
Introduction

Physiologic values of electrocardiographic parameters
are important to be known before stating the diagnosis.
Individual characteristics of isointegral maps (IIMs) are in-
fluenced by different factors such as age or sex. They may
contribute to relatively high variability among measured
parameters of patients or control subjects. Although it is
important to know how these factors may affect used IIM
characteristics, isointegral mapping of controls in different
age and sex groups is very rare (8,9,10,11). Only a very little
is known about IIM parameters in children (1,3,4,5,6,8,9).
In our study we tried to fill in this gap with amplitude ana-
lysis of IIMs of initial parts of the QRS complex in children
and young adults.

Patients and Methods

We recorded and analysed IIMs of 169 young healthy
people (90 females and 79 males). They were chosen from
over 200 records of young people from which subjects re-
vealing any electrocardiographic abnormality or any tech-
nical problem of the record were excluded. Remaining
subjects were distributed into six groups after their age and
sex: 9–10 years (group F1: 17 girls; group M1: 15 boys),
13–14 years (F2: 25 girls; M2: 23 boys), and 18–19 years

(F3: 48 women; M3: 41 men). None of measured subjects
suffered by any cardiovascular disease or had any abnor-
mality found neither on 12–lead standard electrocardio-
grams or M-mode echocardiograms.

We used the limited 24–lead system after Barr implanted
in the mapping system ProCardio (2,12) for the recording
of the electric heart field and data processing. During each
examination a record of one second duration was registered
(a single heartbeat) in supine position. Linear baseline was
taken through T-P segments. The onset and offset of the
QRS complex was established manually from the root mean
square signal (7).

We compared extreme values of IIMs (maximum, mini-
mum, and peak-to-peak value = maximum – minimum) (7).
For construction of IIMs we used following integration in-
tervals: the first 20 ms (IIM QRS20), the first 30 ms (IIM
QRS30), and the first 40 ms of QRS complex (IIM QRS40),
and the interval from 20 ms to 40 ms of QRS complex (IIM
QRS20–40).

Statistical analysis was performed in following way
using the program Statgraphics 3 plus (13). All data were
tested for normal distributions using skewness and kurtosis.
If they were found normal, variance check was done using
Bartlett’s test (age differences). If variances were found to
be the same, analysis of variance was used with Fisher’s
least significant differences. If any of previous conditions
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Fig. 1: Mean IIMs of group F3. Each rectangle displays chest surface with the anterior chest on the right and back on the
left. Maximal and minimal values are marked by plus and minus signs, respectively, and displayed above each map. Step
concerns the difference between two successive isointegral lines. Template (group) maps are marked as QoQ3 (IIM
QRS30), QoQ4 (IIM QRS40), QoX4 (IIM QRS20), and X4Q4 (IIM QRS20–40).

Fig. 2: Mean IIMs of group M3. Next description as in Figure 1.

Group F1 F2 F3 M1 M2 M3
IIM (n=17) (n=25) (n=48) (n=15) (n=23) (n=41)
QRS20 5.1 ± 1.8 4.1 ± 1.4 3.8 ± 1.3 # 6.7 ± 2.5 * 5.0 ± 1.5 * 4.6 ± 1.4

(5.4) (3.7) (3.8) (6.5) (4.9) * (4.4) &

< 2.2; 8.6> < 1.7; 6.9> < 1.3; 9.3> < 3.0; 12.0> < 2.1; 7.6> < 2.6; 8.5>
QRS30 12.9 ± 4.0 11.2 ± 4.0 9.9 ± 3.0 # 16.7 ± 6.7 14.0 ± 4.1 * 12.8 ± 4.1

(12.0) (10.4) (9.8) (15.7) (13.6) * (12.9) &&

< 5.7; 21.7> < 5.7; 19.3> < 3.7; 20.2> < 6.8; 29.7> < 6.7; 19.6> < 6.6; 21.8>
QRS40 23.4 ± 8.0 18.8 ± 6.9 # 14.6 ± 5.2 # 23.3 ± 7.0 23.1 ± 6.7 20.7 ± 6.8

(21.6) (16.8) (14.1) (23.0) (22.5) * (21.2) &&&

< 11.7; 42.2> < 7.0; 37.6> < 6.3; 32.7> < 12.6; 36.0> < 14.5; 38.3> < 9.2; 43.1>
QRS20–40 24.4 ± 7.1 17.9 ± 6.2 # 13.5 ± 4.8 # 23.0 ± 5.7 22.6 ± 6.5 # 18.9 ± 6.5 #

(22.9) (15.9) (12.1) (21.7) (21.1) ** (19.5) &&&

< 12.6; 39.8> < 7.4; 35.4> < 6.0; 30.2> < 14.8; 30.8> < 14.6; 38.5> < 7.1; 42.5>

# Values were not distributed normally. Statistical significance: *p < 0.05; &p < 0.01; **p < 0.005; &&p < 0.001; &&&p < 0.0001.

Tab. 1: Values of maxima in isointegral maps in all studied groups and differences between sexes of the same age.



was not fulfilled, Kruskal-Wallis test and Mann-Whitney
test for medians were used. Sex differences were compared
between corresponding age groups in pairs. For normal
data Student’s t-test was used considering equal or non-
equal variances after Fisher’s test. Else Mann-Whitney test
for medians was used. Statistically significant differences
were assumed for p < 0.05 or less.

Results

Mean IIMs of each group revealed smooth dipolar di-
stributions with one maximum and one minimum. The only
exception was in the IIM QRS40 where an indication of se-
cond minimum was found at the right upper back in women
(group F3, Figure 1) and in the right clavicular area in men
(group M3, Figure 2).

Group extreme values of isointegral maps are given in
Tables 1–3 with statistically significant differences found
between corresponding sex groups. Values are given in form

of mean ± standard deviation, median in parentheses, range
is given below them in form of closed interval. Statistically
significant differences concerning the age are given in
Tables 4–6. If the comparison is not given, it was not signi-
ficant.

We found mean maxima and mean peak-to-peak values
decreasing with age in all evaluated groups of both sexes
(Tables 1 and 3). This trend was valid also for their medians.
Minima behaved in a different way (Table 2). In most cases
there were the lowest (deep) minima in the youngest child-
ren except for IIM QRS40 and IIM QRS20–40 in group M2.
The highest (shallow) minima tended to be in the oldest
groups except for IIM QRS30 in males where it was found
in group M2. Most age differences were found in IIM
QRS20–40, which displayed the activation comprising the
middle of the QRS complex, and between peak-to-peak va-
lues. Least differences were between minima. As more than
one third of data sets were not distributed normally, we
have taken medians to perform these comparisons.
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Tab. 3: Values of peak-to-peak in isointegral maps in all studied groups and differences between sexes of the same age.

Tab. 2: Values of minimum in isointegral maps in all studied groups and differences between sexes of the same age.

Group F1 F2 F3 M1 M2 M3
IIM (n=17) (n=25) (n=48) (n=15) (n=23) (n=41)
QRS20 -3.6 ± 4.6 # -1.6 ± 0.6 -1.6 ± 0.4 -2.8 ± 1.1 -2.2 ± 0.6 ** -1.8 ± 0.6 #

(-2.4) (-1.5) (-1.6) (-2.5) (-2.2) ** (-1.8)
< -21.0; -1.0> < -3.0; -0.8> < -2.5; -0.9> < -5.3; -1.4> < -3.5; -0.8> < -3.7; -0.8>

QRS30 -2.7 ± 0.6 -2.6 ± 1.1 # -2.7 ± 0.8 3.4 ± 1.2 -2.9 ± 1.0 -3.0 ± 1.2 #

(-2.6) (-2.3) (-2.7) (-3.1) (-2.8) (-2.7)
< -4.0; -1.8> < -5.4; -0.7> < -4.4; -0.9> < -5.7; -1.3> < -4.8; -0.6> < -8.0; -1.3>

QRS40 -6.6 ± 3.0 # -6.4 ± 2.4 -5.3 ± 2.5 # -6.3 ± 2.3 -6.9 ± 3.0 # -5.4 ± 2.2 #

(-6.3) (-5.6) (-4.6) (-6.0) (-6.1) (-4.9)
< -14.7; -2.3> < -12.9; -2.4> < -13.1; -1.6> < -12.2; -2.9> < -17.4; -3.3> < -12.5; -2.5>

QRS20–40 -8.0 ± 3.7 # -7.6 ± 2.5 -5.9 ± 2.8 # -7.6 ± 3.0 # -7.7 ± 3.4 -6.0 ± 3.3 #

(-7.1) (-6.6) (-5.0) (-6.9) (-6.4) (-5.2)
< -18.3; -3.0> < -12.9; -4.9> < -15.1; -2.3> < -16.6; -4.0> < -18.0; -3.3> < -18.6; -2.1>

# Values were not distributed normally. Statistical significance: **p < 0.005.

Group F1 F2 F3 M1 M2 M3
IIM (n=17) (n=25) (n=48) (n=15) (n=23) (n=41)
QRS20 8.7 ± 4.9 # 5.7 ± 1.5 5.4 ± 1.4 # 9.5 ± 2.6 7.2 ± 1.8 ** 6.4 ± 1.7

(7.3) (5.7) (5.5) (9.5) (7.3) & (6.2) ***

< 5.0; 26.0 > < 3.5; 8.8 > < 2.2; 10.7 > < 5.3; 15.3 > < 3.6; 9.8 > < 3.6; 10.4 >
QRS30 15.6 ± 4.2 13.7 ± 4.7 12.6 ± 3.5 # 20.1 ± 7.4 16.9 ± 4.6 * 15.8 ± 4.8

(14.4) (12.7) (12.2) (18.5) (16.3) * (15.8) **

< 8.2; 25.5 > < 7.2; 23.1 > < 4.6; 24.5 > < 8.1; 35.4 > < 8.9; 22.6 > < 8.5; 26.2 >
QRS40 29.9 ± 9.9 25.3 ± 8.8 # 19.9 ± 7.1 # 29.6 ± 8.3 30.0 ± 7.8 26.1 ± 8.4

(26.5) (23.2) (18.4) (29.6) (28.0) * (27.6) ***

< 14.0; 53.6 > < 9.4; 47.8 > < 7.9; 43.8 > < 16.7; 43.7 > < 19.5; 47.1 > < 12.0; 53.2 >
QRS20–40 32.4 ± 9.4 25.4 ± 7.9 # 19.4 ± 7.1 # 30.6 ± 7.2 30.3 ± 8.3 # 24.9 ± 9.1 #

(30.0) (22.1) (17.7) (30.5) (28.3) * (23.6) &&

< 15.6; 52.2 > < 14.0; 46.2 > < 8.5; 43.0 > < 18.8; 39.9 > < 19.9; 51.9 > < 9.2; 56.6 >

# Values were not distributed normally. Statistical significance: *p < 0.05; **p < 0.005; &&p < 0.001; ***p < 0.0005.
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IIM F1–F2 F2–F3 F1–F3 M1–M2 M1–M3
QRS20 NS NS p < 0.01 p < 0.05 p < 0.005
QRS30 NS NS p < 0.01 NS NS
QRS40 p < 0.05 p < 0.01 p < 0.0001 NS NS
QRS20–40 p < 0.005 p < 0.005 p < 0.0001 NS p < 0.05

NS: not significant

Tab. 4: Significant age differences between medians of groups for maxima.

IIM F1–F2 F2–F3 F1–F3 M1–M2 M2–M3 M1–M3
QRS20 p < 0.01 NS p < 0.001 p < 0.01 NS p < 0.0005
QRS30 NS NS p < 0.01 NS NS NS
QRS40 NS p < 0.005 p < 0.0005 NS NS NS
QRS20–40 p < 0.01 p < 0.0005 p < 0.0001 NS p < 0.05 p < 0.05

NS: not significant

Tab. 6: Significant age differences between medians of groups for peak-to-peak values.

IIM F1–F2 F2–F3 F1–F3 M2–M3 M1–M3
QRS20 p < 0.005 NS p < 0.0001 NS p < 0.001
QRS40 NS p < 0.05 NS p < 0.05 NS
QRS20–40 NS p < 0.005 p < 0.05 p < 0.05 p < 0.05

NS: not significant

Tab. 5: Significant age differences between medians of groups for minima.

Mean maxima and mean peak-to-peak values were high-
er in males than in corresponding females except for groups
F1 and M1 in IIM QRS40 and IIM QRS20–40 (Tables 1 and
3). This was also valid for medians. No significant differen-
ces were found in any extreme value when comparing the
youngest girls and boys except for maxima in IIM QRS20.
The number of significant sex differences increased with in-
creasing age. The only significant difference found in sex
minima comparison was between groups F2 and M2 (Table
2). Most sex differences were found at the very beginning
of the QRS complex (IIM QRS20).

Discussion and Conclusions

We did not found published results of IIMs during the
initial parts of QRS complex in children. Similar sex diffe-
rences were found in two 2 published papers. In the first
one, Q-zone maps (from the beginning of the QRS complex
to its middle, comparable with our IIM QRS40) were ana-
lysed in adults (20–46 years old) (10). Forty male subjects
had significantly higher maxima than 15 females. Dif-
ferences between minima were not significant. Published
maps were recorded with 117 chest leads. In the second
paper, QR maps (comparable with our IIM QRS40) were
analysed in 18 men and 25 women (18–19 years old) (11).
Higher extreme values were found in men.

Age differences were analysed in 2 papers. In both, sig-
nificantly higher values of maxima in younger children
(9–10 years) and deeper minima in older children (13–14

years) were found in IIMs during the whole QRS complex
and corresponded with our findings (8,9). These maps were
recorded in sitting position using 80 chest electrodes.

When looking at these findings, there still remains the
question why we found decreasing values with increasing
age in young people. One possible answer is the influence
of heart geometry, as well as the geometry heart – chest. Or
are the changes during puberty responsible for the diffe-
rences?
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