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In the present study, cardiac nodal (sinoatrial node and atrioventricular node) 
and cardiac autonomic functions have been investigated in children with 
vasovagal syncope (VVS). Thus, the effect of existing autonomic status on 
the characteristics of cardiac conduction system has been demonstrated in 
children with VVS. The study included 51 pediatric patients (the mean age 
was 14.01±2.79 years, range 7 to 18 years; 30 females), who were evaluated 
for syncope using ECG, Holter monitoring, and echocardiography, all of 
which showed normal findings. All patients underwent head-up tilt testing 
(HUTT), and the parameters of heart rate variability (HRV) (SDNN, SDANN, 
SDANNi, rMSSD, pNN50, HF, LF, VLF) were evaluated with the analysis 
of 24-hour Holter testing. Corrected sinus node recovery time (CNRT) and 
Wenckebach point (WP) were measured in all patients using transesophageal 
atrial stimulation. The patients were divided into groups according to HUTT 
results and evaluated accordingly. Cardiac nodal functions were normal in all 
patients. HRV parameters (HF, rMSSD, pNN50) indicating parasympathetic 
effect were higher in patients with positive HUTT results. CNRT did not 
differ significantly between patients with positive HUTT results and patients 
with negative HUTT results. However, WP was found to be higher in patients 
with positive HUTT results. The studies evaluating the parameters of HRV 
has demonstrated increased parasympathetic tonus in children with VVS. 
Impairment in cardiac nodal functions may not be expected in children with 
VVS. However, these patients may exhibit prolonged WP due to increased 
autonomic tonus in favor of parasympathetic activity. 
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Syncope is a transient loss of consciousness 
characterized by the loss of posture and tonus 
and spontaneous recovery. Global cerebral 
hypoperfusion triggered by various factors 
leads to syncope1. Syncope occurs in 15% of 
children before adolescence. The most frequent 
cause of syncope in children is the vasovagal 
syncope (VVS)2,3. The underlying mechanism in 
vasovagal syncope is the imbalanced autonomic 
response to orthostatic stress4. The analysis 
of heart rate variability using 24-hour Holter 
monitoring is a widely accepted method in 
the evaluation of autonomic nervous system5. 
There are studies evaluating sympathovagal 

balance in children suffering from syncope 
by investigating the parameters of heart rate 
variability (HRV). However, these studies have 
yielded controversial results6-10.

D y s f u n c t i o n  o f  s i n o a t r i a l  n o d e  a n d 
atrioventricular node is another rare cause 
of syncope3. These clinical conditions can 
be determined by the evaluation of cardiac 
nodal  functions with transesophageal 
electrophysiologic studies (TEEPS)11,12. There 
is no study that evaluated cardiac nodal function 
in pediatric cases suffering from vasovagal 
syncope. We have considered that autonomic 
state in children with vasovagal syncope 
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might affect the characteristics of cardiac 
nodal tissue. In the present study, we aimed 
to evaluate the cardiac nodal (sinoatrial and 
atrioventricular nodes) functions, and the 
autonomic characteristics of heart in children 
with vasovagal syncope.

Material and Methods

A total of 51 patients with a history of 
vasovagal syncope aged between 7 and 18 
years (mean age 14.01±2.79 years; 30 females) 
were recruited between January 2012 and 
November 2015. Autonomic symptoms were 
present in all patients which was in favor of 
vasovagal syncope. Also, there was no history 
of exercise induced syncope or seizure in these 
patients which would make vasovagal syncope 
unlikely. None of the patients had apparent 
heart disease. Neurological evaluation of these 
patients made by pediatric neurologist were 
also normal. There was no familial history of 
unexplained sudden death or epilepsy. Clinical 
examination, surface ECG and bi-dimensional 
echocardiogram were normal in all patients. 
The patients with pre-excitation syndrome 
and conduction disturbances on ECG were 
excluded from study. In all patients, twenty-
four-hour ECG Holter monitoring showed 
negative findings. Exercise stress test was 
performed in all patients and there were no 
ventricular tachycardia or ST-T changes in 
the patients. Syncope was thought secondary 
to be non-cardiac reason in patients with no 
family history of sudden cardiac death, normal 
physical exam, normal ECG, echocardiography, 
24 h Holter and exercise stress test results. 

Head-up tilt test (HUTT): All patients underwent 
standard HUTT using the Westminster protocol: 
passive phase of 60-degree tilt for 45 minutes. 
Drugs that could influence normal autonomic 
nervous system activity were stopped at least 
3 days before the test. Heart rate, blood 
pressure and ECG were recorded until a positive 
response appeared or until the conclusion of 
the 45-minute test. The test was considered 
positive if the patient developed presyncope 
or syncope associated with a sudden fall in 
systolic blood pressure (of >40 mmHg) and/
or a sudden drop in the heart rate (to <50 
beats/minute) or if sinus rhythm was replaced 
by a junctional escape rhythm or if a transient 
second degree atrioventricular block or up to 

3 seconds of asystole appeared. Negative tests 
were defined as the absence of these findings 
after the test. Based on the results of HUTT, 
the patients were divided into two groups; 
positive response (Group 1) and negative 
response (Group 2).

Holter monitoring and heart rate variability: 
The following parameters of the recorded 
ECG were evaluated: minimal rate of the heart 
contractions (bpm) recorded during 24 h (HR 
min), mean rate of the heart contractions (bpm) 
recorded during 24 h (HR mean), and maximal 
rate of the heart contractions (bpm) recorded 
during 24 h HR maximum (HR max). Twenty-
four hour Holter recordings were obtained 
using 12-channel analogue recorders using 
the Cardioscan Holter system (Cardioscan DM 
Software, California, USA). The time-domain 
HRV measures employed in our practice were 
as follows:

SDNN (ms): standard deviation values of all 
normal sinus R–R intervals over 24 h;

SDANN (ms): standard deviation values of all 
averaged normal sinus R–R intervals for each 
5-min segment in the 24-h recordings;

SDANNi (ms): standard deviation of all normal 
R-R intervals for all 5-min segments

rMSSD (ms): root mean squares of successive 
differences between normal sinus R–R intervals;

pNN50 (%): percentage of difference between 
adjacent normal R–R intervals that is greater 
than 50 ms computed over the entire 24-h 
ECG recording.

Spectral analysis of HRV was obtained by 
summing powers of each frequency band: 
high-frequency (HF) component (0.15–0.40 
Hz); low-frequency (LF) component (0.04–0.15 
Hz); and very-low-frequency (VLF) component 
(0–0.04 Hz).

Only normal QRS complexes were analyzed. 
The ectopic atrial and ventricular complexes 
and the episodes of pauses were excluded.

Transesophageal electrophysiologic study 
(TEEPS): The technique was previously described 
by Benson et al.13. A 6 Fr quadripolar electrode 
(Fiab, Esokid 4, Italy) with electrode spaced 
at 10 mm was positioned through the nares 
into the esophagus. The electrode was initially 
adjusted until the proximal electrode showed 
the greatest amplitude of atrial electrogram. 
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Standard 12-lead and transesophageal ECG 
were continuously recorded during pacing. A 
standard pacing protocol was applied for the 
evaluation of sinus and atrioventricular nodes’ 
functions. Corrected sinus node recovery time 
(CNRT) and Wenckebach point (WP) values 
were calculated based on ECG recorded during 
rapid atrial pacing. 

Statistical analysis: Continuous data are 
expressed as mean values ± standard deviation. 
Univariate comparison was performed by the 
Student’s t-test or chi-square analysis, where 
appropriate. A p value of < 0.05 was considered 
significant.

The study protocol was approved by the 
institutional ethical committee.

Results

In this study, we evaluated a total of 51 
children with the complaint of syncope; of 
these patients, 21 were males and 30 were 
females. HUTT was determined to be positive 
in 33 patients and negative in 18 patients. The 
major characteristics of patients depending 
on the results of HUTT, and their cardiac 
nodal functions determined by the TEPPS are 
indicated in Table I. Statistically significant 
differences did not exist between the two 
groups in terms of major characteristics. The 
cardiac nodal functions of all patients were 
determined to be normal. The CNRT values 
that show the functions of sinoatrial node were 
also statistically similar in two groups (p: 0.76). 
The WP values differed significantly between 
the groups (p: 0.011). Tachycardia could be 
induced with TEEPS in none of the patients. 
No complications occurred related to TEEPS.

Statistically significant differences were not 

observed between the groups in terms of the 
values of HR min, HR mean, and HR max. In 
the HUTT positive patient group, the values 
of the HF, rMSSD, and pNN50, which are the 
parameters of HRV, were determined to be 
significantly higher, compared to the HUTT 
negative patient group (Table II). 

Discussion

The present study evaluated cardiac autonomic 
and cardiac nodal functions in pediatric patients 
suffering from vasovagal syncope. The sinus 
node dysfunction may be a cause of syncope 
due to bradycardia and decreased cerebral 
perfusion. However, the studies conducted on 
adult patients have reported that syncope was 
associated with neurocardiologic reflex even 
in patients with sinus node dysfunction14-16. 
Nevertheless, a value of CNRT exceeding 
800 ms is an independent risk factor for 
syncope17. In our study, none of the children 
with vasovagal syncope had sinus node 
dysfunction. Moreover, the numeric value of 
CNRT did not differ significantly between the 
tilt positive and tilt negative patient groups. 
The sinus node dysfunction may theoretically 
be a cause of syncope. However, in children 
with syncope and normal findings on ECG and 
Holter monitoring, there is no need to raise 
concerns about sinus node dysfunction. It can 
be said that sinus node dysfunction is extremely 
rare in pediatric patients with syncope, who do 
not have an additional cardiac disease. When 
it is known that the sinus node functions are 
normal in children with VVS, the possible 
redundant concerns can also be avoided during 
the patient follow-up.

Brembilla-Perrot14 et al.  reported that 
atrioventricular conduction disorder occurred 
in only 1% of patients with unexplained syncope 

Patient Groups

All 
(n: 51)

Tilt Positive 
(n: 33)

Tilt Negative 
(n: 18) p value

Age (years) 14.01 ± 2.79 13.57 ± 2.95 14.83 ± 2.30 0.061

Gender (male/female) 21/30 16/17 5/13 0.15

Weight (kg) 45.64 ± 15.38 44.39 ± 14.28 46.40 ± 16.91 0.45

WP (ms) 342.9 ± 76 378.89 ± 57.07 322.65 ± 78.67 0.011

CNRT (ms) 290 ± 75.57 292.40 ± 73.9 285.72 ± 80.3 0.76

Table I. Characteristics and Nodal Functions of the Patients

CNRT: corrected sinus node recovery time; ms: millisecond; WP: Wenckebach point
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and a normal ECG. In our study, no patient 
had AV conduction disorder. However, the WP 
value in the patient group with a positive tilt 
test was significantly higher compared to the 
patient group with a negative tilt test. We 
consider that this is associated with decreased 
dromotropy developing due to an increased 
parasympathetic tonus in the patient group 
with a positive tilt test.

I t  w a s  r e p o r t e d  t h a t  u n d i a g n o s e d 
supraventricular tachycardia might be a cause 
of syncope in a study evaluating the diagnostic 
efficacy of transesophageal electrophysiologic 
study in 154 patients with unexplained syncope 
and without an additional cardiac disease. 
Brembilla-Perrot et al.11 included in this 
study the patients without a documented 
arrhythmia and with a normal ECG, but 
suffering from palpitation. Moreover, the ages 
of patients in this study ranged between 16 
years and 87 years. In our study, despite the 
stimulation of atrium with TEEPS, we could 
induce supraventricular tachycardia in none of 
these paediatric patients. Our cases did not 
report a complaint of palpitation, and this fact 
may explain the controversial results.

When the HRV parameters were investigated 
in the study groups, the HRV parameters that 

indicate the parasympathetic tonus differed 
between the tilt positive and tilt negative 
patient groups. HF (ms2), rMSSD (ms), 
and pNN50 (%) are the HRV parameters 
that show parasympathetic activity (5). The 
difference in the values of HF (ms2), rMSSD 
(ms), and pNN50 (%) in the tilt positive 
patients is a finding, which is in favor of 
increased parasympathetic activity occurring in 
patients with vasovagal syncope. This finding is 
consistent with the determination of differences 
in TEEPS and WP between the two groups. 
The difference in autonomic tonus between the 
tilt positive and tilt negative patient groups 
has been shown by HRV parameters and also 
by the AV conduction characteristics.

In pediatric patients suffering from VVS, 
increased parasympathetic tonus predominates 
in the autonomic nervous system. This 
increased activity in parasympathetic system can 
be shown by evaluating the HRV parameters. 
Significant impairment in cardiac nodal 
functions should not be expected in children 
suffering from VVS. However, the WP, which is 
the indicator of atrioventricular node function, 
may be prolonged in cases with VVS. The 
change in WP in these patients may be due 
to increased parasympathetic tonus occurring 

Tilt Positive Patients 
(n: 33)

Tilt Negative Patients 
(n: 18) p value

Average heart rate (bpm) 78.09 ± 15.8 83.8 ± 9.87 0.169

Minimum heart rate (bpm) 49.0 ± 7.04 48.77 ± 6.7 0.9

Maximum heart rate (bpm) 156.15 ± 17.1 162.27 ± 14.5 0.2

SDNN (ms) 151.24 ± 45.6 151.88 ± 42.9 0.96

SDNNi (ms) 70.81 ± 21.8 60.16 ± 18.78 0.08

SDANN (ms) 127.69 ± 36.2 138.88 ± 41 0.3

rMSSD (ms) 49.93 ± 22.67 37.55 ± 11.7 0.03*

pNN50 (%) 20.81 ± 11.09 13.88 ± 8 0.02*

Total Power (ms2) 7,031.53 ± 8,804.13 3,605.38 ± 2,084.14 0.11

VLF (ms2) 3,520.36 ± 2,447.92 2,367.72 ± 1,551.81 0.06

LF (ms2) 799.92 ± 423.3 1,053.46 ± 525.44 0.08

HF (ms2) 629.54 ± 332.37 403.96 ± 199.3 0.01*

Table II. Calculated Time-Domain and Frequency-Domain Variables in the Patients

bpm: beats per minute; LF: low-frequency component; HF: high-frequency component; ms: millisecond; pNN50: 
percentage of successive normal sinus R-R intervals longer than 50 ms; rMSSD: root mean square of the successive 
normal sinus R-R interval difference; SDNN: standard deviation of all normal sinus R-R intervals during 24 h; SDNNi: 
standard deviation of all normal sinus R-R intervals for all 5-min segments; SDANN: the standard deviation of the 
average normal sinus R-R intervals for all 5-min segments, TEEPS: transesophageal electrophysiological study; VLF: 
very-low-frequency component
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in these cases. 
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