doi: 10.1016/j.ijcard.2016.09.005

 14. Ku B, Fishbane S. Cyclical cardiorenal syndrome in late-stage kidney disease. Clin Nephrol. (2018) 90:180–4. doi: 10.5414/CN109322

 15. Tran K, Polisena J, Coyle D, Coyle K, Kluge E, Cimon K, et al. Home Telehealth for Chronic Disease Management. The University of York, Centre for Reviews and Dissemination (2008).

 16. Pare G, Poba-Nzaou P, Sicotte C. Home telemonitoring for chronic disease management: an economic assessment. Int J Technol Assess Health Care. (2013) 29:155–61. doi: 10.1017/S0266462313000111

 17. Rojahn K, Laplante S, Sloand J, Main C, Ibrahim A, Wild J, et al. Remote monitoring of chronic diseases: a landscape assessment of policies in four European countries. PLoS ONE. (2016) 11:e0155738. doi: 10.1371/journal.pone.0155738

 18. Abraham WT, Stevenson LW, Bourge RC, Lindenfeld JA, Bauman JG, Adamson PB, et al. Sustained efficacy of pulmonary artery pressure to guide adjustment of chronic heart failure therapy: complete follow-up results from the CHAMPION randomised trial. Lancet. (2016) 387:453–61. doi: 10.1016/S0140-6736(15)00723-0

 19. Koehler F, Winkler S, Schieber M, Sechtem U, Stangl K, Bohm M, et al. Impact of remote telemedical management on mortality and hospitalizations in ambulatory patients with chronic heart failure: the telemedical interventional monitoring in heart failure study. Circulation. (2011) 123:1873–80. doi: 10.1161/CIRCULATIONAHA.111.018473

 20. Koehler F, Koehler K, Deckwart O, Prescher S, Wegscheider K, Kirwan B-A, et al. Efficacy of telemedical interventional management in patients with heart failure (TIM-HF2): a randomised, controlled, parallel-group, unmasked trial. Lancet. (2018) 392:1047–57. doi: 10.1016/S0140-6736(18)31880-4

 21. Koehler F, Koehler K, Deckwart O, Prescher S, Wegscheider K, Winkler S, et al. Telemedical Interventional Management in Heart Failure II (TIM-HF2), a randomised, controlled trial investigating the impact of telemedicine on unplanned cardiovascular hospitalisations and mortality in heart failure patients: study design and description of the intervention. Eur J Heart Fail. (2018) 20:1485–93. doi: 10.1002/ejhf.1300

 22. Cleland JG, Louis AA, Rigby AS, Janssens U, Balk AH, Investigators T-H. Noninvasive home telemonitoring for patients with heart failure at high risk of recurrent admission and death: the Trans-European Network-Home-Care Management System (TEN-HMS) study. J Am Coll Cardiol. (2005) 45:1654–64. doi: 10.1016/j.accreview.2005.08.225

 23. Chaudhry SI, Mattera JA, Curtis JP, Spertus JA, Herrin J, Lin Z, et al. Telemonitoring in patients with heart failure. N Engl J Med. (2010) 363:2301–9. doi: 10.1056/NEJMoa1010029

 24. Dierckx R, Inglis SC, Clark RA, Prieto-Merino D, Cleland JG. Telemedicine in heart failure: new insights from the Cochrane meta-analyses. Eur J Heart Fail. (2017) 19:304–6. doi: 10.1002/ejhf.759

 25. Inglis SC, Clark RA, Dierckx R, Prieto-Merino D, Cleland JG. Structured telephone support or non-invasive telemonitoring for patients with heart failure. Cochrane Database Syst Rev. (2015) 2015:CD007228. doi: 10.1002/14651858.CD007228.pub3

 26. Hindricks G, Taborsky M, Glikson M, Heinrich U, Schumacher B, Katz A, et al. Implant-based multiparameter telemonitoring of patients with heart failure (IN-TIME): a randomised controlled trial. Lancet. (2014) 384:583–90. doi: 10.1016/S0140-6736(14)61176-4

 27. McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Bohm M, et al. 2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure. Eur Heart J. (2021). 42:3599–726. doi: 10.1093/eurheartj/ehab368

 28. R Core Team. R: A Language Environment for Statistical Computing. Vienna (2020). Available online at: https://www.r-project.org/about.html

 29. IBM Corp. IBM SPSS Statistics for Windows. Version 27.0. Armonk, NY: IBM Corp (2020). Available online at: https://www.ibm.com/de-de/products/spss-statistics

 30. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF III, Feldman HI, et al. A new equation to estimate glomerular filtration rate. Ann Intern Med. (2009) 150:604–12. doi: 10.7326/0003-4819-150-9-200905050-00006

 31. Stegmann T, Koehler K, Wachter R, Moeller V, Zeynalova S, Koehler F, et al. Heart failure patients with atrial fibrillation benefit from remote patient management: insights from the TIM-HF2 trial. ESC Heart Fail. (2020) 7:2516–26. doi: 10.1002/ehf2.12819

 32. Mockel M, Koehler K, Anker SD, Vollert J, Moeller V, Koehler M, et al. Biomarker guidance allows a more personalized allocation of patients for remote patient management in heart failure: results from the TIM-HF2 trial. Eur J Heart Fail. (2019) 21:1445–58. doi: 10.1002/ejhf.1530

 33. Winkler S, Koehler K, Prescher S, Koehler M, Kirwan BA, Tajsic M, et al. Is 24/7 remote patient management in heart failure necessary? Results of the telemedical emergency service used in the TIM-HF and in the TIM-HF2 trials. ESC Heart Fail. (2021) 8:3613–20. doi: 10.1002/ehf2.13413

 34. Damman K, Jaarsma T, Voors AA, Navis G, Hillege HL, van Veldhuisen DJ, et al. Both in- and out-hospital worsening of renal function predict outcome in patients with heart failure: results from the Coordinating Study Evaluating Outcome of Advising and Counseling in Heart Failure (COACH). Eur J Heart Fail. (2009) 11:847–54. doi: 10.1093/eurjhf/hfp108

 35. Provenzano M, Rotundo S, Chiodini P, Gagliardi I, Michael A, Angotti E, et al. Contribution of predictive and prognostic biomarkers to clinical research on chronic kidney disease. Int J Mol Sci. (2020) 21:5846. doi: 10.3390/ijms21165846

 36. KDIGO. Notice. Kidney Int Suppl. (2013) 3:P1. doi: 10.1038/kisup.2012.73

 37. Shlipak MG, Katz R, Kestenbaum B, Siscovick D, Fried L, Newman A, et al. Rapid decline of kidney function increases cardiovascular risk in the elderly. J Am Soc Nephrol. (2009) 20:2625–30. doi: 10.1681/ASN.2009050546

 38. Kotecha D, Gill SK, Flather MD, Holmes J, Packer M, Rosano G, et al. Impact of renal impairment on beta-blocker efficacy in patients with heart failure. J Am Coll Cardiol. (2019) 74:2893–904. doi: 10.1016/j.jacc.2019.09.059

 39. Schaub JA, Coca SG, Moledina DG, Gentry M, Testani JM, Parikh CR. Amino-terminal pro-B-type natriuretic peptide for diagnosis and prognosis in patients with renal dysfunction: a systematic review and meta-analysis. JACC Heart Fail. (2015) 3:977–89. doi: 10.1016/j.jchf.2015.07.014

 40. Garg N, Thomas G, Jackson G, Rickard J, Nally JV Jr., Tang WHW, et al. Cardiac resynchronization therapy in CKD: a systematic review. Clin J Am Soc Nephrol. (2013) 8:1293–303. doi: 10.2215/CJN.00750113

 41. Khan MS, Khan MS, Moustafa A, Anderson AS, Mehta R, Khan SS. Efficacy and safety of mineralocorticoid receptor antagonists in patients with heart failure and chronic kidney disease. Am J Cardiol. (2020) 125:643–50. doi: 10.1016/j.amjcard.2019.11.014

 42. Theuns D, Radhoe SP, Brugts JJ. Remote monitoring of heart failure in patients with implantable cardioverter-defibrillators: current status and future needs. Sensors. (2021) 21:3763. doi: 10.3390/s21113763

 43. Boriani G, Da Costa A, Quesada A, Ricci RP, Favale S, Boscolo G, et al. Effects of remote monitoring on clinical outcomes and use of healthcare resources in heart failure patients with biventricular defibrillators: results of the MORE-CARE multicentre randomized controlled trial. Eur J Heart Fail. (2017) 19:416–25. doi: 10.1002/ejhf.626

 44. Luthje L, Vollmann D, Seegers J, Sohns C, Hasenfuss G, Zabel M. A randomized study of remote monitoring and fluid monitoring for the management of patients with implanted cardiac arrhythmia devices. Europace. (2015) 17:1276–81. doi: 10.1093/europace/euv039

 45. Ong MK, Romano PS, Edgington S, Aronow HU, Auerbach AD, Black JT, et al. Effectiveness of remote patient monitoring after discharge of hospitalized patients with heart failure: the better effectiveness after transition – heart failure (BEAT-HF) randomized clinical trial. JAMA Intern Med. (2016) 176:310–8. doi: 10.1001/jamainternmed.2015.7712

 46. Bohm M, Drexler H, Oswald H, Rybak K, Bosch R, Butter C, et al. Fluid status telemedicine alerts for heart failure: a randomized controlled trial. Eur Heart J. (2016) 37:3154–63. doi: 10.1093/eurheartj/ehw099

 47. Landolina M, Perego GB, Lunati M, Curnis A, Guenzati G, Vicentini A, et al. Remote monitoring reduces healthcare use and improves quality of care in heart failure patients with implantable defibrillators: the evolution of management strategies of heart failure patients with implantable defibrillators (EVOLVO) study. Circulation. (2012) 125:2985–92. doi: 10.1161/CIRCULATIONAHA.111.088971

 48. Morgan JM, Kitt S, Gill J, McComb JM, Ng GA, Raftery J, et al. Remote management of heart failure using implantable electronic devices. Eur Heart J. (2017) 38:2352–60. doi: 10.1093/eurheartj/ehx227

 49. McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Bohm M, et al. Corrigendum to: 2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure: developed by the Task Force for the diagnosis and treatment of acute and chronic heart failure of the European Society of Cardiology (ESC) With the special contribution of the Heart Failure Association (HFA) of the ESC. Eur Heart J. (2021) 42:4901. doi: 10.1093/eurheartj/ehab670

 50. Palazzuoli A, Beltrami M. Are HFpEF and HFmrEF so different? The need to understand distinct phenotypes. Front Cardiovasc Med. (2021) 8:676658. doi: 10.3389/fcvm.2021.676658

 51. Tavazzi L, Senni M, Metra M, Gorini M, Cacciatore G, Chinaglia A, et al. Multicenter prospective observational study on acute and chronic heart failure: one-year follow-up results of IN-HF (Italian Network on Heart Failure) outcome registry. Circ Heart Fail. (2013) 6:473–81. doi: 10.1161/CIRCHEARTFAILURE.112.000161

 52. Cioffi G, Mortara A, Di Lenarda A, Oliva F, Lucci D, Senni M, et al. Clinical features, and in-hospital and 1-year mortalities of patients with acute heart failure and severe renal dysfunction. Data from the Italian Registry IN-HF Outcome. Int J Cardiol. (2013) 168:3691–7. doi: 10.1016/j.ijcard.2013.06.020

 53. Oliva F, Mortara A, Cacciatore G, Chinaglia A, Di Lenarda A, Gorini M, et al. Acute heart failure patient profiles, management and in-hospital outcome: results of the Italian Registry on Heart Failure Outcome. Eur J Heart Fail. (2012) 14:1208–17. doi: 10.1093/eurjhf/hfs117

 54. Lindenfeld J, Zile MR, Desai AS, Bhatt K, Ducharme A, Horstmanshof D, et al. Haemodynamic-guided management of heart failure (GUIDE-HF): a randomised controlled trial. Lancet. (2021) 398:991–1001. doi: 10.1016/S0140-6736(21)01754-2

 55. Abraham WT, Adamson PB, Bourge RC, Aaron MF, Costanzo MR, Stevenson LW, et al. Wireless pulmonary artery haemodynamic monitoring in chronic heart failure: a randomised controlled trial. Lancet. (2011) 377:658–66. doi: 10.1016/S0140-6736(11)60101-3

 56. Richtlinie Methoden vertragsärztliche Versorgung (MVV-RL): Telemonitoring bei Herzinsuffizienz. Available online at: https://www.bundesanzeiger.de/pub/en/amtliche-veroeffentlichung?1

Conflict of Interest: OA and SS are employed by the company Fresenius Medical Care.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The authors declare that this study received funding from German Federal Ministry of Education and Research (grant numbers 13KQ0904A, 13KQ0904B, and 13KQ1104A).

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Naik, Budde, Koehler, Vettorazzi, Pigorsch, Arkossy, Stuard, Duettmann, Koehler and Winkler. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fmed-09-917466-t003.jpg
eGFR < 60 mI/min/1.73 m*

RPM (N = 433)

Number of ~ Weighted
patients  average

with events  (95% Cl)
Percentage of days lostdue 177 67
to unplanned cardiovascular  (40.9%)  (5.04-8.37)

hospitalizations or death
from any cause

Days lost per year 24.5 days
(18.4-30.5)
All-cause mortality 48 11.24
(11.1%)  ([@47-1492)
Cardiovascular mortality 30 7.03
69%)  (4.91-10.05)
Percentage of days lost due 171 226

to unplanned cardiovascular  (39.5%)  (1.75-2.77)
hospitalizations

Days lost per year 83 days
(6.4-10.1)

Percentage of days lostdue 103 1.48

to unplanned hospital @3.8%)  (1.04-1.91)

admissions due to heart

failure

Days lost 5.4 days
(8:8-7.0)

IRR, incident rate ratio. p-value was calculated with a permutation test using individual observation time as weights.

UC (N = 445)
Number of  Weighted
patients  average
with events  (95% Cl)
194 9.34
@36%)  (7.44-11.23)
34.1 days
(27.2-41.0)
74 168
(16.6%)  (13.37-21.09)
48 10.89
(108%)  (8.21-14.46)
175 290
(89.3%)  (2.27-353)
10.6 days
83-12.9)
131 206
(29.4%)  (1.53-2.60)
7.5 days
(6.6-95)

IRR RPM vs.
uc

078
(0.58-1.07)

067
(0.47-0.96)
0.64
(0.41-1.02)
0939
0.71-1.23)

080 %
(0.63-1.02)

p-value

0.1

0.03

0.07

02

0.07

©GFR > 60 ml/min/1.73 m* IRR RPM vs.

uc
RPM (N = 332) UC (N = 328)
Numberof ~ Weighted ~Numberof  Weighted
patientswith  average  patients  average
events (95%Cl)  withevents  (95% Cl)
8 256 9% 2.99 086
(26.5%) (155-358)  (203%)  (1.89-409) (0.65-1.12)
9.3 days 10.9 days
(6.6-13.1) (6.9-14.9)
13 3.75 15 4.35 0.86
8.9%) (2.18-6.46)  (46%)  (262-7.22) (041-181)
9 26 11 3.19 081
@7%) (1.35-499)  (84%)  (1.77-576) (0.34-196)
81 1.02 94 1.50 0.89
(24.4%) (0.68-1.37)  (28.7%)  (1.06-1.93) (0.74-1.07)
3.7 days 55days
(25-5.0) 8.9-7.0)
37 0.49 62 0.86 080
(11.4%) 027-072)  (189%)  (0.55-1.16) (0.69-0.95)
1.8 days 3.1 days
(1.0-2.6) @0-42)

p-value

03

07

06

02

0.017





OPS/images/fmed-09-917466-t004.jpg
eGFR < 60 ml/min/1.73 m* (N = 878) ©GFR = 60 m/min/1.73 m* (N = 660)

RPM (n = 433) UC (n = 445) RPM (n = 332) UC (n = 328) Total

Sudden cardiac death 8(1.8%) 8(1.8%) 4(1.2%) 4(1.2%) 24 (1.6%)
Acute decompensation of chronic heart failure 18 (4.29%) 28 (6.3%) 4(1.2%) 4(1.2%) 54 (3.5%)
Acute coronary syndrome/Acute myocardial infarction 1(0.2%) 3(0.7%) 0 2(0.6%) 6(0.4%)
Death due to cardiovascular surgery 2(0.4%) 2(0.5%) 1(03%) 0 5(0.3%)
Stroke 0 3(0.4%) 0 1(0.3%) 4(0.3%)
Pulmonary embolism o 4(0.9%) 0 0 4(03%)
Endocarditis 1(0.2%) o 0 0 1(01%)
Non-cardiovascular death 18 (4.2%) 26 (5.8%) 4(1.2%) 4(1.2%) 52 (3.4%)

Total 48(11.1%) 74 (16.6%) 13 (3.9%) 15 (4.6%) 150 (9.8%)






OPS/images/fmed-09-917466-t001.jpg
eGFR < 60 ml/min/1.73 m*

Group RPM uc
N 433 445
Age (years) 74+8 74£9
Sex (male) 283 (65.4%) 288 (64.7%)
Living alone (%) 113 (26.1%) 125 (26.1%)
Living in a city area vs. rural area

Rural 260 (60.0%) 249 (56.0%)

Urban 173 (40.0%) 196 (44.0%)
NYHA at Baseline

| 0 1(0.2%)

I 197 (45.5%) 199 (44.7%)

1] 234 (54.0%) 244 (54.8%)

Y 2(0.5%) 1(0.2%)
Left ventricular ejection fraction according to categorization to the study protocol

<45% 275 (63.5%) 299 (67.2%)

>45% 158 (36.5%) 146 (32.8%)
Left ventricular ejection fraction according to categorization to current ESC guidelines post-hoc

HFYEF < 40% 230 (63.1%) 236 (63.0%)

HEFmrEF 40-49% 56 (12.9%) 74 (16.6%)

HFpEF > 50% 147 (34.0%) 135 (30.3%)
Days between discharge of last heart failure hospitalization and randomization

<30 days 118 (27.3%) 117 (26.4%)

31-90 days 155 (35.8%) 150 (33.8%)

>90 days 160 (37.0%) 177 (39.9%)
Weight at randomization (kg) 83 (72-97) 83 (72-96)
BMI (kg/m?) 28.1(24.5-33.1) 28.7(24.9-33.2)
Blood pressure (mmHg)
Systolic 125 (110-140) 120 (110-140)
Diasystolic 70 (65-80) 70 (65-80)
Pulse (beats/min) 71 (62-81) 70 (61-79)
Primary cause of heart failure
Ischemic cause (coronary artery disease/myocardial infarction) 198 (45.7%) 207 (46.5%)
Hypertension 75 (17.3%) 85 (19.1%)
Dilated cardiomyopathy 67 (16.5%) 84 (18.9%)
Other 93 (21.5%) 69 (15.5%)
Cardiovascular risk factors
Smoking

Unknown 9(2.1%) 17 (3.8%)

Non-smoker 240 (65.4%) 233 (52.4%)

Former smoker 157 (36.3%) 174 (39.1%)

Smoker 27 (6.2%) 21 (4.7%)
Hyperlipidemia

Unknown 25 (5.8%) 21 (4.7%)

No 149 (34.4%) 162 (36.4%)

Yes 259 (69.8%) 262 (58.9%)
Diabetes melltus 218 (50.3%) 222 (49.9%)
Medical history
Goronary revascularization (PCI) 172 (39.7%) 187 (42.0%)
Coronary artery bypass surgery 87 (20.1%) 94 (21.1%)
TAVI 15 (3.5%) 28 (6.3%)
Mitral-Clip 21 (4.8%) 26 (5.8%)
Cardiac surgery for valves 48 (11.1%) 41(9.2%)
Implantable cardioverter defibrilator (CD) 134 (30.9%) 154 (34.6%)
Cardiac resynchronization therapy (CRT) 81(18.7%) 95 (21.3%)
Ablation of pulmonary veins 38 (8.8%) 32 (7.2%)
Laboratory measurements
Hemoglobin (g/dl) 12.9(11.4-14.0) 129 (11.7-14)
Serum sodium (mmol) 140 (137-141) 140 (138-142)
Serum potassium (mmol) 45(4.2-5.0) 46(4.2-5.0)
Serum creatinine (mg/dl) 15(1.3-1.8) 1.5(1.2-2.0)
©GFR CKD-EPI (ml/min/1.78 m?) 42 (34-51) 42 (31-51)

NT-proBNP (og/m)

Stratified by LVEF <d5% vs. >45%
NT-proBNP (pg/ml) in patients with LVEF <d5%

NT-proBNP (pg/mi) in patients with LVEF >45%

1,947 (973-4,487)
2,308 (1,254-5,389)

1,366 (641-2,617)

Mid-regional pro-adrenomedulin (xmolA) 13(1.0-1.8)
Concomitant treatment
ACE inhibitor or ARB 347 (80.1%)

ARN inhibitor 21 (4.8%)

Beta-blocker 307 01.7%)
Aldosterone antagonist 221 (51.0%)
Loop diuretics 421(97.2%)
Thiazides 126 (29.1%)
Other diuretics 2(0.5%)

Vitamin-K-antagonists 170 (39.3%)
Antiplatelet therapy 63 (14.5%)
DOAC 17 (27%)
Platelet aggregation inhibitors 146 (33.7%)

Lipid lowering 267 (61.7%)
Insulin 116 (26.8%)
Oral hypoglycemic 114 (26.3%)
Calcium antagonist 100 (23.1%)
Nitrate 27 (6.2%)

Digitalis glycoside 77 (17.8%)
Antiarthythmic 72(16.6%)

1,943 (908-4,374)
2,398 (1,205-5,395)

1,117 (472-2,549)

13(1.0-1.7)

365 (82.0%)
28(6.3%)
410 (92.1%)
221 (49.7%)
431(96.9%)
119 (26.7%)
0(0%)
175 (39.3%)
78(17.5%)
117 (26.3%)
145 (32.6%)
271 (60.9%)
114 (25.6%)
95 (21.3%)
112 (25.29%)
32(7.2%)
86 (19.3%)
64 (14.4%)

1,107 (479-2,189)

©GFR > 60 ml/min/1.73 m*

RPM uc
382 328
654 11 66 11
250 (75.3%) 249 (75.9%)
100 (30.1%) 97 (29.6%)
197 (59.3%) 209 (63.7%)
135 (40.7%) 119 (36.3%)
3(09%) 7@2.1%)
203 (61.1%) 197 (60.1%)
126 (37.7%) 123 (37.6%)
1(0.3%) 1(0.3%)
217 (65.4%) 210 (64%)
115 (34.6%) 118 (36%)
179 (53.9%) 173 (52.7%)
46 (13.9%) 48 (14.6%)
107 (32.2%) 107 (32.6%)
80 (24.1%) 75 (22.9%)
121 (36.4%) 131 (39.9%)
131 (39.5%) 122 (37.2%)
87 (76-103) 83 (77-102)
29.3 (25.7-33.6) 29.3(25.9-33.6)
125 (110-140) 123 (110-136)
77.5(70-80) 75 (69-80)
70 (62-80) 72(61-82)
103 (31%) 116 (35.4%)
53(16%) 61(18.6%)
109 (32.8%) 87 (26.5%)
67 (20.2%) 64.(19.5%)
15 (4.5%) 10 (3.0%)
138 (41.6%) 162 (46.3%)
129 (38.9%) 130 (39.6%)
50 (15.1%) 36/(11.0%)
16 (4.8%) 18 (6.5%)
157 (47.3%) 156 (47.6%)
159 (47.9%) 153 (46.6%)
129 (38.9%) 133 (40.5%)
90 (27.1%) 111(33.8%)
47 (14.2%) 51(15.5%)
7(21%) 2(0.6%)
5(1.5%) 8(2.4%)
38 (11.4%) 30 0.1%)
90 (27.1%) 80 (24.4%)
37 (11.1%) 27 (8.2%)
33(9.9%) 20 6.1%)
137 (12.6-14.8) 13.8(12.8-14.9)
139 (138-142) 140 (138-142)
45(4.2-4.8) 4.4(41-47)
1.0(09-1.1) 10(09-12)
79 (70-90) 77 (67-88)
979 (395-1,809) 1,035 (417-1930)

1,118 (479-2,140)

708 (208-1,257) 853 (23-1,648)
08(0.7-1.0) 09 (0.7-1.1)
281 (84.6%) 276 (84.1%)

23(6.9%) 19 (5.8%)
305 (91.9%) 301 (91.8%)
220 (66.3%) 184 (56.1%)
296 (89.2%) 200 (88.4%)

65 (19.5%) 66 (20.1%)

2(0.6%) 1(03%)

95 (28.6%) 97 (20.6%)
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NYHA, New York heart association; HETEF, Heart failure with reduced ejection fraction; HFmrEF, Heart failure with mildly reduced fraction; HFDEF, Heart failure with preserved ejection
raction; COPD, chronic obstructive pulmonry dissase; ICD, implantable cardioverter-defibrilltor; CRT, carciac resynchronization therapy; TAVI, transcatheter aortic valve implantation;
©GFR-CKDEP), estimated glomerular fitration rate sing the Chronic Kidney Disease Epidemiology Collaboration formula. Data are mean (SD) or n (%), and median (QR) for all

laboratory tests.
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Other 293 (19.1%) 162 (18.5%) 131 (19.8%)
Cardiovascular risk factors
Smoking

Unknown 51(3.3%) 26 (3.0%) 25(3.8%)

Non-smoker 763 (49.6%) 473 (53.9%) 290 (43.9%)

Former smoker 590 (38.4%) 331 (37.7%) 259 (39.2%)

Smoker 134 8.7%) 48 (5.5%) 86 (13.0%)
Hyperlipidemia

Unknown 80(5.2) 46 (5.2%) 34(5.2%)

No 624 (40.6%) 311 (35.4%) 313 (47.5%)

Yes 833 (54.2%) 521 (59.3%) 312 (47.3%)
Diabetes melitus (%) 702 (45.6%) 440 (50.1%) 262 (39.7%)
Medical history
Coronary revascularization (PCI) 560 (36.4%) 359 (40.9%) 453 (30.5%)
Coronary artery bypass surgery 279 (18.1%) 181 (20.6%) 98(14.8%)
TAVI 52 (3.4%) 43 (4.9%) 9(1.4%)
Mitral-Clip 60 (3.9%) 47 (5.4%) 13 (2.0%)
Cardiac surgery for valves 157 (10.2%) 89 (10.1%) 68 (10.3%)
Implantable cardioverter defibrillator (ICD) 458 (29.8%) 288 (32.8%) 170 (25.8%)
Cardiac resynchronization therapy (CRT) 240 (15.6%) 176 (20.0%) 64 (9.7%)
Ablation of pulmonary veins 123 (8.0%) 70 8.0%) 53 (8.0%)
Laboratory measurements
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Stratified by LVEF< 45% vs. >45%
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NT-proBNP (pg/mi) in patients with LVEF <45 (n = 1,001) 1,037 (416-2,030) 2,373 (1,279-5,384) 1,107 (479-2,171)
Mid-regional pro-adrenomedulin (nmol/L) 1.1(08-15) 13(1.0-1.8) 08(0.7-1.0)
Concomitant treatment
ACE inhibitor or ARB 1,269 (82.5%) 712(81.1%) 557 (84.4%)
ARN inhibitor 91(5.9%) 49 (65.6%) 42 (6.4%)
Beta-blocker 1,413 (91.9%) 807 (91.9%) 606 (91.8%)
Aldosterone antagonist 846 (55.0%) 442 (50.3%) 404 (61.2%)
Loop diuretics 1,438 (93.5%) 852 (97.0%) 586 (88.8%)
Thiazides 376 (24.4%) 245 (27.9%) 131 (10.8%)
Other diuretics 5(0.3%) 2(0.2%) 3(0.5%)
Vitamin-K-antagonists 537 (34.9%) 345 (39.3%) 192 (29.1%)
Antiplatelet therapy 233 (15.1%) 141 (16.1%) 92 (13.9%)
DOAC 413 (26.9%) 234 (26.4%) 179 (27.1%)
Platelet aggregation inhibitors 533 (34.7%) 291 (33.1%) 242 (36.7%)
Lipid lowering 909 (59.1%) 538 (61.3%) 371 (56.2%)
Insulin 340 (22.1%) 230 (26.2%) 110 (16.7%)
Oral hypoglycemic 391 (26.4%) 200 (28.8%) 182 (27.6%)
Calcium antagonist 351 (22.8%) 212 (24.1%) 139 (21.1%)
Nitrate 85(5.5%) 59 (6.7%) 26 (3.9%)
Digitalis glycoside 252 (16.4%) 163 (18.6%) 89 (13.5%)
Antiarrhythmic 197 (12.8%) 136 (15.5%) 61(9.2%)

Data are mean (SD) or number of patients (%), median and IQR (inter-quartle range) for laboratory measurements. ACE, angiotensin-converting enzyme; AR, angiotensin-receptor
blocker; ARN, angiotensin receptor-nepriysin; CRI, cardiac resynchronisation therapy; DOAC, direct oral anticoaguiants; eGFR, estimated glomerular filration rate using the Chronic
Kidney Disease Epidemiology Collaboration formula; HFrEF; Heart failure with reduced ejection fraction; HFmrEF; Heart failure with mildly recuced fraction; HFpEF, Heart failure with
preserved ejection fraction; ICD, implantable cardioverter-defibrilltor; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal-pro-B-type natiuretic peptice; NYHA, New York
Heart Association; TAVI, transcatheter aortic valve implantation.
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Number of patients mark the frequency of patients affected from hospitalizations, sum of hospitalizations marks the duration of hospitalizations. Cl, confidence interval; GV, cardiovascular; 6GFR, estimated glomerular filtration rate; HF,
heart failure; RPM, remote patient management; UC, usual care; IRR, incident rate ratio. p-value was calculated with a permutation test using indlividual observation time as weights.
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Data are median and IQR. eGFR, estimated glomerular fitration rate; MLHFQ, Minnesota Living with heart failure questionnaire; RPM, remote patient management; UC, usual care.
p-value was calculated using Mann-Whitney U.
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The reference group is eGFR > 60 mi/min/1.73 m?. Cl, confidence interval: BMI, body
mass index; eGFR, estimated glomerlar fitration rate using CKD-EPI formula; LVEF,
left ventricular ejection fraction; NT-pro-BNP, N-terminal prohormone of brain natriuretic
peptide; RPM, remote patient management; UC, usual care.
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