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ABSTRACT

Background and Objectives :

This study was designed to examine whether the multifractal Hurst exponents of

heart rate can estimate activating and deactivating spontaneous baroreflex sensitivity (SBRS). Subjects and Methods :

Age and sex matched 24 healthy volunteers were placed in the supine position and head-up tilt position for 30
minutes, and the systolic blood pressure and heart rate were measured in an noninvasive manner. When the RR
interval (RRI) sequence and systolic pressure sequence simultaneously increased or decreased for more than three
successive beats, the slope of the linear regression line of systolic blood pressure and RR interval sequence was defined
as the value of spontaneous baroreflex sensitivity (SBRS). From the RR intervals, very short-term ( @ range, <12
heartbeats), short-term ( 3 range, = 12 heartbeats), and the multrifractal Hurst exponents were calculated to de-

termine the linear correlation.coefficients for SBRS. Results :

In the supine position, the linear correlation coeffi-

cients (p) of SBRS and H-5 4, H-4o, Hs 0, Hoo, Hae, Hie, Hio, Hie, Hyo, Hso were -0.195 (NS), -0.207 (NS),
-0.232 (NS), -0.282 (NS), -0.355 (NS), -0.621 (0.003), -0.650 (0.001), -0.677 (0.001), -0.699 (0.0006) and -0.708
(0.0005), respectively. In the tilting position, the linear correlation coefficients of SBRS and H-s g, H-4 2, H-3 5,
H- 5, H-15, Hig, Hyg, Hs g, Hypg, Hs g were 0.024 (NS), 0.020 (NS), 0.010 (NS), -0.028 (NS), -0.193 (NS), -0.627
(0.0034), -0.607 (0.0045), -0.598 (0.0053), -0.572 (0.0084) and -0.539 (0.0141), respectively. Conclusion : Some of
the very short-term and short-term generalized Hurst exponents, such as Hs, and H; 4, can be used for the esti-
mation of spontaneous baroreflex sensitivity during patient placement in the supine and head-up tilt position,
respectively. (Korean Circulation ] 2007;37:443—448)
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Fig. 1. A and B are two RRI sequences recorded in supine position and head-up tilt position. C and D are systolic blood pressure recorded in supine

position and head-up tilt position. RRI: RR interval.
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Fig. 2. Spontaneous baroreflex sensitivity sequence method. SBP:
systolic blood pressure.

40
| 565300, o O _
SRS PN 0 g=5
5 W@@%W"%&p q=4
2 2| 0°
s =
3 oo Wﬂfﬁ%@&ﬂw q=3
\é 10 [ o dreemaIPERER IR0 q=2
8 _
= feYe) FHODCOCoo0 q=1
o |-
e]e) qug
LAz
15 | | ! @g‘f:é
2 4 6 8 10 12

Logz 7 (Heartbeat)

Multifractal Hurst £41

RR 7FA 9] multifractal Hurst A<=, H(Q)= RR 7H4 stru-
cture function Ay .(t)=|RRI(t+ 7)—RRI(t) .L]— /\]7]' B(7)
Ato]9] linear scaling relation {4y (t)*»~ q of o5 +
I} o] AL logo-log, EA| SIACHFig. 3). T
O] FAEA F 7L loga(4)~1ogs(12)Z logs(12)~log; (90)
Afolof| A Aol WAS Bt 4< r <12 heartbeatsS %
7] 717Hvery—short—term, @)o]2} s}l 12< 7 <90 heart-
beats ©7| 7|7Hshort—term, 8)o]2}al gt} ZE7] A7 |UH
TFHof|A ] q=—500 A8 q=57FA](q+0) 71=&7]5 +5PH 10

] el 28] Hurst A:(H,)7F SR 2 d7] 2
AU Tl q=-5olHRE q=57HAe] 718718 Faha

107119 Y4k ©h7] Hurst A|14(H,p) 7} HAECH RR 7H49]

Hy. % HypE 510] SBRS Ale]] AR@AIE F613ict
24 I
2 AE2, Hurst Ale 3 A QAL DILE

71 U7AA A ke 717} 115 8+1.9 mmHg, 115.9+2.8

40
3 ° © a=5
o - RSB »
[¢]
o O | epapcpepomeRton e, O =4
2 20f o0
S LeeeRoERERRIN 0y O 9=3
S ol o :
- 322 poocopoooed® A=
5100 oo
S o O GEESEEaIEEaPEEERa C0ooao0ooos0 =1
o,
-15

2 4 6 8 10 12
Logz 7 (Heartbeat)

Fig. 3. A and B, Multifractal Hurst analyses of the structure function, <Ay r (t)q>~ 7 q*H(q), of the RRI sequence shown in Fig. 1A and B,
respectively. Two linear scaling regions, the very-short-term range (4 < ¢ <12 beats) and the short-term range (12 < 7 <90 beats) are indica-

ted. RRI: RR interval.
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Fig. 4. The plot of RR interval against systolic blood pressure. The average of the slopes of the lines is the spontaneous baroreflex sensitivity. Dot
line: activating baroreflex sensitivity, Solid line: deactivating baroreflex sensitivity.
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Table 3. Very short-term Hurst exponent values

Supine position Tilt position

Hse -0.35545 (0.1241) 0.19128 (0.4192)
He -0.28209 (0.2282) 0.19694 (0.4053)
Hse -0.23205 (0.3249) 0.20707 (0.3810)
H-e -0.20744 (0.3802) 0.21755 (0.3568)
H-1e -0.19590 (0.4078) 0.22400 (0.3424)
Hiq -0.62144 (0.0034) -0.12407 (0.6023)
H;. -0.65052 (0.0019) -0.29819 (0.2016)
Hs. -0.67752 (0.0010) -0.41943 (0.0656)
Hio -0.69956 (0.0006) -0.46270 (0.0399)
Hs. -0.70801 (0.0005) -0.46273 (0.0399)

BRS: baroreflex sensitivity, H: very short-term Hurst exponent, Value:
linear correlation coefficient, ( ): p

Table 2. Correlation between short term Hurst exponent and baro-
reflex sensitivity

Hse 0.0472+0.0339 0.0837 +0.0330
He 0.0579 £0.0417 0.1036+0.0408
Hse 0.0741+0.0536 0.1349+0.0527
H-e 0.1004 +£0.0724 0.1879+0.0719
H-1e 0.1400£0.0953 0.2666%+0.0972
Hiq 0.1861 £0.1109 0.3636+0.1123
H;. 0.1866£0.1031 0.3375+0.1242
Hs. 0.1843£0.0935 0.3123£0.1279
Hio 0.1788+0.0857 0.2846+0.1288
Hs. 0.1717 £0.0797 0.2578£0.1301

H ! very short-term Hurst exponent

Table 4. Short-term Hurst exponent values

Supine position Tilt position Supine position Tilt position
Hsp 0.06199 (0.7952) -0.19356 (0.4136) H-sp 0.0249£0.0348 0.0456 £0.0417
Hp 0.13620 (0.5669) -0.02874 (0.9043) Hs 0.0311 £0.0422 0.0564 £0.0495
Hsp 0.14253 (0.5489) 0.01063 (0.9645) |SEV 0.0412+0.0527 0.0734 £0.0591
Ha,p 0.13776 (0.5625) 0.02088 (0.9304) H-ps 0.0585+0.0678 0.1015+0.0660
H.ip 0.13394 (0.5735) 0.02430 (0.9190) H-1p 0.0831 £0.0825 0.1379 £0.0596
His -0.28373 (0.2254) -0.62710 (0.0031) Hip 0.1055£0.0875 0.1484 £0.0454
H.s -0.34526 (0.1360) -0.60719 (0.0045) H,p 0.1063 £0.0857 0.1298 £0.0499
H;s s -0.37532 (0.1030) -0.59878 (0.0053) H;p 0.1067 £0.0843 0.1179+0.0605
Hip -0.38323 (0.0953) -0.57217 (0.0084) Hip 0.1062 +£0.0829 0.1120£0.0729
Hs s -0.37468 (0.1036) -0.53953 (0.0141) Hsp 0.1051+0.0816 0.1093£0.0852

BRS: baroreflex sensitivity, Hp® short-term Hurst exponent, Value:

linear correlation coefficient, (

) p

H s short-term Hurst exponent
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