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Assessment of Autonomic Nervous Function with Power Spectral Analysis of
Heart Rate Variability in Spinal Cord Injured Patients

Chang Il Park, M.D., Joong Son Chon, M.D.", Ji Cheol Shin, M.D.
Deog Yong Kim, M.D. and Sung Rae Cho, M.D.

Department of Rehabilitation Medicine, Yonsei University College of Medicine
Institute of Rehabilitation Medicine, Yonsei University College of Medicine
lDepartment of Rehabilitation Medicine, Joong Moon College of Medicine

Objective: To investigate the autonomic activities in spinal cord injured patients, and to

compare their activities according to the level and completeness of spinal cord lesions.

Method: Thirty-five spinal cord injured patients and thirty healthy adults participated in this
study. The ECG signals were recorded at the tilt angle of 0° and 70° for 5 minutes, and power

spectral analysis of Heart Rate Variability (HRV) was done at each angle.

Results: The data reveals two major components such as a low-frequency (LF) component

(0.05~0.15 Hz) reflecting primarily sympathetic activities with orthostatic stress, and a high-

frequency (HF) component (0.2 ~0.3 Hz) reflecting parasympathetic activity. In supine position,

all frequency components were not significantly different regardless the level and completeness
of spinal cord lesion. At 70° head-up tilt position, the LF power and heart rate didn’t increase
in complete tetraplegia but significantly increased in paraplegia and healthy adults (p <0.05).
However, the HF power didn’t reveal any differences in four groups by decreasing significantly

in all groups.

Conclusion: We concluded that there is an abnormal control of autonomic activities especially

the sympathetic function in complete tetraiplegia, compared with paraplegia and healthy adults.

Key Words: Autonomic nervous function, Heart rate variability, Spinal cord injury

AR

TL: 19999 99 159, AlAMEAL: 19999 11¥ 102
AAR: 24

35



#2448 % 19 2000

36 KEHEESEE

)

M

1) SAFCHa

73ell HEE Awel

S92 g

A
T

A% A7

19981 395E B 294A AxNE o3t

\

O
<P

o] el g

A%

A7 A

(sinus rhythm)o]x, F-Awlo|u} &HEA

Belo] AgAAAL] 2ol

ATFE
Aldky

&
s

interval)ol] T

3

A A alH]

il

3

o,

14 107, ahAupy]

3]
X

1

ok

~,
G

< YehiA

&7

/g—

2

&
ks

&(heart rate variability)< ©]&]

|

o

S

s

a2

3]

A AR v

&
T

#+ 10%,

%
@J

Wb 289, of

]

=90
=2

A}
36.34+12.4741%c}.

g g
o
2k 247, A7 6ol =

ia

o

!

(frequency-domain)

iy

B

T

b4

o 3l

5 R

<t

Ie) 3l

U~

ﬂwo

T

=0 =N

—_

N njp

A

Jo 2

N MIM Hw.._

T OT

S

X ‘El Tr

o 14 MT

X X

=

/O A

o B2

Al <

X )

‘m L.E ‘mﬂ
CS

G

oy o

53 X0

= &) )

oM AR

.o ®

M

HEHE, 19904 InoueS”S oFe}9] ALAlol| A ¢

A& 243 Aelle ghIqle]

33

A AR ulE] 3

&
s

oA F=2

24°CE FA

=
=

=
2

o
L

19954 InoueS'”

ol %
2osbd AR ]

97 wgeletn ssiet.

AlER ATl A

o] &3to] oFo}g] AAl Hl
A717] & 70= A AR

=
=

A2

=z
T

2 39T, GrimmEYE
Aol AZs o] Lhehiheka

Aol A A

k]
3T

Q)
=

gl

=%

el

vl

w

§‘l,

2 A uj]

2}of]

AA ] 5

%l

Harsigle

&
h

ol
o

shglom, o] AFsid

el ol

145 3l vlole] 37X ol A EAE

ols} 7ol A

=

o

HAl

To

T
N o
W ooE
N oy
T %
S o
=) xu
— W
IS
o ol
i m%m
of X0
Mo B
oy
T =
.a .
iny
A 5
iR
5
=y
i *
o M
™ T
=
=
= gl
x5
Q0
o ¥
C.onY
¥
T X
A
~x E
» o
o o
4 )
I+

T

static  stress)

&= Lead 119

aA 75g +

)
&

17} sigieh

40
xr
h

A

A

of H|

KX
=

el dstar, AL7]3] 7 A A (autoregressive algorithm)



w9l 5] 490 A
Al8Y5lod power spectrumS Ak o] T3 =A
© A} A2(0.05~0.15 Hz)> -5 dgtzdn
HaHE 2 Ade vebie s} %

. 1%} A9
03 H) B5 T80 JEelt Fagage
o

o4 4

B ANl ode e 02

offt
b

= i
A
ox
o,
N
o
i

o
o
iyl
N,
JH
'5"‘.1“_,
lo
any
do

A8, 49 5% =

Prhsha, Heed 99 9 £4YEe] WE Aol
g BAsgon, 44 dETe ulase] Heey
F AEARA AT A ugiet

T A4 dEzTe F dl 77k Aol Hlx
3171 Ysled SPSS version 8.02 ©]£3F Kruskal-
Wallis testgE AF83t9aL, 7+ FollA Fehe] AA gl

Aol A e] AlubHE Aol 23 2&A77s H7F 37

0% ZAAAAL HolE A K7
signed ranks testE A| 3§t}

213 Wilcoxon

4 o}
1) 22t XtMI(0E)

Ak 9 AR ule] Zatel| A FHF 7221 beats/
min, A AR|uly] ZRlollA] FHF 76.82 beats/
min, SAwHH] FAloll A T 80.30 beats/min, B
AQlol| A HF 77.36 beats/minSE W] 7kl A
gHoF fogt Aozt Yk = AFubAE,
aFIAEY w FAHAAE 25 ] 3kl EAS
Ao g Feolgt o]yl gldrl. et AFshd =
S AAlube] $kAbol|A] 3 0.26 nu, B ALA
whu] BRpell A FF 0.27 nu, AR RbA H
T 0.36 nu, A& UelA FF 035 mme2 A A
Aupe] 8l 59 AR|mbE] atell A slAube] Bl
A4l vl Az AHghe] I AEE A
tH(Table 1, Fig. 1).
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Table 1. Changes of Heart Rate Variability in Spinal Cord Injured Patients and Healthy Adults during Head-up Tilt

Position
Group 1Y @”=10) Group 2? (n=10) Group 3Y (n=15) Control” (n=30)

0 degree

Heart rate (beats/min) 72.21+11.06 76.82+15.67 80.31+8.72 77.36£10.68

Normalized LF” (nu®) 0.26%0.13 0.27+0.12 0.36%0.13 0.35+0.09

Normalized HF® (nu) 0.40+0.12 0.37+0.19 0.2610.12 0.30+0.14

Normalized total (nu) 0.80+0.12 0.77+0.11 0.77+£0.12 0.80+0.14
70 degree

Heart rate (beats/min) 74.79+12.90 87.42+14.19* 89.53+£11.82* 89.35+11.19*

Normalized LF (nu) 0.25+0.09 0.33+0.11 0.43+0.15* 0.51+0.16*

Normalized HF (nu) 0.25+0.14* 0.23+0.07* 0.17+£0.10* 0.17+£0.09*

Normalized total (nu) 0.66+0.14* 0.74+0.12 0.76+0.13 0.77+£0.17

Values are meantstandard deviation.

1. Group 1: Complete tetraplegia, 2. Group 2: Incomplete tetraplegia, 3. Group 3: Paraplegia, 4. Control: Healthy adults,
5. LF power: Low frequency power (0.05~0.15 Hz), 6. HF power: High frequency power (0.2~0.3 Hz), 7. n: Numbers

of subjects, 8. nu: Normalized unit
*p<0.05 for comparison between 0 and 70 degree
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(Table 1, Fig. 1).
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Fig 1. Changes of heart rate in spinal cord injured patients
and healthy adults during head-up tilt position. Group 1:
Complete tetraplegia, Group 2: Incomplete tetraplegia,
Group 3: Paraplegia, Control: Healthy adults.

*p<0.05
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Fig 2. Changes of low frequency power in spinal cord
injured patients and healthy adults during head-up tilt posi-
tion. Group 1: Complete tetraplegia, Group 2: Incomplete
tetraplegia, Group 3: Paraplegia, Control: Healthy adults.
nu: Normalized unit.

*p<0.05

043 nu ¥ HT 051 nueZ FATgHoZ {2l
F7F A (p<0.05), B AAwuin] 3R} A =
3 027 nuollA FF 033 e E ZolAE AES
Hel vk, b AR uie] 3kAbllAl= HF 0.25 nu
oz 23] <4eks] AAY HT 026 nuklth oA
Zt F7kel F8ldk xbo|7t vhelidchTable 1, Fig. 2).
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Fig 3. Changes of high frequency power in spinal cord
injured patients and healthy adults during head-up tilt posi-
tion. Group 1: Complete tetraplegia, Group 2: Incomplete
tetraplegia, Group 3: Paraplegia, Control: Healthy adults.
nu: Normalized unit

*p<0.05
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Fig 4. Changes of total power in spinal cord injured
patients and healthy adults during head-up tilt position.
Group 1: Complete tetraplegia, Group 2: Incomplete tetra-
plegia, Group 3: Paraplegia, Control: Healthy adults.
nu: Normalized unit.

*p<0.05
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