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Heart rate variability (HRV), the instantaneous changes in beat-
to-beat heart rate calculated from RR interval series extracted 
from the ectrocardiogram (ECG), is a reliable reflection of an 
individual cardiovascular condition. HRV was first observed over 
250 years ago [1]. Measures of HRV are increasingly being 
employed in applications ranging from basic study of alterations in 
autonomic neural regulation system, investigations of central 
regulation of autonomic state, to studies of fundamental links 
between psychological processes and physiological functions, to 
evaluations of cognitive development and clinical risk [2]. There 
are several methods for the measure of HRV. Commonly HRV is 
analyzed by four methods; time domain, frequency domain, time- 
frequency domain and non-linear methods [3]. 

In the last three decades, developments in the theory of non-
linear dynamics have paved the way for analyzing signals 
generated from non-linear living systems [4-6]. Now it is well 
recognized that these non-linear techniques are able to describe 
the processes generated by biological systems in a more effective 
way. There are strong evidences to consider the complex behavior 
of HRV as a non-linear dynamic and chaotic process controlled by 
the ANS [7-9] 

II Poincaré plot

Poincaré plot is a visual tool in which each RR interval is plotted 
as a function of previous RR interval. Poincaré plot provides 
summary information as well as detailed beat-to-beat information 
on the behavior of heart [10]. The problem regarding Poincaré plot 
use has been lack of obvious quantitative measures that 
characterize the salient features of Poincaré plots. To 
quantitatively characterize the plot, a number of techniques like 
converting the two-dimensional plot into various one-
dimensional views; the fitting of an ellipse to the plot shape; and 
measuring the correlation coefficient of the plot have been 
suggested [11,12]. The width of the Poincaré plot (SD1) 
corresponds to the level of short-term HRV, while the length of the 
plot (SD2) corresponds to the level of long-term variability as 
shown in figure 1. A distinct advantage of Poincaré plots is their 
ability to identify beat-to-beat cycles and patterns in data that are 
difficult to identify with spectral analysis [10]. Preliminary studies 
suggested that the two-dimensional shape of Poincaré plots might 
have prognostic implications in patients with autonomic 
disorders. Indeed, Woo et al., described Poincaré plots that were 
associated with sudden death in heart failure patients [10]. These 
plots have also been used to describe heart rate dynamics of fetus 
to know its status [13].
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time-series data of 25 healthy volunteers. The ectopic free RR interval tachograms with length 
N=1000 were derived from Lead-II ECG recordings having a sampling frequency of 500 Hz. In 
each data set, consecutive RR interval data were randomly selected for removal, and the data 
length removed was increased from 0 to 100 RR intervals in an increment of 5 RR intervals. Two 
random selections of RR intervals were made to analyze the average effects of the missing data. 
In each case, the Poincaré plot (SD1 and SD2) based HRV parameters were calculated. Mean 
relative errors were found to be less than 1.8 for SD1 and SD2 even in the presence of 100 
missing RR intervals. Poincaré plot parameters are found to be more robust than linear 
measures to missing RR intervals.
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Figure 1 A Poincaré plot for ellipse fitting technique 
with coordinate system X1 and X2 established at π/4 
radian to normal axis. The standard deviation of 
distance of points from each axis determines width 
(SD1) and length (SD2) of ellipse

The merits of Poincaré plot over conventional methods 
can be summarized as :

(i) Beat-to-beat variation can be easily displayed for 
visual assessment [11].

(ii) Ability to display nonlinear aspects of the interval 
sequence [14].

(iii) Reveal a complexity not readily perceived from 
standard deviation information [12].

(iv) Do not require data in a continuous-time series or 
normal distributions of RR intervals [12].

(v) Easy to compute, have widespread use, and hold 
strong correlation with spectral parameters [15].

(vi) Ability to identify beat-to-beat cycles and patterns 
that are difficult to identify with spectral analysis [11].

(vii)

It provides the robustness of geometric methods [12].

III Ellipse Fitting Technique

A set of axis oriented with the line of identity is defined. 
The axes of the Poincaré plot are related to the new set of 
axis by a rotation of θ=π/4 radian as shown in (1). In the 
reference system of the new axis, the dispersion of the 
points around the X1-axis is measured by the standard 
deviation denoted by SD1. This quantity measures the 
width of the Poincaré cloud and, therefore, indicates the 
level of short-term HRV [11, 12]. The length of the cloud 
along the line of identity measures the long-term HRV and is 
measured by SD2, which is the standard deviation around 
the X2-axis. These measures are related to the standard 
HRV measures by (2).

Where Var(x ) denotes the variance of x1 sequence and SDSD 1

denotes the standard deviation of successive differences of RR 
interval time-series. Thus, the SD1 measure of Poincaré width is 
equivalent to the standard deviation of the successive difference 

of intervals, except that it is scaled by 1/√ 2. Further we can 

relate SD1 to the autocovariance function by (3).

Where Φ (0) and Φ (1) are the auto-covariance functions. RR RR

Also

With a similar argument, it may be shown that the length of 
the Poincaré cloud is related to the autocovariance function by 
(4)

By adding (3) and (4) together, we get

Thus (6) represents SD2 in terms of existing indices of HRV. 
Fitting an ellipse to the Poincaré plot does not generate indices 
that are independent of the standard time domain HRV indices.

IV ECG Artifacts

ECG recordings, especially during an exercise, stress and 
surgical conditions, are exposed to many physiological and 
technical artifacts. Precisely, an artifact is a product or effect that 
is not present in the natural state, but occurs during or as a result 
of investigation or brought about by some extraneous agency 
such as electrode movement. The source of artifacts can be due to 
technical problems, biological events and errors in the automatic 
detection. As a result ectopic beats and missed RR intervals can 
occur [16, 17]. Technical artifacts may result from poorly 
fastened electrodes or be motion artifacts during ambulatory 
recording. Ectopic beats are examples of biological artifacts in 
ECG recording [18]. Preferentially, short-term recordings, which 
are free of ectopy and missing data, should be used. In some 
circumstances, however, acceptance of only artifact free short-

Where SDRR denotes the standard deviation of RR interval 
series. Finally

i.e., variance of RR intervals. Similarly, 

for stationary intervals
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Figure 2 Effect of missing RR interval of healthy subjects on 
Poincaré plot based HRV parameters SD1 (a) and SD2 (b) 

The effects of the missing RR interval data on the Poincaré 
plot and DFA based HRV measures were evaluated based on the 
relative errors (RE), compared with the parameters calculated 
from the original, complete RR interval data. When X1, X2, . . . Xn 
(n = 2 in this study) is obtained for a HRV parameter of the data 
set with a missing duration, and Xorigin is the corresponding 
parameter value of that without any missing data, the relative 
errors REk are computed as |Xorigin − Xk|/Xorigin × 100 (%), 
where k=25. For each HRV parameter and missing duration, 
1000 error values were derived and used for the statistical 
calculations.

Table 1 Significance level (p value) to reject the alternative 
hypothesis that the nonlinear HRV parameters of 25 subjects in 
presence of missing RR intervals is less than mean HRV indices 
without missing RR intervals

term recordings may introduce significant selection bias. In such 
cases, proper interpolation should be used and the possibility of 
the results being influenced by artifacts should be considered. 
The relative number and duration of RR intervals, which were 
omitted and interpolated, should also be quoted.

Besides ectopic beats another technical ECG artifact is missed 
RR interval data. In the measurement of bio-signals associated 
with the heart rate, artifacts in the ECG recordings deteriorate 
the RR interval tachogram, yielding missing data. Missing RR 
intervals or spuriously detected beats can lead to large 
deviations in the RR interval series [16, 17]. A problem with 
recordings for the determination of HRV is motion related 
artifact. For example, ECGs obtained under surgical conditions 
contain electrical artifacts due to the effects of the electro 
surgical unit and motion artifacts during exercise influence 
ECGs. These artifacts complicate the detection of feature points 
and yield missing RR interval tachograms [16, 17]. Manual 
overview can usually detect these errors but can be tedious. 
Therefore the objectives of present study were to analyze the 
effect of ECG artifact; missing RR intervals and to quantify the 
differences in the Poincaré plot parameters for HRV estimates by 
inserting missing RR intervals in normal RR intervals.

V  Data 

The study involves RR interval time-series data of 25 healthy 
volunteers. All subjects were refrained from alcohol, coffee and 
smoking for 12 hrs prior to the study. No participant was 
addicted to drugs, taking any medication or involved in 
endurance training. The study was performed at rest in the 
supine position and the subjects were kept quiet in a laboratory 
environment. The subjects were allowed to normal breathing 
during the whole recording. The data was acquired on Biopac® 
MP100 system at Biomedical Instrumentation Laboratory, 
National Institute of Technology Jalandhar, India and Autonomic 
Function Unit Laboratory, All India Institute of Medical Sciences, 
New Delhi, India. The ectopic free RR interval tachograms with 
length N=1000 were derived from Lead-II ECG recordings having 
a sampling frequency of 500 Hz. In each data set, consecutive RR 
interval data were randomly selected for removal, and the data 
length removed was increased from 0 to 100 RR intervals in an 
increment of 5. Therefore, the number of data sets used in these 
simulations was 500 (=25 data sets × 20 missing data). Two 
random selections of RR intervals were made to analyze the 
average effects of the missing data. In each case, the SD1, SD2 
based HRV parameters were calculated. A total of 1000 
calculations were performed using MATLAB® for each 
parameter.  

VI Results and Discussion 

 Poincaré plot is a valuable HRV analysis technique due to its 
ability to display non-linear aspects of the interval sequence. 
Beat-to-beat variation can be easily displayed for visual 
assessment by graphing of each RR interval against subsequent 
RR interval.

Butta Singh  et al. / 2016;7(1):5350-5353  Int J Biol Med Res. 



Figure 2 shows RE for Poincaré plot indices SD1 and SD2. 
Mean REs are less than 1.8 for SD1 and SD2 even in the 
presence of 100 missing RR intervals. All the parameters are 
found to be robust to missing RR intervals. The non-linear HRV 
parameters of complete RR interval series were compared to 
the HRV parameters of RR interval series with missing data, In 
addition independent samples t test was used to analyze the 
percentage differences in non-linear parameters with missing 
RR intervals. A value of p<0.05 was considered statistically 
significant. Table 1 shows the significance level (p value) to 
reject the alternative hypothesis that the Poincaré plot based 
HRV parameters of 25 subjects in presence of missing RR 
intervals are less than mean HRV parameters without missing 
RR intervals

VII Conclusion

Poincaré plots of RR interval series reveal a degree of 
complexity in beat-to-beat relationships that is not 
appreciated from the measurement of standard deviation of 
RR intervals. As compared to relative error in time domain [16, 
17], Poincaré plot parameters are found to be very robust to 
missing RR interval data. Maximum RE for nonlinear 
parameters remains (less than 1.8% for SD1 and SD2) even in 
the presence of 100 missing RR intervals.  Therefore, in case of 
missing RR interval data, non-linear measures of HRV are more 
suitable and robust HRV parameters than time and frequency 
domain measures.
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