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Changes in Heart Rate Variability in Patients under Local
Anesthesia

First K. Shafqat, Second S. K. Pal, TtT8. Kumari and Fourth P. A. Kyriacasgnior Member, |IEEE

Abstract— Spectral analysis of Heart Rate Variability (HRv) @S High-Frequency (HF) band (0.15 Hz to 0.4 Hz), Low-
is widely used for the assessent of cardiovascular autonomic Frequency (LF) band (0.04 Hz to 0.15 HZ) and Very Low-
control. Several studies have siwn the effect of anesthetic Frequency band (VLF) which is the band of less than

agents on HRV parameters. In this study a systematic approach 0.04 Hz frequencies. The HRV indexes such as the ratio of
of HRV analysis has been employed. The effect caused by the | he f . | LE h b d
ectopic beats on the spectral measurements has beenHF power or the fractiona power have been used to

investigated and results are presented. A detrending method describe sympathovagal balance [2].
using Wavelet Packets has been developed which was able to HRV has also been used to study the effects of different
remove slow varying trend from HRV signals without causing drugs on the cardiovascular system. Spectral analysis

significant changes in the low frequency (LF) and high .
frequency (HF) component of the HRV signal. Using this techniques have been used to show the effect of

methodology electrocardiogram (ECG) signals from 14 patients anticholinesterase edrophonium on heart rate and blood
undergoing local anesthesia (brachial plexus block) were pressure variability [3]. Changes in HRV due to atropine

analyzed with parametric Autoregressive (AR) method. The administration have also been studied using spectral analysis

results showed that the% ratio values calculated from the techniques [4]. Such studies have shown that with the first

HRV signal decreases within an hour of the application of the dose of atropine the HRV increased followed by a

brachial plexus block compared to the values at the start of the progressive decrease with higher doses. In the case of

procedure. This change was noticed in approximately 80% of propranolol, there was a significant increase in heart rate

the patients. variability, which progressively disappeared after the last
dose [4].

. INTRODUCTION The aim of this study is the investigation of the effect of
he Autonomic Nervous System (ANS) modulates thgcal anesthesia (induced with Bupivacaine + Lignocaine, in
cardiac pacemaker and prog&l the beat to beat patients having brachial plexus block) on HRV.

regulation of the cardiovascular system through complex

interaction between the sympathetic and the parasympathetic Il. METHODS

nervous system input to the sinus node. Heart Rate

Variability (HRV) is the study of this inter-beat variability of A. Subject and Protocol

the ECG signal and therefore, can be used as a non-invasivResearch ethics committee approval was obtained prior to

technique to assess the autonomic influence on the heart flgmmencing the study on ASA 1 and 2 patients. Fourteen

Different methods have been used in HRV analysis but tipatients (7 males and 7 females) aged 50.6 + 20.7 years

two most commonly used are the time domain and frequen@yiean weight 67 £ 15.3 Kg, mean height 1.6 £0.2 m)

domain analysis. In the frequency domain, three frequenapdergoing elective general surgery under local anesthesia

bands can be distinguished in the spectrum of short termw2re recruited to the study. In all cases the axillary approach

to 5 minutes) HRV signals [1]. These components are terme@s used for the Brachial plexus block. A combination of
30 ml Lignocaine and 29 ml of 0.5% Bupivacaine was used
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[5]. First derivative of the Gaussian smoothing function wasany researchers detrend the data prior to analysis.
used as the mother wavelet. Characterization of ECG whAstrending is usually based on first order [10], [11] or higher

done using wavelet scal28, m=4 8 12 16 20. order [11] polynomial model or by using successive-
: . ) difference filters.

C. Ectop|g Beat correction and HRV signal The detrending algorithm was implemented using Wavelet

representation Packets (WP). The algorithm was implemented using

‘For the representation of the HRV signal, the Heapaubechies compactly supported orthonormal wavelet
Timing (HT) signal [6] was used. In the absence of ectopigansform method with an order of 12. The VLF component
beats the HT signal can be written, using the Integral Pulggthe signal was attenuated by discarding the coefficients of

Frequency Modulation (IPFM) model, as. node(7,0) and (9,6) ofte basis shown in Fig. 1.This basis
Y was chosen according to the bandwidth of the resulting
ht(t) = KT -t = [ m(z)dz @ fiters.
0
Where t, is the k™beat time andT is the mean heart S

@1

rate. This signal was preferred as it provides an unbiased

—
estimate of the modulating sigmaft) . 7&}\ o
?\ @

Dealing with ectopic beats is essential in the analysis as
the time domain signal associated with the HRV can exhibit
a sharp transient at the ectopic beat, making it unsuitable
particularly in the Power Spectral Density (PSD) estimate of
the HRV. It has been shown previously that the area of the
low frequency (LF) component of the HRV spectrum in
normal subjects can increase up to 89% if the analysis signal , , _
has 4% of ectopic beats. Tsame amount of ectopic beatsFlg. 1. WP tree used for Qetrendlng. The pair of num_bgrs in the_bracket at

each node represent particular part of the decomposition. The first number
also causes an increase of up to 402% in the area of the highe pairs shows the level of the decompositjorand the possible values
frequency (HF) component of HRV [7]. for the second numbemy) are 0....20~)
The criterion for the detection of the ectopic is based onrgpresents the original signal
threshold (U) on the estimate of the derivative of i
instantaneous HR, as given in (2). The beats are classified & SPectrumanalysis
anomalies if the derivative passes the threshold. The spectral analysis was carried out using parametric,
autoregressive (AR), method. The coefficients were

2 calculated using modified covariance method. For spectral
analysis of the real HRV signal, five minutes of data (1200
points at 4 Hz) and a model order of 20 was used.

The threshold is defined ad = min(43.0;, 05) where  The AR model for the simulated study was chosen as its
o; is the standard deviation of the derivative oPSD approximately matches with the PSD for a normal

subject at supine rest [6]. Twenty random realizations of

instantaneous HR [8]. . .
. . t th [. To st the global
In order to see the effectiveness of the HT signal for threp() were made using this model. To study the globa

representation of the HRV signal and to evaluate tREhavior of the spectrum with frequency, Mean Normalized
performance of the ectopic beat handling algorithm an AR'™Or (MNE) defined in (4) was used [6].

S 51)
(60) ®.1)
(7.0) oY)
®2) 83)

9.6) (9.7

—1 except for j —1 which

‘ﬂl‘ _ 2| teg =2t +ty |
|(t k1t ) (b — g ) (e _tk+1)|

model was used as the modulating signal in the IPFM model. 2 (—
The coefficients and the variance of the AR model used for a z PD; (1) - P (f ))
sampling rate of 1 Hz were MNE(f)=-= PSD (1) (4)
a= [1-1.62651.8849-1.83271297—- 0.77580.4133- 0.2136 !
o2 = 404.10-8 } ®3) Where PSD,(f) is the ' realization of the original

The HT signal was generated using this model and tHi@€ctrum andPSD;(f) is the PSD estimate of the' i

signal was resampled using cubic spline at a sampling ratereglization.
4 Hz as recommended for HRV studies [9].

D. Detrending Method In th ired ECG signals, th k detection algorith
Nonstationarities in the HRV signal can cause distortion in 1 the acquire sighais, Ihe peak detection algorithm
. . ! . achieved an accuracy of 99.96% and sensitivity of 99.7%.
the time and frequency domain analysis. In particular the

. . o . .%?/pical examples of peak detection of ECG signals are
nonstationarities will distribute large amount of variance Bhown in Fig. 2

the lowest frequency. In order to deal with this problem

Ill. RESULTS
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The mean spectrum of the simulatea(t) signal (see wof ]
section C) and the mean spectrum obtained with ar8ler =0 ‘ ‘ ‘ | ]
AR model for the HT signal are presented in Fig. 3. The o )

. . . X
MNE and the error associated with the power in the LF and 2 ‘ ‘ ‘ ‘
the HF bands are shown in Fig. 4(a) and Fig. 4(b) ¥ ,|
respectively. 0 ‘ ‘
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Fig 3: Mean spectrum of M(t) and HT signal obtained from twenty
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In order to see the effect of ectopic beats on the power 4 ‘ ‘ ‘ ‘ ‘
spectrum, ten signals were generated by randomly removing 0 % 100 e 20 30
five beats from the beat locations generated by one of thig- 8 HT signal before and after detrending and trend removed from the
realizations of m(t) discussed above. Fig. 5 shows on&9"

250
example of the spectrum of the modulating sigmé) and = 200} :
the spectrum obtained befoand after the ectopic beat “g 1s0¢ 1
correction. As before, the results for the MNE and the error g **°[ 1
in the power of the LF and the HF band before and after 52" . . ]
ectopic beat correction are presented in Fig 6 and Fig. 7 0 0.1 0.2 0.3 0.4 0.5

. | Frequency (Hz)
respectively. ) ) ) ~ Fig. 9 Spectrum of the HRV signal after removing linear trend (solid line)
The result obtained by detrending a typical HT signaind after detrending using WP algorithm (dotted line)

from a patient is presented in Fig. 8. The spectrum of the . ) .
same HT signal after detrending with WP algorithm and after The spectrum obtained after linear trend removal (Fig. 9
removing a liner trend is presented in Fig. 9. (solid line)) shows that the spectrum is dominated by a large



component at very low frequency, and because of thisend from the signal without creating significant distortion
interpretation of other smaller frequency components @ reduction in the power of the signal in the LF and HF
difficult. By comparing this with the spectrum obtained afteregion. Fig. 8 shows the detrending of a typical HT signal
WP detrend removal (dotted line in Fig. 9) it is clear that thend Fig. 9 provides the evidence that this technique has
components in the LF and HF region of the signal are ncemoved the slow varying components successfully without
affected by the trend removal technique. Further more, gignificant changes in the power of the signal in the LF and
this case it is relatively easier to distinguish the spectruhiF region.
components. Finally the ECG data acquired from 14 patients
From the patients data the power spectrum was againdergoing local anesthesia, using a combination of 30 ml
calculated using 1200 points, but in this case the signal wiaignocaine and 29 ml of 0.5% Bupivacaine as the anesthetic
overlapped by 50% so that each time 600 new samples wagent were analyzed using AR spectral technique. The

used. results from the power spectral analysis indicate thath@qe

The analysis of the signal from the patients revealed that. . . : .
y g P ratio increases just after the block is applied and then

in most cases thezz ratio increases just after the jocrences significantly comear to the starting value.
application of the brachial plexus block and then decreasggpical examples of such traces are shown in Fig. 10.
considerably comparetd the values at the start of the block. This pilot clinical study suggests that during brachial
The timing of the drop in the ratio value differs from patienplexus block using a mixturaf Lignocaine and Bupivacaine

to patient, but in each case the drop occurs within an hourthére is a noticeable and almost consistent change in HRV.
the start of the block. Some examples of the changes in ®ach encouraging results suggest further and more rigorous
ratio values after the application of the block are presenteddiinical studies.

Fig. 10.
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