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Abstract
Background-An earlier study of 1555
normal 12 lead electrocardiograms has
shown that the mean QRS duration in
men is 8 ms longer than in women.
Objective-To establish the sex related
normal limits of the signal averaged electrocardiogram.
People-195 people (160 men and 35
women aged 40 to 69) with normal clinical history, physical examination, 12 lead
electrocardiogram, and echocardiogram
were recruited for this study.
Methods-Signal averaged electrocardiograms were recorded by the Arrhythmia
Research Technology 1200 EPX machine
and analysed twice with bidirectional
Butterworth filters with frequency ranges
of 25-250 Hz and 40-250 Hz. Three time
domain parameters of the QRS vector
magnitude, namely filtered total QRS
duration, duration of low amplitude signals under 40 uV (LAS4#), and root. mean
square voltage of the last 40 ms (1IMS40),
were evaluated.
Results-There were significant differences between the two sexes in QRS
duration (mean (95% confidence interval
(95% CI)) (8.0 (3.1 to 13*0) ms, t = 3-29,
degrees of freedom = 41, p = 0-0021 with
the 25-250Hz filter; mean (95% CI) 10-2
(6-9 to 13.5) ms, t = 6*26, degrees of freedom = 53, p < 0-0001 with the 40-250Hz
filter)) and in body surface area (mean
(95% CI) 0*26 (0.21 to 0-31) in2, t = 10.63,
degrees of freedom = 57). There was no
significant correlation between age and
QRS duration, LAS40, or RMS40, but
there was a highly significant correlation
between body surface area and QRS
duration (correlation coefficient = 0-396,
p < 0.0005) and RMS40 (correlation coefficient = -0-159, p < 0-025). Current sex
independent criteria defining ventricular
late potentials as the presence of any two
of QRS duration >114 ms, LAS40 >38 ms,
RMS40 <20 pV, give a specificity of 85%
for men and 91% for women in this normal population.
Recommendations-Ventricular
late
potentials should be regarded as present
when (a) QRS duration exceeds 114 ms in
men or 104 ms in women and (b) either
LAS40 >38 ms or RMS40 <20 ,uV. This
gives a specificity of 97% in men and
100% in women in the population studied.
(Br Heart Y 1994;72: 197-200)

The presence of ventricular late potentials has
been associated with an arrhythmogenic substrate characterised by fragmented electrical
activity due to delayed ventricular activation
and slowed propagation of conduction in the
myocardium, which in turn seems to be
related to the development of ventricular
arrhythmias.' The signal averaged electrocardiogram has been used to detect ventricular
late potentials in order to select patients at
risk of future arrhythmic events on account of
their underlying clinical problem-for example, recent myocardial infarction,2 hypertrophic cardiomyopathy,3 etc. The incidence
of ventricular late potentials is reported to be
from 0-7% in normal people without sustained ventricular tachycardia,4--that is, present criteria have a specificity of 93%-100%.
Late potentials occur in 20% of patients with
structurally normal hearts and sustained ventricular tachycardia.5 A European and North
American task force recently suggested guidelines for defining the presence of ventricular
late potentials,6 but these were not sex dependent.
Our previous studies of the normal 12 lead
electrocardiograms of 1330 healthy people,7
recently extended to 1555 healthy volunteers,
have shown that the mean QRS duration in
men is 8 ms longer than in women (table 1).
Therefore it was thought necessary to establish sex related normal limits of the signal
averaged electrocardiogram.
Methods
195 people (160 men and 35 women, aged 40
to 69, table 2) with normal clinical history,
physical examination, 12 lead electrocardiogram, and echocardiogram were recruited for
our study. They were all employees of the
local regional council and were mainly in

sedentary occupations.
Signal averaged X, Y, Z leads were
Table 1 Age and sex related normal limits of QRS
duration (ms) in 1555 white people
Age

Men

Women

Range (96th percentile)

95 (10)
78-112
242

85 (8)
68-106
304

Range (96th percentile)

94 (10)
76-116
217

87 (7)
72-100
131

93 (10)
76-112

86 (8)
72-102
97

18-29:
Mean (SD)

No
30-39:
Mean (SD)

No
40-49:
Mean (SD)

Range (96th percentile)

No
50+:
Mean (SD)

Range (96th percentile)
No

210

93 (10)
74-114
215

85 (8)

70-102
139
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Table 2 Age and sex distribution of the apparently
healthy people studied
40-44 45-49 50-54 55 +
Age
Total
Men
Women
Total

47
7
54

41
6
47

43
7
50

29
15
44

O Men
* Women

160
35
195
a)

recorded according to the recommendations
of the Task Force of the European Society of
Cardiology (ESC), the American Heart
Association (AHA), and the American
College of Cardiology (ACC).6 The signal
averaged electrocardiograms were recorded
with the Arrhythmia Research Technology
1200 EPX machine. Data were recorded by
temporal averaging of the amplified signal to a
noise level of less than 1 0 pV and transferred
to a central computer. Later the same data
were retrieved for analysis with the personal
computer version of the Arrhythmia Research
Technology analysis software (version 4 0).
Filtering was by bidirectional Butterworth filters with frequency ranges of 25-250 Hz and
40-250 Hz to avoid filter artefact or ringing.
Three parameters of the QRS vector magnitude were evaluated: filtered total QRS
duration; duration of low amplitude signals
<40 uV (LAS 40); root mean square voltage
of the terminal 40 ms (RMS 40).
Body surface area (BSA) was derived from
the height (H) and mass (M) of each person
by the formula of Du Bois and Du Bois8:
BSA(cm2) = M(kg)0425 x H(cm)0725 x 71-84
The two sample Student's t test was used to
evaluate the significance of the sex differences
in QRS duration, LAS40, and body surface
area, whereas the Mann-Whitney non-parametric test was used for RMS40, which was
not normally distributed. The 96th percentile
ranges of these three parameters were determined by elimination of the extreme 2% of
values at each end of the population distribution. This range almost coincides with that
obtained from a mean (2 SDs) when a normal
distribution is present. A p value <0 05 was
regarded as significant. The Pearson's product moment correlation coefficient was measured between age and QRS duration,
LAS40, and RMS40. The filtered QRS duration (40-250 Hz) was plotted as a percentage
of people exceeding different values (fig 1).

Results
The QRS duration and LAS40 were normally

QRS duration (ms):
Mean (SD)
Range (96th percentile)
LAS40 (ms):
Mean (SD)
Range (96th percentile)
RMS40 (MV):
Mean (SD)
Range (96th percentile)

40-250Hz

Men

Women

Men

Women

83-123

102-0 (9 4)^

94 0 (13-8)
77-113

99-3 (9 4)*
80-122

89-1 (8-6)
74-103

25-7 (9 0)
11-45

25-1 (9 0)
11-43

29-8 (9 2)
12-49

28-5 (8-0)
17-44

58-1 (39 8)
13-174

*p = 0-0021; **p < 0-0001 between sexes.

74-1 (44 0)
18-153

39-3 (26-0)
9-103

a1)

Cu

cD

(a)
GL)
a1)
s.
Cu

70

80

90

100

110

120

51-2 (36
11-151

4)

130

QRS duration (ms)
Cumulative distribution offiltered total QRS

Figure 1
duration in apparently healthy people.

distributed, but not RMS40 (table 3). There
were significant differences between the sexes
only in QRS duration (p = 0-0021 with the
25-250Hz filter; p < 0 0001 with the
40-250Hz filter) and in body surface area
(p < 0-0001). The mean (95% confidence
interval (95% CI)) difference in QRS duration between men and women was 8-0 (3 1 to
13.0) ms, at 25-250Hz (t = 3-29, degrees of
freedom = 41), and 10-2 (6-9 to 13-5) ms at
40-250Hz (t = 6-26, degrees of freedom =
53). The mean (95% CI) difference in body
surface area between the sexes was 0-26 (0-21
to 0.31) m2 (t = 10-63, p < 0 0001, degrees of
freedom = 57).
Current sex independent criteria-namely,
(a) QRS duration >114 ms, (b) LAS40 >38
ms, and (c) RMS40 <20,uV,6 were individually moderately specific (table 4). Collectively,
they define ventricular late potentials at
40-250Hz as the presence of any two of a, b,
and c, giving a specificity of 85% for men and
91% for women in the 195 apparently healthy
people studied (table 4). The Pearson's product moment correlation coefficients between
age and QRS duration, LAS40, and RMS40
were - 0-089, 0-052, and - 0-012, respectively
(p > 0 1, NS). Therefore, there was no significant correlation between age and these three
Table 4 Specificity of the individual components and
combinations of the currently recommended
AHAIACCIESC criteria (40-250 Hz)

Table 3 Normal ranges of QRS duration, LAS40, RMS40
25-250Hz

0

QRS duration >114 ms (a)
LAS40 >38 ms (b)
RMS40 <20 IsV (c)
a+b
a+c

b+c

Any2ofa,b,c
a+b+c
a + (b or c)

Men (%)
(n = 160)

Women (%)
(n = 35)

96
83
79
96
97
85
85
97
97

100
91
86
100
100
91
91
100
100
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Discussion
In recent years the technique of[signal averaging in association with high gaira amplification
has been used to detect ventricuilar late potentials, which are high frequency low amplitude
signals that occur in the termixnal part of the
QRS complex or ST segmenit. These late
potentials have been postulate d to be noninvasive markers of an arrhyth mic substrate,

which is characterised by slow non-homogeneous propagation of impulse (conduction.'26
There are many different appiroaches to the

analysis of the signal averaged electrocardiogram. They can be categorrised as time
domain and frequency dom.ain, including
spectrotemporal9 and spectra 1 turbulence'0
analyses. Time domain analysi,S of the signal
averaged electrocardiogram is usually performed by the method describei d by Simson in
1981.2 In 1991, the ESC/AHIA/ACC Task
Force stated in their paper on standards for
analysis of ventricular late p)otentials that
although work is proceeding on frequency
domain methods, there is a Mvide variety of
130
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Figure 2 Scatter plot of the 40-250 Hzzfitered QRS
duration and the body surface area in apyparently healthy
1.30

people.

1.55

algorithms available and no consensus that
one method is better than the others.6 The
review also suggested that selection of optimal
methods and algorithms represents an area of
current and future investigation. It still seems
premature to standardise the various frequency domain approaches to the analysis of
the signal averaged electrocardiogram. For
these reasons, the current study has concentrated only on measuring the time domain
parameters of the signal averaged electrocardiogram, commonly known as ventricular late
potential analysis.
The ESC/AHA/ACC Task Force recommended that the analysis of ventricular late
potentials in the time domain should include
the parameters QRS duration, LAS40, and
RMS40.6 However, their normal limits are
critically dependent on the different recording
and filtering techniques used in the various
laboratories, and the different analysis software used. Most laboratories insist that the
noise in the average beat is <1 ,V and <0 7
uV for the 25 Hz and 40 Hz high pass bidirectional Butterworth filters, respectively, as
recommended by the ESC/AHA/ACC Task
Force,6 whereas others seek to reduce noise to
<03 puV for the 40 Hz high pass filter.
Although signal averaging to the same specified residual noise level can minimise variation in the measurements of a signal averaged
electrocardiogram, it is also problematic,
because various devices define noise level differently. It cannot be assumed that if the same
noise level is reported by instruments of different manufacture, the actual noise is the
same. The final estimate of the noise level
depends on factors such as the algorithm used
for noise detection and calculation, the specific segment of the electrocardiogram examined, and the width of the interval scanned."
It was also shown in the study by Engel et al
that the residual noise can alter various measurements in the signal averaged electrocardiogram."
Nevertheless, if the residual noise is consistently controlled to an equivalent and specified low level as recommended-that is, <0 7
,uV for 40-250 Hz by the ESC/AHA/ACC
Task Force,6 then this can produce excellent
reproducibility. It is also recommended that
the signal averaging process should be performed to a prespecified low residual noise
level rather than being based on a set number
of beats.'2 The usefulness of a test depends on
its reproducibility. There is some variation in
the parameters of the signal average electrocardiogram, more so with spectral than with
time domain measurements. The reproducibility of the frequency domain parameters
is also problematic." The variation caused by
differences in techniques for analysis, definition, and equipment can be overcome by
standardisation to some extent, but, for example, standards for defining the end of the QRS
complex are noise dependent and therefore
Open to variation.
Additional factors that should be taken into
account in the causes of variation in detection
of ventricular late potentials are age and sex.
In 1985, Malik et al reported that in patients
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parameters, but there was a higJhly significant
correlation between LAS40 and1 RMS40 (correlation coefficient = - 0-658, p < 0 001) as
well as between body surface area and QRS
duration (correlation coefficien t = 0-396, p <
0 0005, (fig 2)), and between Ebody surface
area and RMS40 (correlation coefficient =
-0d159, p<0025). We also found significant correlations between bod y surface area
and body weight (correlation i coefficient =
0'923, p < 0-0005), age (corr*elation coefficient = -0-224, p < 0 001), hieight (correlation coefficient = 0 744, p < 0 (0005), and sex
(correlation coefficient =-0- 55 3, p < 0-0005).
Figure 1 shows that the upper c)5th percentile
for a normal QRS duration wras 114 ms in
men and 104 ms in women.
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Clearly late potentials result from a long
QRS duration that must form a part of any set
of criteria. Table 4 shows that even with existing criteria,6 the combination of QRS duration with either LAS40 or RMS40 gives a very
similar high specificity. Indeed in this normal
population the correlation between LAS40
and RMS40-was high (correlation coefficient
--0-658, p < 0-001). Current recommendations are to use any two of the three criteria
of table 4 and this is clearly less specific.
Nevertheless, to maintain a high sensitivity
the retention of both LAS40 and RMS40 is
suggested.
This leads to two main conclusions:
(1) If criteria-for ventricular late potentials
are not sex dependent, then to maintain high
specificity they should be applied as followsQRS duration >114 ms and either LAS40
>38ms or RMS40 <20 uV.
(2) If criteria for ventricular late potentials
are sex dependent, and fig 1 clearly shows that
the upper limit of QRS duration should be sex
dependent, then it is recommended that ventricular late potentials (40-250 Hz) should be
regarded as present when a + (b or c) below
is true.
(a) QRS duration >114 ms (men); QRS
duration >104 ms (women); (b) LAS40 >38
ms; (c) RMS40 <20 uV.
This gives a specificity of 97% in men and
100% in women (table 4).
We thank S McLaughlin, PhD and J Watson, MSc for statistical advice.
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surviving myocardial infarction, QRS duration and LAS40 increase with age whereas
RMS40 decreases with age.'3 Thus they suggested that the criteria for the presence of ventricular late potentials should be age related.
The difference between the two sexes, however, was not discussed.
In our study, no significant correlation was
found between age and all three parameters in
apparently healthy people. The age range of
the people studied was from 40 to 69, with
similar numbers in each quintile up to 55
years (table 2). According to our earlier studies
on the nornal 12 lead electrocardiograms of
1555 volunteers, the mean QRS duration in
men is 8 ms longer than in women but there
was no strong trend with age (correlation
coefficient: - 0-077 in men, 0 005 in
women). It was therefore not surprising that
there was no correlation between age and
QRS duration in this apparently healthy
cohort. Thus the variation in QRS duration
caused by sex differences was similarly found
to be more important than that due to age, as
in the signal averaged electrocardiogram.
These findings relate specifically to adult
electrocardiograms.
According to a necropsy study of the normal human heart by Kitzman et al, body mass
and body surface area in adults of both sexes
are better univariate predictors of normal
heart mass than is body height.'4 When
matched for age and body surface area, however, normal heart weight was greater in men
than in women and the correlations between
heart weight and body surface area were better in men than in women.14 In contrast with
the well established correlation between body
surface area and heart mass, the relation
between age and heart mass is somewhat controversial. In our study, it was shown that
there are significant correlations between the
body surface area and QRS duration (correlation coefficient = 0-396, p < 0.001) as well as
RMS40 (correlation coefficient = -0 159, p
< 0.025), but not between body surface area
and LAS40 (correlation coefficient = 0 034, p
> 0.25). The significantly larger body surface
area in normal men (mean = 1-93 m' in men
and 1 67 m2 in women), confirms that a normal man has on average a greater cardiac
mass than a woman. This implies that the
conduction of cardiac excitation and hence
the QRS duration is longer. Of passing curiosity, the ratio QRS duration to body surface
area had a mean value of 53 17 in women and
51-58 in men (two sample t test for the mean
(95% CI) difference 1.59 (-3-42 to 0.23) NS,
t = -175, p = 0-086, degrees of freedom =
54) showing that QRS duration normalised by
body surface area is independent of sex.
Current ESC/AHA/ACC recommended
criteria6 are not sex related and give only 85%
specificity in men and 91% specificity in
women in our apparently healthy population.
Because the only parameter that was shown to
have dependence on sex was QRS duration,
the data of fig 1 were examined to select a cut
off point giving 95% specificity. As a result,
cut off values of 114 ms for men and 104 ms
for women were chosen.

