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, Abstract—Background: Heart rate variability (HRV) is
a noninvasive method to measure the function of the auto-
nomic nervous system. It has been used to risk stratify pa-
tients with undifferentiated chest pain in the emergency
department (ED). However, bradycardia can have a modi-
fying effect on HRV. Objective: In this study, we aimed to
determine how bradycardia affected HRV analysis in pa-
tients who presented with chest pain to the ED. Methods:
Adult patients presenting to the ED at Singapore General

Hospital with chest pain were included in the study. Patients
with non-sinus rhythm on electrocardiogram (ECG) were
excluded. HRV parameters, including time domain, fre-
quency domain, and nonlinear variables, were analyzed
from a 5-min ECG segment. Occurrence of a major adverse
cardiac event ([MACE], e.g., acute myocardial infarction,
percutaneous coronary intervention, coronary artery
bypass graft, or mortality) within 30 days of presentation
to the ED was also recorded. Results: A total of 797 patients
were included for analysis with 248 patients (31.1%) with
30-day MACE and 135 patients with bradycardia (16.9%).
Compared to non-bradycardic patients, bradycardic
patients had significant differences in all HRV parameters
suggesting an increased parasympathetic component.
Among non-bradycardic patients, comparing those who
did and did not have 30-day MACE, there were significant
differences predominantly in time domain variables, sug-
gesting decreased HRV. In bradycardic patients, the same
analysis revealed significant differences in predominantly
frequency-domain variables suggesting decreased parasym-
pathetic input. Conclusions: Chest pain patients with brady-
cardia have increased HRV compared to those without
bradycardia. This may have important implications on
HRV modeling strategies for risk stratification of bradycar-
dic and non-bradycardic chest pain patients. � 2017
Elsevier Inc. All rights reserved.
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INTRODUCTION

Heart rate variability (HRV) is a well-studied, noninva-
sive measure of autonomic nervous system function and
has been used for a wide range of clinical applications
ranging from cardiology to psychiatry (1). In the emer-
gency department (ED), HRV has been utilized for iden-
tification of critically ill patients and for risk stratification
of patients presenting with sepsis, trauma, or chest pain
(2–7).

Measurements of HRVare collected using continuous
cardiac monitoring to measure consecutive R-R intervals.
This series of R-R intervals can then be analyzed for vari-
ability in multiple ways, which have been defined previ-
ously and are listed in Table 1 (8). Using these
parameters, HRV can provide insights into the balance
between sympathetic and parasympathetic nervous in-
puts. This balance has been shown to be clinically rele-
vant for risk stratifying chest pain patients in the ED.
Works by Ong et al., Heldeweg et al., and Liu et al.,
have shown that decreased HRV and increased sympa-
thetic tone are associated with adverse cardiac outcomes
in patients who present to the ED with chest pain
(7,9–11).

Increased sympathetic tone and less variability can be
signs of a stressed or failing heart (12). Early in the phys-
iologic progression of heart failure, patients may present
with normal vital signs due to compensatory mecha-
nisms. Therefore, HRV measurements may be helpful
in early identification of chest pain patients who are
more critically ill and in need of a higher level of care
necessitating acute interventions.

The effect of heart rate on HRV has been studied in
ambulatory patients as well as athletes, with both studies
concluding that bradycardia was associated with
increased HRV (13,14). Tsuji et al. identified heart rate
as an important determinant for HRV (13). Despite these
findings, ED risk-stratification strategies employing
HRV typically use equivalent analyses for bradycardic
patients and patients with normal heart rates, as there
has been no data in the literature to suggest a definite
difference in HRV variables between bradycardic and
non-bradycardic patients.

Therefore, in a population of patients presenting to the
ED with undifferentiated chest pain, we aimed to deter-
mine whether or not bradycardia (< 60 beats/min) had
an effect on HRV analysis. Prior studies using HRV for
chest pain risk stratification do not use separate analyses
for bradycardic patients (7,9–11). If bradycardia does
impact analysis, this may imply that different HRV
risk-stratification strategies should be used for bradycar-
dic versus non-bradycardic chest pain patients.

MATERIALS AND METHODS

Adult patients (> 20 years old) who presented to
Singapore General Hospital ED with undifferentiated
chest pain were conveniently and prospectively recruited
between September 2010 and July 2015. Patients diag-
nosed with obvious noncardiac chest pain (e.g., trauma,
pneumonia, and pneumothorax) by the emergency physi-
cian were excluded. Patients with irregular/non-sinus
rhythm on electrocardiogram (ECG) or extensive arti-
fact/ectopic beats (> 5%) preventing appropriate HRV
analysis were also excluded. SingHealth’s Centralized
Institutional Review Board (ref: 2014/584/C) approved
this study with a waiver of patient consent, as there was
no associated therapeutic intervention. Part of this patient

Table 1. Measures of Heart Rate Variability

Variable Type Measure

aRR (s) Time Average of the R-R intervals
sdRR (s) Time Standard deviation of R-R intervals
RMSSD (s) Time Square root of the mean squared differences between R-R intervals
NN50 (count) Time The number of times that the absolute difference between 2 successive R-R

intervals exceeds 50 ms
pNN50 (%) Time NN50 divided by the total number of R-R intervals
LF power (ms2) Frequency Low-frequency power (sympathetic and a component of parasympathetic tone)
HF power (ms2) Frequency High-frequency power (parasympathetic tone)
LF power norm (n.u.) Frequency Normalized low-frequency power
HF power norm (n.u.) Frequency Normalized high-frequency power
LF/HF ratio Frequency Ratio between low- and high-frequency power
Poincare plot SD1 (ms) Nonlinear Graphical representation of R-R interval correlation
Poincare plot SD2 (ms) Nonlinear Graphical representation of R-R interval correlation
Approximate entropy Nonlinear R-R interval irregularity
Sample entropy Nonlinear R-R interval irregularity
DFA (a1) Nonlinear Detrended fluctuation analysis: fractal organization within the R-R interval series
DFA (a2) Nonlinear Detrended fluctuation analysis: fractal organization within the R-R interval series

n.u. = normalized units.
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