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INTRODUCTION 

Decompensated heart failure (HF) is the primary cause 

of readmissions within the United States.
[1,2]

 The 

underlying cause of readmissions in HF is lung 

congestion which may be subclinical before symptomatic 

manifestations of congestion.
[3]

 This suggests the role of 

early identification before symptomatic exacerbations 

and readmissions due to HF.
[4]

 Despite significant 

advancements in managing HF, the rate of readmissions 

remains particularly high.
[5,6]

 Studies have focused on 

remote monitoring of weight, blood pressure, heart rate, 

associated symptoms, and coaching with the limited and 

inconsistent improvement of HF readmission and 

mortality.
[7]

 Early follow-up appointments following 

hospitalization for HF have shown modest improvement 

in readmission rates.
[8]

 More recently, the remote 

monitoring sensor of pulmonary arterial pressures with a 

fully implantable pressure sensor demonstrated efficacy 

among patients with both preserved (HFpEF) or reduced 

ejection fraction (HFrEF).
[9,10]

 However, this technology 

was challenging to implement due to limitations in 

access, the need for additional staffing, and the costs of 

the technology.
[11]

 

 

Remote dielectric sensing (ReDS) is a noninvasive 

modality that operates through electromagnetic signals at 

low power to detect absolute lung fluid content through 

the thorax.
[12]

 ReDS can detect pulmonary congestion in 
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ABSTRACT 

Introduction: The efficacy of remote dielectric sensing among patients with exacerbations of heart failure 

remains unclear. This review aimed to identify studies assessing the effectiveness of remote dielectric sensing 

among patients with heart failure who have recently had an exacerbation. Methods: Three databases, including 

PubMed, Cochrane, and Google Scholar, were searched by three independent reviewers. Results: A total of 985 

patients across seven studies were assessed in the systematic review. The readmission rate was lower by 10% to 

87% in the group monitored with remote dielectric testing. Subgroup analysis indicated lower readmission rates 

within 1-3 months of receiving inpatient or outpatient care for HF exacerbation and lower length of stay with 

inpatient care. Conclusion: Remote dielectric testing significantly reduced readmission rates within three months 

of being hospitalized for heart failure exacerbation compared to conventional methods. Further studies are 

required to understand the impact of dielectric testing on specific endpoints such as mortality rates, adjustment of 

medications, and overall quality of life.  
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HF exacerbation.
[13]

 With subclinical detection of 

pulmonary congestion, it is possible to aggressively 

manage HF exacerbations with medical therapy (e.g., 

diuretics) and prevent further clinical deterioration.
[14]

 So 

far, ReDS is an effective modality for detecting 

pulmonary congestion.
[15]

 ReDS is able to caterogorize 

fluid within the lungs greater than 35% which is typically 

observed on a chest CT.
[15,16]

 Overall, the sensitivity and 

specificity of a ReDS reading are 37% are 89% and 83%, 

respectively.
[17]

 The ReDS readings can also predict 30-

day and 90-day readmission rates following 

hospitalization for HF with a positive predictive value 

and negative predictive value of 74% and 93%, 

respectively.
[17]

 The following systematic review collates 

current evidence on the utility of ReDS for reducing HF 

readmissions.  

 

METHODS 

Search strategy and selection 

We searched databases including PubMed, Cochrane, 

and Google Scholar from inception till July 2, 2022. The 

keywords were run on the databases using Boolean 

operators, including "remote dielectric sensing," 

"ReDS,” cardiovascular,” and “heart failure.” Two 

investigators screened the studies for inclusion in the 

study. An umbrella review was also conducted to 

identify the studies from reference lists of all potential 

studies. First, the two investigators conducted a 

screening of the title and abstract. If there were 

discrepancies between the two investigators, a third 

investigator solved these with consensus. Second, the full 

texts were reviewed for eligibility against the selection 

criteria. There was no restriction on the search, such as 

time and language. Duplicates were removed using the 

software Endnote X9. 

 

Selection criteria 

Both randomized controlled trials (RCTs) and 

observational cohort studies (OCS) were considered. 

Only studies that reported patients older than 18 years 

and used remote dielectric testing technology were 

considered among patients with a previous history of 

congestive heart failure.  

 

Endpoints 

The primary endpoint was the percentage reduction in 

the readmission rates among patients with congestive 

heart failure, and the secondary endpoint was ReDS-

supported efficacy in reducing monitoring and 

preventing exacerbations among these patients.  

 

Data management and analysis 

Two investigators extracted data from the finalized 

studies using Excel's custom datasheet. The variables 

were pre-tabulated based on the consensus from three 

investigators and included study characteristics, baseline 

clinical characteristics of the patients, and outcomes of 

the patients. The study characteristics included study 

type, sample size, selection criteria, and 

primary/secondary endpoints. Baseline clinical 

characteristics included mean age (years), females (n, 

%), average body mass index (BMI) (kg/m
2
), New York 

Heart Association (NYHA) grade III-IV (n, %), coronary 

artery disease (CAD) (n, %), diabetes mellitus (DM) (n, 

%), and average ejection fraction (EF) (%). All three 

reviewers utilized the Cochrane Risk of Bias (ROB) tool. 

A qualitative analysis was conducted to analyze the 

current evidence regarding remote dielectric sensing and 

its efficacy in reducing readmission rates among 

previously-diagnosed congestive heart failure.  

 

RESULTS 

A step-by-step approach to the search strategy was 

reported as per the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) flow 

diagram. The overall search process is summarized in 

figure 1. In the first phase, 5345 records were identified 

through different databases. After removing duplicates, 

5345 records were screened for potential eligibility by 

titles and abstracts. In the second phase, 5325 records 

were excluded, and 20 records were screened for full-text 

eligibility. In the final stage, seven studies were included 

in the qualitative analysis. 

  

 
Figure 1. PRISMA flow diagram for this study. 
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Key study and patient characteristics are summarized in 

Table 1. A total of 985 patients were present in the 

studies. The mean age was 69.6 years, with a standard 

deviation of 12.2 years. The overall sample was 36.2% 

female. The duration of follow-up ranged from 30 days 

to 9 months. One study was a randomized clinical 

trial.
[18]

 Two studies were observational
[19,20]

, and four 

were prospective
[21,22]

 and retrospective
[23,24]

 cohorts.

 

Table 1: Key characteristics of the included studies in this review. 

 Amir-2017
[21]

 Curran-2018
[19]

 Roy-2019
[23]

 
Barghash-

2019
[20]

  

Abraham-

2019
[18]

 
Opsha-2019

[24]
 

Bensimhon-

2021
[22]

 

Study type 
Prospective, 

cohort 
Observational  

Retrospective 

cohort 
Observational 

Randomized 

clinical trial 

Retrospective 

cohort 

Prospective 

cohort 

Sample size 50 61 96 290 268 112 108 

Selection 

criteria 

Patients currently 

hospitalized for 

ADHF 

Patients 

discharged for 

inpatient visits for 

ADHF 

Patients 

discharged for 

outpatient or 

inpatient visits 

for ADHF 

Patients 

discharged for 

inpatient visits for 

ADHF 

Patients currently 

hospitalized for 

ADHF 

Patients 

discharged for 

inpatient visits for 

ADHF 

Patients 

currently 

hospitalized 

for ADHF 

Endpoints 

1) Number of 

ADHF 

rehospitalizations 

until 90 days with 

ReDS-guided 

therapy,  

2) Number of 

ADHF re-

hospitalizations 

90 days following 

discontinuation of 

ReDS monitoring 

1) Number of 

ADHF 

rehospitalizations 

until 30 days with 

ReDS-guided 

therapy,  

2) Resource 

utilization until 30 

days with ReDS-

guided therapy  

1) Number of 

ADHF 

hospitalizations 

due to 

exacerbations at 

three months 

with initial 

ReDS-guided 

therapy 

2) Number of 

ADHF 

readmissions 

within 30 days 

of initial ReDS-

guided therapy  

1) Number of 

ADHF 

rehospitalizations 

until 30 days with 

ReDS-guided 

therapy 

1) Number of 

ADHF 

rehospitalizations 

until nine months 

with ReDS-

guided therapy,  

2) Number of 

days lost to re-

hospitalizations 

1) Number of 

ADHF 

rehospitalizations 

until 30 days,  

2) Length of stay 

1) Number of 

ADHF 

readmissions 

until 90 days 

with ReDS-

guided 

therapy,  

2) Number of 

ADHF 

readmissions 

until 90 days 

based on 

ReDS reading 

at the time of 

discharge 

Mean age 

(years) 
73.8±10.3 NA NA 62.8±14.4 68±12 NA 73.6±12.6 

Female (n, %) 19 (38%) NA NA 104 (36%) 80 (30%) NA 86 (50%) 

Average BMI 

(kg/m
2
) 

28.6±4.7 NA NA NA NA NA 29.3±4.3 

NYHA grade 

III-IV (n, %) 
45 (90%) NA NA NA NA NA NA 

CAD (n, %) 30 (60%) NA NA NA NA NA NA 

DM (n, %) 29 (58%) NA NA NA NA NA NA 

Average EF (%) NA NA NA NA NA NA 38.5±15.1 

Primary 

outcome 

87% reduction in 

readmissions 

compared to the 

pre-ReDS period 

and 79% 

reduction in 

readmission 

compared to the 

post-ReDS period 

10% reduction in 

readmissions and 

an overall 

readmission rate 

of <3% 

23% reduction 

in 

hospitalization 

rate among 

patients who 

utilized ReDS at 

least once 

23.5% reduction 

in readmissions 

compared to 

patients who were 

not assessed with 

ReDS 

21 readmission in 

15 ReDS patients 

and 43 

readmissions in 

34 control patients 

10.7% reduction 

in readmissions 

compared to the 

control group 

12.5% 

readmission 

rate in ReDS 

patients and 

16.7% 

readmission 

rate in control 

patients 

Secondary 

outcome(s) 
NA 

2.5 visits to titrate 

diuretics  

30.2% reduction 

in readmission 

compared to 

non-ReDS 

managed ADHF 

patients and 

7.2% reduction 

compared to 

patients who 

received 

outpatient ReDS 

readings 

An odds ratio of 

0.39 for 30-day 

readmission 

compared with 

patients in whom 

ReDS was not 

used  

1.37 days in 

ReDS patients and 

2.62 days in 

control patients 

lost to 

hospitalization; 

longer time to 

first ADHF 

readmission 

An average stay 

of 5.2 days in the 

ReDS group and 

an average of 6.3 

days in the 

control group 

17.9% 

readmission 

rate among 

patients 

discharged 

with ReDS 

≥39% and 

13.75% 

readmission 

rate among 

patients 

discharged 

with ReDS < 

39% 

 

Amir et al.
[21]

 found an 87% reduction in readmissions 

compared to the pre-ReDS period and a 79% reduction in 

readmission compared to the post-ReDS period among 

50 participants enrolled in the prospective cohort and 

followed for 90 days. Curran et al.
[19]

 identified a 10% 

reduction in readmissions and an overall readmission rate 
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of <3% among 61 participants in their observational 

study until 30 days. Roy et al.
[23]

 found a 23% reduction 

in hospitalization rate among patients who utilized ReDS 

at least once among 96 participants who were analyzed 

retrospectively within three months of discharge. There 

was a 23.5% reduction in readmissions compared to 

patients who were not assessed with ReDS among 290 

participants followed for 30 days in the observational 

study by Barghash et al.
[20]

 Abraham et al.
[18]

 found that 

within nine months since being discharged for 

exacerbation of congestive heart failure, there were 21 

readmissions in 15 ReDS patients and 43 readmissions in 

34 control patients. Opsha et al.
[24]

 found a 10.7% 

reduction in readmissions compared to the control group 

in their retrospective cohort of 112 patients followed for 

30 days. There was a 12.5% readmission rate in ReDS 

patients and a 16.7% readmission rate in control patients 

in the prospective cohort by Bensimhon et al.
[22]

, who 

followed 108 patients until 90 days after being 

discharged.  

 

The primary endpoint was readmission rate reduction, 

ranging from 10 to 87% across different studies. When 

observed by different follow-up durations, Curran et 

al.
[19]

, Barghash et al.
[20]

, and Opsha et al.
[24]

 followed the 

participants for 30 days and found a 10% to 23.5% 

reduction in readmission rates compared to control 

groups. Amir et al.
[21]

, Roy et al.
[23]

, and Bensimhon
[22]

 

followed their patients for three months and found a 

higher reduction in readmission rates compared to other 

groups, ranging from 12.5% to 87%. All the studies 

found a decrease in readmission rates except for 

Abraham et al.
[18]

 The secondary endpoints include the 

length of stay reported by Abraham et al.
[18]

 and Opsha et 

al.
[24]

, odds of having readmission reported by Barghash 

et al.
[20]

, readmission rates among inpatient versus 

outpatient groups reported by Roy et al.
[23]

, visits 

required to optimize medication favored the remote 

dielectric sensing group compared to the control group 

reported by Curran et al.
[25]

, and a lower reading at the 

time of discharge reported by Bensimhon.
[22]

  

 

Overall, the studies comparing remote dielectric sensing 

to conventional methods of monitoring patients 

following exacerbation of heart failure had higher 

efficacy within 90 days of discharge across inpatient 

settings and a lower reading with remote dielectric 

sensing at the time of discharge.  

 

DISCUSSION 

The objective of our systematic review was to assess the 

efficacy of remote dielectric testing in preventing 

readmissions following heart failure exacerbations. We 

reviewed seven studies that enrolled patients in either 

inpatient or outpatient settings with an exacerbation of 

heart failure. These patients were followed for 30 days to 

9 months. We found a reduced readmission rate among 

these patients, which was more pronounced within 30-90 

days. Our findings suggest that remote dielectric sensing 

supports patients' health in the first three months after an 

acute exacerbation and hospitalization.  

 

Only a few studies have examined the safety and efficacy 

of remote dielectric sensing monitoring. Therefore, we 

expect that our findings cannot entirely elucidate the 

adjusting of medications following assessment. Also, the 

studies did not mention the modifications among patients 

with remote dielectric sensing reading. There were also 

no long-term follow-ups; no study examined patients 

after nine months. Three studies did not report the mean 

age of the participants, which is another limitation. 

Lastly, the mortality among patients monitored with 

versus without remote dielectric testing was not reported.  

 

CONCLUSION 

The current systematic review reported outcomes on the 

efficacy of remote dielectric sensing to prevent 

readmissions among patients with heart failure. In our 

findings, we reviewed 985 patients and determined that 

the readmission reduction ranged from 10 to 87.5%. 

Further studies are required to understand to impact of 

dielectric testing on specific endpoints such as mortality 

rates, adjustment of medications, and overall quality of 

life.  
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