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Abstract

Effect of anaesthetic agents in restoration rhythm pro-
cedures during atrial �brillation (AF) has not been fully
investigated. Intra-atrial recordings belong to 27 patients
diagnosed with AF were analyzed �before� (baseline)
and �during� anaesthetic infusion. Organization mea-
surements were evaluated in time-domain and frequency-
domain, as well as approaches from non linear analysis.
The frequency domain measurements showed that the ave-
rage AF cycle length increased as an effect of anaesthesia.
The results of time and frequency linear organization mea-
surements showed a higher correlation during the anaes-
thetic infusion in the right atrium with an opposite effect
in the left atrium. The same effects were corroborated
with entropy analysis. The proposed methodology provide
additional insights to the understanding of the role of the
anaesthetic, by suggesting increased parasympathetic ac-
tivation at atrial level.

1. Introduction
AF is characterized by an abnormal excitation of the

atria where multiple, rapidly changing and spatially dis-
organized activation wavelets sweeping across the surface
of atria, forming complex and ever-changing patterns of
electrical activity [1, 2].
Since AF is associated with an elevated heart rate, a

possible treatment strategy is heart rate control. Although
there is still clinical controversy over whether rhythm con-
trol, and therefore conversion to normal sinus rhythm is
more desirable.
Electrical Cardioversion (ECV) and radiofrequency

(RF) ablation of ectopic beats from pulmonary veins are
at present, the methods more frequently used in patients
with paroxysmal AF to restore normal sinus rhythm [3].

During these procedures, along with cardiac electro-
physiological studies, the patients are under the in�uence
of anaesthetic agents. One of the anaesthetics more of-
ten used is propofol. Propofol (2,6-diisopropylphenol) is
a new, rapidly acting intravenous anaesthetic. The rapid
redistribution and metabolism of propofol, resulting in a
short elimination half-life of approximately one hour, su-
ggest that the drug could be suitable for use during short
surgical procedures. There is now the recent interest
whether, and if so how, propofol affects the electrophys-
iological properties of the atria.
The purpose of this study was, therefore, to explore

the in�uence of anaesthesia on the electrical activity or-
ganization within the atria in patients with AF, through
the characterization of the intra-atrial recordings (IEGs) in
time-domain and frequency-domain with linear and with
nonlinear dynamics approaches.

2. Materials

History of AF before the ablation procedure was
recorded in 27 patients (21 paroxysmal AF and 6 persis-
tent AF) before and under anesthesia with propofol (bolus
of 1.5-2 mg/kg intravenously with incremental doses de-
pending on the weight and time to hypnosis).
A bipolar catheter was positioned in the high right

atrium, and a 24-pole catheter (Orbiter, Bard Electro-
physiology, 2-9-2 mm electrode spacing) was positioned
in the right atrium (RA) with the distal dipoles into the
coronary sinus (CS) to record left atrium (LA) electrical
activity as well. Since these are bi-polar electrograms, this
results in a set of 12 signals, which we refer to as dipole
1-2, dipole 3-4, etc. While the exact positioning of the
catheter will vary from subject to subject, in general the
leads 1-2, 3-4, and 5-6 are in the LA, leads 7-8, 9-10, 11-12
are in the septum area (SA), and leads from 15-16, 17-18,
. . . to 23-24 are in the RA.
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3. Methods

In order to characterize these signals, at �rst a prepro-
cessing stage was applied, followed to the extraction of
different organization indexes from time domain, as inter-
electrode cross-correlation and entropy measurement and
from frequency domain, as coherence spectrum and irre-
gularity index extracted from the spectrum.

3.1. Signal preprocessing

IEGs recordings signals, without any in�uence of ven-
tricular activation, were band-pass �ltered using a 40 to
250 Hz third-order Butterworth �lter. The resulting �ltered
waveforms were then recti�ed, and �ltered once more u-
sing a 20-Hz low-pass third-order Butterworth �lter. This
preprocessing extracts a time varying waveform propor-
tional to the amplitude of the high-frequency components
in the original atrial electrogram, enhancing the periodicity
or nonperiodicity of the signals. This algorithm was used
to take a complex waveform and transform it to a series of
atrial activations while diminishing the effects of changing
electrogram morphology and/or amplitude [4, 5].

3.2. Spectral analyses

Spectral analysis was performed before and after propo-
fol infusion. Power spectra was quanti�ed by measuring
the peak frequency signal, it was converted to a cycle
length (FCL 1.000/frequency (ms)). This was averaged
from the epochs resulted from the length sequences di-
vided in 4096 points with a overlap of 50%.

An area ratio of the spectral area over a 1Hz window
around the maximum power to the total spectral area from
3 to 9 Hz was termed the �brillation regularity index (RI),
that exhibits the ratio of the power at the larger peak and
adjacent frequencies outside this frequency band.

3.3. Cross-correlation analysis

Botteron and Smith tested the hypothesis that atrial ac-
tivations sequences within some small region are well-
correlated (re�ective of their participation is the same
wavelet), while activation sequences beyond some distance
are no longer well-correlated (re�ective of their participa-
tion in different wavelets). They found that the atrial ac-
tivation processes during AF are spatially correlated with
the degree of correlation, decaying monotonically with the
distance of the bipoles, as these sequences did not belong
to the same wavefront (eq. 1) [4, 6].

Rk =
1n
P ni=k+1(xi � �x)(xi�k � �x)

1n
P ni=k+1(xi � �x)2 (1)

The cross-correlation function was calculated over a
range of lag intervals for each electrogram combination
(non-overlapping segments of 1 � 1:5 s.). For each data
segment analyzed, the absolute peak was considered the
correlation coef�cient representing the degree of correla-
tion between those two signals for that period of time.
This operation was repeated on sequential data segments
for the entire data �le allowing the construction of a corre-
lation average for the different activation times of the sig-
nal across electrograms.

3.4. Coherence spectrum
Spectral analysis of IEGs during AF was �rst moti-

vated by the need of automated arrhythmia discrimination
schemes [7], since it may re�ect properties and structures
which can not be easily detected in the time-domain.

AF is characterized by disorganized, continually chan-
ging patterns of activation and the absence of a constant
temporal relationship between multiple sites on the heart.
This continually changing temporal or phase relationship
may be quanti�ed in the frequency domain by magnitude
squared coherence (Eq. 2) [8]. This method quanti�es
temporal and spatial organization during AF [8, 9, 10, 11],
measuring of the constancy of the time delay (phase) at a
speci�c frequency between two endocardial electrograms
(x and y) as a function of frequency (eq. 2).

MSC(f) = jSxy(f)j2=Sxx(f)Syy(f) (2)
The data were partitioned into 4096 points segments

(with a 50% overlap). Each window was then multiplied
by a Hanning window and Fourier transformed. Coherence
was de�ned as the magnitude-squared of the cross spec-
trum between the two signals divided by the auto-power
spectra of the signals from 0-20 Hz.

3.5. Sample entropy
The activation patterns behind the electrical activity of

the heart during AF have often been characterized as ran-
dom phenomena. Entropy measurements have been re-
cently used to the analysis understanding of complex phy-
siological time series, particularly to quantify the regular-
ity of the wavefront in cardiac tissues.

In this study, we have used Sample Entropy (SampEn)
[12] as a characterization of activation patterns in a deter-
mined atrial area. It can be calculated by the equation 3,
where B is a total number matched n patterns, and A is the
total number of matched m+1 patterns.

SampEn = � ln BA (3)
SampEn is equal to the negative natural logarithm of

an estimate of the conditional probability that sub-series
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(epochs) of length m that match point-wise within a tole-
rance r also match at the next point. Larger SampEn values
indicate greater independence, less predictability, hence
greater complexity in the data. This, in turn, may imply
that decreased complexity or greater regularity in the time
series is not associated with the disease.

For the study discussed in this paper, SampEn is esti-
mated using the widely established parameter values of
m=2, and r = 0:25�, where � represents the standard
deviation of the original data sequence, as suggested by
Pincus [13].

4. Results

4.1. Spectral analyses results
Propofol was found to increase atrial refractoriness,

thereby providing a mechanism to increase the wavelength
during AF. The values of FCL were found to be larger
during propofol infusion with respect to basal conditions
(171:98 � 13:43Hz vs. 174:49 � 15:26Hz, respectively
p = 0:121).

AF regularity using the RI parameter showed a slightly
higher organization during propofol infusion than at base-
line state (0:589 � 0:05 vs. 0:569 � 0:05; p = 0:062,
respectively).

4.2. Cross-correlation results
As pointed out in Section 3.3, the estimate of the co-

rrelation for the same inter-electrode separation was ave-
raged, resulting in a single correlation versus distance re-
lationship.

In order to have electric activations at the same ins-
tant, before correlation calculation, the original leads were
aligned by the maximum amplitude in a period time.

(a)LA Correlation (b)RA Correlation

Figure 1. The correlation coef�cient at each interbipole
separation with the correlation de�ned as one at zero dis-
tance across all subjects (basal (black), propofol (grey))

The correlation coef�cient was calculated at the closest
inter-electrode distance, to evaluate the difference in corre-
lation along the atrial area. From this analysis it is possible

observe that during the anaesthetic infusion the correlation
is greater in the RA, with the opposite effect observed in
the LA, with 0:51�0:07 at basal vs. 0:49�0:08 at propo-
fol peak and in RA 0:51�0:06 vs. 0:53�0:06 respectively
(p = 0:008) (Figure 1).

4.3. Coherence spectrum results

Coherence sensitivity at the closest inter-electrode dis-
tance was unable to distinguish between the two states
studied. In LA 0:28 � 0:11 at basal vs. 0:26 � 0:09 at
propofol state and in RA 0:23� 0:07 vs. 0:25� 0:07 res-
pectively, p = 0:008 (Figure 2).

(a)LA Coherence (b)RA Coherence

Figure 2. Mean coherence spectrum in LA and RA across
all subjects, (basal (black), propofol (grey))

4.4. Entropy results

The SampEn of the time series from the intra-atrial
recordings was found to be signi�cantly reduced in the
RA during propofol infusion compared with the basal state
(0:066 � 0:014 at basal vs. 0:063 � 0:014, respectively),
and the opposite effect was found in the period in the LA,
0:078�0:016 at basal vs. 0:081�0:016, at propofol peak,
(p = 0:023) (Figure 3).

(a)LA SampEn (b)RA SampEn

Figure 3. SampEn of dipole electrode recording time se-
ries AF in LA and RA across all subjects, (basal (black),
propofol (grey))
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5. Discussion and conclusions
The in�uence of propofol on the electrophysiological

properties of the myocardium is sparsely reported in the
literature [14, 15]. Quanti�cation effects of anaesthetics,
such as propofol, can be helpful to explain the behavior of
nervous system in AF pathology.
The changes in the spectral content of IEGs showed a

larger cycle length and regularity index during propofol in-
fusion, and could suggest a decrease in atrial refractoriness
during the administration of anaesthetic agent.
Between the methods used to quantify the spatiotempo-

ral organization during AF, the analysis of time series, in
particular showed that correlation inter-electrodes had an
increased organization in the RA during propofol adminis-
tration. Furthermore, the coherence spectrum was used to
asses the phase relation between two simultaneous electro-
gram recordings at multiple atrial sites, showing a similar
trend. Both methods showed a fairly organized wavefront
in RA compared with a less organized or periodic activity
in the LA.
The entropy measurement put into evidence that RA had

a higher regularity at propofol peak than at basal state with
a opposite effect in the LA. These results may be extrapo-
lated to paroxysmal and persistent AF, with a more homo-
geneous distribution in persistent AF and larger differences
in LA in patients with paroxysmal AF.
Our �ndings suggest that propofol induces an increase

in atrial spatial organization and regularity in RA, exerting
a parasympathetic activation at regional atrial level.
More information about the effect of individual intra-

operative factors may be helpful to evaluate these pheno-
menas, and also to have a better understanding of the beha-
vior of ANS in AF, verifying if the differences between
electrophysiological properties before and during anaes-
thetic infusion are due to true changes in physiological
conditions.
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