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Abstract. – OBJECTIVE: We aimed to investi-
gate the heart rate variability in children with myo-
carditis presenting with ventricular arrhythmias.

PATIENTS AND METHODS: The study com-
pared the characteristics of heart rate variabil-
ity (HRV) among 67 children with viral myocar-
ditis (VMC), presenting with (n=35) and without 
(n=32) ventricular arrhythmias and a control 
group of 30 healthy children.

RESULTS: Compared with the control group, the 
HRV time-domain indicators of children with VMC 
were significantly lower (p<0.05); also, the indica-
tors of children with ventricular arrhythmias were 
significantly lower than those of children without 
ventricular arrhythmias (p<0.05). Equally, during 
both the lucid and sleep periods, the time-domain 
indicators of HRV were significantly lower in pa-
tients with VMC and arrhythmias than in either the 
control group (p<0.05) or the group with VMC but 
no ventricular arrhythmias (p<0.05). 

CONCLUSIONS: We conclude that the HRV of 
children with VMC probably decreased because 
of impaired vagal nerve function, with ventric-
ular arrhythmias developing only when the de-
crease was most significant. Thus, HRV can be 
a useful predictive indicator for ventricular ar-
rhythmias in children with VMC.
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Introduction

Viral myocarditis (VMC), which has an inci-
dence of 0.5%-2.6%, is typically caused by Cox-
sackievirus B or other enteroviruses that cause fo-
cal or diffuse myocardial lesions1. Although VMC 
is curable, children may have arrhythmic sequelae, 
including tachycardia and abnormalities of atrial or 
ventricular rhythm2. Unfortunately, the mortality 
associated with acute fulminant VMC can be high 
as a consequence, with multiple organ failure and 
malignant ventricular arrhythmia being the major 
causes of death3. However, there is an immediate 
correlation between imbalances of the autonomic 

nerve system and the occurrence of ventricular 
arrhythmias4. Heart rate variability (HRV) is a 
non-invasive, highly sensitive assessment that is 
frequently used as a quantitative indicator of au-
tonomic nervous function in the diagnosis, tre-
atment, and prognosis of related disease5. In this 
investigation, we analyzed the HRV results of chil-
dren with VMC and ventricular arrhythmias, with 
the aim that these results might provide indicative 
reference values for clinical treatment.

Patients and Methods

Study Design and Participants
We enrolled 67 consecutive patients admitted 

to Xuzhou Children’s Hospital with a diagnosis 
of VMC between January 2014 and January 2016. 
We divided them into an arrhythmia group (35 ca-
ses) and a non-arrhythmia group (32 cases). The 
research team obtained the approval of the Ethics 
Committee of Xuzhou Children’s Hospital and 
informed consents of the children patients’ guar-
dians VMC was diagnosed according to the VMC 
diagnostic criteria of the National Cardiovascular 
Sessions6. The inclusion criteria were as follows: 
a) age 4-12 years; b) VMC diagnosed according to 
the VMC diagnostic criteria; c) onset of VMC wi-
thin 1 month of admission. The exclusion criteria 
were as follows: a) patients with cardiac disease, 
including congenital heart diseases or primary 
arrhythmias; b) patients with metabolic disease, 
such as thyroid gland dysfunction; c) patients 
with poor compliance; d) patients for whom the-
re was incomplete clinical data. Once informed 
consent had been obtained from parents, we di-
vided the participants into an arrhythmia group 
and a non-arrhythmia group. Children in the ar-
rhythmia group were required to be symptomatic 
and presenting with premature ventricular con-
traction, ventricular tachycardia, or ventricular 
fibrillation. As a control group, we randomly en-
rolled 30 healthy children during the same period.
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Protocol and Outcomes
We used a DCG (Dynamic Electrocardio-

graphy) Monitoring System (Century Series 3000, 
Biomedical System Corporation, New York, NY, 
USA) to monitor children in all three groups. No 
child was administered any drug known to affect 
the electrophysiological properties of the heart for 
1 week before monitoring. We then used several 
time-domain indicators of HRV for further analy-
sis: a) SDNN (standard deviation of NN intervals), 
the standard deviation of consecutive regular R-R 
intervals in 24 h; b) SDANN, the standard devia-
tion of the average of 5-min R-R intervals in 24 h; 
c) the SDNN index, the average standard devia-
tion of the 5-min R-R intervals in 24 h; d) RMS-
SD, the root mean square of successive heartbeat 
interval differences in 24 h; e) PNN50, the per-
centage of consecutive R-R intervals differing by 
more than 50 ms. Monitoring was for 24 h, from 
08:00 am to 9:00 pm set as the lucid period and 
from 9:00 pm to 06:00 am set as the sleep period.

Statistical Analysis
Data analysis was performed using IBM SPSS 

for Windows, Version 22.0 (IBM Corp., Armonk, 
NY, USA). All quantitative data are presented as 
mean ± standard deviation, and enumeration data 
are presented as percentages. Statistical differen-
ces were analyzed by one-way analysis of varian-
ce, and differences between the two groups were 
analyzed by the Least-Significant Difference test. 
Enumeration data were compared between groups 
using the χ2 test. Differences of p<0.05 were con-
sidered statistically significant.

Results

Participants
We enrolled 67 consecutive patients diagnosed 

with VMC and divided them into an arrhythmia 
group (35 cases) and a non-arrhythmia group (32 
cases). In the arrhythmia group, there were 20 boys 
and 15 girls, and the average age was 7.6 ± 2.5 ye-
ars; in the non-arrhythmia group, there were 18 

boys and 14 girls, and the average age was 7.7 ± 2.6 
years. We also enrolled 30 healthy children in the 
control group, of which 17 were boys, 13 were gir-
ls, and the average age was 7.6 ± 2.7 years. There 
were no statistically significant differences in sex 
or age among the three groups (p>0.05).

Comparison of HRV Time-Domain 
Indicators Among the Three Groups

Compared with the control group, the HRV ti-
me-domain indicators of children with VMC were 
significantly lower (p<0.05); also, the indicators 
of children with ventricular arrhythmias were si-
gnificantly lower than those of children with no 
ventricular arrhythmias (p<0.05). See Table I.

Comparison of Time-Domain Indicators 
During the Lucid and Sleep Periods

Compared with the control group, the HRV ti-
me-domain indicators in the VMC group were 
significantly lower during both the lucid and sle-
ep periods (p<0.05); also, the HRV indicators of 
children with arrhythmias were significantly lower 
than those of children with no arrhythmias during 
both periods (p<0.05). See Tables II and III.

Discussion

The etiology of VMC is multifactorial, rela-
ted to the presence of viral infection, the genetic 
background of the host, the immunoreaction in 
the host, and the oxidation reaction in the host6. 
As a severe complication of myocarditis, ventri-
cular arrhythmias can persist through childhood 
into adulthood and may be associated with dilated 
cardiomyopathy as the disease passes through dif-
ferent stages7. Arrhythmia is the external manife-
station of irregular electrical transmission caused 
by an abnormality in the structure and function of 
the conducting system of the heart8. Thus, myo-
carditis could lead to not only lesions of the myo-
cardium and matrix, but also dysfunction of the 
cardiac pacing and conduction systems9. The na-
tural history of myocarditis involves myocardial 

Table I. Comparison of the time-domain indicators in all groups(x– ± s).
Group SDNN (ms)  SDANN (ms)  SDNN Index (ms)  RMSSD (ms)  PNN50 (%) 
  
Control  141.27 ± 28.15 121.36 ± 23.47 53.28 ± 11.41 55.85 ± 14.77 21.43 ± 7.03
Non-arrhythmia 103.28 ± 19.75* 84.69 ± 17.98* 42.63 ± 9.82* 39.07 ± 12.63* 9.85 ± 3.11*

Arrhythmia 68.32 ± 15.84*# 65.40 ± 16.73*# 30.17 ± 9.95*# 28.75 ± 9.01*# 5.85 ± 1.70*#

Note: *refers to the significant difference between the value and the control group (p<0.05); #refers to the significant difference 
between the value and non-arrhythmias group (p<0.05).
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ischemia, anoxia, and inflammatory factors that 
manifest as increased heart rate and decreased 
HRV10. The heart is dominated by sympathetic 
and vagal nerve activity11. When the sympathetic 
nerves are stimulated, the activation of norepine-
phrine receptors on the myocardial cell membrane 
are accelerated, resulting in an increase in heart 
rate and myocardial contractility. By contrast, the 
action of acetylcholine from cardiac vagal nerves 
on the myocardial cell membrane can decrease 
both the heart rate and myocardial contractility. 
Under normal physiological conditions, acetyl-
choline and norepinephrine can suppress each 
other, but the effect of the vagal nerve outweighs 
that of the sympathetic nerve12. Indeed, despite 
the fact that sinoatrial node activity is under both 
sympathetic and vagal control, the quantity of 
vagal nerve inside the sinoatrial node is greater 
than that of the sympathetic nerve, so cells of the 
sinoatrial node are more sensitive to vagal nerve 
input. Therefore, the heart beat rhythm is mainly 
controlled by the vagal nerve, with the sympathe-
tic nerve exerting an auxiliary effect13. Changes 
in autonomic nerve activity could be reflected 
by variations in the R-R intervals. The methods 
applied to detect HRV include time and frequen-
cy-domain analyses, with the 24-h time-domain 
analysis being stable and repeatable, making it 
the most frequently used method when evaluating 
HRV14. The SDNN can reflect the overall state of 
HRV and can help evaluate the overall tension of 
the autonomic nerve15. Meanwhile, SDANN and 
the SDNN index can reflect gradual changes in 
heart rate, thereby serving as sensitive indicators 
for the evaluation of sympathetic nerve function. 

Thus, as there is an increase in sympathetic ner-
ve tension, SDANN and the SDNN index decre-
ase significantly16. By contrast, RMSSD can help 
assess faster switches in the heart rate, serving 
as a major indicator in the evaluation of vagal 
nerve function, where it decreases significantly 
with any decrease in vagal nerve tension17. In this 
study, we found that the HRV time-domain indi-
cators in patients with VMC were significantly 
lower compared with those in the control group. 
Also, the indicators were significantly lower in 
the children with than in those without ventricular 
arrhythmias. During the lucid and sleep periods, 
the HRV time-domain indicators of patients with 
VMC were also significantly lower than those of 
the control group, and the indicators of patients 
with ventricular arrhythmias were significantly 
lower than for those with no ventricular arrhyth-
mias. These findings indicate that there are major 
changes in autonomic nerve function (predomi-
nantly impaired vagal nerve function) in chil-
dren with VMC; however, at present, the precise 
mechanism of HRV decrease in these children 
remains unclear. Nikitina et al18 found that chan-
ges in β-receptor function may occur at any stage 
of myocarditis and that a significant increase in 
β-adrenoreceptor sensitivity might be induced by 
the augmentation of stimulatory G-protein con-
centrations after myocarditis. However, Li et al19 
argued that impairment of cardiac muscle caused 
by myocarditis might cause lesions of inhibitory 
receptors on the sympathetic nerve, triggering 
excessive enhancement of sympathetic nerve acti-
vity and inhibition of vagal nerve activity, leading 
to a decrease in HRV. Children with VMC and 

Table II. Comparison of time-domain indicators among all groups during the lucid period (x– ± s).
Group SDNN (ms)  SDANN (ms)  SDNN Index (ms)  RMSSD (ms)  PNN50 (%) 
  
Control  105.24 ± 23.86 104.58 ± 18.67 39.18 ± 9.42 38.57 ± 12.06 11.22 ± 3.64
Non-arrhythmia 86.27 ± 20.33* 73.82 ± 16.40* 35.75 ± 7.22* 26.46 ± 8.51* 7.54 ± 2.01*

Arrhythmia 60.43 ± 16.95*# 57.28 ± 17.36*# 20.65 ± 5.17*# 15.33 ± 4.88*# 3.10 ± 1.00*#

Note: *refers to the significant difference between the value and the control group (p<0.05); #refers to the significant difference 
between the value and non-arrhythmias group (p<0.05).

Table III. Comparison of time-domain indicators among all groups during the sleep period (x– ± s).
Group SDNN (ms)  SDANN (ms)  SDNN Index (ms)  RMSSD (ms)  PNN50 (%) 
  
Control  162.74 ± 30.94 133.67 ± 26.66 65.57 ± 14.31 76.92 ± 15.04 42.75 ± 12.43
Non-arrhythmia 114.65 ± 28.72* 90.52 ± 20.19* 49.52 ± 11.77* 40.12 ± 14.66* 15.22 ± 4.13*

Arrhythmia 79.22 ± 20.14*# 72.85 ± 15.83*# 38.67 ± 10.64*# 31.63 ± 11.16*# 8.61 ± 2.35*#

Note: *refers to the significant difference between the value and the control group (p<0.05); #refers to the significant difference 
between the value and non-arrhythmias group (p<0.05).
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arrhythmias may, therefore, suffer impairment of 
the cardiac autonomic nerves that is more seve-
re than in those without arrhythmias. Indeed, the 
electrical stability of the myocardium is mainly 
dependent on the balance between vagal and 
sympathetic nerve activities, which in turn affect 
HRV and can be used to evaluate the severity of 
ventricular arrhythmias. If vagal nerve activity 
increases, HRV will increase and protect against 
ventricular fibrillation, but if sympathetic nerve 
activity increases, HRV will decrease and may 
lead to the development of malignant arrhyth-
mias. Circadian changes in HRV could also indi-
cate variations in autonomic nerve function with 
high-sensitivity20. Circadian HRV usually decre-
ases in children with myocarditis, particularly in 
those with ventricular arrhythmias.

Conclusions

Vagal nerve functions are probably impaired in 
children with myocarditis, leading to decreased 
HRV, and this appears most markedly in children 
with ventricular arrhythmias. Therefore, HRV could 
be used as a predictive indicator for the development 
of ventricular arrhythmias in children with VMC.
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