
 

 

  
Abstract—Cardiac baroreflex function may be assessed from 

spontaneous fluctuation of systolic arterial pressure (SAP) and 
R-R interval. In previous studies, time-domain sequence and 
cross-spectral analysis had been applied to present the 
baroreflex response of cardiac system. Detrended fluctuation 
analysis (DFA) is also a promising algorithm to evaluate the 
fluctuations under various timescales. Thus, we proposed a 
new approach of spontaneous baroreflex sensitivity (SBR) 
analysis based on the technique of DFA. Meanwhile, the 
proposed methodology was applied to analyze the blood 
pressure signal during the surgery of total knee replacement 
(TKR) in this investigation. Analysis results show significant 
differences among the values of SBR under various stages of 
surgical operations. 
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I. INTRODUCTION 
ardiac baroreflex may be assessed from beat-to-beat 
fluctuations of systolic arterial pressure (SAP) and R-R 

interval.  
Based on the baroreflex mechanism, baroreflex responses can 

be traced via sequences of three or more consecutive beats in 
which SAP and R-R interval changed in the same direction [1-3]. 
As a different approach of baroreflex response, the 
cross-spectral analysis of SAP and R-R interval had been 
proposed to derive the HF and MF gains between spectra of 
SAP and R-R interval [4, 5]. The beat-to-beat SAP and R-R 
interval data had been re-sampled at a rate of 4Hz. Furthermore, 
the trend of re-sampled data had been removed by Hanning 
window before spectral analysis. The analysis result of cross-spectral 
analysis shows baroreflex response can be observed in HF gains 
but not significant in MF gains.  
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Obviously, both SAP and R-R interval are nonlinear and 
non-stationary physiological signals [6, 7]. However, Fourier 
transform applied in cross-spectral analysis is only suitable for 
linear systems [8]. Thus, in this investigation, we propose a 
different approach of evaluating the baroreflex mechanism 
based on an innovative signal analysis algorithm of detrended 
fluctuation analysis (DFA). DFA is a signal analysis algorithm 
applied in nonlinear and non-stationary systems [9]. In DFA, the 
time series of nonlinear and non-stationary signal is detrened by 
last square lines and the fluctuation is presented using the 
root-mean-square (RMS) energy of detrended time series. 
Different from the spectral analysis, DFA presents the 
relationship between the fluctuations of detrended time series 
and the timescales of trends. We proposed that the gain values 
between the detrended fluctuations of SAP and R-R interval are 
also a promising factor for evaluating the baroreflex response. 
Whereas this new analysis algorithm is based on DFA, it is 
named as DFA-based baroreflex sensitivity analysis. 

In this study, we present an application of the DFA-based 
baroreflex sensitivity analysis in three surgical operations of 
total knee replacement (TKR). TKR is a common surgery for 
elder patients. During the process of surgical operation, the 
blood flow is blocked to reduce the leakage of blood. And, the 
blocking is relaxed after operation. Thus, we divide the process 
of TKR surgery to three stages (i.e., before operation, during 
operation, and after operation). It is obvious that a sequence of 
bio-chemical and physiological reactions happened during the 
process of TKR surgery. So, the changes of physiological 
mechanism are complex and unpredictable. Thus, the aim of this 
investigation is narrowed down to focus on the response of 
baroreflex mechanism.   

According to the analysis results of DFA-based baroreflex 
sensitivity analysis, there are significant differences among 
three stages of surgery. However, the number of study cases is 
too less to derive a medical conclusion. And, the new approach 
ignores some critical assumption. Thus, the further investigation 
of both methodology and clinical applications should be 
conduct in the future works. 

II. METHODS 

                 2.1 Spontaneous baroreflex sensitivity (SBR) 
 

Spontaneous baroreflex sensitivity is determined by the ratio 
between the changes of SAP and R-R interval. The calculation 
of SBR had originally proposed by Bertinieri et al. and further 
modified. Basically, the change of SAP triggers the change of 
R-R interval. The modified method traces the sequences with 
R-R interval lags of 0, 1, and 2. The heart beat in which SAP 
affects the R-R interval of the same beat is noted as lag 0. The 
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beats in which SAP affects the following and the next 
following beats of R-R interval are noted as lags 1 and 2. 
Sequences of three or more beats in which three lags of SAP 
and R-R interval changed in the same direction (either 
increasing or decreasing) were identified as baroreflex 
responses. Then, linear regression was applied to obtain the 
ratio between the changes of SAP and R-R interval during 
baroreflex responses. Thus, the ratio of changes is named 
spontaneous baroreflex sensitivity. 

 
2.2 DFA-based baroreflex sensitivity analysis 

 
The original algorithm of detrended fluctuation analysis 

(DFA) had been proposed with a simplified detrended operation 
of using least square lines. In DFA, least square lines are fit to 
sections of data in the window of the fixed size and present the 
trend of data. The size of windows is the timescale of detrending 
operation. Therefore, the trend of data is subtracted from the 
original data and the rest part of the data is the detrended signal. 
Furthermore, the fluctuation of detrended signal is calculated 
using the root-mean-square energy (RMS) and shown as 
following. 
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where F(n) is the fluctuation of an integrated time series for a 

given window with timescale of n, N is number of heart beats 
and yn(k) is the kth point on the trend with a given window with 
timescale of n. 

 
Fig.1 shows the illustration of a detrending operation. In Fig. 

1(a), the straight lines are the least square lines fit to section of 
the original data. And, Fig. 1(b) shows the detrended data. 

 

 
(a) 

 
(b) 

Fig. 1 The illustration of detrendeing operation. (a) The 
original data and trend of least square lines. (b) The detrended 
data. 

 

We can obtain a plot of detrended fluctuation against its 
corresponding timescale. In Fig. 2, we illustrate an example of 
the plot of detrended fluctuation against its corresponding 
timescale. In this plot, we can find that the detrended 
fluctuation is increasing with timescale.  

 
 

 
 Fig. 2 The plot of detrended fluctuation against its 

corresponding timescale. 
 

In this investigation, we tried to figure out the baroreflex 
response according to the detrended fluctuations of SAP and 
R-R interval. Thus, we conducted the DFA on both time series 
of SAP and R-R interval. The gain values between detrended 
fluctuations of SAP and R-R interval on various timescales 
present the sensitivity of baroreflex response. 

 

III. MATERIAL 

In this investigation, the study cases of three total knee 
replacement (TKR) patients were used as the material for the 
application of DFA-based baroreflex sensitivity analysis. All of 
the patients are female and at the age from 61 to 67. Averages 
and standard deviations of weight and height are 56 ± 5.6 Kg 
and 142 ± 3 cm. The data of blood pressure was recorded in 
voltage. And, the data of R-R interval was recorded in second. 
According to the process of surgery, we divided the recordings 
of SAP and R-R interval to three stages: they are 
before-operation (stage 1), during-operation (stage 2), and 
after- operation (stage 3). We captured a section of recoding 
under the situation of steady state to present the data of each 
stage. In Fig.3, the data of SAP and R-R interval for one out of 
the three patients were shown to present the raw data for our 
investigation.  

INTERNATIONAL JOURNAL OF MATHEMATICS AND COMPUTERS IN SIMULATION

Issue 4, Volume 1, 2007 369



 

 

 
(a) 

 
(b) 

Fig. 3  The data of SAP and R-R interval for one out of the 
three patients in this investigation. (a)  The R-R interval; (b) 
The SAP. 

 
In Fig.3, time is shown in a continuous sequence. However, 

as mentioned above, we captured a section of recording under 
a steady state to present the data of each stage and combined to 
a continuous data. Therefore, the data includes three stages 
and the boundary between two consecutive stages was marked 
by triangles. In this case, we can find the SAP at stage 2 is 
bigger than that at stage 1 and the blood pressure dropped 
down when the operation was completed and blocking of 
blood flow was relaxed. 

 

IV. RESULTS 
The analysis results were presents in three parts. In the first 

part, we presented a complete analysis result for one out of the 
three cases. We also presented the final results of three cases 
in the second part. Finally, we make a table and take a 
comparison among the analysis results of three cases.  

Fig. 4 shows a complete analysis result for one study case. 
Fig. 4(a) shows the detrended fluctuations of R-R interval 
against their corresponding timescale for three stages. The 
scale of fluctuations of R-R interval at stage 1 is bigger than 
those at the other two stages. However, Fig. 4(b) shows a 
different result for SAP. We found the fluctuation of SAP at 
stage 3 is bigger than those at the other two stages. Moreover, 

Fig. 4(c) shows the final gain values between SAP and R-R 
interval. In this case, the fluctuation of R-R interval is strong 
and the gain value shows a more sensitive baroreflex response 
at stage 1. Moreover, the gain values are low at both stages 2 
and 3. It presents a lower sensitivity of baroreflex response at 
stages 2and 3. 

Additionally, we conducted the same analysis to the second 
and third cases. The analysis results are shown in Fig. 5. 

 

 
(a) 

 
(b) 

 
(c) 

Fig. 4 A complete analysis result of one patient. (a) The plot 
of detrended fluctuation of R-R interval. (b) The plot of 
detrended fluctuation of SAP. (c) The gain values of 
fluctuation between R-R interval and SAP. 
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The analysis results of the other two cases are similar to 

those of the first case. The gain values at the stage 1 are always 
bigger than those at the other two stages. For different cases, 
the gain values distribute on various range. It shows the 
individual property of baroreflex mechanism. 

 

 
(a) 

 
(b) 

Fig.5 Analysis results for the other two patients. (a) Result 
for the second patient. (b) Result for the third patient. 

 
Furthermore, we made a table to show the final results of 

three cases. The gain values are shown in average and standard 
deviation. The values at stage 1 are significantly different from 
those at the other stages. But, the difference between stages 2 
and 3 is not significant. 

 
Table 1 The gain values between fluctuations of SAP and R-R 
interval at different stages.  

 Stage 1 Stage 2 Stage 3 

Patient 1 2.15 ± 0.14 0.64 ± 0.03 0.54 ± 0.06 

Patient 2 0.71 ± 0.02 0.51 ± 0.01 0.41 ± 0.11 

Patient 3 2.38 ± 0.18 1.13 ± 0.06 1.60 ± 0.07 

 

V. CONCLUSIONS 

In this study, we proposed a different approach of 
baroreflex response analysis. And, this approach is based on 
the technique of DFA. Moreover, we applied this new method 
to find some significant differences among the stages of TKR 
surgery. We also found the changes of variability of R-R 
interval and SAP in various stages. But, we have one critical 
problem unsolved in this investigation. The problem is how to 
identify the sequences of heart beats which satisfy the 
definition of baroreflex response.  

In the original method of time-domain sequence analysis, 
only the sequences of beats satisfying a criterion of baroreflex 
response are included to verify the spontaneous baroreflex 
sensitivity. The criterion is that sequence of beats in which the 
SAP and R-R interval changed in same direction on lags of 0 to 
2 for 3 or more beats is counted as a sequence of beats for 
baroreflex response and included in calculation. For the 
cross-spectral analysis, just the frequencies on which the 
coherences between SAP and R-R interval are higher than a 
threshold are included to calculate the gain value. However, we 
have no criterion to exclude the heart beats which are not 
satisfied the definition of baroreflex response. We should 
conduct a further study on this problem in the future 
investigation. 

VI. FUTURE WORK 

As a preliminary study, we proposed a new approach of 
spontaneous baroreflex response analysis based on DFA. 
However, there is a problem unsolved in the algorithm. We 
should take further modification to improve the methodology. 
On the other hand, we will collect more cases and survey 
various analysis algorithms to extend our investigation. 
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