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Abstract

Case Series

Introduction

Heart rate variability is defined as oscillation of the interval 
between consecutive heartbeats.[1] The autonomic nervous 
system controls the cardiovascular system through afferent 
and efferent nerve connections to the heart.[2] The net effect 
of the autonomic nervous system on the heart depends on 
multiple factors, including feedback from baroreceptors and 
chemoreceptors, respiratory variation, and activity of the 
vasomotor and thermoregulatory systems.[3] Predominant 
sympathetic activity results in an increased heart rate while a 
higher parasympathetic activity causes a decreased heart rate. 
Heart rate variability is an indication of the heart’s ability to 
respond to changes in intrinsic and extrinsic stimuli. Various 
physiological conditions, such as physical exercise, hypoxia, 
and drowning, can affect autonomic activity. Publication of a 
study of heart rate variability during fetal distress resulted in 
an increased interest in the mechanism of heart rate variability 
and its clinical applicability in ill children.[4]

Different heart rate variability patterns have been identified 
as early sensitive markers for outcome in various diseases. 
Increased heart rate variability is an index of an efficient 
autonomic nervous system, with good adaptation to 

multiple stimuli, whereas low heart rate variability indicates 
inadequately adapted autonomic nervous system and is a 
sign of diseased states.[5] Advances in computational power 
led to research on heart rate variability in various disorders, 
especially in cardiovascular disease in adults. However, there 
are limited data on the reproducibility of heart rate variability 
in children.[6] The present study evaluates various indices of 
heart rate variability, a surrogate of autonomic nervous system 
imbalance, in three patients with anoxic brain injury after a 
drowning episode.

Case History and Analysis

The study includes three children who were a part of multimodal 
neuromonitoring in critically ill children funded by the 
Department of Defense (Award# W81XWH‑09‑1‑0295). The 
first patient died after meeting brain death criteria, the second 
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patient had a complete recovery, and the third patient survived 
with severe neurologic dysfunction. These children were 
admitted with acute brain injury from submersion to Pediatric 
Intensive Care Unit and received mechanical ventilation 
and therapeutic hypothermia. Electrocardiography  (ECG) 
signals exported from the central monitor were analyzed 
in both time and frequency domains. Each hour, ECG data 
were split into twelve 5‑min segments (a total of 8 h of data 
from each patient). We have calculated the mean NN interval 
(R‑to‑R interval) for each of the 12 segments. Then, the 
standard deviation of NN means in 12 segments (SDANN) 
was calculated and used in statistical analysis. The data in the 
frequency domain were analyzed with the Lomb periodogram 
for power at low‑frequency (LF) band (LF: 0.04–0.15 Hz) and 
high‑frequency (HF) band (HF: 0.15–0.4 Hz). The mean LF/HF 
ratio was calculated. t‑Test and ANOVA with Tukey–Kramer 
multiple comparisons were used to analyze the data.

The mean LF/HF ratios for all hours were 0.11, 0.94, and 
0.13 for three children, respectively. LF/HF ratio in the 
second child was significantly different from the other two 
children (P < 0.05). Child 1 and Child 3 had isoelectric or 
burst suppression in electroencephalogram  (EEG) for few 
hours. Power in LF band (192 vs. 817 arbitrary units [AU]), 
LF/HF ratio (0.25 vs. 0.68), and SDANN (13 vs. 21 ms) were 
significantly lower during isoelectric or burst‑suppression 
periods compared to active EEG periods (P < 0.05). During 
hypothermia, power in LF band was lower (304 vs 907 au; one 
way t-test, P < 0.05) and a trend towards lower LF/HF ratio 
compared, to normothermia periods. In general, the power in 
the HF band was not significantly influenced by EEG activity 
or hypothermia.

Discussion

Heart rate is variable in healthy individuals, and the degree of 
heart rate variability correlates with a person’s health status. 
Heart rate variability measurements are often derived from 2 to 
5 min or 24 to 48 h of ECG recordings in the time and frequency 
domains.[1] Sequential hourly heart rate variability measurements 
may detect autonomic nervous system dysfunction more 
precisely than information recorded during 24–48 h periods or 
isolated short‑term recordings. Power spectral analysis helps 
separate and quantitatively assess the rhythmic components of 
heart rate variability. Cardiac sympathetic and parasympathetic 
influences are shown to be estimated by the rhythmic LF and 
HF components of heart rate variability.[3] The sympathetic 
mediators exert their effects for a longer time period, which is 
reflected in the LF power of the heart rate variability on spectral 
analysis (between 0.04 and 0.15 Hz). The parasympathetic, 
vagal mediators have shorter duration influence on the heart as 
reflected in the HF power of the heart rate variability spectrum 
(between 0.15 and 0.4 Hz). The resulting LF/HF ratio indicates 
the sympathovagal balance.[7]

In our study, various heart rate variability indices were 
significantly different based on the outcome of the child’s 

condition. Decreased power in the LF band, decreased LF/HF 
power ratio, and decreased heart rate variability  (SDANN) 
were present in the two children with the worst neurologic 
outcomes. Similar findings were also reported in other 
clinical studies.[8] Goldstein et  al. found a strong negative 
correlation between heart rate variability and severity of brain 
injury, neurological outcome, and survival in children.[8] In 
another prospective clinical study, the authors compared the 
autonomic cardiovascular state of children after severe brain 
injury and brain death and concluded a damaged sympathetic 
and complete interruption of the autonomic cardiovascular 
pathways in children with severe brain injury and brain death, 
respectively.[9] These findings are comparable to our study, 
where Child 1 and Child 3, with poor outcomes, showed lower 
LF/HF ratios, whereas Child 2, with a favorable outcome, 
showed a high LF/HF ratio. In our study, Child 1 and Child 
3 had random high LF/HF ratios during the first 4 h of the 
study, followed by a gradual decrease, which progressed 
to brain death and severe neurological injury, respectively. 
A  study by  Biswas et  al. in children with traumatic brain 
injury observed an association between the LF/HF ratio and 
functional outcome. They found significantly lower LF/HF 
ratios in children who progressed to brain death and suggested 
this ratio as a reasonable marker to follow in children with 
traumatic brain injury.[10] This phenomenon was also observed 
in the child 1 in this study who progressed to brain death.

Hypothermia may affect heart rate variability in the LF band; 
therefore, variability indices may be less useful during targeted 
temperature management. Our findings are comparable with 
other studies, suggesting an association of heart rate variability 
variables and clinical outcomes in children. However, this 
small prospective observational study included only three 
patients. Heart rate variability has great potential for use in 
continuous monitoring and as a prognostic tool in evaluating 
children with acute brain injury and requires further study. 
Heart rate is monitored in all critically ill patients, and with 
availability of advanced computational methods, continuous 
analysis of heart rate variability is now feasible.
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