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ÖZETKronik spinal kord yaralı hastalarda otonomik disfonksiyonun QT 
dispersiyonu üzerine etkisi
Amaç: Spinal kord yaralı(SKY) hastalarda otonomik disfonksiyonun ventriküler 
aritmilerin belirteci olan QT dispersiyonu üzerene etkisini inceleme ve hem 
istirahat hem de ürodinamik test sırasında aritmi riskini değerlendirmek.
Materyal ve Metod: Bu prospektif çalışmaya 30 travmatik SKY ve 27 sağlıklı 
birey alınmıştır. Her iki gruptaki hastalara rutin fizik muayene ve 12 elektrotlu 
elektrokardiyografi(EKG) uygulanmıştır. Hasta grupta kan basıncı ve EKG kayıtları 
ürodinamik değerlendirme sırasında da uygulandı. QT intervalinin ölçümleri 2 
kör araştırmacı tarafından yapıldı. QT ve düzeltilmiş QT (QTd) hesaplandı. SKY 
hastalar yaralanma seviyelerine ve ağırlığına gore ve ürodiamik ve otonomik testler 
sırasındaki otonomik disfonksiyonunun oluşumu muakayese edildi.
Bulgular: QT ve QTd dispersiyon değerleri SKY hastalarda kontrollere daha yüksek 
idi. QT ve QTd arasındaki farklılık SKY ve sağlam bireyde anlamlı düzeyde değildi.
Sonuç: QT dispersiyonu SKY hastalarda control grubuna gore daha yüksek idi. Bu 
durum bu hastalarda ventriküler aritmideki yüksek riske işaret edebilir, bununla 
beraber nörolojik yaralanma seviyesi, otonomik disfonskiyon ve yaralanmanın 
komplet olup olmaması bu riski arttırmaz.

Anahtar Kelimeler: QT dispersiyon, spinal kord yaralanması, otonomik disfonksiyon

SUMMARY
Objective: To provide data on patients with spinal cord injury (SCI) concerning 
the effect of autonomic dysfunction on QT dispersion as a predictor of ventricular 
arrhythmias, and to evaluate the risk of arrhythmia during both the resting state 
and urodynamic examination, which may increase the likelihood of autonomic 
dysreflexia due to bladder extension.
Materials and Method: This prospective, case-controlled study included 30 patients 
with traumatic SCI and 27 healthy individuals. SCI patients and healthy controls 
underwent routine physical examination and 12-lead electrocardiography. In the 
patient group blood pressure and ECG records were obtained during urodynamic 
assessment. Measurement of the QT interval was performed manually by 2 
blinded investigators. QT and QT corrected (QTc) dispersion were calculated. 
The SCI patients were compared according to the injury level and severity, and 
the existence of autonomic dysfunction based on urodynamic or autonomic 
examination.
Results: QT and QTc dispersion values were higher in the SCI patients than in the 
controls. The difference in QT and QTc dispersion between the patients with and 
without autonomic dysfunction was not statistically significant. 
Conclusions: QT dispersion in the SCI patients was higher than that in the controls. 
As such, the risk of ventricular arrhythmia may be higher in such patients; however, 
neurological injury level, autonomic dysfunction, and completeness do not 
contribute to this risk.
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Introduction
Spinal cord injury (SCI) is associated with increased risk of 

mortality (1). Following pneumonia and septicemia, cardiovas-
cular disorders are the leading cause of death in patients with 
SCI (2). A relatively sedentary lifestyle and a high prevalence 
of other cardiovascular risk factors, including obesity and dia-
betes, increase cardiovascular-related morbidity and mortality 
rates in SCI patients. The autonomic nervous system modula-
tes cardiac function, and abnormalities in autonomic function 
are known to increase the risk of ventricular arrhythmias (3). 
Autonomic dysfunction may cause increase in the heart rate, 
variability of blood pressure, and life-threatening hypertensi-
on attacks. Those are associated with a condition known as 
autonomic dysreflexia (4). In patients with cervical and high 
thoracic SCI (above T6) autonomic control of the cardiovascu-
lar system is impaired  (5) as imbalanced reflex sympathetic 
discharge causes a disruption in cardiac sympathetic output. 
Rodenbaugh et al. reported that SCI increases susceptibility to 
ventricular tachyarrhythmias via altering cardiac function and 
an abundance of Ca2+ regulatory proteins. Moreover, cardiac 
arrhythmias and unstable blood pressure may occur during 
episodes of autonomic dysreflexia (6,7). Early repolarization, 
premature ventricular contraction, right bundle branch block, 
bradycardia, and ventricular excitation are examples of those 
cardiac arrhythmias (5,8,9).   

Recent studies support the value of QT dispersion in pre-
dicting the risk for ventricular arrhythmias (10). Given the re-
lationship between autonomic dysfunction in SCI and cardiac 
arrhythmias, QT dispersion may have a role as a predictor of 
ventricular arrhythmias in the clinical practice of  physicians 
concerned with preventing further probable impairment in SCI 
patients. The aim of the present study was to determine whet-
her autonomic dysfunction in SCI patients affects QT disper-
sion or not. There are two stages of the study. The first stage 
was the comparison of SCI patients and healthy controls for 
the presence of QT dispersion in the resting state. The second 
stage included the assessment of QT dispersion in SCI pati-
ents during an urodynamic examination.,which may possibly 
trigger an attack of autonomic dysreflexia secondary to noxio-
us stimulus of bladder extension.

Material and Methods 
Study population

The study population included 30 patients with traumatic 
SCI and 27 gender and age matched healthy controls. A com-
puterized sample size analysis program (PS3) was used to es-
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timate the number of patients in each group. According to the 
study by Galetta F et al. (34) the expected difference between 
the study and control groups was 27 and SD was 12. To obtain 
a power of 0,80 using a cut-off value of 0,05 for alpha it was 
calculated that it was necessary to have 4 patients in the study 
group and 4 patients in the control group. Therefore it was 
estimated that 30 patients in the study group would be suffici-
ent for subgroup analyses considering possible drop-outs and 
possible SD changes.  SCI patients were randomly selected 
from inpatients at our SCI rehabilitation unit and healthy cont-
rols were selected from outpatients who were non-smokers 
without any cardiac disease. All patients were assessed by a 
cardiologist and a physiatrist, based on physical examination 
and electrocardiography. American Spinal Injury Association 
(ASIA) assessment was used for neurological classification of 
the level and completeness of SCI (11). Patients with a his-
tory of myocardial infarction or angina pectoris, atrial fibrillation 
(AF), left ventricular dysfunction, left ventricular hypertrophy, 
valvular heart disease, chronic obstructive pulmonary disea-
se, ventricular pre-excitation, atrioventricular conduction ab-
normalities, abnormal thyroid function, glucose metabolism, 
or serum electrolytes were excluded from the study. Subjects 
with pain, pressure sores, or any infection (urinary, respira-
tory etc.) were also excluded. None of the patients were taking 
medications that might have affected QT intervals. There was 
no history of familial arrhythmia, recurrent syncope, or sudden 
death from ventricular arrhythmias in any patient. Biochemical 
analysis of blood glucose, serum albumin, plasma calcium, 
and potassium in the patients and controls were within normal 
limits. The patients with symptoms or electrocardiographic fin-
dings of myocardial ischemia and a history of alcoholic abuse 
were excluded.

Autonomic Examination
Head-up tilt-table testing, heart rate variation with respira-

tion, and the Valsalva maneuver were performed to examine 
autonomic dysfunction in the SCI patients (12). The patients 
with abnormal results in 2 of these 3 examinations were consi-
dered to have autonomic dysfunction.

1. Head-up tilt-table testing; After baseline blood pressure 
was established the patients were positioned on a tilt table 
at an incline of 80° from the horizontal for 5 min, and then 
blood pressure was measured again. A reduction from base-
line in systolic blood pressure (≥20 mmHg) or diastolic blood 
pressure (≥10 mmHg) after 5 min was considered orthostatic 
hypotensiona positive test result (12,13). 

2. Heart rate variation with respiration; Patients in the su-
pine position, with the head elevated to 30°, breathed deeply6 
respirations min–1 (5 s for inspiration and 5 s for expiration). 
The average of the six ratios of the longest and shortest R-R 
interval within each of the six respirations was calculated. The 
outcomes were compared with the normal values (12).

3. The Valsalva maneuver; Each patient, with their head 
slightly elevated to 30°, performed the Valsalva maneuver 
for 15 s, and then relaxed and breathed comfortably for 45 s. 
Electrocardiographic records were obtained during all these 
tests. The ratio of maximal to minimal heart rate was calcula-
ted; ratios <1.2 were accepted as abnormal(12).

Electrocardiographic Measurement
A 12-lead electrocardiogram (ECG) was recorded for all the 

patients and controls (rate: 50 mm s–1) while in the resting su-

pine position. While each SCI patient was examined urodyna-
mically, blood pressure and electrocardiograms were obtained 
at the stages of initial sensation of vesical filling, micturition 
desire, and maximal bladder capacity by another researcher. 
Signs of autonomic dysreflexia, such as hypertension, hea-
dache, excessive sweating, flushing, and piloerection during 
urodynamic examination were recorded. 

All annotations on the electrocardiograms were masked and 
assigned a number. Measurement of the QT interval was per-
formed manually by 2 blinded investigators. To improve accu-
racy the measurements were performed with calipers and a 
magnifying lens to define electrocardiographic deflection. The 
QT interval was measured from the start of the QRS complex 
to the point at which the T-wave intersected the isoelectric line. 
The corrected QT interval (QTc) for heart rate was calculated 
using Bazett’s formula: QTc = QT/√RR (14). QT and QTc dis-
persion were calculated as the difference between the maxi-
mum QT interval and minimum QT interval (15). 
Statistical analysis

Continuous variables are expressed as mean ± SD and ca-
tegorical variables are expressed as a percentage. QT and 
QTc dispersion values from resting ECG recordings in the 
control and patient groups were compared using Student’s t 
test. Those values were also compared between patient subg-
roups, which were designated according to the injury level 
and severity (completeness, injury level), the existence of au-
tonomic dysreflexia during urodynamic examination, and the 
existence of autonomic dysfunction during head-up tilt-table 
testing, heart rate variation with respiration testing, and the 
Valsalva maneuver. Comparisons between the patient and 
control groups were made using Student’s t test. Change over 
time in QT dispersion or QTc dispersion, and the probable ef-
fect of autonomic factors were evaluated with the general line-
ar model-repeated measures analysis of variance. A value of 
p <0.05 was considered statistically significant.
Results

There was no difference in age between the patients with 
traumatic SCI (age: 29.43 ± 7.00 years) and the healthy cont-
rols (age: 32.18 ± 6.82 years) (P > 0.05). The SCI patients 
and controls were predominantly male (n = 22, 73.3%; n = 21, 
77.8%, respectively).  There was no difference in gender bet-
ween the two groups (P > 0.05). In total, 19 (63.3%) of the SCI 
patients were paraplegic, 11 (36.7%) were tetraplegic, and 16 
(53.3%) had complete lesions.Of the total patients, 43.3% (n 
= 13) had lesions at the level of T6 or above. Mean elapsed 
time from the incident that caused SCI to hospitalization in our 
center was 38.7 months (10-170 months).

QT and QTc dispersion values were higher in the SCI pati-
ents than in the controls (P < 0.001). There was no significant 
difference in QT or QTc dispersion values between the pati-
ents with complete and incomplete lesions (P>0.05).  There 
was no   difference in QT or QTc dispersion values between 
the tetraplegic and paraplegic patients (P>0.05).  Furthermo-
re, QT and QTc values did not differ significantly between the 
patients with and without autonomic dysfunction (P > 0.05). All 
the patients with autonomic dysfunction experienced autono-
mic dysreflexia during urodynamic examination.  QT and QTc 
dispersion values in the patients that experienced autonomic 
dysreflexia during urodynamic examination were not signifi-
cantly different from those in the other patients during resting 
electrocardiography (P > 0.05).  Patients with an injury level 
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cantly affect the repeated measurements, based on between-
subject analysis of variance (P > 0.05). 

Discussion
In the present study, our findings show that subjects with SCI 

were found to have higher QT dispersion values than the cont-
rol subjects. QT dispersion was not found to be affected by ne-
urological level or completeness or by autonomic dysfunction. 
Several studies have reported that completeness of lesions, 
as determined by ASIA score, does not necessarily indicate 
the integrity of autonomic pathways (16,17). Likewise, we also 
observed that there was no relationship between complete-
ness of injury and QT dispersion values in SCI patients.

Morbidity and mortality related to cardiovascular causes 
increase after SCI, as compared to those in the general po-
pulation (18,19). Metabolic disorders that are more commonly 
seen in SCI patients than in ambulatory patients are the cause 
of most cardiovascular diseases (20). In addition, autonomic 
nervous system dysfunction may cause malignant ventricular 
arrhythmias and sudden death (21). Changes of autonomic 
neural tone may influence depolarization and repolarization ki-
netics of myocardial cells, and then QT dispersion may increa-
se (22). This is considered to reflect regional variation in vent-
ricular recovery times. This spatial dispersion of repolarization 
may cause ventricular instability and ventricular arrhythmias 
(23,24). The present study that revealed that higher QT dis-
persion in SCI supports the view of a higher risk of arrhythmias 
in SCI patients compared to healthy individuals. The increase 
in QT dispersion, that is the risk of arrhythmias, was similar 
for paraplegic and tetraplegic patients. Similarly, complete or 
incomplete lesions did not have any effect on QT dispersions.

There is a correlation between QT dispersion and autono-
mic imbalance (25). A reduction in QT interval dispersion du-

Table 1. Examinations of QT and QTc dispersions in the resting ECG records.

Study population (n=30) Healthy population (n=27)
QT dispersion 52.53±15.41 32.75±7.90 <0.001
QTc dispersion 58.39±17.85 36.19±7.11 <0.001

The patients with complete le-
sions (n=16)

The patients with incomplete lesions 
(n=14) 

QT dispersion 55.87±16.45 48.71±13.73 >0.05
QTc dispersion 62.38±19.32 53.82±15.42 >0.05

Tetraplegic patients (n=11) Paraplegic patients (n=19)
QT dispersion 53.63±13.98 51.89±16.53 >0.05
QTc dispersion 57.94±17.86 58.65±18.32 >0.05

The patients with the injury 
level of T6 or above (n=13)

The patients with the injury level of 
T7 or below (n=17)

QT dispersion 50.98±14.92 53.71±16.13 >0.05
QTc dispersion 55.03±18.40 60.96±17.52 >0.05

The subjects with autonomic 
dysfunction or dysreflexia (n=9)

The subjects without autonomic dys-
function or dysreflexia (n=21)

QT dispersion 52.88±15.44 52.38±15.78 >0.05
QTc dispersion 58.14±19.97 58.49±17.39 >0.05
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of T6 or above had similar QT and QTc dispersion values as 
those with an injury level of T7 or below (P > 0.05).  

 Comparison between resting electrocardiograms and elect-
rocardiograms recorded during the stages of urodynamic exa-
minations (Figure 1)  

Figure 1. Comparison of QT dispersion of patients with injury level of T6 or 
above and those with T7 or below in the resting electrocardiograms and the 
electrocardiograms recorded during the stages of urodynamic examinations.

Repeated measures of QT and QTc dispersion did not sta-
tistically differ during resting electrocardiograms and electro-
cardiograms recorded during the stages of urodynamic exami-
nation (initial sensation of vesical filling, micturition desire, and 
maximal bladder capacity) (P > 0.05) (Figures 1-4). Comple-
teness, injury level, and autonomic dysfunction did not signifi-
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ring treatment with beta-blocking agents has confirmed this 
finding indirectly (26). The autonomic nervous system plays an 
important role in electrophysiological heterogeneity (27,28). 
Sympathetic activation may precipitate or enhance ventricular 
arrhythmias, whereas vagal tone may suppress their occur-
rence (27,29). As such, modulation of autonomic tone may 
play a significant role in protecting against spontaneous and 
ischemic ventricular arrhythmias (30,31). Myocardial necrosis 
and injury may cause a dispersion of myocardial refractoriness 
that, in conjunction with heightened sympathetic tone, creates 
electrical instability and cardiac arrhythmias (32). It has been 
shown that anxiety is associated with changes in neuroauto-
nomic control, and this neuroautonomic imbalance may lead 
to QT dispersion (33). Galeta et al. reported that patients with 
clinical hypothyroidism have sympathovagal imbalance and 
higher non-homogeneity of ventricular recovery times, and 
that the assessment of QT dispersion in these patients may 
represent a useful tool for monitoring cardiovascular risk (34). 
Given the findings of the present study, the QT dispersion va-
lue may also be a predictor for arrhythmias in SCI. 

Figure 2. Comparison of QTc dispersion of patients with injury level of T6 
or above and those with T7 or below in the resting electrocardiograms and the 
electrocardiograms recorded during the stages of urodynamic examinations.

Normally, there is a balance between the sympathetic and 
parasympathetic nervous systems. Although various neurot-
ransmitters, such as norepinephrine, pass through systemic 
circulation due to sympathetic outflow, compensatory vasomo-
tor brainstem reflexes increase parasympathetic stimulation. 
Autonomic dysfunction due to SCI shows the disturbance of 
this balance. As such, SCI is a good model for investigating 
the effects of autonomic dysfunction on cardiac electrophysio-
logy, although, to the best of our knowledge the present study 
is the first study to investigate QT dispersion (a predictor of 
ventricular arrhythmia) in patients with SCI. 

Autonomic dysreflexia, which is characterized by massive 
imbalance in reflex sympathetic discharge in patients with SCI 
above the splanchnic sympathetic outflow, is the best indicator 
of autonomic dysfunction due to SCI. A noxious stimulus can 
induce autonomic dysreflexia, and it is known that the most 
effective stimulus for inducing excessive sympathetic spinal 
outflow is bladder extension (35).  The pro-arrhythmogenic 
effect of autonomic dysreflexia causing sympathetic hyperac-
tivity and high vagal tone has been reported (7). The results of 

the present study indicate that there was no relationship bet-
ween autonomic dysfunction or dysreflexia, and QT dispersion 
in SCI patients. This may be related to the fact that all SCI pati-
ents in the study had more or less an impacted autonomic ner-
vous system. However, the methods used in the study were 
not sufficient to reveal all autonomic dysfunctions, for example 
if it was minimal, but enough to elicit higher QT dispersion.  Si-
milarly, recent studies on the predictive role of prolonged QTc 
or increased QT dispersion in diabetic patients have reported 
conflicting results, although most have reported that prolonged 
QTc, but not increased QT dispersion, is a predictor of morta-
lity related to ventricular arrhythmias in both non-diabetic and 
diabetic patients (36). Lo et al. studied patients with chronic 
primary autonomic failure in order to evaluate the effects of au-
tonomic failure on the QT interval and dispersion (22). Patients 
with primary autonomic failure were associated with prolonged 
QT intervals, but a relationship between QT dispersion and 
chronic primary autonomic denervation was not observed. 

There is a balance between the two limbs of the autono-
mic nervous system, and any alteration to this balance may 
result in changes in QT intervals. Sympathetic dysfunction is 
likely to be more significant than parasympathetic dysfunction 
in patients with primary autonomic dysfunction (22). However, 
a study that evaluated whether the autonomic nervous system 
affected the QT interval showed that vagal tone increased 
the intrinsic dependence of QT as the cycle length increased, 
whereas sympathetic tone did not (37).

When the resting electrocardiograms and the electrocardi-
ograms recorded during the stages of urodynamic examina-
tions were compared, some interesting findings were obser-
ved. Noxious stimulation that originated from the urinary tract 
did not cause an increase in QT dispersion. Parasympathetic 
down-regulation might have immediately intervened and re-
duced the sympathetic effect on the heart, and balance might 
have been regained. On the other hand, the SCI patients’ pa-
rasympathetic systems might have been vigilant due to the 
extreme and permanent reaction of their sympathetic nervous 
systems. As such, parasympathetic control would have been 
dominant at the beginning of urodynamic examination. 

Figure 3. Comparison of QT dispersion of patients with autonomic dysfunc-
tion (all patients who had autonomic dysfunction in examination tests experi-
enced autonomic dysreflexia during urodynamic examinations) in the resting 
electrocardiograms and the electrocardiograms recorded during the stages of 
urodynamic examinations.
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Autonomic dysfunction in patients with SCI is a heterogene-
ous parameter. Therefore,  standard deviations in the subgro-
ups of patients were more than expected, so statistical power 
was low in the subgroup analysis. The high variability in QT 
dispersion in the healthy subjects and the possibility of inter-
rater variability in scoring QT dispersion across clinical set-
tings may be limitations of this study. However, it is thought 
that these findings may lead to more comprehensive studies.
Conclusion

In this study, subjects with SCI were found to have a greater 
QT dispersion on the ECG than healthy individuals suggesting 
an increased risk of developing ventricular arrhythmia. Neither 
neurological completeness, injury level or autonomic dysfunc-
tion were found to affect QT dispersion.
References
1. DeVivo MJ. Sir Ludwig Guttmann Lecture: trends in spinal 

cord injury rehabilitation outcomes from model systems in 
the United States: 1973-2006. Spinal Cord 2007;45:713-
21. 

2. Soden RJ, Walsh J, Middleton JW, Craven ML, Rutkowski 
SB, Yeo JD. Causes of death after spinal cord injury. Spi-
nal Cord 2000;38:604-610.

3. Collins HL, Rodenbaugh DW, DiCarlo SE. Spinal cord 
injury alters cardiac electrophysiology and increases the 
susceptibility to ventricular arrhythmias. Prog Brain Res 
2006;152:275-288. 

4. Lujan HL, DiCarlo SE. T5 spinal cord transection incre-
ases susceptibility to reperfusion-induced ventricular 
tachycardia by enhancing sympathetic activity in consci-
ous rats. Am J Physiol Heart Circ Physiol 2007;293:3333-
3339.

5. Claydon VE, Krassioukov AV. Clinical correlates of frequ-
ency analyses of cardiovascular control after spinal cord 
injury. Am J Physiol Heart Circ Physiol 2008;294:668-678. 

6. Rodenbaugh DW, Collins HL, Nowacek DG, DiCarlo SE. 
Increased susceptibility to ventricular arrhythmias is asso-
ciated with changes in Ca2 regulatory proteins in paraple-
gic rats. Am J Physiol Heart Circ Physiol 2003;285:2605–
2613. 

7. Claydon VE, Elliott SL, Sheel AW, Krassioukov A. Car-
diovascular responses to vibrostimulation for sperm ret-
rieval in men with spinal cord injury. J Spinal Cord Med 
2006;29:207-216.

8. Leaf DA, Bahl RA, Adkins RH. Risk of cardiac dysrhythmi-
as in chronic spinal cord injury patients. Paraplegia 
1993;31:571-575.

9. Marcus RR, Kalisetti D, Raxwal V, Kiratli BJ, Myers J, Per-
kash I, Froelicher VF. Early repolarization in patients with 
spinal cord injury: prevalence and clinical significance. J 
Spinal Cord Med 2002;25:33-8.

10. Tavanier R, Jordaens L, Haerynck F, Derycke E, Clement 
DL. Changes in the QT interval and its adaptation to rate, 
assessed with continuous electrocardiographic recor-
dings in patients with ventricular fibrillation, as compared 
to normal individuals without arrhythmias. Eur Heart J 
1997;18:994–999.

11. Ho CH, Wuermser LA, Priebe MM, Chiodo AE, Scel-
za WM, Kirshblum SC. Spinal Cord Injury Medicine. 1. 
Epidemiology and Classification. Arch Phys Med Rehab 

2007;88:49-54.
12. Ravits JM. AAEM minimonograph #48: autonomic nervo-

us system testing. Muscle Nerve 1997;20:919-937. 
13. AAC and AAN [No authors listed]. The Consensus Com-

mittee of the American Autonomic Society and the Ameri-
can Academy of Neurology Consensus statement on the 
definition of orthostatic hypotension, pure autonomic failu-
re, and multiple system atrophy. Neurology 1996;46:1470. 

14. Bazett HC. An analysis of the time relations of electrocar-
diograms. Heart 1920;7:353.

15. Molnar J, Somberg JC. QT dispersion: still a useful mea-
surement. Cardiology 2009;112:165-167. 

16. Curt A, Dietz V. Electrophysiological recordings in patients 
with spinal cord injury: significance for predicting outco-
me. Spinal Cord 1999;37:157-165.  

17. Nair KP, Taly AB, Rao S, Murali T. Afferent pathways of 
sympathetic skin response in spinal cord: a clinical and 
electrophysiological study. J Neurol Sci 2001;187:77-80.

18. DeVivo MJ, Stover SL, Black KL. Prognostic factors for 
12-year survival after spinal cord injury. Arch Phys Med 
Rehabil 1992;73:156-162.

19. Whiteneck GG, Charlifue SW, Frankel HL, Fraser MH, 
Gardner BP, Gerhart KA, Krishnan KR, Menter RR, Nuse-
ibeh I, Short DJ.,. Mortality, morbidity, and psycho-social 
outcomes of persons spinal cord injured more than 20 ye-
ars ago. Paraplegia 1992;30:617-630.

20. Myers J, Lee M, Kiratli J. Cardiovascular disease in spinal 
cord injury: an overview of prevalence, risk, evaluation, 
and management. Am J Phys Med Rehabil 2007;86:142-
152.

21. Verrier RL, Hagestad EL. Role of the autonomic nervous 
system in sudden death. In: Josephson ME, ed. Sudden 
cardiac death. Philadelphia: David, 1985;41-63.

22. Lo SS, Mathias CJ, Sutton MS. QT interval and dispersion 
in primary autonomic failure. Heart 1996;75:498-501.

23. Kuo CS, Munakata K, Reddy CP, Surawitz B. Characte-
ristics and possible mechanisms of ventricular arrhythmia 
dependent on the dispersion of action potential durations. 
Circulation 1983;67:1356-1357.

24. Chen A, Kusumoto FM. QT dispersion: much ado about 
something? Chest 2004;125:1974-1977.

25. Bonnar CE, MacFayden RJ, Pringle SD, Struther AD.,. 
QT-dispersion is related to sympathetic tone after acute 
myocardial infarction and chronic heart failure. J Am Coll 
Cardio. 1998;31:132. Abstract.

26. Sarma JS, Singh N, Schoenbaum MP, Venkataraman K, 
Singh BN. Circadian and power spectral changes of RR 
and QT intervals during treatment of patients with angina 
pectoris with nadolol providing evidence for differential au-
tonomic modulation of heart rate and ventricular repolari-
zation. Am J Cardiol 1994;74:131–136.

27. Zipes DP. Autonomic modulation of cardiac arrhythmias. 
In: Zipes DP, Jalife J, eds. Cardiac Electrophysiology: 
From Cell to Bedside. 2nd ed. Philadelphia, PA: WB Sa-
unders Co. 1994;365-395.

28. Tomaselli GF, Zipes DP. What causes sudden death in he-
art failure? Circ Res 2004;95:754-763.

29. Schwartz PJ. Sympathetic imbalance and cardiac arrhy-



 10 • Mart 2015 • Gülhane Tıp Derg

thmias. In: Randall WC, ed. Nervous Control of Cardio-
vascular Function. New York: Oxford University Press, 
1984;225–252.

30. Zipes DP, Rubart M. Neural modulation of cardiac arrhy-
thmias and sudden death. Heart Rhythm 2006;3;108-113.

31. Zipes DP. Heart-brain interactions in cardiac arrhythmias: 
role of the autonomic nervous system. Cleveland Clinic 
Journal of Medicine 2008;75:9.

32. Moss AJ, Schwartz PJ. Delayed repolarisation (QT or 
QTU prolongation) and malignant ventricular arrhythmias. 
Mod Concepts Cardiovasc Dis 1982;51:85-90.

33. Piccirillo G, Viola E, Nocco M, Santagada E, Durante M, 
Bucca C, Marigliano V. Autonomic modulation and QT 
interval dispersion in hypertensive subjects with anxiety. 
Hypertension 1999;34:242-246.

34. Galetta F, Franzoni F, Fallahi P, Tocchini L, Braccini L, 
Santoro G, Antonelli A. Changes in heart rate variability 
and QT dispersion in patients with overt hypothyroidism. 
Eur J Endocrinol 2008;158:85-90. 

35. Curt A, Nitsche B, Rodic B, Schurch B, Dietz V. Assess-
ment of autonomic dysreflexia in patients with spinal cord 
injury. J Neurol Neurosurg Psychiatry 1997;62:473-477.

36. Ziegler D, Zentai CP, Perz S, Rathmann W, Haastert B, 
Doring A, Meisinger C.,. Prediction of mortality using mea-
sures of cardiac autonomic dysfunction in the diabetic and 
nondiabetic population: the MONICA/KORA Augsburg co-
hort study. Diabetes Care 2008;31:556-561.

37. Cappato R, Alboni P, Pedroni P, Gilli G, Antonioli GE. 
Sympathetic and vagal influences on rate-dependent 
changes of QT interval in healthy subjects. Am J Cardiol 
1991;68:1188-1193.

Yaşar ve ark.


