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The effect of age and gender on the electrocardiogram
in children
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Abstract Our aim was to determine, using a computer program for measurement and analysis, the effects, if
any, of age and gender on the electrocardiographic measurements in a large cohort of Turkish children. We
analyzed standard simultaneous 12-lead electrocardiograms from 2241 healthy Turkish children, aged from
1 day to 16 years, to calculate limits of normality of a variety of electrocardiographic measurements for
12 age groups. Cinically significant differences were shown to exist, and the results compared with previously
established normal limits. Differences were demonstrated for gender in measurements of both amplitude and
duration, particularly in the adolescent period. We have provided tables and figures showing age and gender-
dependent means and upper limits of normal electrocardiographic parameters for the important leads.
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S
EVERAL STUDIES HAVE DEMONSTRATED AN EFFECT OF

age and gender on electrocardiographic tracings.1

Remarkably few studies, however, have explored
the range of electrocardiographic parameters in
children.2–7 Moreover, there is no comprehensive
study concerning changes in the electrocardiogram in
Turkish children. In this study, we aimed, using a
computer program for measurement and analysis, to
demonstrate the differences, if any, due to age and
gender on the electrocardiographic measurements in
a large cohort of Turkish children.

Material and methods

All individuals were recruited from 15 nursery
schools, one primary school, one secondary school,
three child health centers, and one maternity
hospital in Bursa and its surrounding areas. The
ages explored ranged from 1 day to 16 years.
The population generally was drawn from families

in the middle socioeconomic level. All the children
were examined by a pediatrician. To be included in
the study, individuals had to:

> Have no history of cardiovascular disease, or any
other abnormality known to affect the cardio-
vascular system

> Have systolic and diastolic blood pressures
within the normal range for that age

> Have no murmur on physical examination.

We recruited a total of 2241 children fulfilling
these criterions. For each child, we measured
weight, height, and blood pressure prior to the
electrocardiogram recordings. The data for height
and weight were compared with the standards for
Turkish children. We divided the population into
12 groups according to age:2 0–1 day, 1–3 days,
3–7 days, 1–4 weeks, 1–3 months, 3–6 months,
6–12 months, 1–3 years, 3–5 years, 5–8 years, 8–12
years, and 12–16 years. Table 1 shows the number
of male and female children in each of the groups.
Written informed consent was obtained from all
parents and all children aged 12 or older. The study
was approved by the Ethical Committee of the
Uludag University.
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Standard simultaneous 12-lead electrocardio-
grams were recorded at a sampling rate of 500
Herz with the use of an acquisition system using a
personal computer (Cardioline Delta 60 Plus 3.0
Version). The frequency response of this recorder
was between 0.05 and 150 Herz. All recordings
were made by the same technician. 12-lead pre-
cordial and limb derivations were recorded
and, with the guidance of the study of Rijnbeek
and colleagues7, lead V3R was used instead of V3,
and V7 instead of V5. The QT interval was
corrected with Bazett’s formula.8 The electrocardio-
grams were processed by the Modular Electrocar-
diogram Analysis System.

In the distribution of the measured values, the
ones that met the second and 98th percentiles
were accepted as the bottom and the upper limits of
the normal range, respectively. In some tables and
figures, the data was given as mean, 2nd and 98th
percentiles, and in the others only mean and
98th percentiles. The zero amplitude values, at
which point that there are no Q, R, or S waves, were
omitted from the statistical analysis. We used the
SPSS statistics programme for analysis of the data.

Results

We enrolled a total of 2241 healthy children, 49%
female and 51% male. The distribution according
to age and gender is shown in Table 1. The mean
centile, and the range of 2nd and 98th centiles of
heart rate, duration of P wave, PR interval, QRS
axis, duration of QRS, QTc interval, P wave axis,
T wave axis, and the amplitude of P wave at lead II
according to age and gender are shown in Table 2
(available in electronic format only). For all age
groups, heart rate showed an extensive dispersion
(Figs 1 and 2). The heart rate increased after birth,

and reached its maximal level at from 1 to 4 weeks,
at 158 beats per minute for girls, and 159 beats per
minute for boys. The rate then gradually decreased.
The upper limit of normal for the heart rate was
slightly higher for girls than for boys from the age
of 3 years onward. P wave and QRS duration,
as well as PR intervals, varied according to the
alterations in heart rate. The mean P-wave duration
ranged from 45 to 73 milliseconds for girls, and
47 to 72 milliseconds for boys, with a small but
consistent difference between the genders (Figs 3
and 4). The mean P wave duration showed a slight
decrease until 3 months of age, and increased
afterwards. The mean PR interval in lead II was
longer at 1–3 days than 0–1 day, showed a decrease
at 3–7 days, and then increased with age (Figs 5
and 6). The mean QRS axis was directed to the right
in the first 1 to 4 weeks of life, reflecting increased
right ventricular mass in that period, and then
gradually shifted to the normal axis. P wave axis
and, T wave axis, with the exception of the first day
of life at which T wave axis reached the highest
mean values for both girls and boys, proved
relatively stable throughout childhood and adoles-
cence. The mean QRS duration showed an increase
with age in both girls and boys, without any signi-
ficant difference between the two groups (Figs 7
and 8). The mean QTc interval ranged between
422 and 444 milliseconds for girls and 410 and
443 milliseconds for boys (Figs 9 and 10). P-wave
amplitude in lead II was not significantly affec-
ted by age or gender. The highest upper limit of
P-wave amplitude was 0.30 millivolts for girls and
0.29 millivolts for boys.

The Q-wave amplitude is presented for clinically
important leads according to age and gender in
Table 3 (available in electronic format only). The
upper limit of the Q-wave amplitude in the 0–1 day
group was maximal in all leads presented, with the
highest value in lead II for girls, which was 0.74
millivolts. It showed a decrease until to 1 to 3
months, and then again started to increase, showing
a second peak value in all leads at 1 to 3 years, after
which a decrease was seen towards the initial values.
In those aged from 12 to 16 years, girls had
significantly lower upper limits of normal for the
Q-wave amplitude in V6 and V7.

The normal range for R- and S-wave amplitudes,
as well as R/S ratio, are shown in Tables 4–6
(available in electronic format only). R-wave
amplitude decreased with age in both girls and
boys in lead V3R and V1, and increased in lead V7
(Figs 11–14). S-wave amplitude showed a similar
but inverse pattern (Figs 15–18). A steady decrease
in R/S ratio was observed in V3R and V1, and an
increase in V6 and V7.

Table 1. The distribution of those studied according to age and
gender.

Ages Number of girls Number of boys Total

0/1 day 125 131 256
1/3 days 83 66 149
3/7 days 48 44 92
1/4 weeks 51 60 111
1/3 months 40 46 86
3/6 months 58 39 97
6/12 months 45 50 95
1/3 years 57 84 141
3/5 years 84 130 214
5/8 years 148 147 295
8/12 years 196 174 370
12/16 years 151 184 335
Total 1086 1155 2241
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Table 2. Heart rate, duration of P wave, PR interval, QRS axis, duration of QRS, QTc interval, P wave axis, T wave axis, and amplitude of P wave in lead II for girls (upper row) and for
boys (lower row) according to the ages: mean (2nd percentile/98th percentile, and only 98th percentile for amplitude of P wave in lead II).

Lead 0–1 day 1–3 days 3–7 days 1–4 weeks 1–3 months 3–6 months 6–12 months 1–3 years 3–5 years 5–8 years 8–12 years 12–16 years

Heart rate per minute 138 (112/174) 138 (107/168) 149 (111/187) 158 (117/188) 150 (129/180) 145 (113/176) 145 (114/176) 133 (95/187) 112 (83/162) 97 (76/136) 92 (68/128) 87 (64/110)
134 (109/ 164) 137 (109/184) 142 (102/188) 159 (116/186) 154 (124/189) 146 (120/176) 141 (101/182) 134 (94/176) 105 (80/165) 95 (74/126) 88 (65/133) 80 (59/100)

P wave duration (milliseconds) lead II 50 (35/66) 50 (35/67) 47 (34/64) 47 (38/66) 45 (32/60) 49 (40/62) 50 (34/68) 58 (40/82) 62 (40/84) 67 (40/92) 67 (42/96) 73 (43/(98)
51 (33/66) 49 (36/63) 48 (40/62) 47 (36/60) 47 (34/60) 48 (34/62) 50 (38/66) 55 (32/80) 62 (44/84) 63 (40/84) 67 (42/94) 72 (40/100)

PR interval (milliseconds) lead II 99 (72/123) 106 (80/127) 93 (74/116) 94 (80/120) 91 (70/120) 98 (64/122) 99 (70/128) 109 (76/158) 117 (84/158) 127 (91/172) 126 (90/178) 133 (100/174)
100 (77/122) 106 (83/126) 95 (80/116) 94 (74/121) 92 (78/112) 93 (62/128) 97 (78/122) 104 (75/146) 120 (86/150) 125 (97/168) 127 (90/172) 137 (92/184)

QRS Axis (8) 134 (62/180) 126 (75/172) 141 (97/176) 130 (96/180) 85 (43/152) 72 (17/149) 73 (18/154) 68 (9/156) 65 (14/122) 60 (/16)(130) 60 (/4) (118) 60 (14) (142)
140 (78/179) 125 (79/180) 130 (101/179) 133 (/27) (175) 96 (4/157) 67 (10/155) 77 (24/153) 66 (4/158) 60 (14/162) 59 (/17) (134) 57 (/10) (137) 56 (/35) (143)

QRS duration (milliseconds) lead II 64 (51/85) 62 (46/87) 65 (48/84) 65 (52/86) 71 (48/92) 76 (50/94) 75 (58/90) 78 (52/100) 79 (56/98) 77 (59/100) 78 (61/100) 79 (62/108)
63 (46/83) 63 (41/89) 65 (56/90) 65 (44/85) 74 (56/90) 76 (54/94) 75 (56/94) 80 (56/100) 79 (57/98) 80 (62/108) 82 (62/106) 84 (64/108)

QTc interval (milliseconds) 431 (362/488) 424 (372/487) 430 (392/472) 423 (383/482) 444 (391/480) 442 (383/489) 434 (387/482) 430 (396/480) 424 (375/470) 422 (382/465) 422 (377/486) 422 (371/486)
429 (368/489) 437 (370/489) 430 (372/480) 423 (393/471) 438 (391/487) 443 (370/490) 436 (395/489) 433 (377/490) 425 (395/483) 421 (374/464) 419 (381/474) 410 (378/473)

P wave axis (8) 52 (26/98) 52 (221/90) 53 (15/96) 49 (17/92) 50 (270/17) 46 (213/108) 48 (15/82) 54 (247/146) 54 (0/142) 47 (22/92) 47 (211/138) 50 (22/153)
55 (224/(90) 61 (243/95) 53 (26/(90) 48 (24/109) 48 (18/140) 45 (14/90) 50 (0/112) 54 (5/128) 49 (12/114) 46 (27/139) 45 (22/133) 48 (218/146)

T wave axis (8) 60 (216/130) 38 (227/143) 29 (26/94) 28 (231/96) 26 (29/153) 35 (11/145) 32 (29/73) 33 (0/124) 36 (12/66) 38 (7/70) 38 (10/80) 38 (211/103)
50 (210/125) 45 (240/147) 28 (29/131) 29 (228/144) 31 (3/160) 29 (226/147) 35 (26/90) 38 (24/116) 38 (12/65) 41 (16/76) 41 (12/66) 46 (18/118)

Amplitude of P wave (millivolt) lead II 0,14 (0,25) 0,17 (0,27) 0,15 (0,23) 0,16 (0,26) 0,12 (0,28) 0,13 (0,21) 0,14 (0,21) 0,13 (0,19) 0,15 (0,23) 0,15 (0,25) 0,16 (0,30) 0,16 (0,28)
0,15 (0,25) 0,16 (0,24) 0,14 (0,23) 0,15 (0,25) 0,12 (0,23) 0,12 (0,24) 0,13 (0,28) 0,13 (0,20) 0,14 (0,21) 0,13 (0,26) 0,14 (0,29) 0,14 (0,29)
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et al.,3 and median QRS duration was 91 milli-
seconds for boys, and 87 milliseconds for girls, in
those aged from 12 to 16 as studied by Rijnbeek
et al.7 In our study, the mean QRS values were
79 milliseconds for girls, and 84 milliseconds for
boys, when aged from 12 to 16 years, endorsing

these findings.3,7 The median QRS duration in the
study of Rijnbeek et al.7 was greater for boys than
for girls in most age groups, but the differences in
upper limits of normal were small, ranging from
2 to 7 milliseconds. In our study, the mean QRS
duration was also found to be greater for boys than

Figure 1.
Heart rate versus age in girls.

Figure 2.
Heart rate versus age in boys.
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for girls in most age groups, the differences in upper
limit of normal ranging from 2 to 8 milliseconds.
Our normal limits for the QRS duration, however,
are substantially higher than those reported
by Davignon et al.2

According to Bazett’s formula, the QTc should
not exceed 440 milliseconds, except in infants.8

A corrected time of up to 490 milliseconds may be
normal for the first six months of life.9 In our data,
the upper limit ranged from 465 milliseconds in

Figure 3.
P wave duration in lead II versus age in girls.

Figure 4.
P wave duration in lead II versus age in boys.
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girls aged from 5 to 8 years to 489 milliseconds in
those aged from 3 to 6 months, and from 464 for
boys aged from 5 to 8 years to 490 when boys were
aged from 3 to 6 months, or 1 to 3 years. We found
that mean values for QTc remained equal or lower
than 440 milliseconds in all age groups, but our

upper limits were from 24 to 46 milliseconds
higher than the values accepted as normal for boys,
and 25 to 49 milliseconds higher for girls. Rijnbeek
et al.7 had found that the QTc interval remained
relatively constant over the years, with an upper
limit of normal of approximately 450 milliseconds,

Figure 5.
PR interval in lead II versus age in girls.

Figure 6.
PR interval in lead II versus age in boys.
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which is higher than the commonly used criterion
of 440 milliseconds.

The QRS axis changes from the right and
anterior direction in infants, to the left and posterior
direction in adults. The marked anterior deviation
of the T vector in newborn infants disappears within

a few days. During childhood, it remains inter-
mediate. Beginning at 8 to 10 years, the T vector
gradually moves to anterior. The mean and upper
limit of QRS axis was 134 and 180, respectively for
girls, and 140 and 179 for boys, both in the first
day of life in our study. In contrast, in the study of

Figure 7.
QRS duration in lead II versus age in girls.

Figure 8.
QRS duration in lead II versus age in boys.
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Rijnbeek et al.,7 the median and upper limit of
QRS axis was 110 and 155, respectively for girls,
and 97 and 140 respectively for boys, these values
being much lower than ours. The P axis was found
to be stable over the total age range in both our
study and that of Rijnbeek et al.7 We also observed

that the T wave axis proved relatively stable over the
total age range, except for the first few days of life.

For the diagnosis of right atrial hypertrophy,
the normal value for the P wave amplitude should
be higher than 0.25 or 0.30 millivolts.9 In the
study of Davignon et al.,2 this value was found to be

Figure 9.
QTc versus age in girls.

Figure 10.
QTc versus age in boys.
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Table 3. Q-wave amplitudes (millivolt) for girls (upper row) and boys (lower row) according to ages: mean (98th percentile).

Lead 0–1 day 1–3 days 3–7 days 1–4 weeks 1–3 months 3–6 months 6–12months 1–3 years 3–5 years 5–8 years 8–12 years 12–16 years

II 0,10 (0,74) 0,07 (0,36) 0,09 (0,25) 0,10 (0,30) 0,14 (0,44) 0,16 (0,54) 0,16 (0,43) 0,19 (0,54) 0,14 (0,27) 0,14 (0,32) 0,12 (0,38) 0,12 (0,33)
0,08 (0,54) 0,08 (0,38) 0,10 (0,29) 0,11 (0,40) 0,14 (0,59) 0,15 (0,35) 0,17 (0,52) 0,20 (0,67) 0,16 (0,57) 0,13 (0,49) 0,12 (0,29) 0,14 (0,36)

III 0,14 (0,55) 0,14 (0,48) 0,16 (0,38) 0,15 (0,3) 0,15 (0,38) 0,23 (0,53) 0,20 (0,55) 0,25 (0,80) 0,18 (0,40) 0,16 (0,51) 0,14 (0,35) 0,14 (0,38)
0,13 (0,45) 0,11 (0,31) 0,13 (0,34) 0,14 (0,46) 0,17 (0,4) 0,19 (0,55) 0,22 (0,62) 0,25 (0,84) 0,17 (0,62) 0,18 (0,45) 0,15 (0,42) 0,17 (0,53)

aVF 0,11 (0,46) 0,10 (0,44) 0,11 (0,26) 0,11 (0,29) 0,13 (0,35) 0,17 (0,49) 0,15 (0,48) 0,21 (0,68) 0,16 (0,29) 0,14 (0,40) 0,12 (0,34) 0,12 (0,34)
0,09 (0,27) 0,08 (0,26) 0,13 (0,85) 0,11 (0,38) 0,13 (0,27) 0,15 (0,51) 0,17 (0,45) 0,21 (0,68) 0,15 (0,58) 0,14 (0,47) 0,13 (0,34) 0,14 (0,36)

V6 0,07 (0,34) 0,05 (0,25) 0,08 (0,25) 0,09 (0,27) 0,14 (0,41) 0,17 (0,45) 0,16 (0,47) 0,18 (0,66) 0,16 (0,34) 0,14 (0,48) 0,13 (0,37) 0,11 (0,22)
0,06 (0,40) 0,05 (0,24) 0,08 (0,25) 0,09 (0,33) 0,14 (0,39) 0,18 (0,42) 0,18 (0,45) 0,18 (0,69) 0,19 (0,77) 0,17 (0,59) 0,16 (0,50) 0,14 (0,55)

V7 0,08 (0,51) 0,06 (0,52) 0,07 (0,23) 0,08 (0,23) 0,13 (0,36) 0,14 (0,45) 0,13 (0,38) 0,17 (0,55) 0,15 (0,33) 0,15 (0,40) 0,14 (0,35) 0,12 (0,28)
0,06 (0,3) 0,05 (0,3) 0,07 (0,22) 0,07 (0,27) 0,11 (0,26) 0,16 (0,33) 0,17 (0,40) 0,19 (0,55) 0,18 (0,43) 0,18 (0,40) 0,16 (0,34) 0,17 (0,45)

Table 4. R-wave amplitudes (millivolt) for girls (upper row) and boys (lower row) according to ages: mean (98th percentile).

Lead 0–1 day 1–3 days 3–7 days 1–4 weeks 1–3 months 3–6 months 6–12months 1–3 years 3–5 years 5–8 years 8–12 years 12–16 years

I 0,11 (0,47) 0,16 (0,53) 0,14 (0,38) 0,16 (0,51) 0,33 (0,67) 0,46 (0,90) 0,46 (0,91) 0,45 (0,91) 0,43 (1,02) 0,46 (1,21) 0,53 (1,69) 0,58 (1,47)
0,12 (0,41) 0,10 (0,41) 0,12 (0,35) 0,14 (0,37) 0,33 (0,78) 0,51 (1,03) 0,48 (1,14) 0,44 (0,88) 0,51 (1,14) 0,51 (1,20) 0,56 (1,40) 0,60 (1,54)

II 0,40 (1,06) 0,46 (0,96) 0,33 (0,81) 0,47 (1,93) 0,63 (1,42) 0,78 (1,74) 0,69 (1,37) 0,87 (1,65) 0,94 (1,62) 0,95 (1,65) 1,06 (1,96) 1,09 (1,89)
0,36 (0,86) 0,32 (0,86) 0,42 (0,92) 0,36 (0,85) 0,62 (0,98) 0,75 (1,52) 0,79 (1,56) 0,81 (1,56) 0,91 (2,05) 0,98 (1,87) 1,08 (2,67) 1,19 (2,07)

III 0,72 (1,68) 0,74 (1,42) 0,58 (1,24) 0,69 (1,25) 0,53 (1,14) 0,65 (1,62) 0,56 (1,42) 0,63 (1,36) 0,64 (1,39) 0,60 (1,50) 0,65 (1,74) 0,64 (1,48)
0,67 (1,3) 0,57 (1,21) 0,61 (1,26) 0,56 (1,21) 0,60 (1,03) 0,54 (1,28) 0,58 (1,26) 0,58 (1,57) 0,53 (1,64) 0,62 (1,49) 0,62 (2,10) 0,73 (1,93)

aVR 0,24 (0,78) 0,25 (0,69) 0,28 (0,64) 0,21 (0,67) 0,15 (0,34) 0,19 (1,38) 0,19 (0,47) 0,17 (0,39) 0,14 (0,38) 0,16 (0,96) 0,14 (0,43) 0,14 (0,45)
0,28 (0,74) 0,25 (0,78) 0,18 (0,63) 0,21 (0,50) 0,14 (0,34) 0,14 (0,52) 0,14 (0,47) 0,16 (0,50) 0,17 (0,46) 0,16 (0,58) 0,17 (0,46) 0,17 (0,88)

aVL 0,11 (0,43) 0,13 (0,45) 0,14 (0,69) 0,13 (0,27) 0,16 (0,43) 0,27 (0,53) 0,27 (0,6) 0,25 (0,62) 0,19 (0,56) 0,19 (0,78) 0,22 (0,98) 0,21 (0,73)
0,11 (0,31) 0,10 (0,29) 0,11 (0,25) 0,12 (0,3) 0,19 (0,50) 0,27 (0,63) 0,27 (0,85) 0,24 (0,62) 0,22 (0,68) 0,21 (0,77) 0,20 (0,77) 0,27 (0,95)

aVF 0,54 (1,28) 0,59 (1,17) 0,44 (1,0) 0,34 (1,08) 0,55 (1,27) 0,68 (1,67) 0,58 (1,18) 0,73 (1,40) 0,77 (1,50) 0,76 (1,42) 0,83 (1,73) 0,84 (1,68)
0,48 (1,01) 0,43 (0,94) 0,50 (1,02) 0,44 (1,0) 0,59 (1,59) 0,58 (1,39) 0,65 (1,41) 0,66 (1,42) 0,70 (1,84) 0,76 (1,61) 0,83 (2,39) 0,92 (1,92)

V3R 1,20 (2,41) 1,20 (2,12) 1,06 (1,79) 1,02 (1,87) 0,76 (1,52) 0,76 (1,69) 0,72 (1,15) 0,46 (0,94) 0,37 (0,98) 0,30 (1,03) 0,28 (0,93) 0,23 (0,74)
1,31 (2,74) 1,20 (2,45) 1,09 (2,60) 0,91 (2,07) 0,82 (1,58) 0,83 (1,43) 0,73 (1,08) 0,63 (1,16) 0,46 (1,24) 0,37 (0,83) 0,33 (0,90) 0,38 (1,02)

V1 0,87 (1,97) 0,96 (2,22) 0,89 (1,94) 0,83 (2,03) 0,43 (1,49) 0,52 (1,52) 0,56 (1,14) 0,36 (0,90) 0,32 (0,90) 0,29 (0,93) 0,32 (1,03) 0,27 (0,78)
0,97 (2,09) 0,85 (1,92) 0,90 (2,02) 0,78 (1,91) 0,48 (1,34) 0,58 (1,21) 0,50 (1,10) 0,45 (1,03) 0,37 (1,01) 0,35 (0,92) 0,38 (0,92) 0,38 (1,13)

V7 0,36 (1,09) 0,40 (0,97) 0,39 (1,07) 0,53 (1,51) 0,82 (1,53) 0,88 (1,56) 0,95 (1,80) 1,03 (1,70) 1,14 (2,48) 1,20 (2,60) 1,21 (2,26) 1,24 (1,93)
0,32 (0,84) 0,36 (1,02) 0,41 (1,0) 0,43 (1,04) 0,74 (1,48) 0,92 (1,88) 0,89 (1,61) 1,01 (1,91) 1,15 (2,52) 1,28 (2,60) 1,29 (2,29) 1,31 (2,45)
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Table 5. S-wave amplitudes (millivolt) for girls (upper row) and boys (lower row) according to ages: mean (98th percentile).

Lead 0–1 day 1–3 days 3–7 days 1–4 weeks 1–3 months 3–6 months 6–12months 1–3 years 3–5 years 5–8 years 8–12 years 12–16 years

I 0,13 (0,61) 0,08 (0,65) 0,09 (0,52) 0,05 (0,66) 0,05 (0,16) 0,06 (0,52) 0,03 (0,21) 0,26 (0,60) 0,20 (0,48) 0,20 (0,53) 0,19 (0,57) 0,19 (0,57)
0,09 (0,62) 0,11 (0,49) 0,06 (0,50) 0,07 (0,37) 0,04 (0,53) 0,07 (0,25) 0,05 (0,24) 0,29 (0,76) 0,22 (0,79) 0,23 (0,65) 0,21 (0,55) 0,24 (1,14)

II 0,10 (0,35) 0,07 (0,33) 0,09 (0,25) 0,10 (0,29) 0,14 (0,44) 0,16 (0,52) 0,12 (0,43) 0,26 (0,69) 0,21 (0,63) 0,24 (0,63) 0,21 (0,72) 0,21 (0,60)
0,08 (0,34) 0,08 (0,38) 0,10 (0,29) 0,11 (0,38) 0,14 (0,59) 0,15 (0,35) 0,17 (0,52) 0,27 (0,63) 0,26 (0,51) 0,25 (0,70) 0,26 (0,65) 0,29 (0,97)

III 0,02 (0,16) 0,03 (0,36) 0,04 (0,24) 0,03 (0,17) 0,03 (0,23) 0,05 (0,42) 0,06 (0,76) 0,20 (0,38) 0,16 (0,40) 0,19 (0,54) 0,20 (0,90) 0,18 (0,58)
0,04 (0,71) 0,06 (0,37) 0,04 (0,24) 0,05 (0,25) 0,03 (0,24) 0,05 (0,29) 0,03 (0,29) 0,21 (0,56) 0,17 (0,59) 0,20 (0,74) 0,19 (0,59) 0,25 (0,87)

aVR 0,04 (0,41) 0,04 (0,48) 0,04 (0,36) 0,04 (0,32) 0,29 (0,84) 0,36 (1,01) 0,27 (0,97) 0,69 (1,12) 0,73 (1,00) 0,77 (1,20) 0,88 (1,56) 0,95 (1,64)
0,05 (0,50) 0,03 (0,37) 0,10 (0,49) 0,07 (0,47) 0,26 (0,86) 0,50 (0,92) 0,45 (1,03) 0,59 (1,00) 0,77 (1,29) 0,84 (1,44) 0,90 (1,64) 0,96 (1,59)

aVL 0,49 (1,31) 0,52 (1,33) 0,47 (0,99) 0,51 (0,90) 0,31 (0,82) 0,37 (0,88) 0,35 (0,96) 0,36 (0,78) 0,34 (0,78) 0,33 (0,93) 0,35 (0,83) 0,36 (0,89)
0,47 (1,06) 0,39 (0,99) 0,41 (0,91) 0,36 (0,95) 0,37 (0,79) 0,32 (0,77) 0,32 (0,79) 0,38 (1,00) 0,30 (0,90) 0,36 (0,91) 0,31 (0,89) 0,42 (1,20)

aVF 0,07 (0,32) 0,05 (0,29) 0,09 (0,32) 0,05 (0,27) 0,08 (0,28) 0,09 (0,41) 0,08 (0,64) 0,22 (0,50) 0,18 (0,51) 0,20 (0,57) 0,19 (0,73) 0,18 (0,58)
0,09 (0,41) 0,11 (0,46) 0,08 (0,32) 0,09 (0,33) 0,09 (0,20) 0,08 (0,39) 0,09 (0,37) 0,23 (0,54) 0,20 (0,39) 0,21 (0,71) 0,21 (0,58) 0,25 (0,88)

V3R 0,52 (1,43) 0,49 (1,45) 0,33 (1,34) 0,31 (1,22) 0,40 (1,05) 0,45 (1,31) 0,43 (1,20) 0,52 (1,25) 0,54 (1,68) 0,59 (1,39) 0,59 (1,36) 0,60 (1,56)
0,59 (1,47) 0,58 (1,30) 0,45 (1,44) 0,29 (0,93) 0,35 (1,08) 0,41 (1,02) 0,51 (1,20) 0,60 (2,26) 0,59 (1,57) 0,61 (1,61) 0,63 (1,53) 0,77 (2,38)

V1 0,59 (2,04) 0,54 (2,26) 0,42 (1,12) 0,35 (1,14) 0,29 (1,50) 0,34 (1,14) 0,37 (1,09) 0,52 (1,25) 0,66 (1,30) 0,72 (1,89) 0,88 (2,26) 0,81 (2,16)
0,48 (1,98) 0,50 (1,92) 0,44 (1,15) 0,29 (1,08) 0,24 (1,23) 0,32 (1,45) 0,28 (1,09) 0,49 (1,76) 0,62 (1,48) 0,72 (1,84) 0,88 (2,36) 0,95 (2,45)

V7 0,27 (1,28) 0,24 (0,90) 0,36 (0,96) 0,35 (1,19) 0,30 (1,00) 0,31 (0,76) 0,39 (0,90) 0,29 (0,91) 0,23 (0,59) 0,23 (0,76) 0,20 (0,76) 0,17 (0,34)
0,33 (1,22) 0,33 (0,96) 0,30 (0,84) 0,33 (0,96) 0,36 (1,20) 0,31 (0,89) 0,31 (0,86) 0,34 (1,01) 0,25 (0,82) 0,26 (0,96) 0,22 (0,53) 0,22 (0,52)

Table 6. R/S ratio in precordial leads for girls (upper row) and boys (lower row) according to ages: mean (98th percentile).

Lead 0–1 day 1–3 days 3–7 days 1–4 weeks 1–3 months 3–6 months 6–12months 1–3 years 3–5 years 5–8 years 8–12 years 12–16 years

V3R 3,6 (15,3) 3,6 (16,0) 3,8 (16) 4,0 (13,3) 2,2 (5,1) 2,4 (6,8) 2,1 (7,6) 1,1 (3,0) 0,8 (3,3) 0,6 (3,2) 0,6 (3,0) 0,5 (2,7)
3,1 (11,4) 3,1 (11,0) 3,2 (8,6) 3,7 (11,6) 2,6 (6,4) 2,6 (7,7) 2,0 (4,9) 1,3 (4,7) 1,0 (6,3) 0,8 (9,3) 0,6 (2,5) 0,6 (5,4)

V1 2,5 (13,0) 2,5 (9,9) 2,7 (6,8) 2,6 (7,8) 1,8 (7,3) 1,6 (4,6) 1,9 (6,1) 1,1 (6,0) 0,6 (6,7) 0,5 (3,6) 0,4 (2,0) 0,4 (0,9)
3,0 (12,4) 2,5 (11,3) 2,3 (8,5) 2,7 (8,0) 1,8 (7,4) 2,0 (5,6) 2,2 (5,3) 1,3 (5,3) 0,8 (4,9) 0,6 (2,8) 0,5 (2,2) 0,5 (2,3)

V6 1,7 (8,0) 1,4 (5,2) 1,6 (7,4) 1,7 (7,5) 2,4 (6,4) 2,8 (9,2) 3,4 (7,3) 3,8 (15,5) 5,7 (21,2) 5,7 (27,8) 6,9 (36,4) 5,1 (22,0)
1,3 (6,1) 1,2 (4,2) 1,9 (6,3) 1,6 (5,9) 2,1 (5,5) 2,8 (11,2) 2,7 (7,6) 2,9 (21,1) 4,9 (31,3) 5,2 (25,5) 6,0 (30,3) 6,4 (28,6)

V7 1,8 (8,2) 2,4 (7,9) 1,7 (10,2) 2,1 (9,7) 3,4 (14,4) 3,5 (15,9) 3,2 (11,8) 5,0 (14,0) 6,5 (23,8) 7,4 (31,4) 7,9 (24,1) 7,2 (21,4)
1,3 (5,8) 1,3 (4,2) 2,3 (9,8) 1,6 (6,0) 2,5 (7,5) 3,9 (13,9) 4,0 (11,8) 4,0 (13,2) 6,0 (19,0) 6,5 (19,5) 7,3 (20,7) 7,8 (23,6)
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higher than 0.30 millivolts. In our study, the
highest upper limit of P-wave amplitude was 0.30
millivolts for girls, and 0.29 for boys, these being
aged from 8 to 12 years, and 12 to 16 years,
respectively. Rijnbeek et al.7 found the largest

P-wave amplitude to be 0.25 millivolts in lead II,
while in V1 and V2 substantially lower upper limits
of normal were found, suggesting that the criterion
of amplitude when used in the diagnosis of right
atrial hypertrophy should be lead dependent.

Figure 11.
R wave amplitudes in lead V1 versus age in girls.

Figure 12.
R wave amplitudes in lead V1 versus age in boys.
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The Q wave is produced primarily by depolariza-
tion of the ventricular septum, and commonly
present in leads I, II, and aVF, and is almost always
present in V5 and V6. The maximal Q amplitude
in leads aVF, V5, and V6 is usually less than

0.5 millivolts in children of any age. The maximal
Q wave amplitude in lead III may be as large as
0.5 to 0.8 millivolts in children between 1 month
and 3 years of age.9 We found the upper limit of Q
wave amplitude in V6 to be higher than reported by

Figure 13.
R wave amplitudes in lead V7 versus age in girls.

Figure 14.
R wave amplitudes in lead V7 versus age in boys.
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Davignon et al.,2 but nearly similar to the value
found by Rijnbeek et al.7 A possible reason for this
difference might be due to the fact that, as did
Rijnbeek et al.,7 we only included non-zero values
in computing the centiles. Since Q wave is defined

as a negative wave, we believe that it is an
appropriate choice.

There is progressive increase in the amplitude of
the R wave toward V5, and a progressive decrease in
the amplitude of the S wave toward V6. In infants

Figure 15.
S wave amplitudes in lead V1 versus age in girls.

Figure 16.
S wave amplitudes in lead V1 versus age in boys.
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in the first month of life, there may be complete
reversal of the R/S progression, with a dominant R
in V4R, V1, and V2 and a dominant S in V5 and
V6. In children between 1 month and 2 to 3 years of
age, partial reversal is usually present, with a
dominant R in V1 as well as in V5 and V6.

Considerable differences were found in R- and
S-wave amplitudes when we compared our study
with the others. For example, in our study, the mean
and upper limit of R wave in lead V7 was 1.21
millivolts, and 2.26 millivolts for girls aged from 8
to 12 years, respectively, and 1.29, and 2.29 for boys

Figure 17.
S wave amplitudes in lead V7 versus age in girls.

Figure 18.
S wave amplitudes in lead V7 versus age in boys.
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of the same age using the same lead. The median
and upper limits of the R wave as measured in lead
V7 in the study of Rijnbeek et al.7 were 1.35
millivolts and 2.10 millivolts for girls, and 1.38
millivolts and 2.24 millivolts for boys, these being
similar with ours.

We found that the mean amplitudes, and upper
limits, of the Q-, R- and S wave were higher for
boys than for girls in most leads in most age groups,
these findings being more significant in precordial
leads during adolescence, again endorsing the study
of Rijnbeek et al.7 The reasons for the significant
differences between girls and boys in the precordial
leads and in the period of adolescence are the
increase in fatty tissue over the chest during growth,
and the growth of breast tissue for girls during this
period.10 These differences might be a reflection of
the boys being greater than girls of reproductive
age.11 Since the differences in amplitude are
important for evaluation of ventricular hypertrophy,
these differences related to gender should always be
noted, especially during adolescence.

In their study, Rijnbeek et al.7 digitized their
electrocardiograms at a sampling rate of 1200 Herz.
When they downsampled the signals to 500 Herz,
as used in our study and in the study of Macfarlane
et al.,3 and repeated the analyses, they had found
that normal limits remained essentially the same,
but when downsampled to 333 Hz, as used in the
study of Davignon et al.,2 they had found lower
amplitudes. We think that, therefore, that the
similarity between our study and the study of
Rijnbeek et al.,7 and the difference between our
study and the study of Davignon et al.2 might be
attributed to the differences in sampling rate. Other
factors, such as differences in population and

physiological changes in children, however, cannot
be excluded.

In conclusion, marked differences exist in the
normal electrocardiographic limits found in Turkish
children. This merits the definition of a set of age-
and sex-specific electrocardiogram criterions speci-
fically for use in Turkish children. Our study has
provided the necessary tables and figures showing
these values.
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