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BACKGROUND: Yearly, 200–300 new spinal cord injuries (SCI) happen in the Czech Republic. Some of these 
patients suff er from autonomic disturbances, especially concerning their cardiovascular and genito-urinary systems. 
Autonomic disturbances markedly decrease quality of life in patients with SCI. It is important to assess the severity 
of the autonomic nervous system (ANS) involvement in these subjects. 

OBJECTIVE: The main aim of this study was to assess the spectral analysis of heart rate variability as a marker 
of cardiovascular autonomic regulation in patients with spinal cord injury and to compare it with fi ndings in healthy 
controls. 

METHODS: Ten paraplegics (with a mean age of 53.1 ± 15.8 years, seven males and three females) participated 
in this study. There were fi ve patients with incomplete and fi ve patients with complete spinal cord injury. The ASIA – 
American Spinal Injury Association, the modifi ed Ashworth scale and the Questionnaire on Autonomic Functions 
were used. Autonomic reactivity was evaluated by means of the spectral analysis of heart rate variability (SAHRV) 
method (short-term registration) using the supine-sitting-supine test. Diagnostic system VarCor PF7, which is an in-
novation of the VarCor PF6 system, was used. Twenty four healthy subjects (with a mean age of 51.9 ± 9.4 years) were 
enrolled as a control group. 

RESULTS: A marked decrease of the reactivity of the autonomic nervous system as a response to orthostatic 
changes was found in patients after SCI (paraplegics). In particular, characteristic responses of low frequency (LF) 
and high frequency (HF) spectral components during the body position changes were suppressed in these patients in 
comparison with healthy controls. Furthermore, a signifi cant decrease in the spectral power of the LF and HF com-
ponents was found in patients after SCI. The value of the spectrum’s total power (TP) was signifi cantly lower in the 
group of paraplegics in comparison with healthy volunteers, both in the fi rst and in the repeated supine positions. A sig-
nifi cant degree of orthostatic hypotension was registered only in two paraplegics in a sitting position. A lower increase 
in the LF/HF ratio was registered in a sitting position in a group of paraplegics in comparison with healthy subjects. 

CONCLUSIONS: A decrease in the reactivity of the autonomic nervous system to orthostatic changes, which 
evidences disturbances of cardiovascular regulation, was found in patients after spinal cord injury (paraplegics). The 
reduction of the low-frequency component (LF) of the spectral analysis of heart rate variability refl ects a lowered 
sympathetic activity in these patients in a sitting position. It refl ects ortostatic disturbances in situations with body 
position changes associated with a modifi ed orthostatic load. Blood pressure measurement and SAHRV contribute 
to a more precise assessment of the autonomic dysfunction in patients after SCI.
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specifi c frequency bands and their oscillations can be 
quantifi ed to estimate vagal and sympathetic activity 
con tributions to heart rate. 

A relatively low number of studies concerning auto-
nomic nervous system function in subjects with spinal 
cord injury focused on this topic can be found in the 
litera ture (Bunten et al., 1998; Claydon et al., 2008; 
Chen et al., 2006; Wecht et al., 2003). The main aim of 
this study was to assess heart rate variability as a marker 
of cardiovascular autonomic regulation in patients with 
spinal cord injury and to compare it with fi ndings in 
healthy controls.

INTRODUCTION 

Yearly, 200–300 new spinal cord injuries (SCI) hap-
pen in the Czech Republic. Some of these patients suf-
fer from autonomic disturbances, especially concerning 
their cardiovascular and genito-urinary systems. Auto-
nomic disturbances markedly decrease quality of life in 
patients with SCI. It is important to assess the severity 
of the autonomic nervous system (ANS) involvement in 
these subjects. The assessment of heart rate variability 
(HRV) with the use of the spectral analysis of heart 
ra te variability (SAHRV) represents a method available 
in clinical practice. Using computer based programs, 
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MATERIAL AND METHODS 

Ten paraplegics (with a mean age of 53.1 ± 15.8 years, 
seven males and three females), participated in this stu dy. 
There were fi ve patients with incomplete and fi ve patients 
with complete spinal cord injury. The ASIA – American 
Spinal Injury Association (Wise, 2009), modifi ed Ash-
worth scale (Bohannon & Smith, 1987), and the Ques-
tionnaire on autonomic functions (Opavský, 2002) were 
used. Autonomic reactivity was evaluated by means of 
the SAHRV method in the supine-sitting-supine test (SSS 
test), which is a modifi cation of the su pine-standing-supine 
test (Opavský, 2002; Salinger, 1999). SAHRV was used as 
a sensitive, non invasive met hod for the evaluation of auto-
nomic nervous system activity. The areas of the frequency 
spectrum are divided into three major components:
1. VLF (very low frequency, from 20 to 50 MHz) com-

ponent, its origin hasn’t been fully explained, yet. 
2. The LF (low frequency, from 50 to 150 MHz, mainly 

about 100 mHz) component is explained mostly as 
a refl ection of arterial baroreceptor sympathetic ac-
tivity (Pagani et al., 1992).

3. HF (high frequency from 150 to 400 MHz) compo-
nent represents a vagal activity associated with breat-
hing (Malik & Camm, 1990).

Diagnostic system VarCor PF7, which is innovation 
of the system of VarCor PF6, was used. The ECG signal 
is obtained with the help of an electrode belt POLAR 
or electrodes placed on the thorax. A transmitter of this 
system works at a frequency of 433 MHz. (Štěpaník et 

al., 2005). The ECG signal was processed in PC with 
the use of special software for this diagnostic system 
(Salinger et al., 2005).

Twenty four healthy subjects (with a mean age of 
51.9 ± 9.4 years) were enrolled as a control group. Blood 
pressure values in the fi rst supine position and at the 
end of their stay in the sitting position were measured. 

RESULTS 

A marked decrease in the reactivity of the autonomic 
nervous system to orthostatic changes was found in pa-
tients after SCI (paraplegics). In particular, characteris-
tic responses of low frequency (LF) and high frequency 
(HF) spectral components during changes of body posi-
tions were suppressed in comparison with healthy con-
trols (Fig. 1 and Fig. 2).

Furthermore a signifi cant decrease in spectral power 
of the LF and HF components was found in these pa-
tients (TABLE 1 and TABLE 2). The value of the total 
power (TP) was signifi cantly lower in the group of para-
plegics in comparison with healthy volunteers, both in 
the fi rst and in the repeated supine positions (TABLE 3 
and Fig. 3). A signifi cant orthostatic hypotension was 
registered only in two paraplegics when in a sitting posi-
tion. A lower increase in LF/HF ratio was registered in 
a sitting position in a group of paraplegics in compari-
son with healthy subjects (TABLE 4 and Fig. 4). 

Fig. 1 
Spectral power of the LF component in a group of paraplegics and age-matched healthy controls in the su pine-sitting-
supine test
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TABLE 1
Spectral power of the LF component in a group of para-
plegics and age-matched healthy controls in the su pine-
sitting-supine test

LF [ms2]  PARA CONTR  p

1 mean 53.8 293.1 0.001

SD 30.3 378.6  

2 mean 51.5 328.1 0.0013

SD 42.8 350.7  

3 mean 61.8 283.2 0.003

  SD 40.4 398.5  

Fig. 2
Spectral power of the HF component in a group of paraplegics and age matched healthy controls in the supine-sitting-
supine test
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Legend: 
body positions in the supine-sitting-supine test: 1 – supine, 2 – sitting, 3 – repeated supine 
PARA = paraplegics
CONTR = control group
LF = low frequency component of the spectral analysis of a heart rate variability (0.05–0.15 Hz)
Power LF [ms2] = spectral power of the LF component of the SAHRV
HF = high frequency component of the spectral analysis of a heart rate variability (0.15–0.4 Hz) 
Power HF [ms2] = spectral power of the HF component of the SAHRV
p = level of signifi cance

TABLE 2
Spectral power of the HF component in a group of para-
plegics and age matched healthy controls in the supine-
sitting-supine test

HF [ms2]  PARA CONTR  p

1 mean 38.0 387.9 0.0004

SD 27.5 639.6  

2 mean 34.0 169.8 0.03 

SD 43.7 333.2  

3 mean 56.4 539.3 0.001

 SD 50.3 830.9  
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Fig. 3 
Total spectral power (TP) in a group of paraplegics and age-matched healthy controls in the supine-sitting-supine test

0

100

200

300

400

500

600

700

800

900

1 2 3

Position of the body in the supine(1)-sitting(2)-supine(3) test

T
o

ta
l 

P
o

w
e
r 

[m
s

2
]

Total Power-paraplegics Total Power-control group

Legend: 
body positions in the supine-sitting-supine test: 1 – supine, 2 – sitting, 3 – repeated supine 
PARA = paraplegics
CONTR = control group
Total power [ms2] = sum of the spectral power of the low frequency (LF) + high frequency (HF) components
p = level of signifi cance

TABLE 3
Total spectral power (TP) in a group of paraplegics and age-matched healthy controls in the supine-sitting-supine test

TP [ms2]  PARA CONTR p

1 mean 91.8 705.8 0.008

SD 53.3 949.4  

2 mean 85.5 524.9  

SD 67.0 717.9  

3 mean 115.6 840.3 0.007

 SD 80.8 1218.6  
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TABLE 4 
Ratio LF/HF in a group of paraplegics and age-matched healthy controls in the supine-sitting-supine test

LF/HF  PARA CONTR p

1 mean 1.9 1.6 N.S.

SD 1.0 1.4  

2 mean 2.6 4.8 N.S.

SD 2.2 5.1  

3 mean 1.8 1.4 N.S.

 SD 1.4 1.6  

Fig. 4 
Ratio LF/HF in a group of paraplegics and age-matched healthy controls in the supine-sitting-supine test
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Legend:
body positions in the supine-sitting-supine test: 1 – supine, 2 – sitting, 3 – repeated supine 
PARA = paraplegics
CONTR = control group
LF/HF = ratio of the low frequency (LF) and high frequency (HF) spectral power
p = level of signifi cance 
N.S.= non signifi cant
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TABLE 5
Questionnaire on autonomic functions in paraplegics

Patient A B C

1 6 9 1

2 8 7 1

3 8 7 1

4 8 6 2

5 10 5 1

6 6 8 2

7 8 7 1

8 8 5 3

9 7 7 2

10 7 8 1

mean 7.6 6.9 1.5

SD 1.11 1.22 0.67

Legend:
A – answers for sympathetic responses
B – answers for parasympathetic (vagal) responses
C – indiff erent responses

A ratio A/B (7.6:6.9) in paraplegics demonstrates 
a minimal (non signifi cant) prevalence of responses for 
sympathetic function. 

DISCUSSION

Heart rate variability has been investigated during 
postural stress as a means of identifying changes within 
the frequency spectra corresponding to a sympathetic 
stimulus (Vybiral et al., 1989) and vagal withdrawal. In 
the able bodied population, increase in the low frequen-
cy component of heart rate variability was registered 
and reported during postural stress and was associated 
with signifi cant reductions in the high frequency compo-
nent, suggesting augmented sympathetic and diminished 
vagal cardiac control (Montano et al., 1994). 

Cardiovascular autonomic functions are markedly 
disturbed in SCI patients. It can lead, as one of the 
im portant factors, to an increase in mortality in these 
patients.

Time domain, amplitude, and power spectral analy-
ses were used to study HRV and autonomic functions. 
The paraplegic subjects demonstrated a signifi cant loss 
of the low frequency component during 24-hour HRV 
regi stra tion compared to able bodied controls. This was 
interpreted as being consistent with predominantly sympa-
thetic denervation uninfl uenced by the degree of physical 
activity (Bunten et al., 1998). The group with paraplegia 
demonstrated a signifi cantly lower HF baseline and LF 
composite levels than controls (Grimm et al., 1997).

Decreased autonomic reactivity in patients after SCI 
shows a markedly decreased adaptation to orthostatic 
load. SCI patients are known to suff er from autonomic 
failure as a result of their injury (Bunten et al., 1998). 
We have described disturbed cardiovascular control in 
subjects after SCI, both in a supine position and during 
a situation with orthostatic load (sitting position).

A signifi cant decrease in the power of LF and HF 
spectral components (in frequency domain) in patients 
after SCI (paraplegics) was found in our study. It cor-
responds to the results published by Ditor et al. (2005).

Furthemore, a registration of an orthostatic hypoten-
sion gives us important information for the rehabilita-
tion strategy in patients after SCI. Paraplegic subjects 
also had signifi cantly lower barorefl ex eff ectiveness and 
greater blood variability, compared with the control 
group (Castiglioni, 2007). Abnormal blood pressure 
responses have been repeatedly described in these pa-
tients (Ditor et al., 2005). Therefore, a blood pressure 
measurement for the basic assessment of autonomic 
reac tivity, in situations with diff erent orthostatic load, 
should be performed in patients after SCI. Frequency 
analyses of autonomic function are related to clinical 
measures of autonomic control after SCI and provide 
useful noninvasive clinical tools with which to assess 
autonomic completeness of an injury following SCI 
(Clay don & Krassioukov, 2008). 

CONCLUSION 

1.  A decrease in the reactivity of the autonomic nervous 
system to orthostatic changes, which evidences dis-
turbances of cardiovascular regulation in patients 
after spinal cord injury (paraplegics) was found.

2.  The reduction of the low-frequency component (LF) 
of the spectral analysis of heart rate variability refl ects 
a lowered sympathetic activity in these patients in 
a sit ting position. Furthemore, it refl ects orthostatic 
disturbances in situations with body position changes. 

3.  An examination of the blood pressure in diff erent 
body positions and the examination of autonomic re-
activity by means of the SAHRV method con tribute 
to the checking of the autonomic dysfunctions in 
pa tients after spinal cord injury.

ACKNOWLEDGEMENT

The study has been     supported by the research grant 
from the Ministry of Education, Youth and Sports of 
the Czech Republic (No. MSM 6198959221) “Physical 
Activity and Inactivity of the Inhabitants of the Czech 
Republic in the Context of Behavioral Changes”.



Acta Univ. Palacki. Olomuc., Gymn. 2010, vol. 40, no. 2 61

REFERENCES

Bohannon, R. W., & Smith, M. B. (1987). Interrater 
re liability of a modifi ed Ashworth scale of muscle 
spasticity. Phys. Ther., 67, 206–207. 

Bunten, D. C., Warner, A. L., Brunnemann, S. R., & 
Se gal, J. L. (1998). Heart rate variability is altered 
following spinal cord injury. Clin. Auton. Res., 8(6), 
329–334.

Castiglioni, P., Di Rienzo, M., Veicsteinas, A., Para-
ti, G., & Merati, G. (2007). Mechanism of blood 
pressure and heart rate variability: An insight from 
low level paraplegia. Am. J. Physiol. Regul. Integr. 

Comp. Physiol., 292(4), 1502–1509.
Claydon, V. E., & Krassioukov, A. V. (2008). Clinical 

correlates of frequency analyses of cardiovascular 
control after spinal cord injury. Am. J. Physiol. Heart, 

294(2), 668–678.
Ditor, D. S., Kamath, M. V., Macdonald, M. J., Buga-

resti, J., McCartney, N., & Hicks, A. L. (2005). 
Re producibility of heart rate variability and blood 
pressure variability in individuals with spinal cord 
injury. Clin. Auton. Res., 15(6), 387–393.

Grimm, D. R., De Meersman, R. E., Almenoff , P. L., 
Spungen, A. M., & Bauman, W. A. (1997). Sympat-
ho vagal balance of the heart in subjects with spinal 
cord injury. Am. J. Physiol., 272, 835–842.

Chen, C. Y., Chuang, T. Y., Tsai, Y.A., Tai, H. C., Lu, 
C. L., Kang, L. J., Lu, R. H., Chang, F. Y., & Lee, 
S. D. (2006). Loss of sympathetic coordination ap-
pears to delay gastrointestinal transit in patients with 
spinal cord injury. Dig. Dis. Sci., 49(5), 738–743.

Malik, M., & Camm, A. J. (1990). Signifi cance of long 
term components of heart rate for the further prog-
nosis after acute myocardial infarction. Cardiovascu-

lar Research, 24, 793–803.
Montano, N., Ruscone, T. G., Porta, A., Lombardi, F., 

Pagani, M., & Malliani, A. (1994). Power spectrum 
analysis of heart rate variability to assess the changes 
in sympathovagal balance during graded orthostatic 
tilt. Circulation, 90(4),1826–1831. 

Opavský, J. (2002). Autonomní nervový systém a diabetic-

ká autonomní neuropatie. Praha: Galen.
Pagani, M., Rimoldi, O., & Malliani, A. (1992). Low 

fre quency components of cardiovascular variabili-
ties as markers of sympathetic modulation. Trends 

in pharmacological sciences 13(2), 50–54.
Salinger, J., Pumprla, J., Vychodil, R., Stejskal, P., 

Opavský, J., Novotný, J., & Bula, J. (1999). Micro-
computer system for telemetric assessment of short 
term heart rate variability in time and frequency 
do main, type VariaCardio TF4. In A. Murray & 
S. Swiryn (Eds.), Computers in Cardiology 1999 
(pp. 599–602). Los Alamitos: The Institute of Elec-

trical and Electronics Engineer (IEEE) Computer 
Society Press.

Salinger, J., Štěpaník, P., Kolisko, P., Stejskal, P., Theue-
ro vá, Š., Elfmark, M., Gwozdziewiczová, S., & 
Krejčí, J. (2005). Measurement of breathing frequen-
cy from ECG in the examination of autonomous 
ner vous system activities: Suggested methods and 
their verifi cation. Acta Universitatis Palackianae Olo-

mucensis. Gymnica, 35, 95–103.
Štěpaník, P., Salinger, J., Novotný, J., Stejskal, P., & 

Krej čí, J. (2005). Diagnostic system, type VarCor 
PF7, for non invasive assessment of the function 
of the autonomic nervous system. [CD-ROM]. In 
F. Va verka (Ed.), Movement and Health – 4th Interna-

tional Conference – Proceedings. Olomouc: Univerzita 
Palac kého.

Wise, I. (2009). Spinal cord injury levels & classifi ca-
tion. Retrieved 27. 5. 2009 from Google database 
on the World Wide Web: http://www.sci-info-pages.
com/levels.html.

Vybiral, T., Bryg, R. J., Maddens, M. E., & Boden, W. E. 
(1989). Eff ects of passive tilt on sympathetic and 
para sympathetic components of heart rate variability 
in normal subjects. Am. J. Cardiol., 63, 1117–1120.

Wecht, J. M., De Meersman, R. E., Weir, J. P., Spun-
gen, A. M., & Bauman, W. A. (2003). Cardiac 
auto nomic responses to progressive head-up tilt in 
indi viduals in paraplegia. Clin. Auton. Res., 13(6), 
433–438.

SPEKTRÁLNÍ ANALÝZA VARIABILITY 
SRDEČNÍ FREKVENCE U PACIENTŮ 

S PORANĚNÍM MÍCHY
(Souhrn anglického textu)

VÝCHODISKA: Každoročně se v České republice 
vyskytne 200–300 nových poranění míchy (SCI). Ně-
kteří z těchto pacientů trpí autonomními poruchami, jež 
zasahují zejména jejich kardiovaskulární a genitourinár-
ní systém. Autonomní poruchy značně snižují kvalitu 
života pacien tů s SCI. U těchto subjektů je důležité po-
soudit závažnost postižení autonomní nervové soustavy 
(ANS).

CÍL: Hlavním cílem této studie bylo posoudit spek-
trální analýzu variability srdeční frekvence jako indiká-
toru kardiovaskulární autonomní regulace u pacientů 
s poraněním míchy a porovnat ji s nálezy zjištěnými 
u zdravých kontrolních jedinců.

METODY: Této studie se zúčastnili paraplegici (prů-
měrný věk 53,1 ± 15,8 let, sedm mužů a tři ženy). U pěti 
z nich byla mícha poraněna částečně a u zbylých pěti 
zcela. Byla použita klasifi kace ASIA (American Spinal 
Injury Association), modifi kovaná Ashworthova stupni-
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ce a Dotazník autonomních funkcí. Autonomní reakti-
vita byla hodnocena pomocí metody spektrální analýzy 
variability srdeční frekvence (SAHRV; krátkodobá regis-
trace) za použití testu leh-sed-leh (su pine-sitting-supine). 
Byl použit diagnostický systém VarCor PF7, což je ino-
vace systému VarCor PF6. Kontrolní skupinu tvořilo 
dvacet čtyři subjektů (průměrný věk 51,9 ± 9,4 roku).

VÝSLEDKY: U pacientů po SCI (paraplegiků) byl 
v rámci reakce na ortostatické změny zjištěn výrazný po-
kles reaktivity autonomní nervové soustavy. Ve srovná ní 
se zdravými kontrolními jedinci byly u těchto pacientů bě-
hem změn pozice těla potlačeny zejména charakteristic-
ké reakce nízkofrekvenčních (LF) a vysokofrekvenč ních 
(HF) spektrálních složek. Navíc byl u těchto pa cientů 
zaznamenán významný pokles spektrálního vý konu u LF 
a HF složek. Hodnota celkového výkonu (TP) spektra 
byla výrazně nižší ve skupině paraplegiků ve srovnání se 
zdravými dobrovolníky, a to jak při první pozici vleže, 
tak i při opakovaných pozicích vleže. Významná míra 
ortostatické hypotenze byla zaznamenána pouze u dvou 
paraplegiků v poloze vsedě. Menší zvýšení poměru 
LF/HF bylo zaznamenáno v poloze vsedě ve skupině 
paraplegiků ve srovnání se zdravými jedinci.

ZÁVĚRY: U pacientů s poraněním míchy (paraple-
giků) byl zjištěn pokles reaktivity autonomní nervové 
soustavy na ortostatické změny, což dokazuje poruchy 
kardiovaskulární regulace. Snížení nízkofrekvenční (LF) 
složky spektrální analýzy variability srdeční frekvence 
u těchto pacientů refl ektuje sníženou sympatickou akti-
vitu v poloze vsedě. Odráží ortostatické poruchy v situa-
cích, kdy se mění poloha těla, což je spojeno se změnou 
ortostatického zatížení. Přesnější hodnocení autonomní 
dysfunkce u pacientů po SCI je podpořeno měřením 
krev ního tlaku a SAHRV.

Klíčová slova: poranění míchy, spektrální analýza, varia-

bilita srdeční frekvence, autonomní nervová soustava.
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