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A B S T R A C T   

Background: There are currently no established non-invasive indices of echocardiography for elevated left atrial 
pressure (LAP) especially in patients with atrial fibrillation (AF). Remote dielectric sensing (ReDS) is a novel non- 
invasive electromagnetic energy-based technology that quantifies total lung fluid, enabling the monitoring of 
volume status in patients with heart failure. The utility of ReDS for estimating LAP in patients with AF remains 
unknown. 
Methods: We prospectively investigated patients with AF in whom LAP was directly measured during catheter 
ablation for AF, and ReDS measurements were conducted the day before ablation. Elevated LAP was defined as 
LAP ≥ 15 mmHg. 
Results: A total of 61 patients were included (median age 66 years, 38 % female). Among them, 26 patients had 
elevated LAP. There was a positive correlation between ReDS and LAP (r = 0.363, P = 0.004). Receiver operating 
characteristic curve analysis for the prediction of elevated LAP demonstrated that the best cut-off value of ReDS 
was 30 %, with a sensitivity of 65 %, specificity of 69 %, and an area under the curve of 0.703 (95 % confidence 
interval 0.568–0.837). Multivariate logistic regression analysis revealed that ReDS was an independent predictor 
of elevated LAP, among covariates including left ventricular ejection fraction, the ratio of early transmitral flow 
velocity to septal mitral annular early diastolic velocity, and left atrial volume index. 
Conclusions: Our results suggest ReDS could be a valuable marker of elevated LAP even in patients with AF. 
Further studies are needed to elucidate the effectiveness of a ReDS-guided decongestive strategy in patients with 
heart failure.   

1. Introduction 

Elevation of left ventricular (LV) filling pressure is a diagnostic 
hallmark of heart failure (HF) and represents an adaptive mechanism 
aimed at maintaining cardiac output [1]. While both the mean left atrial 
pressure (LAP) and LV end-diastolic pressure serve as indicators of LV 
filling pressure, the former is considered to be more closely associated 
with pulmonary venous pressure and pulmonary congestion [2]. 
Although LAP can be estimated by pulmonary arterial wedge pressure 
(PAWP) obtained through right heart catheterization, this method is 
invasive and impractical for repeated measurements in routine clinical 

practice. Therefore, echocardiographic indices have been employed for 
estimating the LV filling pressure in most patients [3,4]; however, 
available indices for patients with atrial fibrillation (AF) are limited, and 
no established indices exist [5]. Thus, a need exists for novel non- 
invasive indices of LV filling pressure that can be easily measured and 
performed repeatedly in patients with AF. 

Remote dielectric sensing (ReDS) is a non-invasive technology based 
on electromagnetic energy that enables the estimation of lung fluid 
content [6]. A previous proof-of-concept study of patients with and 
without acute decompensated HF demonstrated that ReDS was highly 
accurate for assessing lung fluid content, as measured by chest computed 
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tomography [7]. The ReDS-measured lung fluid content also was 
strongly positively correlated with invasive PAWP in patients with HF 
[8]. However, it remains unknown how lung fluid content measured by 
ReDS relates to directly measured LAPs, which are rarely available but 
considered a more direct and accurate measure of LV filling pressure 
than PAWP [2,9]. Furthermore, the utility of ReDS for estimating LV 
filling pressure, even in patients with AF, remains to be elucidated. 
Accordingly, we aimed to clarify the utility of ReDS in estimating 
directly measured LAPs in patients undergoing catheter ablation for AF. 

2. Methods 

The authors declare that all supporting data are available within the 
article. 

2.1. Study patients 

This was a single-center prospective observational study. All 
consecutive patients scheduled and admitted for catheter ablation for AF 
were included in the study, with exclusion criteria comprising physical 
deformities of the thorax or lesions hindering ReDS measurement, 
presence of focal lung lesions like a history of pulmonary embolism or 
active pneumonia, or a pacemaker generator on the right side of the 
chest that would affect ReDS measurements. Additionally, patients for 
whom data on ReDS or LAP could not be obtained were excluded. This 
study was carried out in accordance with the principles outlined in the 
Declaration of Helsinki, and the institutional ethics committee approved 
the study protocol. Written informed consent was obtained from all 
participants prior to enrolment. 

2.2. Data collection 

We collected data on clinical variables, including age, sex, type of 
AF, CHADS2 score, comorbidities, body mass index, systolic and dia-
stolic blood pressures, heart rate, and oral medications on the day of 
admission. All patients underwent ReDS and direct LAP measurements, 
echocardiography, and venous blood sampling. The ReDS measurement 
was performed the day before ablation. Echocardiography was per-
formed before admission according to standard techniques by a 
commercially available machine, as previously reported [10]. Approx-
imately half of the patients had AF on the day of echocardiography; 
hence, mitral annular early diastolic velocity was measured at the septal 
mitral annulus [5]. In patients with AF on the day of echocardiography, 
early transmitral flow velocity and septal mitral annular early diastolic 
velocity were averaged from three nonconsecutive beats with cycle 
length within 10 % to 20 % of the average RR interval [11]. The patients 
with sinus rhythm with the ratio of early transmitral flow velocity to 
septal mitral annular early diastolic velocity (E/e’) > 15 and those with 
AF with E/e’ >11 were judged to have high E/e’ ratio [5,12]. Venous 
blood was drawn at admission. The estimated glomerular filtration rate 
was calculated with the use of the modified isotope-dilution mass- 
spectrometry traceable modification of diet in renal disease study 
equation with a Japanese coefficient [13]. The H2FPEF score, which has 
been shown to predict LAP in patients with suspected HF and an LV 
ejection fraction of ≥ 50 %, was calculated from six clinical and echo-
cardiographic variables: body mass index > 30 kg/m2 (2 points), a 
history of AF (3 points), age > 60 years (1 point), treatment with ≥ 2 
antihypertensives (1 point), E/e’ >9 (1 point), and echocardiographic 
pulmonary artery systolic pressure > 35 mmHg (1 point). Patients with 
an H2FPEF score ≥ 6 were judged to have a high likelihood of heart 
failure with preserved ejection fraction (HFpEF) [14]. 

2.3. ReDS system 

The ReDS system was previously described in detail [6–8,15,16]. 
Remote dielectric sensing utilizes low-power electromagnetic signals 

emitted between two sensors that are embedded in wearable devices. 
The sensors are positioned on the front and back of the patient’s thorax 
without requiring direct skin contact, enabling measurement to be 
performed through light clothing (Fig. 1). The analyzed signal reflects 
the dielectric properties of lung tissue between the sensors. The dielec-
tric coefficient of a material is expressed by a frequency-dependent 
complex number that describes the interaction of the material with 
electromagnetic energy. Since water has a high dielectric coefficient and 
air has a low dielectric constant, the dielectric coefficient of a tissue is 
predominantly determined by its fluid content. Remote dielectric 
sensing provides an estimate of the percentage of lung fluid content 
within a range of 15 %–60 %. A single measurement is completed in 
approximately 45 s. Measurements do not require rigorous training, 
allowing healthcare professionals at any level of experience to make 
accurate measurements. There is no risk associated with this measure-
ment. While the reliability of a single examiner was not perfect, high 
interobserver reproducibility has been reported. 

2.4. Measurement of LAP 

At the beginning of the ablation procedure, patients were sedated 
with a continuous infusion of dexmedetomidine. An 8-F SL0 sheath 
(Abbott, St Paul, MN, USA) was inserted through the right femoral vein, 
and the Brockenbrough method was used to perform a trans-septal 
puncture to enable the sheath to enter the left atrium. The line for 
pressure measurement was connected to the side port of the sheath, and 
the LAP was directly measured through the sheath just before ablation in 
the presenting rhythm [17,18]. With the patient in the supine position, a 
zero reference point was set at the level of the right atrium, and posi-
tioned 5 cm below the surface of the anterior thorax. 

The mean invasively measured LAP at the time of ablation served as 
an index of LV filling pressure [17]. The mean LAP was calculated from 
the waveforms obtained during a sampling time of 9 s with the use of a 
widely used polygraph (RMC-5000, Nihon Kohden, Tokyo, Japan). An 
elevated LAP was defined as LAP ≥ 15 mmHg [17,19]. 

2.5. Statistical analysis 

Data are presented as medians and interquartile ranges (25th to 75th 
percentiles) for continuous variables and as percentages for categorical 
variables. The Mann-Whitney U test and the χ2 test were used to 
compare differences in continuous and categorical variables, respec-
tively. Correlations between variables were determined by the Pearson 
correlation coefficient. The predictive value of ReDS measurement or E/ 
e’ ratio for elevated LAP was assessed by receiver operating character-
istic curve analysis. The results were expressed as areas under the curve 
and 95 % confidence intervals (CIs). Logistic regression analysis was 
performed to assess the association between ReDS values and elevated 
LAPs. Variables were selected a priori based on previous studies inves-
tigating determinants of elevated LV filling pressures [20–22]. Variables 
of P < 0.05 on univariate analysis were incorporated into a multivariate 
model to evaluate the independent association between ReDS values and 
elevated LAPs. For the comparison of predictability for elevated LAP 
between ReDS and the H2FPEF score, variables including age, hyper-
tension, body mass index, and E/e’ ratio, which are components of the 
H2FPEF score calculation, were excluded from the logistic regression 
analysis. Additionally, despite having univariate P ≥ 0.05, both ReDS 
and the H2FPEF score were included in the multivariate models to 
evaluate whether the predictive value of ReDS for elevated LAP is in-
dependent of the H2FPEF score. The χ2 test was performed to compare 
sensitivity, specificity, positive and negative predictive values, and 
predictive accuracy, which meant the proportion of all test results—both 
positive and negative—that were correct between ReDS and E/e’ ratio 
for prediction of elevated LAP. Statistical significance was set at P <
0.05. All statistical analyses were performed with EZR (Saitama Medical 
Center, Jichi Medical University, Saitama, Japan), which is a graphical 
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user interface for R (The R Foundation for Statistical Computing, 
Vienna, Austria) [23]. 

3. Results 

3.1. Baseline Characteristics 

Between July and November 2023, we screened 67 patients, of 
whom 61 were enrolled in this study. Consent could not be obtained 
from three patients, and an additional three patients were excluded due 
to failure to obtain LAP data. The baseline characteristics of the patients 
are summarized in Table 1. The number of days between the dates of 
echocardiography and LAP measurement was 20 (14–32) days. Data on 
E/e’ ratio could not be obtained in one patient. The median age was 66 
(62–74) years, and 38 % of the patients were female. Among the pa-
tients, 52 % had persistent AF, and the majority presented with a low 
CHADS2 score (median 1 [1–3]). 

3.2. Association between ReDS and LAP 

The correlation between ReDS values and the mean invasively 
measured LAPs is shown in Fig. 2. A modest but a statistically significant 
positive correlation was observed between ReDS values and LAPs (r =
0.363, P = 0.004). Receiver operating characteristic curve analysis for 
predicting elevated LAP demonstrated that the optimal cut-off value for 
ReDS was 30 %, yielding a sensitivity of 65 %, specificity of 69 %, and an 
area under the curve of 0.703 (95 % CI 0.568–0.837), which was larger 
than that of E/e’ ratio (Fig. 3A). The LAP was significantly higher in 
patients with ReDS ≥ 30 % than in ReDS < 30 % (15 [11–20] vs 11 
[8–15] mmHg, respectively, Fig. 3B). While age was significantly lower 
and body mass index was significantly higher in patients with ReDS ≥
30 %, the differences between the other variables of patients with ReDS 
< 30 % and patients with ReDS ≥ 30 % were not significant (Table 1). 
The difference between the number of days between the dates of echo-
cardiography and dates of LAP measurements of the two patient groups 
was not significant (ReDS < 30 %: 19 [13–32] days vs ReDS ≥ 30 %: 23 

[14–31] days, P = 0.839). 

3.3. ReDS as the predictor of elevated LAP 

The results of the logistic regression analysis for predicting elevated 
LAP are shown in Table 2. The univariate analysis identified persistent 
AF, left atrial volume index, and ReDS as significant predictors of 
elevated LAP, with ReDS maintaining significance, regardless of being 
treated as a continuous or categorical variable. The multivariate anal-
ysis, even after adjusting for significant confounders, found that ReDS as 
either a continuous or categorical variable (Models 1 and 2, respec-
tively) remained an independent predictor of elevated LAP. 

The prediction of elevated LAP using ReDS and E/e’ ratio is pre-
sented in Table 3. Sensitivity for the prediction of elevated LAP was 
higher with ReDS ≥ 30 % compared to the high E/e’ ratio, while the 
specificity was lower, although these differences were not statistically 
significant. Predictive accuracy of ReDS ≥ 30 % and the high E/e’ ratio 
was nearly identical. 

3.4. Comparison of ReDS with H2FPEF score 

Among all study patients, the H2FPEF score could be obtained and 
analyzed for 48 patients. Eight patients were excluded due to a LV 
ejection fraction < 50 %, and additional five patients were excluded 
because measurement of echocardiographic pulmonary artery systolic 
pressure was not feasible due to the absence of tricuspid regurgitation 
jet. Out of the 48 patients, 23 were judged to have a high likelihood of 
HFpEF. Receiver operating characteristic curve analysis for predicting 
elevated LAP demonstrated that the area under the curve of ReDS was 
larger than that of H2FPEF score (0.696 [95 % CI 0.538–0.855] vs 0.597 
[95 % CI 0.436–0.759]). The logistic regression analysis for predicting 
elevated LAP revealed that the predictive value of ReDS was indepen-
dent of the H2FPEF score (Table 4). 

Fig. 1. ReDS system A, A wearable device and a monitor console to display data. B, A representative of actual measurement of ReDS value using the device.  
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3.5. Influence of underlying rhythm on the predictability for elevated LAP 

On the day of echocardiography, 31 out of a total of 61 patients (51 
%) presented with AF. Receiver operating characteristic curve analysis 
for predicting elevated LAP using ReDS and E/e’ ratio in each presenting 
rhythm is shown in Fig. 4. In patients with sinus rhythm, predictive 
value of ReDS for elevated LAP was almost the same as that of the E/e’ 
ratio. On the other hand, ReDS had a higher predictive value for elevated 
LAP than the E/e’ ratio in patients with AF. 

4. Discussion 

In this study, we found a significant positive correlation between 
ReDS values and directly measured LAP in patients with AF who un-
derwent catheter ablation. Remote dielectric sensing showed a strong 
predictive value for elevated LAP, defined as LAP ≥ 15 mmHg. Addi-
tionally, in the multivariate logistic regression analysis, ReDS proved to 
be an independent predictor of elevated LAP, irrespective of being 
analyzed as either a continuous or categorical variable. To the best of 
our knowledge, this is the first report to demonstrate the utility of ReDS 
in estimating invasively measured LAP, which represents LV filling 
pressure, even in patients with AF. 

Assessments of LV filling pressure are crucial for the clinical diag-
nosis of HF, especially in patients with HF with preserved LV ejection 
fraction [2]. Echocardiography has usually been the primary method for 
estimating the LV filling pressure in patients with HF. Recent guidelines 
have emphasized that an algorithm that is based on the combination of 
several echocardiographic parameters should be used to estimate the LV 
filling pressure [5]. The feasibility and accuracy of the algorithm, irre-
spective of LV ejection fraction, was confirmed in a large multicenter 
study [3]. However, evaluation of the diastolic function in patients with 
AF remains a clinical challenge because atrial activity is disorganized; 
the length of cycles varies; and there is LA enlargement, irrespective of 
filling pressures [11]. In fact, the reliability of the recommended 

Table 1 
Baseline Characteristics of Patients.   

Total ReDS < 30 
% 

ReDS ≥ 30 
%  

Characteristics (n = 61) (n = 33) (n = 28)  P-value 
Age, y 66 (62–74) 69 (65–74) 63 (58–68)  0.009 
Female sex 38 % 48 % 25 %  0.105 
Persistent atrial 

fibrillation 
52 % 45 % 61 %  0.351 

CHADS2 score 1 (1–3) 1 (1–2) 2 (1–3)  0.687 
Comorbidities 

Heart failure 31 % 24 % 39 %  0.324 
Hypertension 67 % 73 % 61 %  0.470 
Diabetes 39 % 36 % 43 %  0.799 
Dyslipidemia 46 % 39 % 54 %  0.396 
Stroke 10 % 9 % 11 %  1.000 
Coronary artery 
disease 

11 % 12 % 11 %  1.000 

Chronic kidney 
disease 

28 % 30 % 25 %  0.862 

Body mass index, 
kg/m2 

24.5 
(21.4–27.1) 

23.7 
(21.4–25.8) 

26.0 
(22.5–28.6)  

0.047 

Systolic blood 
pressure, mmHg 

125 
(111–139) 

127 
(115–141) 

117 
(106–131)  

0.056 

Diastolic blood 
pressure, mmHg 

74 (64–82) 78 (67–83) 70 (64–82)  0.271 

Heart rate, beats/ 
min 

73 (66–81) 70 (67–78) 73 (66–88)  0.465 

Echocardiographic data 
LV end-diastolic 
diameter, mm 

48 (43–51) 46 (43–49) 49 (45–52)  0.138 

LV end-systolic 
diameter, mm 

31 (28–33) 30 (29–31) 31 (28–36)  0.259 

LV mass index, 
g/m2 

82 (72–96) 80 (69–96) 85 (75–95)  0.942 

Relative wall 
thickness 

0.37 
(0.33–0.40) 

0.36 
(0.31–0.41) 

0.37 
(0.34–0.39)  

0.942 

LV ejection 
fraction, % 

62 (55–65) 63 (59–65) 59 (52–65)  0.185 

E, cm/s 71 (58–84) 71 (58–86) 72 (61–83)  0.923 
e’, cm/s 7 (6–8) 7 (5–8) 7 (6–8)  0.800 
E/e’ ratio 10.7 

(8.6–12.5) 
10.5 
(8.6–12.0) 

10.8 
(8.4–13.0)  

0.848 

LA volume 
index, mL/m2 

41 (32–52) 41 (33–53) 40 (30–46)  0.553 

Moderate/ 
severe MR 

10 % 12 % 7 %  0.826 

TRPG, mmHg 21 (17–25) 23 (20–28) 21 (17–24)  0.474 
Laboratory data 

Hemoglobin, g/ 
dL 

13.5 
(12.7–15.0) 

13.0 
(12.6–14.0) 

14.3 
(13.0–15.5)  

0.051 

Sodium, mEq/L 141 
(140–142) 

141 
(140–143) 

141 
(140–142)  

0.154 

Creatinine, mg/ 
dL 

0.9 
(0.8–1.1) 

0.9 
(0.7–1.0) 

0.9 
(0.8–1.1)  

0.447 

BUN, mg/dL 18 (15–22) 17 (13–21) 19 (16–23)  0.212 
eGFR, mL/min/ 
1.73 m2 

59 (51–69) 59 (50–67) 62 (53–70)  0.496 

BNP, pg/mL 51 (20–129) 57 (23–146) 44 (16–118)  0.405 
Uric acid, mg/dL 5.7 

(4.9–6.6) 
5.7 
(4.9–6.4) 

5.8 
(4.9–6.8)  

0.482 

Albumin, mg/dL 4.2 
(4.0–4.4) 

4.2 
(4.0–4.4) 

4.3 
(4.0–4.5)  

0.550 

CRP, mg/dL 0.07 
(0.03–0.13) 

0.07 
(0.04–0.18) 

0.06 
(0.03–0.08)  

0.070 

Oral medications 
ACE inhibitor/ 
ARB 

43 % 39 % 46 %  0.769 

β-blocker 77 % 76 % 79 %  1.000 
SGLT2 inhibitor 21 % 18 % 25 %  0.738 
Statin 39 % 36 % 43 %  0.799 
ARNI 11 % 12 % 11 %  1.000 
Diuretic 23 % 15 % 32 %  0.205 
Sodium channel 
blocker 

16 % 24 % 7 %  0.147 

Amiodarone 11 % 9 % 14 %  0.817 

Values are presented as median (interquartile range) or %. 
　ACE, angiotensin-converting enzyme; ARB, angiotensin II type 1 receptor 

blocker; ARNI, angiotensin receptor-neprilysin inhibitor; BNP, B-type natriuretic 
peptide; BUN, blood urea nitrogen; CRP, C-reactive protein; E, early transmitral 
flow velocity; e’, septal mitral annular early diastolic velocity; eGFR, estimated 
glomerular filtration rate; LA, left atrial; LV, left ventricular; MR, mitral regur-
gitation; SGLT2, sodium-glucose cotransporter type 2; TRPG, tricuspid regur-
gitation pressure gradient. 

Fig. 2. Correlation between ReDS measurements and LAP Correlation between 
ReDS measurements and directly measured LAP is shown. AF, atrial fibrillation; 
LAP, left atrial pressure; ReDS, remote dielectric sensing; SR, sinus rhythm. 
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algorithm for the prediction of elevated LV filling pressure was recently 
found to be suboptimal in a large cohort of patients with a history of AF 
[17]. Hence, there has been an urgent need to identify and verify a novel 
non-invasive method for predicting LV filling pressure in patients with 
AF. 

Lung fluid content as measured by ReDS showed a significant asso-
ciation with invasive PAWP measurements in patients with HF [8]. 
Remote dielectric sensing was also reported to be useful for detecting or 
ruling out acute decompensated HF [24], and ReDS-guided therapy for 
patients with HF was shown to have potential for reducing the frequency 
of readmissions for HF in patients with HF who were recently discharged 

from the hospital [25,26]. Our data both support and expand on these 
studies by demonstrating the robust relationship between ReDS and 
directly measured LAP, which is closely associated with pulmonary 
venous pressure and lung congestion [2]. Furthermore, our results 
suggest that, in addition to conventional echocardiographic indices, 
ReDS might be a powerful non-invasive indicator of LV filling pressure, 
even in patients with AF. We determined the optimal cut-off value of 
ReDS as 30 %, based on the result of receiver operating characteristic 
curve analysis for predicting elevated LAP. Although this value is 
slightly lower than the manufacturer recommended cut-off of 35 %, its 
prognostic value has been reported in a recent study that included 

Fig. 3. Predictive value of ReDS measurement for elevated LAP A, Receiver operating characteristic curve analysis of ReDS values and E/e’ ratio for the prediction of 
elevated LAP. B, LAP values of patients with ReDS ≥ 30 % vs patients with ReDS < 30 %. AUC, area under the curve; CI, confidence interval; E/e’ ratio, the ratio of 
early transmitral flow velocity to septal mitral annular early diastolic velocity; LAP, left atrial pressure; ReDS, remote dielectric sensing. 

Table 2 
Logistic Regression Analysis for the Prediction of LAP ≥ 15 mmHg.   

Univariate Multivariate (Model 1) Multivariate (Model 2) 

Variable Unadjusted OR(95 % CI) P value Adjusted OR(95 % CI) P value Adjusted OR(95 % CI) P value 

Age, y 0.99 (0.94–1.05)  0.833     
Female sex 0.79 (0.28–2.28)  0.668     
Persistent atrial fibrillation 3.37 (1.15–9.87)  0.026 1.65 (0.47–5.80)  0.438 2.23 (0.63–7.85)  0.211 
Hypertension 1.60 (0.53–4.84)  0.402     
Diabetes 1.24 (0.44–3.50)  0.683     
Dyslipidemia 2.31 (0.82–6.51)  0.114     
Coronary artery disease 1.01 (0.21–4.94)  0.989     
Body mass index, kg/m2 1.05 (0.92–1.20)  0.492     
Systolic blood pressure, mmHg 0.98 (0.95–1.01)  0.186     
Heart rate, beats/min 1.00 (0.97–1.03)  0.848     
LV mass index, g/m2 0.99 (0.97–1.02)  0.653     
LV ejection fraction, % 0.95 (0.90–1.01)  0.079     
E/e’ ratio 1.13 (0.97–1.31)  0.129     
LA volume index, mL/m2 1.06 (1.02–1.10)  0.004 1.08 (1.02–1.13)  0.005 1.08 (1.03–1.13)  0.003 
Moderate/severe MR 1.39 (0.26–7.52)  0.701     
Hemoglobin, g/dL 1.05 (0.77–1.43)  0.781     
eGFR, mL/min/1.73 m2 0.99 (0.96–1.02)  0.485     
ReDS as a continuous variable       
ReDS, % 1.15 (1.03–1.28)  0.013 1.19 (1.04–1.37)  0.013   

ReDS as a categorical variable 
ReDS ≥ 30 % 4.12 (1.40–12.10)  0.010   7.37 (1.83–29.70)  0.005 

Models 1 and 2 included ReDS as a continuous or a categorical variable, respectively. 
CI, confidence interval; E, early transmitral flow velocity; e’, septal mitral annular early diastolic velocity; eGFR, estimated glomerular filtration rate; LA, left atrial; 
LAP, left atrial pressure; LV, left ventricular; MR, mitral regurgitation; OR, odds ratio; ReDS, remote dielectric sensing. 
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Japanese patients undergoing transcatheter aortic valve replacement 
[27]. The relatively lower cut-off value of ReDS measurements in this 
study, compared to previous reports, may be attributed to difference in 
the reference LV filling pressure value or variations in the patient pop-
ulation studied. Our current study only included approximately 30 % of 
patients with HF. Given that even subclinical congestion could worsen 
clinical outcomes of patients with HF [28], we believe that it is clinically 
important that ReDS can detect mild hemodynamic congestion in he-
modynamically stable patients. 

Although it is possible to estimate LV filling pressure in patients with 
a history of AF using the algorithm recommended in the recent guide-
lines when the patient is in sinus rhythm, there is a risk of misjudgment 
due to the transient atrial mechanical dysfunction that can occur after 
the conversion of AF to sinus rhythm, affecting the ratio of early 
transmitral flow velocity to late transmitral flow velocity [29]. There-
fore, strictly speaking, the algorithm cannot be reliably used even if the 
AF is paroxysmal. On the other hand, E/e’ ratio can be used to estimate 
LV filling pressure in both patients with sinus rhythm and AF at the time 
of echocardiography, with respective cut-off values of > 15 and > 11 
[5,12]. Accordingly, we selected E/e’ ratio as an echocardiographic 
index estimating LV filling pressure in this study. Our results suggest 
that ReDS has superior predictive value for elevated LAP compared to E/ 
e’ ratio in patients with a history of AF. In patients with sinus rhythm on 
the day of echocardiography, the predictive value of ReDS was similar to 
that of E/e’ ratio, while in patients with AF, the predictive value of ReDS 
was superior to that of E/e’ ratio. However, we could not demonstrate 
incremental predictive value of using both indices in patients with sinus 
rhythm, nor could we show statistically significant predictive power of 

ReDS for elevated LAP in patients with AF, due to the small sample size. 
Theoretically, the results of ReDS measurement would not be affected by 
the presence or absence of AF, and our results suggest that ReDS might 
be superior to traditional echocardiographic index in predicting 
elevated LAP even in patients with AF. Further studies are needed to 
evaluate whether the patient’s rhythm affects the predictive value of 
ReDS or E/e’ ratio for elevated LAP in patients with a history of AF. 

We found that ReDS has a higher predictive value for elevated LAP 
than H2FPEF score, which has been reported to predict elevated LAP in 
patients with suspected HF and an LV ejection fraction of ≥ 50 % [14]. 
Although the difference in the duration between the dates of echocar-
diography and LAP measurements or the absence of a stress test might 
have caused the lower predictive value of H2FPEF score compared to the 
previous report, our data suggested that, in addition to H2FPEF score, 
ReDS can help refine the clinical diagnosis of HFpEF in patients with AF. 
Incremental value of ReDS for the diagnosis of HFpEF in patients with 
AF over the H2FPEF score should be verified in future studies. Moreover, 
a very recent study revealed that ReDS-guided decongestion during 
hospitalization and early after discharge reduced the number of HF 
readmissions in patients with ADHF [30]. In that study, a substantial 
proportion of patients needed an increase in diuretics to sustain 
decongestion state, underlining the importance of dose and drug 
adjustment after hospital discharge. Remote monitoring has recently 
been proposed as a measure to improve post-discharge management of 
HF [31]. Considering that the required techniques are such that even 
patients can take reliable measurements [15], ReDS seems to be a useful 
tool for effective remote monitoring of congestion and might be bene-
ficial for the management of HF at home. 

5. Study limitations 

This study has some limitations. First, the empirically chosen small 
sample size is a major limitation. Second, since we only included pa-
tients with a history of AF who underwent catheter ablation, compari-
sons between the diagnostic values of elevated LAPs in patients with and 
without AF remain unknown; and indices such as PAWP, LV end- 
diastolic pressure, and pre-A pressure could not be obtained. Third, 
there were gaps between the dates of echocardiography and the dates of 
LAP measurements. Therefore, a rigorous comparison between the 
diagnostic accuracies of ReDS values and the guideline-recommended 
algorithm that uses echocardiographic indices for identifying patients 
with elevated LAP could not be performed. In addition, ReDS 

Table 3 
Prediction of LAP ≥ 15 mmHg.   

ReDS ≥ 30 % High E/e’ ratio 

Sensitivity (%) 65 (17/26) 44 (11/25) 
Specificity (%) 69 (24/35) 83 (29/35) 
Positive predictive value (%) 61 (17/28) 65 (11/17) 
Negative predictive value (%) 73 (24/33) 67 (29/43) 
Predictive accuracy (%) 67 (41/61) 67 (40/60) 

The numbers in parentheses are patient numbers. High E/e’ ratio, E/e’ ratio >
15 or > 11 in patients with sinus rhythm or atrial fibrillation, respectively. Note 
that data on E/e’ ratio could not be obtained in one patient. 
E, early transmitral flow velocity; e’, septal mitral annular early diastolic ve-
locity; ReDS, remote dielectric sensing. 

Table 4 
Logistic Regression Analysis for the Prediction of LAP ≥ 15 mmHg including H2FPEF score.   

Univariate Multivariate (Model 1) Multivariate (Model 2) 

Variable Unadjusted OR(95 % CI) P value Adjusted OR(95 % CI) P value Adjusted OR(95 % CI) P value 

Female sex 0.97 (0.29–3.22)  0.959     
Persistent atrial fibrillation 2.87 (0.87–9.45)  0.083     
Diabetes 0.91 (0.26–3.13)  0.875     
Dyslipidemia 2.58 (0.79–8.44)  0.117     
Coronary artery disease 1.44 (0.19–11.20)  0.725     
Systolic blood pressure, mmHg 0.99 (0.96–1.03)  0.674     
Heart rate, beats/min 0.99 (0.96–1.03)  0.618     
LV mass index, g/m2 1.00 (0.97–1.03)  0.872     
LV ejection fraction, % 0.90 (0.81–1.01)  0.076     
LA volume index, mL/m2 1.05 (1.01–1.10)  0.020 1.07 (1.01–1.13)  0.018 1.08 (1.02–1.15)  0.009 
Moderate/severe MR 0.68 (0.06–8.11)  0.764     
Hemoglobin, g/dL 1.06 (0.73–1.53)  0.775     
eGFR, mL/min/1.73 m2 0.97 (0.94–1.01)  0.190     
H2FPEF score 1.46 (0.81–2.62)  0.210 1.40 (0.71–2.76)  0.331 1.53 (0.74–3.14)  0.249 

ReDS as a continuous variable 
ReDS, % 1.15 (1.02–1.30)  0.025 1.23 (1.06–1.43)  0.008   

ReDS as a categorical variable 
ReDS ≥ 30 % 3.17 (0.96–10.50)  0.059   10.40 (1.94–55.10)  0.006 

Models 1 and 2 included ReDS as a continuous or a categorical variable, respectively. 
CI, confidence interval; eGFR, estimated glomerular filtration rate; LA, left atrial; LAP, left atrial pressure; LV, left ventricular; MR, mitral regurgitation; OR, odds ratio; 
ReDS, remote dielectric sensing. 
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measurements could not be performed on the same day as LAP mea-
surements, which might account for the relatively weak correlation 
between ReDS values and the index of LV filling pressure, compared to 
previous studies [8]. Finally, in this study, we focused on LAP as an 
indicator of LV filling pressure, which is closely associated with pul-
monary congestion, and investigated its relationship with ReDS mea-
surements. However, it is important to note that LAP is ultimately an 
indirect indicator of pulmonary congestion. Thus, failure to include data 
from lung ultrasonography, which has recently been demonstrated to be 
useful for the evaluation of pulmonary congestion in patients with HF 
[32], is a major limitation. Further investigation is required to deter-
mine the correlation between the degree of pulmonary congestion and 
ReDS measurements in hemodynamically stable AF patients with mild 
hemodynamic congestion, as in this study. 

6. Conclusions 

This prospective observational study showed that ReDS is a useful 
indicator of elevated LAP that can even be used in patients with AF. 
Additional larger studies are warranted to investigate the impact of 
ReDS-guided decongestive therapy on patients with HF. 
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