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Abstract

Mon - uniform recovery of myocardial excitability
may be essemtial in triggering malignant ventricular
tachycardia in patients after cardiac surgery. Beat — to —
beat heart rate and QT interval variability was
investigated fn 27 patients scheduled for elective
coronary artery bypass graft surgery (CABG) and 20
control subjects. 35 channel ECG was recorded for 6
minutes, followed by off line computer analysis. Heart
rate interval duration, RR 5D, OT 8D and power spectra
af AR variability were computed from 256-second stable
feart rate and OT inferval series using MECG soffware,

Study showed that CABG caused increased QT
interval variabifity in foce of nearly constanr or slowly
changing heart rate, suggesting a loss of autonomic
coupling  between  heart rate and  vemtricular
repolarization for sympathovagal modulation.

1. Introduction

Myocardial revascularization performed for patients
with critical coronary artery stenosis can reduce the
incidence of sudden cardiac death [1] and coronary artery
bypass grafting (CABG) independently contributes to a
favorable prognosis in survivors of cardiac arrest treated
with specific antiarthythmic treatment [2]. However, in
some cases de mnovo occurrence of wventricular
tachyarrhythmia after CABG has been reported [3-7].
Ventricular tachycardia (VT) following CABG is
associated with high in — hospital mortality rate of 25%
[8] and apart from history of myocardial infarction [8],
significant left ventricular dysfunction [9] oecurring more
frequently with WT, there are no consistent clinical
features predicting the development of malignant
arthythmia in patients after cardiac surgery. An
identification of the patients who are at risk of sudden
death due to arrhythmia therefore remains a challenge.

Although there have been many implications that non-
uniform recovery of excitability may plav an essential
role in triggering malignant VT in different heart diseases
[10,11], beat-to-beat oscillations of the QT interval have
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not been studied in patients undergoing cardiac surgery.
The aim of this study was to evaluate and quantify heart
rate and QT variability in patients prior and after CABG
in comparison with a group of healthy individuals.

.0 Materials and methods

2.1.  Study population and data acquisition

A study population included 27 patients (age 58.2 =
10.0, male / female: 22 / 5) scheduled for elective CABG
and 20 healthy control subjects (age 50.6 £+ 9.6, male /
female: 17 ¢ 3). Inclusion criteria were: stable sinus
rhythm prior the cardiac surgery without atrioventricular
or intraventricular conduction disturbances. The presence
of atrial or ventricular ectopy was allowed unless such
beats represented more than 5% of total beats over 6 —
minute interval. Patients with ECG rhythm other than
normal sinus, patients who were administered class 1
antiarrhythmic drugs and those with low amplitude T —
wave were excluded from the study. All patients were
operated on in University Medical Center in Ljubljana.
Informed consent was obtained from all the subjects
before the study.

2.2, Measuring protocol

Multi-channel ECG (MECG} equipment was used for
ECG recording [12]. Two measurements were obtained
from each patient: one day before the surgery and on the
fifth to seventh day after the surgery recorded after 10
minutes rest in the supine position. Body surface
potentials were measured with 35 unipolar leads, After
electrode positioning the data acquisition started,
collecting data for 360 5 (14 bit precision at 1000
samplesfsecond). Geood quality data was saved on
computer disc for further analysis.

2.3. RR and QT variability algorithm

The method introduced by Berger et al. [13] was used
in analysis of RR and QT variability with the following
medifications. Matching of beats to the template is
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achieved by shifting the template in discrete steps rather
than stretching. Baseline wander is removed by linear
correction of ECG. The modified algorithm implemented
on a personal computer (IBM PC compatible) is described
in the following steps [14].

(1) The time # of each R wave is identified with an
automated peak detection algorithm using a channel with
high R wave amplitude.

(2} A channel with high T wave amplitude is selected by
the operator and a typical T-wave (template) is
determined by the following three points: the first point
before P wave is used for baseline wandering removal, the
second and the third point determine the beginning and
the and of T wave template denoted by g¥n)

¢(n) = x(n)

where n is the sample number, x(n) is the ECG signal and
ng and n, are the beginning and the end of T wave
template. Template T waves gn) for all the other channels
k are automatically identified from the same interval.

3) Error function ey is computed:

n=[no, .. n| (1

RI=Tn

ex(m)= > [p(no+ ) - x(n+ HF @
J=0
n= [1, N—(m--m]]

where N is the number of samples in each channel and £ is
the channel number. The low value of error function
means that the difference between template and ECG
signal is also low.

{4) The best match of ECG signal to T wave template is
found for each beat. The best match is defined as time ¢
where the error function has lowest value in an interval
restricted to the T wave vicinity,

(5) Finally, the algorithm computes QT interval deviation
from the first QT interval found in ECG. This deviation is
defined as time series denoted by OTVE

OTViltr(i)) = [tr(D) = te(D] - [tr(1) = ta(1)] )

where [ is beat number, ¢ is time where best match of T
wave was found, £ is the time of R wave peak and k is the
channel number.

For further analysis we used only QTV of the channel with
the highest T wave amplitude computed from the samples
of T wave template. Root-mean-squares for channel
templates are used as a measure of the channel accuracy.
Time series of R wave peaks tx(i} are used in analysis of
RE interval variability, RR interval is defined as:

RR{iYy = ta(i) = tr(i = 1). @)
Rectangular ~ windowing  and  Fast  Furier

Transformation is used to compute power spectra density
from RR interval series. The power spectrum is analyzed

in three frequency bands: very low frequency (VLF =
(.01 = 0.04Hz), low frequency (LF = 0.04 - 0.15Hz) and
high frequency (HF = 0.15 = 0.4Hz). The power in each
frequency band is obtained by summing the spectral
components inside the band.

2.4.  Statistical analysis

Comparison between the control group and group of
patients was performed using a nonparametric
independent sample t-test (Mann — Whitney U test) and in
the group of patients using Wilcoxon matched pairs test.
Statistical significance was accepted at probability value
p=<0.05.

3. Results

3.1. Patient characteristics

All 27 patients enrolled in the study fulfilled clinical
and technical inclusion criteria. In post - operative period
three patients developed a single episode of atrial
fibrillation that was successfully coupled with
amiodarone. Mone of the patients died before the
discharge. Patients were hospitalized a median of 7 days.

3.2. Temporal RR and QT variability

Examples of RR and QT interval series during a 256-
seconds epoch obtained in single channel analysis in
control subject, patient before and after the surgery are
shown in Figure 1.

Statistical data on all studied variables comparing
patients after CABG with control group and results
obtained before the surgery are presented in Table 1 and
Figure 2. :

After the surgery, patients exhibited significantly (p <
0.03) lower RR interval duration, heart rate variability
(RR S5D) and higher QT wvariability (QT SD) in
comparison to the control group as well as to the results
obtained before the surgery (Table 1, Fig 2.}. Statistical
analysis of RR power spectra showed significant decrease
(p = 0.001) in RR ¥LF, RE. LF and RR HF after CABG
in comparison to the control group and also to the results
obtained before the surgery,

4, Discussion

The principal finding of this study was that patients
after cardiac surgery exhibit significantly higher QT
variability in comparison to the control group and
preoperative data, which suggests altered wventricular
repolarization after CABG.

We also observed marked decrease in heart rate
variability indexes in comparison to the control group and
preoperative results. Since high frequency power mirrors
efferent vagal activity and RR low power indexes
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A = after the surgery, B = before the surgery, C = control

Figure 1. The single epoch of heart rate (RR mean) and QT interval (QT SD) fluctuations in contral subject, patient

before and patient after the surgery,

Table 1. Statistical data for study variables in contrel group, patients before and after the surgery.

P P P
C B A C/B ClA BlA

RR mean {ms) 0B0.8 + 1419 9777+ 1766  779.2:1309 0.983 <0,001 0,001
RR SO (ms) A0.7 £ 14.5 31.9+159 13463 0.071 <0.001 =0, 001
QT SD {ms) 1.2£03 21+08 3425 <001 <0001 =0.010
Power spectra (ms?)
RR WLF 421.9 £ 330.2 2970 21486 73227359 0.156 <0,001 =0.001
RR LF 624.9 £ 541.8 162+ 4129 42.9 % 50.5 0.002 <0.001 <0.001
RR HF 466.4 £ 593.5 207.7 £ 261.9 33.2 + 39.4 0.038 <0,001 =0.001

A = after surgery, B = before surgery, C = control group, RR mean = mean RR interval duration, RR SD = RR interval
variability, QT SD = QT variability, VLF = very low frequency band £.01 — 0.04Hz), LF = low frequency band (0.04 —
0.15Hz), HF = high frequency band (0.15 — 0.4Hz). Values are expressed as mean = SD.

sympathetic baroreceptor reflex modulated activity [16],
this decrease in heart rate variability indexes probably
reflects withdrawal of parasympathetic tone and shift
toward sympathetic predominance in early postoperative
period,

The fact that heart surgery caused an increase of QT
variability in that heart surgery caused an increase of QT
variability in face of nearly constant or slowly changing
heart rate suggests a loss of autonomic coupling
between heart rate and ventricular repolarization for
sympathovagal modulation after the heart surgery.
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Clinieal implication and importance of this finding for a
purpose of risk stratification of developing malignant
arrhythmia after heart surgery is yet to be determined.

5. Conclusion

This study provides evidence of impact of CABG
surgery on myocardial repolarization and confirms the
findings of severe cardiac autonomous dysfunction in
early postoperative period.
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Figure 2. Group differences in heart rate variability (RR
SI¥) and QT wvariability (QT SD).
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