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F1G. 5.—The R wave is the same height in V1, V2, and FiG. 6.—Siurring of R or S in leads from the right chest
V3, in this man of 34 years. and transitional zone in this man of 21 years.
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sive increase in the height of the R wave to a peak in C4, sometimes in C3, C5, or C6 decreasing in
size again in leads farther to the left. In a few instances the R wave was the same height in several
chest leads, for example, in V1, V2, V3 (Fig. 5); rarely the R wave fell 1 or 2 mm. in a lead farther
to the left, but this might have been due to respiratory variation. There were no significant
differences in the size of R in the two age groups. Slurring of any part of R or S occurred in leads
from the right chest or transitional zone (Wilson, 1947), as in Fig. 6, but not in leads from the left
chest showing a qRs pattern in this investigation. A second R wave (R’) following the S was quite
common in leads from the right chest, particularly at a high level (Fig. 9). An R’ wave in Cl, or
in C1 and C2, was found in 11 subjects (Fig. 7 and 10). The R’ was small and less than R except
when carried higher by S-T elevation in one instance, and in CF1 only in another; in these subjects
there was no slurred S in standard lead 1 or chest lead 7, while in a 21-year-old medical student, S
was slurred in I, I, and C5 and C6, not in C7; but there was no R’ in C1. In one otherwise healthy
man aged 41 years the R’ in C1 was slightly taller than R and was associated with a slurred S in leads
I and C4 to C7; he was considered to have partial right bundle branch block and was excluded from
the series.

The R wave varied in height with the indifferent electrode and was tallest in CR, intermediate
in V, and shortest in CF leads, with one exception where the R wave measured 1 mm. in CR1 to
CR3 and 1-5 mm. in V1 to V3 (Fig. 8) and several exceptions in right CF leads. In CR4 the R wave
varied in height from 8 to 60 mm. with an average of 25 mm., and in V4 from 6 to 50 mm. with an
average of 19 mm. These values are higher than those found by Myers (1947), namely R in V4
from 2 to 25 mm., average 13-0 mm. in 52 subjects, and by Dolgin (1949), namely R in V4 from 5-8
to 27-1 mm., average 14-6 mm. in 44 subjects. In CF4 the R wave varied from 4 to 45 mm., and
Katz (1946) suggested a minimal normal value of 3 mm. for this lead.

The division of chest leads into two main patterns, rS on the right and gRs on the left, is seen by
examining the ratio of R to S (Table V). The clearest division took place in V leads. The R wave

TABLE V
RATIO OF R TO S IN HEALTHY SUBJECTS

CR (100 cases) V (100 cases) CF (50 cases)
R/S ratio Chest positions Chest positions Chest positions
1 2 3 4 5 6 17 1 2 3 4 5 6 17 1 7
R>S

6

6 15 50 95 98 99 99 0 5 21 9 97 99 99 1 0 6 41 49 44 37
R=S§ 4 5 2 1 0 0 O 0 0 6 1 1 0 O o 0 2 3 0 2 6
R<S 9% 8 48 4 2 1 1 |100 95 73 9 2 1 1 49 50 42 6 1 4 7

was always less than the S wave in V1, and was greater than S in V7 in all but one subject with a
long narrow heart on radiological examination. In CR1 there were more exceptions for R was
greater than S in six subjects (Fig. 9), but in most of these the voltage was low. In CR7 there was
only one subject with S greater than R, the same as in V7.

In children the R/S ratio in right chest leads is different from adults, for the R wave is often greater
than the S wave in V1 or V2 (Fig. 11 and 12, p. 224), and there may be steep T inversion in these
leads (Master, 1937; Suarez, 1946). Left chest leads in children are similar to those in adults.

THE S WAVE

An S wave (Table VI) was present in right chest leads C1 to C3, with one exception in CF1; it
was greater than R in most subjects, and always so in V1. It usually reached its maximum depth in
C2 but not till C3 in about one-third of the older and one-sixth of the younger group, and in CR4
and CF4 in one subject. The S wave was deep in some subjects, reaching a maximum of 35 mm.
in CR and V, and 40 mm. in CF leads. It diminished progressively to the left, but occasionally
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Fi6. 7.—R’ in C1 and C2 in this man of 41 years. FiG. 8.—The R wave was usually tallest in CR leads,
. intermediate in V, and shortest in CF, but in this
mz‘nin,caggd 59 years, R was shortest in CR1, CR2,

an .
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F1G. 9.—In this man of 24 years (not in the series) R is
greater than S in CR1, but not in V1. There is an
R’ in V1 taken in the second and third intercostal

spaces, but it is very small in standard V1, or in V1
in the fifth space.

LimMB

1

Fi1G. 10.—S-T elevation in leads from the right chest in a man
of 61 years. There is an R’ in C1 and C2.
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remained at the same height and rarely increased slightly though by less than 1 mm. In left chest
leads S was comparatively small and often absent, but once in CR6 and CR7, once in V6 and V7,
and often in CF6 and CF7, it was greater than R.

In right chest leads S was deepest in CF, intermediate in V and least deep in CR, but in left chest
leads S was often deepest in CR.

TABLE VI
DEPTH OF S WAVE IN HEALTHY SUBJECTS
CR (100 cases) V (100 cases) CF (50 cases)
Depth of

S in mm. Chest positions Chest positions Chest positions
1 2 3 4 5 6 1 2 3 4 5 6 1 1 2 3 4 5 6 17
3540 | — — = = - — — | - = = — = - — —_ ] - - - - —
30-35 —_ 1l - - — — — - 2 - - — = — —_ ]l - - — - —
25-30 - 1 3 — — — — 1 2 4 — — — — 1 1 4 — — — —
20-25 — 6 10 — — — — 0 18 13 — — — — 713 6 — — — —
15-20 33 16 2 1 — — 14 31 21 1 — — — 11 15 11 2 — — —
10-15 28 35 37 18 1 1 — 37 26 32 15 — — — 9 13 4 9 — — —
5-10 53 27 27 37 17 7 1 40 20 26 41 12 2 — 9 5 15 16 11 2 —
4-5 10 — 3 12 13 4 1 7 1 110 13 1 > 2 0 — 10 5 4 2
34 1 — 2 919 17 1 1 — 1 12 14 10 — — 1 — 3 6 3 1
2-3 5 — 2 11 14 26 15 — — 210 27 20 2 —_ — — 7 13 10 4
1-2 — — — 6 20 20 43 — — — 6 16 39 35 — — — 1 816 9
0 —_ — — 5 15 25 39 — — — 5 18 28 63 1 — — 2 7 15 34
Mean depth | 7-8 13-112:66:1 3-0 20 08 | 10114913358 25 1:3 02 | 13316714460 29 15 05

S-T DEVIATION

The level of the S-T segment was taken 1 mm. after the termination of the QRS complex, and its
deviation from the iso-electric line (T-P interval) was measured to the nearest millimetre (Table VII).
Deviation of less than 0-5 mm. was not noted.

TABLE VIL
S-T DEVIATION IN HEALTHY SUBJECTS

CR (100 cases) V (100 cases) CF (50 cases)
S-T deviation -

in mm. Chest positions Chest positions Chest positions
1t 2 3 4 5 6 7|1 2 3 4 5 6 7|1 2 3 4 5 6 1
+3— 1 1 — — — —|— 2 1 — — — —|— — — — — — —
STeleva- J 15— 7 6 6 3 2 1|— 8 7 4.1 — —|2 6 4 1 1 — —
+1{39 64 48 29 19 16 5(48 65 56 28 12 9 3|34 34 28 17 5 6 1
0|57 23 40 59 73 77 90|52 24 32 63 83 88 95|14 10 18 32 44 44 49
S-T depres- -1 4 5 4 4 4 4 4|— 1 4 5 4 3 2|— — — — — — —
sion 22— — 1 2 1 1 == - - - =

S-T elevation (Fig. 10) was found frequently in leads from the right chest especially with high
voltage and it reached 3 mm. in two subjects. It was about the same for CR and V leads, but was
less in CF. In shape the raised S-T segment was straight or concave upwards ending in an upright
T wave, in CR and V leads, as pointed out by Myers (1947).

S-T depression was much less common and it varied with the indifferent electrode employed. It
was greatest in CR leads reaching 2 mm. in two young women with tachycardia (rates 120 and
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FiG. 11 and 12.—R is equal 6r larger than S with steep T inversion in C1 and C2 in these children aged five years.
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115 a minute) and depression of the P-R interval (Fig. 13). With a short diastole the P wave fell
on the descending limb of the preceding T wave so that the T-P interval was raised causing apparent
depression of the P-R and S-T segments in relation to the T-P reference level. S-T depression
of 0-5 to 1-0 mm. in CR leads was found in six subjects chiefly affecting the left chest leads; in four
there was tachycardia and consequent P-R depression also; in two the S-T depression was accom-
panied by slight P-R depression without tachycardia. In V leads S-T depression not exceeding
1:0 mm. was found in five subjects of whom four had tachycardia with P-R depression, and one slight
P-R and S-T depression without tachycardia. In CF leads S-T deviation was minimal, for similar
deviation at the left foot (VF in Fig. 13) cancelled out changes at the chest electrode. These changes
agree with those found by Myers (1947) who stated that depression of the RS-T junction was very
rare in the przcordial leads in health and that it should be regarded as abnormal if it was 0-5 mm.
or greater, provided that tachycardia or a prominent auricular T wave was absent.

THE T WAVE

In right chest leads the T wave was sometimes very tall reaching 18 mm. in CR, 16 mm. in V, and
15 mm. in CF (Table VIII), it was often taller than the R wave. In left leads of qR or qRs pattern
the T averaged about one-quarter of the height of R for any of the indifferent electrodes. With a

TABLE VIII
HEIGHT OF T WAVE IN HEALTHY SUBJECTS
CR (100 cases) V (100 cases) CF (50 cases)
Height or depth
of T in mm. Chest positions . Chest positions Chest positions

1 2 . 711 2 3 4 5 6 7|1 2 3 4 5 6 171

18- — 1 2 — — — — = = — - - — — = = — — = — =
17-18 — 0 2 1 1 — —m|— = — — — — — /= — — — — — —
16-17 — 1 3 1 1 - —|— — — — — — —/— — — — — — —
15-16 — 4 1 3 0 — —|— 1 — — — — —/— — — — — — —
14-15 — 3 4 3 0 — —|— 1 2 1 — —= —|—- —= 1 — — — —
13-14 - 5 5 2 0 — —=|—- 2 2 01l — == 3 0 — — — —
12-13 — 2 8 6 1 3 —|— 2 5 3 0 — —|f{— 0 0 1 — — —
11-12 — 8 6 4 3 0 —|— 5 5 4 1 — —|— 0 3 0 — — —
10-11 — 7 8 8 4 5 —|— 810 3 0 — —|— 2 3 1 — — —
9-10 — 81 6 8 5 —|— 5 9 3 0 I —|— 1 3 2 1 — —
8-9 314 1416 8 3 —|— 9 610 3 1 —/— 5 5 3 1 — —
7-8 1 810 14 16 6 1|1 911 9 6 4 —|— 4 6 3 0 — —
6-7 4 12 12 9 18 18 2| 2 12 19 19 17 6 —|— 9 3 5 3 1 —
5-6 9 13 5 910 17 15 7 10 11 14 13 7 —|— 5 7 8 5 3 —
4-5 18 10 5 10 13 19 15| 3 15 13 12 21 18 —| 1 4 9 12 7 2 —
34 20 3 3 510 15 26| 9 12 2 13 16 24 6| 3 3 7 7 10 2 —
2-3 27 0 0 2 7 9 34|19 7 4 7 17 31 28| 5 11 1 2 12 14 1
1-2 17 11 1 — — 729 2 1 2 5 8574 0 1 6 10 21 4
0-5-1 ] — — — — — — 3 — — — — —7]1 0 1 0 — 0 3 3
0 |— = - — — — 8§ — — — — — 112 0 1 — 1 2 8
051 @ |- — — — — — — 4 — — — — — 1/1 0 — — — 1 9
-1-2 |- - - - — — — 15 — — — — — — 9 1 — — — 1 2
-23 = = = = - - — = = - - — = — 1 1 — — — — 4
34 |- = - - - — — |- -t - — - -3 - - - - - 0
-4 | = - = = = = = —_- — = = = — 1 — — — — — 1
Mean height .. l3'5 82 92 79 63 54 33|15 65 71 58 44 34 1-5/06 53 60 47 33 17 —0'5

general decrease in voltage as may occur from C5 to C6 and C7 the T/R ratio remained about the
same. T was always more than one-twelfth and rarely exceeded three-quarters of R (Table IX) in
left pattern CR and V leads with the exception of two subjects with flat or inverted T waves in V7.
There was little difference in the T wave in the two age groups in CR leads, but in V1 the T was more
often inverted in the younger group. In children the T is frequently inverted in C1 and other right
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Fig. 13.—P-R and S-T depression from tachycardia (rate FiG. 14.—T wave inversion in V1 and in CF1, but not
120) in a pregnant woman aged 32 years. in CR1, in this man of 28 years.
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chest leads (Fig. 11 and 12) as shown by Master (1937) and Suarez (1946). In shape the T wave
showed a gradual rise with an upward concavity (Myers and others, 1947) to the peak when it fell
steeply to the iso-electric level. It was symmetrical only in the few subjects showing S-T depression.
Its peak was never bifid but in one man of 49 years it was flat.

The height of the T wave varied with the indifferent electrode and was greatest in CR, inter-
mediate in V, and least in CF leads. From CRI1 to CR7 the T wave was always upright in the 100

TABLE IX

RaTi0O OF HEIGHT OF T TO HEIGHT OF R (T/R RATIO) IN LEFT CHEST LEADS WHEN S IS LESS THAN
ONE-QUARTER OF R AND T 1s PosITIVE. T 1s EXPRESSED AS A PERCENTAGE OF R

CR (100 cases) V (100 cases) CF (50 cases)

T/R ratio Chest positions Chest positions Chest positions
5 6 7 4 5 6 7 4 5 6 7
90-100 —_ = = = - - = 1 — 1 —_ -
80-90 _ = = = —_ - = 1 — 0o - —
70-80 —_ = = 1 —_ - = 0 — 0 1 —
60-70 1 3 — 2 _ = = 1 — 1 0o —
50-60 2 2 2 10 2 2 2 3 — 0 1 —
40-50 4 6 11 11 2 6 7 14 — 3 1 —
3040 19 19 15 14 11 15 17 17 2 5 3 2
20-30 23 27 32 28 16 21 22 30 4 6 6 2
10-20 12 22 23 28 9 26 33 24 4 6 10 1
9-10 1 2 0 — — 1 — 0 — 1 0 0
8-9 1 2 — — 1 — 2 — 1 3 1
7-8 _ = = = —_ - = = — 1 1 —
6-7 _ - = = _ - = = — 0 0 —
5-6 _ = = = —_ = = = — 1 1 —
4-5 —_ = = = —_ = = = _ - 1 —
Meanratio .. | 26 28 27 29 27 23 25 28 23 27 21 23

adults, but an isoelectric or slightly inverted T in CR1 occurs occasionally in younger adults. In
left CR leads T was lowest in CR7 with a minimum height of 1 mm. but not low in relation to the
R wave for it was never less than one-tenth of R. The T wave in V was always lower than in CR
leads. It was inverted in V1 (Fig. 14) in 19 of the 100 subjects (12 in the younger group and 7 in
the older), but it was always upright in V2; in every instance of T inversion in V1 a right pattern
chest lead with S greater than or about equal to R with an upright T was found in V2. The T wave
was upright in V2 to V6, but it was often low in V7 when R was low, and it was once flat (Fig. 15)
and once inverted by 0-5 mm. In V6 the T was never less than 10 per cent of R, and in V7 with an
upright T wave never less than 8 per cent of R. Myers (1947) found inversion of the T wave in VI
in 7 of 16 cases, in V2 in three women aged 19, 31, and 45 years, out of 52 cases; he found a flat T in
V3 once and in V6 once; he did not mention V7. In CF1 the T wave was inverted in 35 of the 50
subjects, in CF2 in two, and T was flat once in CF3. With one exception a right chest lead with S
greater than R and upright T wave was found in CF3, if not in CF1, or CF2. The T wave was
usually inverted in CF7, twice inverted in CF6 (Fig. 16), and once flat in CFS5; it was always upright
in CF4, but its inversion in health in this lead has been found by others (Sodeman, 1937; Graybiel,
1944; Katz, 1948).

ComPARISON OF CR, CF, AND V CHEST LEADS

While the British Cardiac Society have recently (1949) recommended the central terminal (V),
there is still no universal agreement on any one indifferent electrode in chest lead electrocardiography
and many clinicians may continue to use the chest lead to which they are most accustomed until
another lead is shown to have practical advantages. Leaving theoretical considerations aside, the
best chest lead is the one which varies least in health and shows the earliest changes in disease.
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Fic. 15.—Flat T in V7 in a man of 62 years.
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FiG. 16.—Low T wave in CFS and inversion in CF6 and

CF7 in a man of 45 years.
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Normal variations in CF leads are very great, compared with those in CR and V leads. These
variations are shown in Table X where the coefficients of variations for the R, and T waves in CF
leads are usually much greater than in CR and V leads. Normal T wave inversion in CF leads is
another disadvantage. CF leads are said to be more sensitive in detecting minor abnormalities
from coronary artery disease, but it is probable that most of these minor abnormalities fall within
their wide limits of normal variation. These are due to the great changes in potential at the indif-
ferent electrode on the left foot with changes in position of the heart. They make CF leads unsuit-
able for routine use.

Chest leads would be truly unipolar if the indifferent electrode were at zero potential This has
not yet been achieved (Eckey and Frohlich, 1938) but the central terminal (V) is the nearest approach
(Wilson, 1934; Burger, 1939). An equally good indifferent electrode for practical, though not for
theoretical, purposes is one with a constant potential so that the same error is always introduced.
The right arm indifferent electrode (CR) is a close approach to this. Whether the central terminal is
less variable than the right arm has yet to be determined. Groedel (1948) believes that the central
terminal is unduly influenced by the left foot which is so variable. In this investigation it was found
that CR and V chest leads have very similar coefficients of variation for the R, S, and T waves
(Table X) in most leads. V leads show less S-T segment deviation (Table VII) and a clearer division

TABLE X

MEAN VALUES, STANDARD DEVIATIONS, AND COEFFICIENTS OF VARIATION, FOR THE R, S, AND T WAVES OF
50 SUBJECTS OVER 40 YEARS OF AGE

Chest Mean Standard Coefficient of
position deviation variation
CR V CF CR V CF CR V CF
R wave -~
1 30 22 22 -5 1.0 14 49 46 62
2 66 52 50 38 29 28 58 55 57
3 1223 90 68 80 60 45 65 66 67
4 240 190 144 110 90 81 46 47 57
5 216 160 114 84 70 58 39 42 51
6 190 130 80 89 70 60 47 54 74
7 1007 51 26 50 32 25 47 63 95
S wave
1 77 98 133 29 38 54 38 39 41
2 128 140 167 50 53 65 39 38 40
3 1227 132 144 50 52 62 41 39 43
4 66 60 60 41 40 35 62 58 60
5 33 26 30 32 22 24 99 86 81
6 21 15 15 22 15 19 108 106 125
7 08 02 05 111 03 11 131 170 202
T wave

1 33 16 06 16 17 18 50 111 329
2 86 68 53 40 35 33 47 51 62
3 98 77 60 40 31 30 40 40 49
4 86 65 47 37 30 25 43 46 52
5 68 47 33 29 21 25 42 46 75
6 57 36 17 26 18 14 45 49 82
7 32 13 —05 14 08 11 43 61 206

into right and left patterns, but normal T wave inversion in V1, and rarely in V7, is perhaps a_dis-
advantage. Thus neither lead has shown much advantage over the other in this investigation.

‘ SUMMARY AND CONCLUSIONS ,
Standard limb leads, unipolar limb leads, and chest leads CR1 to CR7 and V1 to V7 were taken
Q
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in 100 healthy adults, and leads CF1 to CF7 were taken in the first 50 (older group). Measurements
of the P, Q, R, S, and T waves, and of the S-T segment, together with Q/R, R/S, and T/R ratios are
shown in simple distribution tables. Standard deviations and coefficients of variation are given
for the R, S, and T waves in the older group of 50 subjects. The extreme limits for the electrocardio-
gram in health cannot be given from the examination of 100 subjects. The trend of the frequency
distribution shows that the probability of a measurement falling much outside the range of these
observations must be small.

The P wave which remained about the same height in leads C1 to C7 and was sometimes bifid,
was most positive in CR leads, and was rarely more than 2 mm., or less than 0-5 mm. in height. In
V1 and V2 P might be 1 mm. negative; in V3 to V7 it was 1soe1ectrlc or positive, not exceeding
1:5mm. in height. In CF leads P was usually isoelectric or negative.

The Q wave did not exceed 4 mm. with any indifferent electrode. In right chest leads when S
was greater than R there was no Q wave except in rare instances in V leads when there was a Q of
0-25 mm., or in CF leads when it was slightly larger.

In left chest leads a Q wave was found in 90 per cent of persons examined, but it was less than
one-seventh of R in C4, and one-third of R in C5 to C7, excepting CF6 and CF7. When a Q
appeared in a chest lead its ratio to R increased in leads farther to the left, except in rare instances
of very low voltage.

The R and S waves. The R wave was very small in right CR and V chest leads, but it was always
present in this series. It increased in height, rarely remaining the same, in leads farther to the left
to a peak usually at C4, then decreased again towards C7. The R wave was usually tallest in CR.
leads, intermediate in V, shortest in CF. The S wave was deepest in CF, intermediate in V, and
least in CR, in right leads, but it was often deepest in CR in left leads. R was less than Sin V1, and,
with some exceptions, in CR1; R was greater than S in CR7 and V7 with one exception. In children
R may be greater than S in C1 or C2 and there may be steep T inversion in these leads.

A second R wave sometimes occurred in C1 or C2, but it was small and less than the first R.

Slurring of R was not seen in left leads of qR or qRs pattern, but was frequent in right leads or in
the transitional zone.

S-T elevation reached 3 mm. in leads from the right chest, especially with a high voltage S wave.
In shape it was straight or concave upwards ending in an upright T wave in CR and V leads.

S-T depression greater than 0-5 mm. below the T-P level was not seen in chest leads in the absence
of tachycardia and depression of the P-R segment or, more rarely, of P-R depression alone. S-T
depression was greatest in CR, intermediate in V, least in CF leads.

The T wave was often very tall in right leads reaching 18 mm. in CR, 16 mm. in V, and 15 mm. in
CF leads, often exceeding the R wave. In left leads the T averaged about one-quarter of the height
of R and was never less than one-twelfth of R in CR and V leads, with rare exceptions in V7.

The T wave was most positive in CR leads, and was upright in the adults examined, but it is
frequently inverted in CR1 in children. In VI it was often inverted in adults, but a right pattern
chest lead with S greater than R was then found in V2. In V2to V6 the T wave was upright. In V7
the T wave was occasionally flat or slightly inverted. A flat or inverted T wave was found in any
CF chest lead except CF4, and especially in CF1, CF2, and CF7.

A comparison of CR, V, and CF leads in health shows that CF is too variable to be recommended
for routine use, while neither CR nor V leads have much practical advantage over each other
provided that the normal pattern and variations of each are known.

I am grateful to Dr. William Evans, Physician to the Cardiac Department, and to Sir John Parkinson for much
helpful advice, and to Professor Bradford Hill for help with the statistics.
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