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Application value of the Lorenz plot in heart rate variability
FANG Shimei', JIN Weidong’, WU Chao'

(1. Department of Function, Affiliated Hospital of Jiangnan University, Wuxi Jiangsu 214000;
2. Department of Cardiology, Affiliated Hospital of Jiangnan University, Wuxi Jiangsu 214000, China)

Abstract Objective: To explore the value of the Lorenz plot in heart rate variability (HRV) analysis. Methods: A total
of 104 healthy controls (a healthy control group) and 185 chronic heart failure patients (a chronic heart failure
group) were selected as the subjects of the study. 24 h dynamic electrocardiogram (ECG) examination was
performed, and RR Lorenz plot and time domain and frequency domain data were collected for statistical analysis.
Results: Both the healthy control group and the chronic heart failure group showed high positive correlation
between SD1 and SD2 and all indicators in time and frequency domains. In the healthy control group, 80.77% of
the RR Lorenz plot was baseball bat shape, while in the chronic heart failure group, 95.68% was non-baseball bat
shape. In SDNN<50ms groups, 76.67% of the cases with short bar shape and 70.83% of the cases with irregular
shape were found. The scatterplot was used as an independent qualitative index to judge HRV, and all data showed
good. Conclusion: RR Lorenz plot can show the HRV easily and visually. The combination of time domain and
frequency domain indexes can further improve the specificity of diagnosis.
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Figure 1 Measurement method of the Lorenz plot
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Figure 2 Lorenz plot of sinus rhythm with different morphology
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(A) Typical pattern of baseball bat; (B) An expansion pattern; (C) A pattern as a short rod; (D) Fusiform; (E) Torpedo shape; (F)

Irregularity quasi-circular pattern.
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Table 1 Correlation analysis of 24 h RV time domain, frequency domain indexes and the Lorenz plot indexes of healthy control

group
Pearsontf J& SDNN  RMSSD NNSO  SDANN  =fif5% TP VLF LF HF
SD1
r 0.281 0.397 0.340 0.224 0.076 0.275 0.163 0.269 0.324
p 0.004 <0.001 <0.001 0.023 0.445 0.005 0.099 0.006 0.001
SD2
r 0.864 0.682 0.674 0.780 0.486 0.795 0.714 0.739 0.590
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
SD1/SD2
r -0.068 0.096 0.049 -0.091 -0.109 -0.052 -0.117 -0.035 0.060
P 0.492 0.333 0.623 0.360 0.274 0.603 0.239 0.727 0.544

F2BMHONRIBH24 hRVEHE, SUBER S BR EiEAREE X S

Table 2 Correlation analysis of 24 h RV time domain, frequency domain indexes and the Lorenz plot indexes in the chronic heart

failure group

XM SDNN  RMSSD NN50  SDANN = E 7 TP VLE LF HF
SD1
r 0.188 0.438 0.324 0.065 0.111 0.274 0.150 0.276 0.381
P 0.010 <0.001 <0.001 0.378 0.132 <0.001 0.041 <0.001 <0.001
SD2
r 0.694 0.174 0.165 0.221 0.642 0.642 0.720 0.541 0.340
P <0.001 0.018 0.025 0.002 <0.001 <0.001 <0.001 <0.001 <0.001
SD1/SD2
r -0.384 0.204 0.147 -0.119 -0.414 -0.261 -0.390 -0.184 0.024
P <0.001 0.005 0.046 0.107 <0.001 <0.001 <0.001 0.012 0.743
FRIWHEBH OB SEFNILE
Table 3 Comparison of the Lorenz plot between the two groups
PER/[1511(%)] AR/ [11(%)]
R ELRES
5 §’s <60% 61~80% =>381%
Xt REZH
FEERHA 33 (75.0) 51(85.0) 24 (75.0) 43 (82.7) 17 (85.0)
JEEER 11 (25.0) 9 (15.0) 8(25.0) 9(17.3) 3(15.0)
PP ) T2
FRERHN 5(5.1) 3(3.5) 4 (7.4) 2(22) 2(5.3)
et ERHA 94 (94.9) 83 (96.5) 50 (92.6) 91 (97.8) 36 (94.7)
g 76.387 100.753 41.808 101.084 37.822
<0.001 <0.001 <0.001 <0.001 <0.001
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Table 4 SDNN values and the Lorenz plot in the chronic heart failure group

T REBRAM/ I/ I/ B/ ASHEI/ K/
[#1(%)] [11(%)] (1411 (%)) [%11(%)] [14](%)] [#1(%)]

SDNN>1002H 57 7 (87.50) 7 (14.89) 4(13.33) 18 (39.13) 5(20.83) 16 (53.33)

SDNN 50~1004H 69 1(12.50)* 27 (57.45)* 3 (10.00) 27 (58.70) 2(8.33) 9 (30.00)*

SDNN<50%H 59 0(0.00)* 13 (27.66) 23 (76.67)* 1(2.17)* 17 (70.83)* 5(16.67)*

e = 12.394 33212 25.846 20.207 54.467

P 0.002 0.002 <0.001 <0.001 <0.001 <0.001

5 SDNN>10040 4%, *P<0.05; 5SDNN 50~1004H 4%, “P<0.05.

Compared with the SDNN>100 group, *P<0.05; Compared with the SDNN 50-100 group, "P<0.05.

2.4 SDNN M# S ESETMELLE . BREHIZIRE RO oy (F IR JF R SRR ) FEw, PR

&#HR

S TR 23 A 52 A8 AR AR R 2l S7 B T HR YV
BTG bR, TR B8 B, S5 SDNNEbE, HA

35 SDNNF B = B2 Wi i BRI Lb 4

Table S Comparison of diagnostic value between SDNN and the Lorenz plot

%, JF B AT B i B i‘ﬁ{ﬁlﬂ{ﬁﬂlfﬁ PEBEIN(E, IE

36 £k
(#£5~7),

$10.7644, T SDNN, BHIBESC 5

- fEERREXT IR 2 &R T 3 A XZ ,
SDNN/ R EdH  &if SDNN/H  BAESH &it

PR 23 20 43 128 177 305 59.130° <0.001°

B 81 84 165 57 8 65 179.286" <0.001°

&t 104 104 208 185 185 370

RS /% 77.88 80.77 0.264 >0.05

REE /% 69.19 95.68 44811 <0.001

a N FEFRSDNNTEXT IR 58 10 Ty i 4 22 (A ) R 7 R e 45 5 5 b oAl IR FE o B2 5508 R0 07 3o 21 22 ] A R

T .

a is the chi-square test results of SDNN between the control group and the chronic heart failure group. b is the chi-square test of the

Lorenz plot between the control group and the chronic heart failure group.

76 SONNTIH = BB & i EiX WA 45 R
Table 6 Results of SDNN and the Lorenz plot combined screening test

. ERIDEIRLS / [ (%)] FRIRSE S/ [51(%)] X

2051 14 240 341 44 At X P

+ = + =
feE R X e 2 5 18 15 66 104 5 (4.8) 99(952)  38(36.5) 66(63.5) 31.926  <0.001
L A 122 6 SS 2 185  122(659) 63(34.1) 183(98.9) 2(1.1)  69.446  <0.001
At 127 24 70 68 289 127 162 221 68
e 101.021 143.979
P <0.001 <0.001
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Table 7 Evaluation of screening tests between SDNN and the Lorenz plot
g iy 1 g 1A A i LTS

SDNN o HREGA JFEGA a b Xc Xd Xe
R 69.19 95.68 65.95 98.92 0.444 52.723 60.998 3.700 44.811
RS 77.88 80.77 95.19 63.46 13.371 10.230 5.219 7.746 0.264
ERTE 5L 0.4707 0.7644 0.6114 0.6238
S BRI 25 22.12 19.23 4.81 36.54 13.371 10.230 5.219 7.746 0.264
SRR 30.81 4.32 34.05 1.08 0.444 52.723 60.998 3.700 44.811
A S0 84.77 89.85 96.06 82.81 9.716 4.189 0.252 4.322 2.037
IF e T L 58.70 91.30 61.11 97.06 0.181 26.561 32.803 1.337 28.951

TP TCR S : X 2R /R SDNN-G S BASE Z B AYRIIR A5 R 5 o bR/n HUR B S BRI 2 [ AR I 2 28 s xR
7R SDNN-5 I BRI EG 22 (6] AR 3045 58 5 x* A3 HOR A1 5 R BUG Z AU A B0 25 2R 5 X e %7 SDNIN-S I [ 22 [ A

AR

Chi-square test was performed between each group: X’ a indicates the test results between SDNN and series test; X’ b represents the test

results between the Lorenz plot and the series test; X’ ¢ indicates the test result between SDNN and parallel test; X* d represents the test

results between the Lorenz plot and the parallel test; X* e represents the test result between SDNN and the Lorenz plot.
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