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Abstract 

The purpose of this study is to investigate the behavior 
of autonomic nervous system (ANS), reflected by short-
term variability (STV), in the hemodialysis patients with 
high risk for cardiac arrhythmias and sudden cardiac 
death. Comparison was performed with normal people. 
The data were provided by THEW (database ESRD and 
Normal). STV of RR intervals (STVRR) and QT intervals 
(STVQT) as well as the ratio of them (STVQT/RR) were 
calculated using 30 consecutive beats. Two resting 
episodes lasting 1 h were selected in each Holter record, 
one by day, the other at night. For each 1 h interval 
series, a sliding window with width of 30 beats was 
implemented and indexes of each sliding window within 
the episode were averaged as the feature indexes 
(MSTVRR, MSTVQT and MSTVQT/RR) of this episode. 
Results showed that MSTVRR in ESRD was much lower 
than that in Normal. Though the level of MSTVQT/RR by 
day was comparable in these two groups, there existed 
significantly increased MSTVQT/RR at night in ESRD. The 
decreased heart rate variability (HRV) and increased 
MSTVQT/RR at night suggest the sympathetic overactivity in 
ESRD. Comparative analysis of HRV and QT variability 
using Holter data might be a potential approach to get 
information of ANS modulation.     

1. Introduction

The time interval series from ECG, such as RR 
intervals and QT intervals, contain a plenty of 
information about autonomic nerve system (ANS) 
modulation to heart rate and ventricular repolarization. 
Heart rate variability (HRV) refers to subtle changes in 
duration of cardiac cycle. It has been used as a non-
invasive clinical tool for assessing sympathetic- 
parasympathetic balance and as a sensitive marker of the 
relationship between the ANS and cardiac mortality [1]. 
The QT interval, expressing global depolarization and 
repolarization in the ventricular myocardium, manifests 
the intrinsic adaptation of the action potential duration to 

changes in cycle length. QT variability (QTV) reflects 
ANS activities as well. Cardiac norepinephrine (NE) 
spillover is the ‘gold-standard’ of cardiac sympathetic 
activity. Baumert et al [2] measured NE spillover directly 
and assessed beat-to-beat QTV. They revealed the 
association between QTV and sympathetic activation. 

The corresponding process for QT interval to RR 
interval is complex, including an immediate adaptation 
and a slow adaption (called QT/RR hysteresis) [3]. 
Though QTV is mainly driven by HRV, the relationship 
between them can be inflected by ANS modulation. It 
was reported on the tilt experiment that HRV and QTV 
showed a gradual uncoupling tendency following 
transition of ANS status induced by shifted tilt table [4]. 
Investigation of the changes in the relationship of HRV 
and QTV might provide useful information about ANS 
modulation. 

Short-term variability (STV) was introduced as a 
measure of HRV and QTV. It has been used in some 
researches, such as heart failure in animals [5] and 
structural heart disease in humans [6]. The greatest 
advantage of this index is its no special requirement to the 
data size. So, this kind of analysis can make full use of 
short-term data, which is more likely to comply with non-
stationary characteristics of time interval series of heart. 

End stage renal disease (ESRD) patients are often with 
a substantial risk for abnormal autonomic function [7-8]. 
Therefore, our analysis concentrates on the performance 
of STV in characterizing the behaviour of ANS in normal 
people and ESRD patients. 

2. Methods

The data for this analysis were accessed by the 
Telemetric and Holter ECG Warehouse (THEW, 
http://www.thew-project.org), among which two 
databases were extracted. One contains 24 h Holter 
recordings of 202 healthy subjects (Normal, E-HOL-03-
0202-003, ranging from 9~82 y), the other contains 48 h 
Holter recordings of 51 end stage renal disease patients 
with high risk for cardiac arrhythmias and sudden cardiac 
death (ESRD, E-HOL-12-0051-016, more than 40 y). In 
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addition to ECG data, beat annotations are available in 
both databases. 

With the exclusion of those incomplete records and 
age matching according to ESRD, we got 43 records from 
ESRD and 82 records from Normal for analysis For each 
selected record, 2 episodes (each lasting 1 h) in resting 
state were extracted, one in the period of 7:00~20:00 
(day), the other in 0:00~6:00 (night).  

RR intervals of the selected 1 h episodes were derived 
from the annotations in the databases, while QT intervals 
corresponding to the selected episodes were obtained 
using a complex algorithm [9] validated with the records 
in Physionet QT Database (http://www.physionet.org/ 
physiobank/database/qtdb/). Ectopic beats were removed 
before further analysis. 

The short-term variability (STV) defined as the mean 
orthogonal distance from the diagonal to the points of the 
Poincaré plot [10-11]. We measured the STV of RR and 
QT intervals using 30 consecutive beats. The formulas 
used were as follows: 

STVୖୖ ൌ෍
|RR௜ାଵ െ RR௜|

30√2
(1) 

STV୕୘ ൌ෍
|QT௜ାଵ െ QT௜|

30√2
(2) 

STV୕୘/ୖୖ ൌ
STV୕୘
STVୖୖ

(3) 

where RRi and QTi are the duration of ith RR and QT 
interval. For each 1 h period, a sliding window with width 
of 30 beats was moved according to time sequence. 
STVRR, STVQT and STVQT/RR were calculated in each 
window. Indexes of each sliding window within the 
episode were averaged as the feature indexes (MSTVRR, 
MSTVQT and MSTVQT/RR) of this episode.  

Intervals are expressed as mean  standard deviation. 
MSTVRR, MSTVQT and MSTVQT/RR are given as median 

and interquartile range (75th percentile – 25th percentile). 
Student’s t-test was used to compare the RR and QT 
intervals between day and night. Wilcoxon signed rank 
tests were applied to detect differences in feature indexes 
between day and night. Mann-Whitney U tests were used 
to compare the differences between Normal and ESRD. 
The statistical analysis was performed using SPSS 19.0 
(SPSS Inc., Chicago, USA). Statistical significance was 
accepted at the level of P < 0.05. 

3. Results

The results of our study are shown in Table 1. 
There were significantly increased RR intervals in 

night compared with that by day both in Normal and 
ESRD. And there were obvious differences for the same 
index between Normal and ESRD in the corresponding 
period. For QT intervals, the situation was almost the 
same except that there was no significant difference for 
QT intervals at night between Normal and ESRD. 

Compared with Normal, there were significantly 
decreased HRV and QTV measured by MSTVRR and 
MSTVQT, respectively. We can also see it from Figure 1 
which shows representative examples of QT and RR 
interval Poincaré plots from a normal person and patient 
with ESRD in day and night. Both for Normal and ESRD, 
MSTVRR increased from day to night, while MSTVQT 
changed in the opposite direction, which indicates the 
parasympathetic activation and the sympathetic 
withdrawal due to circadian rhythm. In the meantime, the 
fluctuations of these two indexes during day and night 
were smaller in ESRD. At resting state by day, 
MSTVQT/RR was almost at the same level for Normal and 
ESRD, while there was significantly increased 
MSTVQT/RR at night in ESRD compared with Normal. 

Table 1. The results of analysis in Normal and ESRD 

Index 
Normal (n=82) ESRD (n=43) 

Day Night Day Night

RR interval (ms) 732±119*# 931±151# 775±118* 866±113

QT interval (ms) 398±42*# 439±45 410±44* 440±43

MSTVRR (ms) 11.16(8.98)*# 14.86(11.76)# 5.48(5.56)* 8.05(5.61)

MSTVQT (ms) 14.04(11.65)*# 8.96(7.69)# 7.82(8.23)* 5.59(4.64)

MSTVQT/RR 1.56(1.40)* 0.64(0.85)# 1.61(2.16)* 0.92(1.08)

Notes: Data are expressed as mean ± SD or median and interquartile range (75th–25th). 
*P<0.05 Day vs Night; #P<0.05 Normal vs ESRD.
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Figure 1. Representative Poincaré plots of QT and RR intervals in a normal person and patient with ESRD in day and 
night. In all plots, the diagonal line is for illustration purposes. i=RR or QT interval of beat i of each subject; i-1=RR or 
QT interval of the previous beat. 

4. Discussion

In present study, we used STV as a measure of HRV 
and QTV to assess the autonomic nerve activities. 
MSTVRR is an index reflecting the modulation of 
sympathetic and parasympathetic activities. MSTVQT 
represents repolarization activity. The relative 
relationship between STVRR and STVQT is expressed as 
STVQT/RR. Our results demonstrate that these measures of 
STV are highly associated with autonomic nerve 
activities.  

The enrollment criteria for database ESRD in THEW 
are those hemodialysis patients with high risk for cardiac 
arrhythmias and sudden cardiac death. Their ages are 
greater than 40 and with confirmed history of 
hypertension or diabetes requiring treatment. At the same 
time, the exclusion criteria are those with class I 
antiarrhythmic, pacemaker, ICD device, cardiac 
resynchronization therapy (CRT) device or having a 
history of chronic atrial fibrillation. The exclusion criteria 
make sure that the enrolled patients in ESRD are almost 
in the similar state of ANS dysfunction, without other 
clear comorbidities and experiences of severe arrhythmia. 
The sympathetic activity is increased in end stage renal 
disease patients from a direct effect of the diseased 
kidneys. Moreover, increased sympathetic activity is 
observed in patients with hypertension or diabetes [12, 
13]. So, the records in ESRD database provide us typical 
population with ANS dysfunction for the comparison 
with normal people.  

The major conclusions of Celik’s and Oikawa’s 
studies [14-15] are that autonomic function deteriorates in 
ESRD paitents presented by all of the decreased HRV 
indexes. Our results coincide with theirs on this point. 
The magnitudes of MSTVRR are much lower in ESRD 
regardless of nearly the same heart rate level as Normal. 
The relatively low MSTVQT is another potent proof. 

The differences of HRV and QTV between day and 
night are resulted from reciprocal function of ANS. 
Usually, the activation of sympathetic nerve is 
accompanied by the withdrawal of parasympathetic nerve, 
and vice versa. STVQT/RR is a measure representing the 
interaction of RR and QT intervals. Sharp contrast of 
MSTVQT/RR between day and night in Normal reveals 
their clear circadian rhythm. While in ESRD, though the 
level of MSTVQT/RR is the same with that in Normal, 
increased MSTVQT/RR at night showed the weakened 
circadian rhythm. The declining magnitude for MSTVQT 
from day to night is less in ESRD than that in Normal, 
resulting in the higher MSTVQT/RR in ESRD.  
Sympathetic overactivity often leads to increased QTV, 
indicating less RR interval’s impact on QT interval [16-
17]. Our finding from non-invasive ECG detection is in 
accordance with those from direct measurement of 
sympathetic activity. For example, Converse, JR. et al [18] 
recorded postganglionic sympathetic nerve discharge. 
Their results demonstrate substantially higher discharge 
in ESRD patients than that in normal controls. Since the 
autonomic imbalance has the possibility in causing 
cardiac instability, arrhythmia and even sudden cardiac 
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death, non-invasive monitoring of ANS is very important 
but remains challenging by now.  

The ambulatory Holter is a universal and non-invasive 
tool to record electric activities physiology in the heart. It 
is an important data resource to research ANS activity. 
However STVs are calculated on the basis of absolute 
differences between consecutive intervals of beats, which 
makes them sensitive to immediate changes in nature. 
Unlike other HRV and QTV indexes, there is no 
requirement to the number of beats to be calculated. 
These two merits make us believe that STVs are potential 
indexes to evaluate the state of ANS using Holter data. 

5. Conclusions

Short-term variability is a useful tool in characterizing 
autonomic nerve activity. Comparative analysis of HRV 
and QTV using Holter data might be a potential approach 
to get information of ANS modulation. 
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