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INTRODUCTION

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-
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 

function assessment and sudden cardiac death 
risk factor evaluation.

OBJECTIVE

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 SLEDAI score higher than 25.4 (7.4%) and were sero-
negative, while 25 (46.3%) had antiphospholipid antibodies 
(LA, aCL or b2BGPI). 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 30th 
heart beat after starting and the shortest RR interval corre-
sponding to the15th 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 
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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/√ (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 (VLF: 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-

vals differing >50 ms (pNN50). From frequency domain 
HRV 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 LF/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 (ms2).

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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QT interval

Analysis of the QTc interval showed that it was of signifi-
cantly longer duration in patients with SLE, compared to 
patients with RA and healthy individuals. No significant 
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 VLF, 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).

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 1. Cardiovascular reflex tests

Cardiovascular reflex tests
n/N (%)

p
SLE RA Control group

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 3. Short time heart rate variability analysis

Parameters SLE RA Control 
group p

Mean d RR 13.3±8.4 12.7±6.8 33.9±18.3 0.159
SDNN 11.1±7.3  11.2±5.4 28.7± 14.5 <0.001
MD 8.3 ±5.3 7.8±4.0 21.6±11.6 <0.001
P NN 50% 2.2± 4.7 1.5±2.8 13.4±11.2 <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
HF 49.7 ±80.6 36.3±39.7 213.1±264.7 <0.001
LF/HF 4.4±5.1 2.9±2.2 2.8±2.9 0.228 
VLF (nu) 29.1±14.4 35.1±12.2 33.2±45.4 0.041
LF (nu) 33.4± 14.6 22.3±11.2 31.5±12.6 0.003
HF (nu) 14.7±9.9 12.6±8.8 23.9±26.4 0.020
LF/HF (nu) 1.4±0.7 1.3±0.7 1.3±0.7 0.898

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

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

Parameters SLE RA Control 
group p

QTc 442.4±28.6 434.4±22.9 412.2±5.1 <0.001
QT 385.4±29.2 387.1±33.8 386.9±27.3 0.965
PQ 152.4±28.5 152.7±27.0 158.4±21.3 0.570
QRS 90.7±13.6 85.5±7.3 94.2±24.7 0.137
P wave 108.3±13.2 101.7±18.7 102.0±18.1 <0.001

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 71.7±96.3 67.5±28.7 0.023
TRI INDEX 42.5±12.4 46.6±14.9 55.4±10.3 <0. 001
LF/HF 4.1 ±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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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 

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 
ANS 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 

Table 5. Nonlinear analysis – Poincare plot

Shape of 
Poincare plot

Number of patients (%)
p

SLE RA Control 
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

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

is a more sensitive method, which can discover subclin-
ical forms of autonomic dysfunction [23, 24]. Our results 
related to autonomic dysfunction in RA are very simillar to 
the results of other authors, especially regarding the lower 
values of time domain and spectral paremeters related to the 
general status of sympatho-vagal function [25]. Evrengul 
and co-workers also found higher values of pNN50% and 
RMSSD time domain parameters which correlated with 
higher vagal activity in RA [26]. The stage of autonomic 
dysfunction depends on the speed of disease progression 
during many years of patient follow-up [27].

Nonlinear visual analysis of the spatial form of Poincare 
plot showed a statistically significant difference pertaining 
to the shape of the plot corresponding to the expressed auto-
nomic dysfunction. To the best of our knowledge, there are 
no published data related to the form of Poincare plot in 
autoimmune diseases. In the majority of patients we found 
a typical dot shape of Poincare plot associated with severe 
autonomic dysfunction and poor prognosis with statistical 
significance in comparison with controls. Analysis of risk 
predictors for sudden cardiac death related to autonomic 
dysfunction, revealed statistically significant reduction in 
HRV, depressed triangular index, presence of supraven-
tricular arrhythmias, prolonged QTc interval and Poincare 
plot in the shape of a dot.

CONCLUSION

The results of this study pointed out that the increased risk 
for sudden cardiac death in SLE and RA is most probably 
related to severe autonomic dysfunction with sympathetic 
predominance and hyperactivity, leading to the onset of 
fatal arrhythmias.
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KRATAK SADRŽAJ
Uvod Ma ni fe sta ci je po re me ća ja funk ci je auto nom nog ner-
vnog si ste ma kod auto i mu nih obo qe wa pred met su mno gih is-
tra ži va wa. Me đu tim, ob ja vqe ni re zul ta ti ovih is pi ti va wa 
i da qe su kon tro verz ni. Iz ne nad na sr ča na smrt usled te ške 
arit mi je če sta je kod oso ba obo le lih od si stem skog eri tem-
skog lu pu sa (SEL) i re u ma to id nog ar tri ti sa (RA).
Ciq ra da Ana li za pred ska za te qa ri zi ka iz ne nad ne sr ča ne 
smr ti po ve za nih sa ste pe nom po re me ća ja auto nom ne funk ci je.
Me to de ra da Pri me wu ju ći kon tro li sa ni iz bor slu ča je va, 
is pi ta na je kar di o va sku lar na auto nom na funk ci ja 90 bo le-
sni ka, me đu ko ji ma su bi la 52 is pi ta ni ka (46 že na i šest mu-
ška ra ca) sa SEL i 38 is pi ta ni ka (32 že ne i šest mu ška ra-
ca) sa RA. Kon trol nu gru pu je či ni la 41 zdra va oso ba (23 mu-
škar ca i 17 že na). Ura đe ni su: sve o bu hvat na ana li za EKG na-
la za (Schil ler, AT-10), ana li za QTc in ter va la, ka snih po ten ci-
ja la, krat ko roč ne va ri ja bil no sti sr ča ne fre kven ci je (VSF) 
i ana li za ne li ne ar ne VSF (Po in caré plot), 24-ča sov no pra će-
we hol ter EKG na la za i EKG ana li ze QTc in ter va la, VSF ana li-
ze, 24-ča sov no me re we krv nog pri ti ska i va ri ja bil no sti si-
stol nog i di ja stol nog krv nog pri ti ska i kar di o va sku lar ni 
re fleks-te sto vi pre ma Ju in gu (Ewing). Utvr đen je po re me ćaj 

funk ci je ner va va gu sa po mo ću Val sal va ma ne vra, te sta du bo-
kog uda ha i te sta od go vo ra sr ča ne fre kven ci je u mir nom sta-
ja ćem po lo ža ju. Po re me ćaj sim pa tič ke funk ci je is pi ti van je 
po mo ću od go vo ra krv nog pri ti ska u mir nom sta ja ćem po lo-
ža ju i te sta sna ge sti ska ša ke.
Re zul ta ti U svim is pi ti va wi ma kar di o va sku lar nog re flek-
sa re zul ta ti ko ji su uka zi va li na po re me ćaj fre kven ci je bi-
li su znat no če šći kod bo le sni ka ne go kod zdra vih oso ba. Te-
žak po re me ćaj auto nom ne funk ci je bio je če šći kod bo le sni-
ka s RA. QTc in ter val je bio du ži kod bo le sni ka sa SEL. U po re-
đe wu s kon trol nom gru pom, oba obo qe wa bi la su udru že na sa 
de pri mo va nom VSF, s tim da je sni že we bi lo iz ra zi ti je kod 
bo le sni ka s RA. Kod bo le sni ka sa SEL po re me ća jem auto nom ne 
funk ci je pre do mi ni ra po vi še na ak tiv nost sim pa ti ku sa, dok 
kod bo le sni ka s RA oči gled no pre o vla đu je va gus.
Za kqu čak SEL i RA su pra će ni te škim po re me ća jem auto-
nom ne funk ci je i zna čaj nim pri su stvom pre dik to ra ri zi ka 
od iz ne nad ne sr ča ne smr ti.

Kquč ne re či: po re me ćaj auto nom ne funk ci je; si stem ski 
eri  tem ski lu pus; re u ma to id ni ar tri tis; iz ne nad na sr ča na 
smrt
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