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Muhammad Alamgir Khan, Syed Muhammad Imran Majeed*, Madiha Sarwar**

Army Medical College, Rawalpindi, *Armed Forces Institute of Cardiology Rawalpindi, **Foundation University Medical College
Rawalpindi

ABSTRACT

Objective: To determine the effect of noise on identification of ventricular late potentials.
Study Design: Cross sectional comparative study.

Place and Duration of Study: Armed Forces Institute of Cardiology/National Institute of Heart Diseases,
Rawalpindi from May 2006 to February 2007.

Methodology: The study included 37 patients with Mitral Valve Prolapse for the identification of ventricular
late potentials. Patients with acute or old myocardial infarction, diabetes mellitus and systemic hypertension
were excluded from the study. Signal averaged ECG was recorded according to the standard protocol. On the
basis of noise level, the patients were divided in two groups i.e. low noise group (<0.20 uv) and high noise
group (>0.20uv).

Results: Sixteen patients were in low noise group and 21 were in high noise group. Frequency of patients with
ventricular late potentials was significantly higher in low noise group as compared to the high noise group i.e.
44% vs 10% (p-value 0.02). Mean values of noise and SAECG parameters were also significantly different
between low and high noise groups. Noise was significantly correlated with the durations of filtered QRS
complex and low amplitude signal below 40puv but not with the root mean square voltage of signal in the last
40ms of filtered QRS complex.

Conclusion: Ventricular late potentials are noise dependent and the probability of their identification
increases at reduced noise levels.
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INTRODUCTION important role in risk stratifications.

Ventricular Late Potentials (VLPs) are the
cardiac signals of high frequency and very low
voltage which are present at the end of QRS
complex but may also extend into the early part
of ST segment!. They appear in the areas where
cardiac tissue architecture is modified due to
necrosis, fibrosis or dystrophy causing delayed
and fragmented depolarization2. This leads to
the formation of high-resistivity zones where
the speed of cardiac impulse decreases. Such
heterogenous areas giving rise to ventricular
late potentials represent electrophysiological
substrate for the development of re-entrant
ventricular tachycardias. There is substantial
evidence that wventricular late potential are
associated with the development of ventricular
arrhythmias. Hence, they are the noninvasive
markers of ventricular arrhythmias which may Biological and environmental electrical
lead to sudden cardiac death, and thus play an  signals occurring simultaneously with the
cardiac signal are known as electrical noise or

The classic cardiac signal detected on 12
lead surface ECG has voltage of the order of a
few millivolts and it contains most of the
information at frequencies below 100 HZz5.
Ventricular late potentials are at least two
orders of magnitude smaller than the typical
ECG signal. Their voltage is generally in the
range of 1 to 20 pv making them extremely low
voltage cardiac signals2. Due to this, these tiny
cardiac potentials remain hidden below the
noise produced by the non-cardiac signals. This
is the reason, ventricular late potentials are not
visible on standard ECGS. Thus detection of
ventricular late potentials requires a high
resolution ECG technique that should amplify
the signal of interest and reduce unwanted
random noise’.
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problem when the cardiac signal is amplified
for the detection of ventricular late potentials®.
Several noise sources have been identified like
artifacts from respiratory muscles, electrical
noise arising from electrodes, electrical power
lines (60 Hz noise) and other nearby placed
electronic equipmentte,

One of the first methods developed to
reduce noise in cardiac signal was the signal
averaged electrocardiographyt. Ventricular late
potentials become visible after amplifying,
averaging and filtering many heart beats and by
reducing random noise. This enhances signal of
interest by improving signal to noise ratio.
Although it is not possible to completely
eliminate the residual noise, nevertheless, it is
significantly reduced?2. Averaging of 200 to 300
beats is enough if the baseline noise level of the
recording is low otherwise greater number of
beats need to be averaged for adequate noise
reduction?s.

Along with signal averaging, the technique
also uses digital filters for noise reduction. The
bidirectional four-pole Butterworth filter with
either 25 Hz or 40 Hz high pass corner
frequency is used.l4For time-domain analysis,
noise is measured in the last 40 milliseconds of
ST segment of the averaged and filtered signal.
Acceptable upper limit of noise depends upon
the type of filter used. For 25 Hz high pass filter
the noise should be less than 1uv and for 40 Hz
it should be less than 0.7 pvi4. Generally below
a noise level of 0.3 nv, signal averaged ECG
recording is considered to be of good quality
and this noise level is achieved in less than
about 450 beats?s.

Detection of ventricular late potentials is
noise dependent and there is inverse correlation
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the accuracy of ventricular late potential
detection depends upon the degree to which
noise is reduced?’. Initially the end point of
signal averaging process used to be the fixed
number of beats. Due to this, different
recordings were used to be obtained at different
noise levels leading to the probability of false
resultst8. Later on, realizing the effect of noise
on detection of ventricular late potentials,
American  Heart  Association  guidelines
instructed that noise must be the end point of
the averaging processt4. This led to
standardization of the noise level (<1uv for 25
Hz and <0.7uv for 40 Hz filters) at which signal
averaged ECG is carried out!4. However, a few
studies have pointed out that noise levels even
below the recommended upper limits affect
detection of ventricular late potentialste.2o,

Despite refinements in the recording
technique, some background noise always
remains and interferes with the cardiac signal
leading to false negative results and decreasing
sensitivity of the procedure2l. The purpose of
this study was to evaluate the effect of noise on
identification of ventricular late potentials
through signal averaged ECG.

MATERIAL AND METHODS

It was a cross sectional, comparative study,
conducted at Armed Forces Institute of
Cardiology/National  Institute of Heart
Diseases, Rawalpindi from May 2006 to
February 2007. Formal approval was obtained
from medical ethics committee before starting
the study. Written and informed consents were
also acquired from the patients. Patients of both
the gender and any age with mitral valve
prolapse were included in the study. Mitral
valve prolapse was diagnosed on 2 dimensional

Table-1: Comparison of patients with and without VLPs in low & high noise groups.

VLPs Low noise group High noise group p-value
Present 7 (44%) 2 (10%) 0.02*
Absent 9 (56%) 19 (90%) '

*p-value significant

between the two!, The terminal point of
ventricular late potentials is determined where
the cardiac signal becomes greater than three
times the standard deviation of noise. Hence,

echo-cardiography as per the standard
diagnostic criteria?2. Patients with acute or old
myocardial infarction, diabetes mellitus and
hypertension were excluded from the study.



Thirty seven patients were included in the
study through non-probability convenience
sampling. Signal Averaged Electrocardiogram
was recorded using SAECG recording machine
‘1200 EPX High Resolution Electrocardiograph’.
Three orthogonal, bipolar leads X, Y and Z were
used to record Signal Averaged ECG as
described by Micheal Simson, MD.120 The Lead
placement for a Signal Averaged ECG is as
under.

1. Positive X electrode was placed at left

fourth intercostal space, midaxillary line.

Negative X electrode was placed at right
fourth intercostal space, midaxillary line.

Positive Y electrode was placed at the left
iliac crest.

Negative Y electrode was placed at
superior aspect of the manubrium of
sternum.

Positive Z electrode was placed at fourth
intercostal space just left of the sternum
(V2 position).

Negative Z electrode was placed on back of
the patients directly posterior to positive Z
electrode. This was done by repositioning
the patient on his side making him sit
forward.

A ground electrode (G) was placed on right
eighth rib.

Recording of the three leads was amplified,
averaged, filtered with 25 Hz high-pass filter,
and combined into a QRS vector magnitude.
The recording was carried out for about 1000
beats. The filtered QRS complex was analysed
for the presence or absence of the ventricular
late potentials. Ventricular late potentials were
considered to be present when at least two out
of the following three criteria were fulfilled!4,

1. Duration of total filtered QRS complex

(fORS) > 114 ms

2. Low amplitude signal under 40 pv (LAS
40) > 38 ms
3. Root mean square voltage of last 40 ms of

fQORS (RMS 40) < 20 pv.
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Patients were divided into two groups
based upon noise level. Patients whose SAECG
was recorded at noise level below 0.20 pv were
categorized as low noise group whereas those
with recording at or above 0.20 pv were
categorized as high noise group.

Statistical analysis was performed by using
IBM SPSS statistics version 22. Descriptive
statistics were used to describe the results.
Mann-Whitney U test was used to compare
means of the quantitative variables whereas Chi
square test was used for the comparison of
gualitative variables. Pearson correlation
coefficient was used to determine correlation
between quantitative variables. Alpha value
was set at < 0.05 for significance.

RESULTS

The mean age of patients was 26.27 + 6.18
years and male to female ratio was 1.6:1.

Low noise group had 16 patients (43%)
whereas there were 21 patients (57%) in the
high noise group. Out of 16 patients in low
noise group, 7 (44%) had ventricular late
potentials whereas in high noise group, 2
patients (10%) out of 21 had the late potentials.
The difference was statistically significant (p-
value = 0.02) as shown in table-1. Noise and
SAECG parameters between low and high noise
groups were significantly different as shown in
table-2.

Noise was inversely correlated with the
durations of filtered QRS complex and Low
amplitude signal under 40 pv and the
correlation was statistically significant (p-value
< 0.05). There was direct correlation between
noise and the root mean square voltage of
signal in last 40 ms of fQRS complex but the
correlation was statistically insignificant (table-
3).

DISCUSSION

Reduction of random noise is required to
uncover ventricular late potentials by signal
averaging process. Noise reduction s
dependent upon ambient noise before the
recording and the number of QRS complexes
which are averaged. Results of our study
indicate that reducing noise increases the



likelihood of detecting ventricular late
potentials. Large variations in sensitivity and
specificity of signal averaged ECG had been
reported in literaturez. A  convincing
explanation for this seems to be the recording at
different noise levels despite the ‘so called’
standardization.

Christiansen, et al studied the effect of
noises on detection of ventricular late
potentials?t. They performed a detailed analysis
of each parameter of signal averaged ECG at
various noise intensities. They recorded signal
averaged ECG of ten healthy volunteers at four
different noise levels i.e. 0.1, 0.2, 0.3 and 0.4 pv.
At each noise level, time domain analysis of
filtered QRS complex was carried out in
accordance with the standard criteria. On the
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positive subjects were 1, 2, 4 and 6 at noise
levels of 0.4, 0.3, 0.2 and 0.1 pv respectively. The
finding thatreduction in noise level from 0.4 pv
to 0.1 puv led to 500 percent increase in the
frequency of late potential positive subjects
confirmed the results of our study that
ventricular late potentials are noise dependant.

Frances RJ carried out a comprehensive
study whereby he evaluated the sensitivity and
specificity of signal averaged ECG along with
the effect of noise on detection of ventricular
late potentials2. Group one of his study
included eight patients with sustained or
nonsustained  spontaneous or  induced
ventricular tachycardia and ischemic heart
disease whereas group two had eight healthy
volunteers without heart disease or ventricular

Table-2: Comparison of noise and SAECG parameters in low & high noise groups.

SAECG parameters Low noise group | High noise group | p-value
Noise level (uv) 0.12 +0.02 0.28 +0.03 < 0.001*
Duration of Filtered QRS complex (ms) 104.00 £ 9.45 92.80 £ 6.88 < 0.001*
Duration of Low amplitude signal under 40 pv
35.63+7.01 28.38 £ 9.29 0.008*
(ms)
Root Mean Square Voltage of signal in last 40ms
24.42 + 16.28 53.06 + 29.94 0.004*
of fQRS (uv)
*p-value significant
Table-3: Correlation of noise with SAECG parameters.
Noise
SAECG parameters i _ p-value
Correlation coefficient (r)
Duration of Filtered QRS complex (ms) -0.54 0.001*
Duration of Low amplitude signal under 40 pv (ms) -0.34 0.04*
Root Mean Square Voltage of signal in last 40 ms of
0.23 0.14
fQRS(pv)

*p-value significant

average, durations of fQRS complex and low
amplitude signal under 40pv were prolonged
by 7.0 ms and 5.9 ms respectively per 0.1uv
reduction in noise level. Whereas, root mean
square voltage of the signal in last 40 ms of
fORS complex was reduced by 9.1 pv per 0.1 pv
drop in noise level.Number of late potential
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tachycardia. He performed signal averaged
ECG of all the participants in both the groups at
two noise levels i.e. 0.3 uv and 0.1 pv. He
reported that in group one only two patients
had ventricular late potentials at noise level of
0.3 uv and when the noise level was reduced to
0.1 pv all the patients became late potential



positive. In group two 100% subjects showed
negative results on signal averaged ECG at both
the noise levels. He reported an average
increase in durations of QRS complex and low
amplitude signal, of 15.88 and 68.5 percent and
a drop in root mean square voltage of 48.25
percent, with reducing noise. Same results in
healthy subjects at two different noise levels led
to another important finding that low noise did
not ‘create’ late potentials, hence, specificity of
the test did not change with reducing noise.

Steinberg and Bigger conducted a study to
find out ventricular late potentials in three
different groups at two noise levels, 1.0 pv and
0.3 uv24, Group | of their study comprised of 26
patients with sustained ventricular
tachyarrhythmias, group Il included 59 patients
after myocardial infarction and group Il had 14
healthy volunteers. In group | of their study
49% and 69% patients showed ventricular late
potentials at noise levels of 1.0 uv and 0.3 pv
respectively. The difference was statistically
significant at p-value < 0.001. Similarly in group
Il the percentage of patients having ventricular
late potentials was 24% and 34% at noise levels
of 1.0 pv and 0.3 pv respectively and the
difference was statistically significant at p-value
equal to 0.01. Interestingly, for group Ill, the
frequency of late potentials remained the same
at the both noise levels (7% vs 7%). They
concluded that sensitivity of signal averaged
ECG increased at lower noise levels without
affecting specificity.

Results of the studies mentioned above
including those of ours indicate that current
acceptable noise level is not low enough to
‘unmask’ the ventricular late potentials, if
especially the voltage of these potentials is
extremely low. Our study recommends that
new standards for noise need to be established
for accurate detection of ventricular late
potentials considering sensitivity and specificity
of the test. However, in conditions where high
sensitivity of signal averaged ECG is required,
noise level should be kept as low as possible.
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