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Abstract 

Cardiovascular oscillations following spontaneous 
ventricular premature complexes (VPC) are described by 
the so-called heart rate turbulence (HRT) onset (TO) and 
slope (TS). Since HRT is a marker of baroreflex 
sensitivity, it can be hypothesized to be affected by the 
preceding VPC sympatovagal balance (pHF). The aim of 
this study is to investigate the relationship between HRT 
parameters and pHF in heart failure (HF) patients. We 
studied 75 24h ECG Holter recording of HF patients 
(62±9 years) performing a Spearman correlation analysis 
between TO, TS and pHF values. According to risk 
stratification standards, each post-VPC response was 
classified in 0-normal type or 1-abnormal category. 

Results showed a 53%, 27%,5%,6% of post-VPC 
respectively 0,1a,1b,2-category, and a remaining 9% 
unclassified T0=0 values. pHF showed a moderate to 
good significant (p<0.0001) positive correlation with TS, 
ranging from r=0.5 to 0.6 in 0- and 1a-category, weaker 
correlations has been found between pHF and T0. 
Conclusions demonstrated that while the early HRT 
phase do not seem to depend on preceding VPC 
sympathovagal balance, pre-ectopic vagal tone affects 
HR late recovery slope in HF, with correlation patterns 
related to different post-VPC response type. 

 
 

1. Introduction 

Neurohumoral activation with sympathetic overdrive 
and progressive hemodynamic deterioration are well 
known main features of heart failure (HF). Cardiac 
autonomic control of these patients is consequently 
characterized by significantly reduced heart rate 
variability and impaired baroreflex sensitivity [1]. 

A very attractive noninvasive way for an indirect  
baroreflex sensitivity assessment has been recently 
proposed by the so called heart rate turbulence (HRT) 
technique, consisting on studying short-term sinus cycle 
length fluctuations following spontaneous isolated 
ventricular premature complexes (VPC) [2]. 

The physiologic pattern of HRT consists of a brief 
heart rate acceleration followed by a more gradual heart 
rate deceleration before the rate returns to a pre-ectopic 
level. 

Available physiologic investigations confirm that the 
initial heart rate acceleration is triggered by transient 
vagal inhibition in response to the missed baroreflex 
afferent input caused by hemodynamically inefficient 
ventricular contraction. 

A sympathetically mediated overshoot of arterial 
pressure is responsible for the subsequent heart rate 
deceleration through vagal recruitment. Hence, the HRT 
pattern is blunted in patients with reduced baroreflex [3]. 

Several clinical trials confirmed in the last years a 
growing interest in this technique, reporting HRT indexes 
strongly correlated with the severity of HF [4], as 
powerful independent predictors of decompensation and 
sudden death in this pathology [5-7] and showing a good 
reproducibility in this study population [8]. 

Despite a recent written consensus on the standard of 
HRT measurement and clinical use has been reached [9], 
a number of issues still remain poorly understood and in 
need of further investigation. 

Since HRT is a marker of baroreflex sensitivity, it can 
be hypothesized to be affected by the state of the 
sympathovagal balance. A reduction of HRT has been 
observed at high heart rate [10] and these observation 
lead to the possibility of correcting HRT indexes for heart 
rate [11], but presently available data offer no practical 
guidance for such a correction. 

Very few papers reported correlation studies between 
mean heart rate and HRT indexes over 24 hours Holter 
ECG recordings in normals and coronary patients [10-
11]. Mean HRT indexes describe an averaged post-VPC 
response composed by the sum of very different types of 
response, each one can be related not to a global mean 
heart rate but to the specific starting condition of 
sympatovagal balance before the occurrence of the VPC 
episode. 

There are no previous studies addressing such issue 
and the aim of this paper is to investigate the relationships 
between HRT parameters and pre-ectopic vagal tone in 
heart failure subjects. 
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2. Study population and Holter analysis 

We studied 75 twenty-four-hours ECG Holter 
recording of clinically stable heart failure patients in sinus 
rhythm (see Table 1 for clinical details of the population). 

All recordings were performed by a portable three-
channel tape recorder and processed by a Marquette 8000 
T system with a sampling frequency of 128 hertz. In order 
to be considered eligible for the study, each recording had 
to have at least 12 hours of analyzable RR intervals with 
at least half of the night time (from 00:00 AM trough to 
5:00 AM) and half of the daytime (from 7:30 AM trough 
to 11:30 PM) analyzable periods [12]. 

Each beat was labeled as normal, VPC or aberrant 
according to recognition by the algorithm for tape 
analysis and after an investigator’s verification.  To avoid 
over- or under-estimation of HRT indexes related to the 
number of VPC, recordings with less than 10 VPC per 24 
hours were excluded from the analysis [11]. 
 
3. Heart rate turbulence analysis 

Accordingly to standards of measurements [9], HRT 
were estimated by two numerical descriptors: turbulence 
onset (TO), reflecting the initial phase of sinus rhythm 
acceleration and turbulence slope (TS), describing 
deceleration phase. 

TO was defined as a percentage difference between the 
mean of the first two RR intervals following the 
compensatory pause after a VPC and the last two sinus 
RR intervals before a VPC. 

TS was described as the maximum positive slope of a 
regression line assessed over any of 5 consecutive RR 
intervals within the first 15 sinus RR intervals after a 
VPC. Both indexes were separately calculated for each 
isolated VPC. 

For each VPC, pre-ectopic vagal tone has been 
assessed by heart rate variability frequency domain 
analysis and exactly by spectral power in high-frequency 
band from 0.15 to 0.4Hz over 64 normal RR values 
preceding VPC, so in a window containing about 10 to 24 
cycles of HF. 

Filtering algorithms were used to eliminate 
inappropriate RR intervals and VPC with overly long 
coupling intervals or overly short compensatory pauses. 
Filtering algorithms excluded from the HRT calculation 
RR intervals with the following characteristics: <300 ms, 
>2000 ms, >200 ms difference to the preceding sinus 
interval, and >20% difference to the reference interval 
(mean of the 5 last sinus intervals). In addition, HRT 
calculation has been limited to VPC with a minimum 
prematurity of 20% and a post-extrasystole interval that is 
at least 20% longer than the reference interval (mean of 
last 5 sinus RR intervals). 

All analysis are been performed by HRT-LAB, a 

customized Matlab [13] software toolbox developed by 
authors. 

 
Table 1. Study population data. All data expressed as 
mean ± standard deviation. 

 
Age  69±9, males 
LVEF, Left Ventr. Ejection Frac. 28±7 % 
NPE, plasma norepinephrine levels 344±156 pg/L 
V02max, max. oxygen consumption 12±2 mL/Kg·min 
NYHA, New York Heart Ass. class II(40%)-III(60%) 

 
Table 2. Holter analysis. All data expressed as mean ± 
standard deviation. 

 
VPC number per 24 hours  169±80 
HR, mean heart rate 840±148 ms 
TO, turbulence onset -0.7±3.0 % 
TS, turbulence slope 9.5±8.0 ms/RR 

 
Table 3. Post-VPC category responses. Related TO and 
TS values in the second column. Percentages values of 
studied post-VPC responses in the studied HF population 
in the third column. 

 
Category  Condition % 
0-category normal response T0<0&TS>2.5 53 
1a-category abnormal response T0>0&TS>2.5 27 
1b-category abnormal response T0<0&TS<2.5 5 
2-category abnormal response T0>0&TS<2.5 6 
TO=0-category abnorm. response T0=0 9 

 
 

Figure 1. Example of 24h ECG Holter analysis of HRT 
indexes in a HF patient. Origin of axes in TO = 0 and TS 
= 2.5. Post-VPC normal responses in the upper left 
quadrant. 
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4.  HRT pattern classification 

In most clinical studies, mean TO<0% and TS>2.5 
ms/RR interval are considered normal. Therefore in risk 
stratification studies HRT values are usually classified 
into 3 categories: 1) HRT category 0 means TO and TS 
are normal; 2) HRT category 1 means 1 of TO or TS is 
abnormal; and 3) HRT category 2 means both TO and TS 
are abnormal [9]. A single TO and TS mean value over a 
twenty-four-hours ECG Holter recording describes an 
averaged HRT behavior behind which there is a 
complexity of different post-VPC responses. In the 
example of Figure 1, although the TO and TS mean value 
lie in the upper left quadrant, (TO<0% and TS>2.5 
ms/RR) there is a significant number of different post-
VPC responses lying in the remaining others three 
quadrants. Therefore in this study we decided to 
separately classify each post-VPC response as normal or 
abnormal according to definitions reported in the first two 
columns of Table 3. 

5.  Statistical analysis 

Since the same pre-ectopic vagal level can be 
associated to different types of post-VPC responses, and 
an overall correlation analysis would obviously describe 
only a random behavior,  we separately studied the 
correlation relationships in the different response 
categories. D’Agostino-Pearson normality test was used 
to assess the Gaussian distribution of all variables, and, 
due to the significant data skewness (p>0.05 for all), all 
the correlations have been performed by Spearman 
correlation analysis. All statistics have been performed by 
GraphPad Software [14]. 

6.  Results 

From initial 11.722 isolated VPC detected, we studied 
3.890 VPC episodes matching the requirements of at least 
64 preceding normal beats. Table 2 indicates the mean 
values of the performed HRT Holter analysis for the 
overall studied population. Data in Table 3 show the 
percentages of the different types of post-VPC episodes 
studied. The last row indicate a 9% of unclassified post-
VPC responses with a TO value equal to zero which 
cannot be attributed to any of the other categories. Since 
the largest amount (most of the 80%) of the post- VPC 
episodes falls in the first two categories of Table 3, 
correlation analysis data reported in this paper have been 
limited to 0 and 1a-category cases. Looking to the results 
in Table 4, pHF showed a moderate to good significant 
(p<0.0001) positive correlation with TS, ranging from r= 
0.5/0.6 in 0- and 1a-category, while weaker correlations 
has been found between pHF and T0. 

Table 4. Spearman correlation analysis, r value and 
p<0.0001 for all. 
 
 Normal responses 

0-category 
Abnormal responses 

1a-category 
TS vs. pHF   0.5*** 0.6*** 
TO vs. pHF - 0.3*** 0.2*** 

 
7.  Discussion 

The study shows that pre-ectopic vagal tone affects 
HRT in HF patients highlighting the following three 
novel findings. 

The first one is that pre-ectopic vagal tone affects 
much more TS than TO. This can be interpreted by the 
consideration that TO is a HRT index reflecting very 
instantaneous changes based over 4 RR intervals whereas 
TS reflect a recovering transient response over a longer 
15 RR time scale. Therefore, TS is more likely to be 
influenced by pre-ectopic vagal tone than TO. 

The second is that in normal 0-category responses pre-
ectopic vagal tone affects HRT in a way that higher pre-
ectopic vagal tone enhances the response resulting in a 
slight lowering TO and a more marked increasing TS. 

The third is that in abnormal 1a-category responses 
this enhanced response is only due to a marked increasing 
TS with a negligible sign reversing increasing of the TO. 

The mechanisms responsible for heart rate modulation 
of HRT are not completely understood. Two possible and 
nonexclusive explanations have been proposed [15]. 

First, the association of HRT and heart rate can be 
interpreted as a consequence of shared sympathovagal 
modulation. Second, heart-rate dependency of HRT may 
reflect intrinsic sinus nodal properties, specifically the 
nonlinear relationship between vagal neural activity and 
the rate of diastolic depolarization of pacemaker cells 
[16]. 

8.  Conclusion 

HRT is a very interesting baroreflex response of the 
autonomic system to hemodynamically inefficient 
ventricular contraction with wide and powerful clinical 
applications in several cardiac pathologies. 

The study demonstrated that pre-ectopic vagal tone 
affects HRT with different correlation patterns related to 
normal and abnormal post-VPC response in HF patient 
and that TS is more influenced than TO values. 

This associations suggests that can be difficult to 
compare HRT indexes in patients with substantially 
different vagal tone levels and that the existence of 
different correlation patterns related to normal and 
abnormal post-VPC responses must be take into account 
for suggested HRT adjustment algorithms for HR. 
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