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SUMMARY

Introduction The manifestations of autonomic nervous system (ANS) dysfunction in autoimmune
diseases have been the subject of many studies. However, the published results pertaining to such
research are controversial. Sudden cardiac death due to fatal arrhythmias is frequent in patients with
systemic lupus erythematosus (SLE) and rheumatoid arthritis (RA).

Objective To analyse risk predictors of sudden cardiac death related to the degree of autonomic
dysfunction.

Methods We performed cardiovascular ANS assessment in 90 patients in this case-controlled study,
including 52 (6 male, 46 female) patients with SLE, 38 (6 male, 32 female) with RA and 41 (23 male, 17
female) healthy subjects. The methodology included a comprehensive ECG analysis (with Schiller soft-
ware AT-10) of QTc interval, late potentials, short-term heart rate variability (HRV) and nonlinear HRV
(Poincare plot) analysis; 24-hour Holter ECG monitoring with ECG QTc interval analysis, HRV analysis;
24-hour blood pressure monitoring with systolic and diastolic blood pressure variability; cardiovas-
cular autonomic reflex tests (according to Ewing). Vagal dysfunction was established by performing 3
tests: Valsalva maneuver, deep breathing test and heart rate response to standing test. Dysfunction of
the sympathetic nervous system was examined by applying 2 tests: blood pressure response to stand-
ing and handgrip test.

Results In all cardiovascular reflex tests, the frequencies of abnormal results were significantly higher
among the patients than among the healthy subjects. Severe autonomic dysfunction was more
common in RA. QTc interval was more prolonged in patients with SLE. Both diseases were associated
with depressed heart rate variability compared to controls, the reduction being greater in RA patients.
In the patients with SLE, autonomic dysfunction is predominantly with higher sympathetic activity while
in RA vagal predominance is evident.

Conclusion SLE and RA are associated with severe autonomic dysfunction and the presence of signif-
icant risk predictors related to the onset of sudden cardiac death.

Keywords: autonomic dysfunction; systemic lupus erythematosus; rheumatoid arthritis; sudden car-
diac death

INTRODUCTION function assessment and sudden cardiac death
risk factor evaluation.

Numerous epidemiological studies have shown
higher cardiovascular mortality in patients with
rheumatoid arthritis (RA) [1]. According to some
data, positive late potentials and severe ventric-
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ular arrhythmias are more frequent in patients
with systemic lupus erythematosus (SLE) [2].
The higher mortality rate in such patients is
mainly the result of myocardial infarction and
serious arrhythmias due to autonomic nervous
system (ANS) dysfunction [2].

Although the relationship between autoim-
mune diseases and ANS dysfunction has been
the subject of many studies, there are still contro-
versies concerning the role of ANS dysfunction
in autoimmune diseases. Also, there is still no
data detailing the role of ANS dysfunction in
the pathogenesis of sudden cardiac death in
patients with autoimmune diseases [3, 4].

Lack of relevant data from previous studies
is related to the methodology applied in ANS

Having the above-mentioned in mind, the aim
of this study was to evaluate the presence and
level of ANS dysfunction in patients with SLE
and (RA) and to identify cardiovascular risk
factors associated with sudden cardiac death.

METHODS
Study patients

The study group consisted of 52 (46 female, 6
male, mean age 43.3+22.8) patients with SLE, 38
(32 female, 6male, mean age 56.3+13.1) patients
with RA and 41 (23 male, 17 female, mean age
37.4%14.6) healthy subjects.
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The diagnosis of SLE and RA was established using the
criteria developed by the American College of Rheumatology.
All patients with autoimmune rheumatic diseases were in
stable condition. SLE activity was determined according to
the SLEDAI score. RA activity was determined by the Ritchie
articular index and erythrocyte sedimentation rates (ESR).

Control subjects were selected from a population of
healthy individuals without signs of ANS dysfunction
(ANSD) and they were not taking any medications. The
control group was formed to approximately match the
mean age of the SLE and RA patient groups; the controls
also did not differ significantly by gender from the patients
with autoimmune diseases.

Patients were excluded from the study if they had any of
the following conditions: pregnancy, renal or liver insuffi-
ciency, cardiac or respiratory failure, severe cardiac arrhyth-
mias, acute thrombosis, or other severe organic or func-
tional manifestations.

Majority of the patients did not show high activity of
their primary disease. Thus, only 12% of SLE patients had
the SLEDAT score higher than 25.4 (7.4%) and were sero-
negative, while 25 (46.3%) had antiphospholipid antibodies
(LA, aCL or b,BGPI). Twenty-five (64.1%) RA patients had
positive RF >1:80. The mean ESR in all RA patients was
14.3£12.25. The mean number of swollen joints and the
Ritchie articular index was low in most of these patients.

Testing of patients was approved by the Scientific Ethical
Committee of the Clinical Hospital Centre, Bezanijska Kosa.
Written informed consent was obtained from all subjects.

Methodology

All patients were tested in the Neurocardiology Laboratory
using the original protocol for the assessment of ANS func-
tion and identification of those at risk of cardiac death. The
protocol included complete testing of the ANS, 24-hour
Holter ECG and ambulatory blood pressure monitoring.
Complete testing first included cardiovascular reflex tests,
followed by short time heart rate variability (HRV) spec-
tral analysis (10 minutes) using the commercial software
Schiller AT-10. ECG recording included spectral and
nonlinear analysis (Poincare plot) of heart rate variability,
as well as analysis of late potentials. Patients were tested
under uniform conditions which included testing at room
temperature (23°C), after restraining from alcohol, nico-
tine, or food intake.

Clinical Autonomic Function Tests

Cardiovascular reflex tests according to Ewing’s battery
were the first step in our assessment of autonomic func-
tion [18]. Participants rested in the supine position for
10 minutes before starting the tests and also rested for 2
minutes between each test.

Results of all four tests were expressed as normal, border-
line or abnormal, according to cut-off values given by Ewing.
Based on the results of the cardiovascular reflex tests, a

scoring system was applied and autonomic dysfunction in
each patient was qualified as: vagal denervation, vagal and
sympathetic damage or severe autonomic neuropathy [4].

Parasympathetic tests
Valsalva maneuver

The patient rested before commencement of the test.
While lying recumbent, the patient was asked to main-
tain a column of mercury at 40 mm Hg for 15 seconds by
blowing into a modified sphygmomanometer, with simul-
taneous ECG recording. The result, expressed as a Valsalva
ratio (VR), was taken as the maximum ECG RR interval
obtained during 15 seconds following expiration divided
by the minimum RR interval during the same maneuver.

Heart rate response to deep breathing test

Respiratory sinus arrhythmia was assessed by the perfor-
mance of 6 deep breaths at 0.1 Hz frequency. Patients were
given adequate rehearsal to achieve the required frequency
and counted through 6 breaths. The response was taken
as the mean of the differences between the maximum and
minimum instantaneous heart rate for each cycle.

Heart rate response to standing test (30:15 ratio)

Heart rate response after standing was expressed as a ratio
between the longest RR interval corresponding to the 30®
heart beat after starting and the shortest RR interval corre-
sponding to thel5% beat. The ratio was measured using a
ruler from an electrocardiograph trace which was recorded
continuously.

Sympathetic tests
Blood pressure response to standing test

Orthostatic blood pressure change was calculated as
the difference between the systolic blood pressure 180
seconds after standing and the systolic blood pressure
prior to standing.

Short-term ECG and short-term HRV analysis

Analysis of standard 12-lead ECG recordings using the
commercially available software (Schiller AT-10, Suisse)
included ECG wave and interval analysis: duration of P
wave, PQ interval, QRS complex, QT and QTc intervals.
QT parameters were measured automatically from the
12-lead ECG recording (ECG recorder model AT-10;
Schiller, Austria) at a paper speed of 50 mm/s (gain, 10
mm/mill volt). The QT interval was measured from the

http://srpskiarhiv.sld.org.rs ‘



28

Milovanovi¢ B. et al. Cardiac Autonomic Dysfunction in Patients with Systemic Lupus, Rheumatoid Arthritis and Sudden Death Risk

onset of QRS complex to the end of T wave. Each QT
interval was corrected for patient heart rate according to
Bassett’s formula [18]: QTc=QT/Y (RR interval), where
QT and RR intervals are expressed in seconds. Short-
term HRV analysis was done from 512 consecutive RR
intervals using the commercial software (Schiller AT -10,
Austria) according to the previously published guidelines
[19]. Short -term HRV analysis includes: time domain
analysis, frequency domain analysis and nonlinear HRV
analysis (Poincare space plot). The following time domain
variables from dRR tachogram were computed for each
subject: average dRR, standard deviation of dRR (SD),
mean deviation of dRR (MD), square root of the mean
of squared differences of two consecutive RR intervals
(r-MSSD) and percentage of adjacent RR intervals differing
>50 ms (pNN50). The following short-term frequency
domain indices were determined using Hanning window
type signal limitation before Fourier transformation: very
low frequency (VLEF: 0.016-0.05 Hz), low-frequency power
(LF: 0.05-0.15 Hz), high-frequency power (HF: 0.15-0.35
Hz), and LF/HF ratio.

Nonlinear analysis (Poincare space plot)

Results of nonlinear Poincare space plot analysis were
divided based on visual form (cigarette, cluster, comet
or spot), and based on the distribution of these forms
in space (space segment of bradycardia, tachycardia and
normal rhythm).

Rhythm analysis and long-term HRV analysis

Twenty-four-hour ambulatory ECG recordings were acquired
by a 3-lead electrocardiogram, with a sampling rate of 1000
Hz per each lead (Biosensor, USA) and analysed by an expe-
rienced analyst. Cardiac rhythms were screened for ventric-
ular premature beats (VPB) and supraventricular prema-
ture beats (SVPB). The recordings were reviewed, and the
beat classifications were manually checked, corrected, and
prepared for further analysis. After all of the artifacts and
misclassified beats were corrected, time and frequency
domain HRV analysis, QT and QTc interval analysis and
T wave morphology analysis were carried out using the
software package present in the system. The Fast Fourier
transformation (FFT) and Hanning window were used
for analysis of the frequency (spectral) domain param-
eters. In rhythm analysis, the total number of VPBs and
SVBPs for the whole recording period was determined and
the number of VPB per hour calculated. Also, the degree
of arrhythmias was quantified according to Lown classi-
fication. From time domain HRV analysis following time
domain variables, the following were computed: mean RR
interval for 24 h (mean NN), standard deviation of normal
RR intervals (SDNN), standard deviation of all 5-min mean
normal RR intervals (SDANN), square root of the mean of
the sum of the squares of differences between adjacent RR
intervals (r-MSSD), and percentage of adjacent RR inter-
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vals differing >50 ms (pNN50). From frequency domain
HRYV analysis following 24-h Holter-ECG, the following
frequency domain indices were determined: total power
(TP: 0-0.4 Hz), high-frequency power (HF: 0.15-0.4 Hz),
low-frequency power (LF: 0.04-0.15 Hz), and the LE/HF
ratio. Heart rate was measured in milliseconds (ms); vari-
ance, which is referred to as the power in a portion of the
total spectrum of frequencies, was measured in squared
milliseconds (ms?).

24-hour ambulatory blood pressure monitoring

Evaluation of 24-hour blood pressure (BP) profile was
done using a recorder and the commercial software for
analysis (Mobil-O-graph). Monitoring began at approx-
imately 11 a.m. and BP measurements were performed
by the oscillometric method every 15 minutes during the
24-hour period. From these data, the following variables
were calculated for each patient: average total (24 hour),
daytime (from 9 a.m. till 9 p.m.) and nighttime (from 0
a.m. till 6 a.m.) systolic BP, diastolic BP and pulse pres-
sure; systolic and diastolic blood pressure variability during
day and during night expressed as the standard deviation
of all systolic and all diastolic BP measurements during
daytime and during night (automatically calculated using
the same software).

Statistics

All data were analysed using the computer software package
SPSS 11.05. Nominal values were presented as mean with
standard deviation (X+SD). Parametric data were analysed
using independent ANOVA to show differences between
groups, while nonparametric data were analysed using the
Kruscal-Wallis test. Results were deemed as statistically
significant for p values less than 0.05.

RESULTS
Cardiovascular autonomic reflex tests

Sympathetic dysfunction, manifested as orthostatic hypo-
tension, was present in 8 (15.7%) patients with SLE and 8
(22.3%) with RA. Vagal denervation was diagnosed in 18
(34.6%) with SLE versus 12 (34.3%) with RA. Complete vagal
and sympathetic dysfunction was registered in 17 (32.7%)
SLE patients and 10 (29.4%) with RA. Severe autonomic
dysfunction was more common in the patients with RA 11
(31.4%), the SLE patients versus 12 (23.1%) the RA patients.
Deep breathing test was also more often positive in the RA
patient group. Heart rate response to the standing test was
positive in about two thirds of patients in both groups.
Patients were considered as having autonomic neurop-
athy if two or more positive tests were obtained. This was
registered in 43 (82.7%) and 30 (85.7%) the patients with
SLE and RA respectively (Table 1).
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Table 1. Cardiovascular reflex tests

. n/N (%)

Cardiovascular reflex tests SLE RA Coiaony p

Orthostatic hypotension 8/51 (15.7) 8/35(22.8) 2/39(5.1) <0.001
Valsalva maneuver 13/52 (25.0) 10/36 (27.8) 4/39 (10.3) 0.057
Deep breathing test 14 /52 (26.9) 14/34 (41.2) 2/39 (5.1) 0.003
HR response to standing (30:15 ratio) 39/51 (76.5) 25/35(71.4) 16/38 (42.1) <0.001
Vagal dysfunction 18/52 (34.6) 12/35 (34.3) 3/39(7.7) 0.004
Vagal and sympathetic dysfunction 17/52 (32.7) 10/34 (29.4) 3/39(7.7) 0.016
Severe autonomic neuropathy 12/52 (23.1) 11/35 (31.4) 0/39 (0) <0.001
Autonomic neuropathy 43 /52 (82.7) 30/35 (85.7) 17/39 (43.6) <0.001

n - number of study patients with positive test; N - whole number of study patients; SLE — systemic lupus erythematosus; RA - rheumatoid arthritis

Table 2. QT, QTc, PQ interval, QRS and P wave duration (ms)

Control Control

Parameters SLE RA SR p Parameters SLE RA group p
QTc 442.4+28.6 | 43444229 | 412.2+5.1 <0.001 Mean d RR 13.3+84 12.7+6.8 33.9+18.3 0.159
qQr 385.4429.2 | 387.1£33.8 | 386.9+27.3 0.965 SDNN 11.147.3 11.245.4 28.7+14.5 <0.001
PQ 152.4+28.5 | 152.7+£27.0 | 158.4+21.3 0.570 MD 8.3+53 7.8+4.0 21.6£11.6 <0.001
QRS 90.7+13.6 | 85.5+7.3 | 94.24+24.7 0.137 P NN 50% 2.2+47 1.5+2.8 13.4411.2 <0.001
P wave 108.3+13.2 | 101.7+18.7 | 102.0+18.1 <0.001 RMSSD 17.5£11.5 17.2+8.3 44.2+23.7 <0.001
VLF 78.3£90.4 | 108.8+105.3 | 255.7+ 240.7 | <0.001
LF 94.7£107.7 | 84.3£111.9 | 332.1£325.0 <0.001
QT interval HF 49.7 £80.6 | 36.3+39.7 | 213.1+264.7 <0.001
LF/HF 4.4+5.1 29+2.2 2.8+2.9 0.228
. . . P VLF (nu) 29.1+14.4 35.1£12.2 33.2+454 0.041
Analysis of the QTc. 1nt?rval s.howed~that it was of signifi- F () 3345146 | 2232112 | 3155126 0003
cantly longer duration in patients with SLE, compared to 1) 147499 | 126288 | 2391264 0.020
patients with RA and healthy individuals. No significant | F/HF () 14207 13107 1307 0.898

difference was found between groups concerning dura-
tion of non-corrected QT intervals, PQ intervals or QRS
complexes. P waves were also prolonged in the patients
with SLE compared to the patients with RA and healthy
subjects (Table 2).

Short time heart rate variability analysis

It was observed that the overall heart rate variability was
diminished in the patients with SLE and RA compared to
controls. Time domain variable PNN50 which depicts vagal
activity was the lowest in the patients with RA. Spectral
parameters VLE, LF and HF were also lower in compar-
ison to the control group. The patients with SLE had higher
values of LF expressed as normalized and absolute values
in comparison to the RA and control groups. The patients
with RA had higher VLF and lower values of HF compared
to the SLE and control groups (Table 3).

Table 3. Short time heart rate variability analysis

Mean d RR - mean average d RR interval; SDNN - standard deviation of RR in-
tervals; MD - mean deviation of d RR interval; RMSSD - square root of the me-
an of squared differences of two consecutive RR intervals; pNN50 - percent of
beats with consecutive RR interval difference of more than 50 ms; VLF - very
low frequency interval (0.016-0.05 Hz); HF - high frequency interval (0.15-0.35
Hz); LF - low frequency interval (0.05-0.15 Hz); LF/HF - low and high frequen-
cy ratio; nu - normal unit

Long-term heart rate variability analysis and
arrhythmias

The association of ventricular arrhythmias with both auto-
immune diseases did not reach statistical significance,
however, supraventricular arrhythmias were more common
in patients with RA. Time domain and spectral parameters
were lower in patients with autoimmune diseases compared
to healthy subjects. The value of time domain parameter
SDANN which depicts global autonomic function was the
lowest in the patients with RA, but RMSSD, a marker of
vagal activity, was high. The patients with RA had lower
values of spectral parameter LF. The patients with SLE had

Table 4. Long time heart rate variability analysis, ventricular and supraventricular premature beats

Parameters SLE RA Control group p

VPB 59.4+192.6 370.4+£1077.0 12.6+45.6 0.054
SPB 28.6+86.0 286.8+801.1 5.5+ 15.6 0.024
Mean RR 752.4 +86.1 754.7+£77.1 796.0+69.2 0.056
SDNN 130.2+32.7 135.9+37.8 310.2+774.8 0.108
SDANN 132.7+£58.9 126.0+59.0 173.6+70.8 0.007
RMSSD 45.9+26.6 71.7496.3 67.5+28.7 0.023
TRIINDEX 42.5+£12.4 46.6+£14.9 55.4+10.3 <0.001
LF/HF 41 +1.8 3.3£1.6 3.6+1.6 0.074
LF 2383.1+3750.0 2315.2+3218.1 5759.2+8853.7 0.018
HF 818.7+£1702.2 36608.7+216477.3 1771.5£2292.0 0.364

VPB - total number of ventricular premature beats during ECG monitoring; SPB - total number of supraventricular premature beats during ECG monitoring;
SDNN - standard deviation of all the RR intervals; SDANN - standard deviation of all 5-min mean normal RR intervals; RMSSD - square root of the mean of squ-
ared differences of two consecutive RR intervals; TRI INDEX - triangular index; LF — low frequency interval; HF - high frequency interval; LF/HF - low and high

frequency ratio
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Figure 1. Characteristic form of nonlinear parameter Poincare plot
as a point or cigarette

Table 5. Nonlinear analysis - Poincare plot

Number of patients (%)
Shape of
Poincare plot SLE RA Control P
group
Dot form 10 (24.4) 7 (25.9) 1(2.9) 0.019
Comete form 26 (63.4) 18 (66.7) 13(38.2) 0.035
Cluster form 5(12.2) 2(7.4) 20 (58.8) | <0.001

lower values of Triangular index, a parameter of cardio-
vascular risk, corresponding to higher sympathetic activity
and risk of cardiac death (Table 4).

Nonlinear analysis (Poincare plot)

Poincare point-like shape was significantly prevalent in
patients with immunologic diseases compared to controls
(Figure 1). Appearance of Poincare comete shape was more
frequent in SLE and RA patient groups, whereas a cluster
Poincare shape was predominant in healthy controls (Table 5).

Ambulatory blood presure monitoring

Total mean systolic blood pressure during 24 hours was
121.6+14.0 in the patients with SLE, 125.5+15.4 in the
RA group and 112.7+8.8 in control subjects (p=0.007).
Total mean diastolic blood presure during 24 hours was
76.4+8,4 in SLE patients, 77.9£10.7 in the RA patient group
and 73+5.5 in controls, however, these differences did not
reach statistical significance (p=0.239). Also, no statistical
significance was detected related to the same parameters
measured during night and day and parameters of blood
pressure variability.

DISCUSSION

In this study, we performed non-invasive cardiovascular
reflex tests, short and long-term heart rate variability and
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nonlinear (Poincare plot) analysis to evaluate the functional
status of the ANS and its effects on cardiac function. We
investigated the prevalence, severity and cardiovascular
risk factors related to the onset of sudden cardiac death.

Previous studies dealing with the relationship between
ANS function and autoimmune diseases found signs of
parasympathetic and sympathetic dysfunction in rather
variable proportions in patients with autoimmune diseases
(between 24 and 100% in various tests), depending on the
methodology used. Cardiovascular reflex tests, although
rather simplified, are quite accurate, and thereby useful in
classifying patients depending on the presence of autonomic
neuropathy and its severity, compared to new methods
such as heart rate variability [4].

As the initial diagnostic step in evaluation of auto-
nomic dysfunction in patients with immunologic disor-
ders, we performed a cardiovascular reflex test examina-
tion established by Ewing. In order to obtain more sensi-
tive results, borderline values of test results (tests) were
considered negative [4].

Nevertheless, in spite of lower sensitivity of cardiovas-
cular reflex tests vs. classic RR variability, over 80 % patients
in both groups had autonomic neuropathy accompanied
with two or more positive CV reflex tests. Orthostatic intol-
erance as a cardinal sign of sympathetic dysfunction was
found in 20% of patients, whereas vagal dysfunction was
noticed in 30% of patients. Autonomic neuropathy and
severe autonomic dysfunction were more frequent in the
patients with RA than in the SLE group.

Louthrenoo et al reported that only the deep breathing
test was positive in both groups [5]. However, Gledhill and
Liote demonstrated that over 80% patients with SLE had
autonomic neuropathy, a finding similar to our results.
Besides this, almost identical results were obtained in the
group of patients with RA [6, 7].

However, contrasting data were also published. Omdal
et al. did not find the existence of autonomic dysfunction
in the patients with SLE [8].

Current data regarding autonomic dysfunction in the
patients with RA are also inconsistent. Edmonds showed
parasympathetic dysfunction in 30 % patients with RA
which coincides with our findings [9]. However, Bekkelund
et al. did not find autonomic dysfunction in 43 patients
with RA [10].

Summarising the published data regarding autonomic
nervous system activity in patients with immunologic
disorders, great discrepancies in results and subsequent
conclusions exist. The spectre of published results varies
from normal findings of ANS activity to exaggarated ANS
dysfunction, as was the case in our study [11].

In contrast to the majority of previous studies that lack
diagnostic sensitivity and specifity, this is one the most
comprehensive studies examining ANS activity in patients
with immunologic disorders. Unlike less sensitive cardio-
vascular refelex tests which were used most frequently in
previous studies, we performed complete and expanded
AN function testing including short- and long-time HRV
with nonlinear analysis (Poincare plot) as well as analysis of
QT interval for assessment of cardiovascular risk.The QT
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interval reflects changes in repolarization and can point
out the heterogeneity of this process and a substrate for
ventricular arrhythmias. Prolonged QT interval is associ-
ated with increased cardiac mortality and high risk for the
onset of sudden cardiac death [12, 13, 14].

There are many problems regarding standardization of
measurements. QT interval dispersion and several heart
rate correction formulas have been reported [15-18].
We measured QT interval duration using the commer-
cial software (Schiller, Suisse) during 5 minutes under
the resting conditions and found that QT c interval was
of longer duration in the patients with SLE compared to
the patients with RA and controls. However, these differ-
ences did reach statistical significance. On performing
short-term analyses of time domain and spectral vari-
ables of heart rate variability, a significant reduction in
HRV in patients with autoimmune diseases compared to
controls was demonstrated. Analysing the LF component
expressed in normal units, higher values were noticed in
the patients with SLE, implicating sympathetic predomi-
nance in those patients.

Long-term analyses showed lower values of SDANN in
the group of patients with RA accompanied with higher
values of RMSSD in the same group. With great certainty,
we can conclude that, compared with controls, the patients
with SLE and RA have marked autonomic dysfunction with
sympathetic predominance in the patients with SLE and
parasympatehtic predominance in the patients with RA.
Supaventricular arrhythmias were more frequent in the
patients with RA. Other authors also pointed out decreased
heart rate variability including time domain and spectral
parameters in patients with autoimmune diseases using
the long-term analysis of autonomic dysfunction [19-22].

In comparison with standard battery of cardiovas-
cular reflex tests according to Ewing, the analysis of HRV
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MpeaUKTOpU N3HEHAAHE CPUYAHE CMPTU U AUCOYHKLMja ayTOHOMHOT
HepBHOI cucTema Kog, 601ecHUKA ca CUCTEMCKUM epUTEMCKUM JIynyCoM

U peyMaTOMAHUM apTPUTMCOM

BpaHucnae MunosaHosuh', Jbyamuna CtojaHoBuh? Hebojwa Munuhesuh?, Kapux Bacuh?, bojko bjenakosuh?,

MwpjaHa KpoTuH'

JlabopaTtopuja 3a Heypokapanonorujy, KnuHrka 3a kapanonorujy, KnnHnuko-6onHnuky ueHTap ,bexaHujcka koca’, beorpag,

Cpbuija;

2N\HTepHa KNMHUKA, KnuH1Yko-60nHNYKM LeHTap bexaHunjcka Koca”, beorpag, Cpbuja;
SWHCTUTYT 3a natonowky dusnonorujy, MegnumHckn dakyntet, YHnsep3auteT y MpuwtnHu, KocoBcka MutpoBuLa;
‘KnuHuKa 3a feuje nHTepHe 6051ecTy, YHIBEP3UTETCKM KIIMHUYKK LeHTap, Huw, Cpbuja

KPATAK CALIPXKA)

YBop ManudecTauuje nopemehaja dyHKLMje ayTOHOMHOF Hep-
BHOT CICTEMa Kog ayTOUMYHUX 060/bera NpejMeT Cy MHOTVX UC-
TpaxuBara. MehyTnm, 0bjaB/mbeHn pe3ynTaTv OBUX UCMUTUBaHA
1 farbe Cy KOHTPOBEP3HU. VI3HeHafHa cpyaHa cMpT ycnep Teluke
apuTMuje YecTa je Kop ocoba 06onenux of CMCTEMCKOT epuUTeM-
ckor nynyca (CEJ) n peymatomgHor aptputica (PA).

Lum paga AHanu3a npeackasatesba pusuka N3HeHafHe cpyaHe
CMPTY MOBe3aHmMX ca cTeneHom nopemehaja ayToHoMHe GpyHKLMje.
Metope papa lNpumvetyjyhn KOHTponmcaHu u3bop cnyyajesa,
UCMWTaHa je KapAMoBacKynapHa ayToHOMHa ¢yHKuuja 90 bone-
CHYKa, Mehy Kojuma cy 6una 52 ncnutaHuka (46 xeHa U Wect my-
wkapaua) ca CEN n 38 ncnutaHmka (32 eHe U1 WeCT MyLIKapa-
ua) ca PA. KoHTponHy rpyny je umHuna 41 3gpasa ocoba (23 my-
wKapua 1 17 xeHa). YpaheHu cy: cBeobyxBaTHa aHanu3a EKI Ha-
nasa (Schiller, AT-10), ananu3a QTc UHTepBana, KaCHNUX MOTEHLM-
jana, KpaTkopouHe BapujabunHoctu cpyaHe dpekseHuuje (BCO)
1 aHanu3a HenuHeapHe BCO (Poincaré plot), 24-4acoBHo npahe-
tbe xontep EKI Hanasa n EKT aHanun3e QTc nutepsana, BCO aHanu-
3e, 24-4aCcoBHO MepeHe KPBHOT MPUTUCKA U BapujabunHoCcTy cu-
CTONHOT U AWjaCTONHOT KPBHOF MPUTIUCKA 1 KapAroBacKynapHM
pedbnekc-tectoBy npema JynHry (Ewing). YTBpheH je nopemehaj
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dyHKLMje HepBa Baryca nomohy Bancansa maHeBpa, TecTa gy6o-
KOT yfiaxa 1 TeCTa OfroBopa cpyaHe dppeKBeHLje y MYUPHOM CTa-
jahem nonoxajy. Mopemehaj cumnatuuke GyHKLMje MCMUTUBAH je
nomohy oaroBopa KpBHOT NpUTMCKa Y MUPHOM CTajahem nono-
Xajy 1 TecTa cHare CTMCKa Lake.

Pe3ynTtatn Y cBM 1cnuTMBatbMa KapAMOBaCcKynapHor pednex-
Ca pe3ynTaTu Koju cy yKa3uBanu Ha nopemehaj dpekseHLuje 6u-
1 cy 3HaTHO Yelwhu Kof 6onecHUKa Hero Kop 34paBux ocoba. Te-
XaK nopemehaj ayToHoMHe dyHKLWje 610 je yewwhn kop 6onecHu-
Ka ¢ PA. QTc uHTepBan je 6uo ay»u kog 6onecHrka ca CEJ1. Y nope-
Herby C KOHTPONHOM rpyrnom, 06a 06orberba buna cy yapy»eHa ca
AenprmoBaHom BCO, ¢ TMM fia je cHUXerbe 61no n3pasutuje Kog
6onecHuka ¢ PA. Kop 6onecHuka ca CEJl nopemehajem ayToHoMHe
GyHKLMje NpesoMUHIPa NOBULLIEHA aKTUBHOCT CUMMATUKYCA, fOK
Kop 6onecHuka c PA ounrnegHo npeosnabyje Baryc.

3akmyuak CEJl1 n PA cy npaheHu Tewkum nopemehajem ayTto-
HOMHe dyHKLMje 1 3HaYajHUM NPUCYCTBOM NPeANKTOpa puU3nKa
Ofi U3HeHaAHe CpyaHe CMPTH.

KmbyuHe peum: nopemehaj ayToHOMHe OyHKLMje; cUCTEMCKN

epuUTeEMCKIM NTynyc; peymaToMAHN apTPUTUC; N3HEHaAHa CpyaHa
cmpT
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