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Purpose The aim of the study was to determine the risk 
of mortality, predicting by the Refi ned Multiscale Entropy 
(RMSE) analysis of heart failure patients with ejection frac-
tion lower than 0.35.
Method Refi ned Multi-Scale Entropy (RMSE) was proposed as 
a refi nement of MSE, since it offers a way to solve two short-
comings that produce the MSE dependence on variance and on 
the shape of the power spectrum of the considered series. MSE 
is based on three steps: 1) progressive elimination of the fast 
time scales; 2) coarse graining procedure necessary to assess 
entropy rate; 3) calculation of the entropy rate. 168 patients 
(aged 65.7±1.2 years, M/F: 76/92 86.9%) were enrolled in this 
study. Patients were followed for 36 months. 24 h Holter reg-
istrations were performed in every 2 weeks. The high risk 
group (HRG) contains 27 patients, who had either sudden 
cardiac death, or death due to progressive heart failure, while 
the low risk group (LRG) contains 141 alive patients. Beside 
the descriptive statistics of the entropy values at the differ-
ent scales, a multivariate discriminant model was developed, 
where the input variables were the change of the individual 
entropy/scale in time (72 Holter measurement for each patient), 
the output parameters were death (HRG) or alive (LRG).
Results All RMSE curves had a minimum at short time scale, 
followed by an exponential increment with t. Risk groups 
showed signifi cant differences over a large interval of scales 
(t=4–15), being the entropy-based complexity smaller in 
HRG than in LRG group. These results indicate a reduction 
of the HRV complexity in patients of death group. The larg-
est statistical differentiation was obtained at the time scale 
t=8 with a p-value=0.0024 (LRG: SE=1.312±0.015 and HRG: 
SE=1.107±0.022). The Wilks’ statistic showed an excellent 
prediction (Wilks’ λ was 0.002 p<0.0001), and the multivari-
ate discriminant score (DS_HRV) was calculated. The risk of 
death increased continuously with each quartile of DS_HRV 
with an adjusted RR of 4.2. A 3.5-fold increase in mortality in 
patients in the upper quartile compared to the lower quartile 
of DS_HRV (95% CI 2.1 to 7.2, p<0.0001) was observed.
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