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T 18 the purpose of this article to present and discuss ohservations

on the incidence, in standard Lead 1, of QRN complexes which dis-
play an initial downward deflection, or ) wave.

At the beginning of this study, we examined the tracings taken in
169 cases of bundle braneh block. In all of these, the QRS interval
nmeasured 0.12 second, or more, and pronounced slurring or notehing
of the broadest QRS component was present. In 92 eases, there was
no S wave in Lead I; these were classified as lett hranch block. The
remaining 77 cases, in which there was a conspicuous 5 defleefion in
Liead I, were considered characteristic of right branch bloek. In 84,
or 91.3 per cent, of the cases of left hranch block, the first and only
QRS component in Lead T was a broad R wave; in the remaining »
cases (8.7 per cent), a small initial downstroke preceded this deflection
(Table 1). In the same group of cases, there were 33, or 35.9 per cent,
in which the QRS complex of Lead III hegan with a downstroke, and
these included one of the 8 which displayed a @ wave in Lead 1.
A ), deflection was present in 34, or 442 per centy and absent in 43,
or 55.9 per cent, of the cases of right braneh block. The QRS complex
of Lead 11T began with a downstroke in 36.4 per cent of the cases of
this group.

These observations on the incidence of @, in bundle braneh block
were confirmed by examination of the tracings obtained in a group of
:ases of bundle branceh bloek in which the conduction defect was pres.
ent on one examination, hut ahsent on an earlicr or later ocecasion.
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TaBLE [

Tue FREQUENCY oF Q, AND Q; IN THE ELECTROCARDIOGRAMS 0¥ 169 PATIENTS WITH
Buxnpie Brancn BrLock

LEFT RIGHT
BUNDLE BRANCH BLOCK BUNDLE BRANCH BLOCK
NUMBER OF NUMBER OF
paTIENTS | PERCENTAGE PATIENTS PERCENTAGE
Q. present 8 87 34 44.2
Q; absent 84 91.3 43 55.9
Q; present 33 35.9 28 36.4
Q; absent 38 64.1 49 63.6
@, and Q ; present 1 1.1 11 14.3
Q, and Q; absent 52 56.5 26 33.8
Total 92 77
TasLg 1T

THE EFPrEcT OF DEVELOPMENT OF BUNDLE BrRANCH BLock oN THE Q WaVE v Leap I
IN 102 PATIENTS SHOWING, AT ONE TIME, BUNDLE BRANCH BLOCK,
AND, AT ANOTHER, NORMAL CONDUCTION

LEFT BUNDLE BRANCH BLOCK RIGHT BUNDLE BRANCH BLOCK

NUMBER NUMBER
OF Pi- PERCENTAGE OF PA- PERCENTAGE
TIENTS TIENTS
Q, present. 20 25.3 8 34.8
Normal conduction
Q, absent. 59 4.7 15 65.2
Normal conduction
Q, present. 4 5.1 8 34.8
Bundle branch block
Q, absent. 75 94.9 15 65.2
Bundle branch block
Q. absent, with and 57 2.1 14 60.9
without block
Q, disappeared, with 18 22.8 (of total) 1 4.3 (of total)
block 90.0 (of those 12.5 (of those
with Q) with Q)
Q, appeared, with ) 2.5 (of total) 1 4.3 (of total)
block 3.4 (of those 6.6 (of those
without Q) without Q,)
Q, with and without 2 2.5 (of total) 7 30.4 (of total)
block 10.0 (of those 87.5 (of those
with Q,) with Q,)
Total 79 23

In our own files, we found 9 cases of this kind in which the block was
on the left side, and 10 cases in which it was on the right side. By
searching the literature, we collected 70 additional cases of the first
sort and 13 of the second.’ We did not include in this series any
cases of the Wolff-Parkinson-White syndrome, nor any cases in which
the QRS interval measured less than 0.12 second when the block was
present, or more than 0.10 when it was absent. The incidence of Q,
and other data relating to the 79 cases of left and 23 cases of right
branch bloek assembled in this way are given in Table II. In 20 of
the 79 cases of the first group, the QRS complex of Lead I began with
a downstroke when intraventricular conduction was normal, and in all
but two of these it began with an upstroke when left branch block was
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Tasue 111

TINCIDENCE oF Q, IN PATIENTS WITH LEFT BUNDLE BrRANcH BLock, Rielit Boxpie
BraNcd BLock, LEFT AXIS DEVIATION, AND R1m AX18 DEVIATION
LEFT BUNDLE RIGHT BUNDLR | LEFTAXIS | RIGHT AXis
BRANCH BLOCK | BRANCH BLOCK j DEVIATION | DEVIATION
NUMBER| PER- |NUMBER| PER- l,\'TV;\IBEH‘g PER- INUMBER| PEE
OF PA- | CENT- | OF PA- ’ CENT- ! OF PA- | CENT- | OF PA- | CENT-
{

TIENTS AGE TIENTS AG

Q, present 13 !
Q, absent 164 92.7 59
Total 177 | Lt

Taprr 1V

Q. RurarioNsuies 1 PATIENTS WiTH Lerr Buxpry Bravord Brock axn Leer Axix
i
DEvIATION (CONSECUTIVE (CASES)

TOTAL

TYPE OF ELECTROCARDIOGRAM | Q PRE Q, ABSFE

Left axis deviation

USSR PR S—

|
Index 24 or less { Sl P4 5 1
Index 23 or more I Looay Fo o
Normal T waves 69 [ 3 : 10w
Inverted T, or T, and T, 55 T, o100
Questionable left bundle branch 46 (2.6 B2 5T A%y ! Tos
block (QRS = 0.10 to 0.12) | F ‘
Left bundle branch bloek ! SO ST%) T 84 (01.3%y 92

present. In the other 59 cases, the QRN complex of Lead 1 hegan with
an upstroke when intraventricular conduction was normal; in 2 of
these it displayed a Q wave when the left limb of the His bundle was
blocked. As in the cases of left hundle branch bloek previously
analyzed, the incidence of a ), deflection was very low; it oecurred in
the presence of block in only 4 cases. or 5.1 per cent of the group.
There was a Q, defleetion with normal intraventricular conduetion in
8 of the 23 cases of the second eroup, which is rather small for sta-
tistical purposes; in 7 of these, this detlection was likewise present
when the right bundle branch failed to conduct. In the remnaining 15
cases, 9, was absent with normal intraventricular conduction: in one
of these, this deflection appeared when the vight hraneh of the hundle
was blocked.

The foregoing observations led us to compare the incidence of , in
simple axis deviation with its incidence in hundle hranch bloek. The
ventricular complexes which depict simple left axis deviation and
those which represent left hraneh hlock are often very similar in gen-
eral contour, but our observations imdicate that the eleetrocardio-
graphic changes in these two conditions are fundamentally different in
origin (Table TIT). With regard to the incidence of Q,. left hranch
block is very different from shmple left axis deviation (Table IT1).
The velatively great frequency of a conspicuous Q, in simple left axis
deviation, as compared to left branch hlock, is not matevially affected
by the criteria employed in the seleetion of examples of the former
{Table TV, A Q, deflection was present in 51 of 100 cases of simple
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Tagug V

Q-WAVE RELATIONsSHIPS IN PATIENTS WiTH RIGHT BUNpLE BRANCH BrOCK AND
RicHT AX1s DEVIATION

TN s Qq AND
PRESENT Q, PRESENT Nt
& % Q, PRESENT 0Q
IVPE OF BLECTRO- PER- PER PE PER-  |TOTAl
CARDIOGRAM NUM- - NUM- o num- | PEB | . | PER-TOTAL
g | CENT- | Topp L CENT- | CENT- T e | CBNT
AGE ’ AGE AGE ) AGE
Right axis 6 6.0 81 81.0 2 2.0 15 15.0 | 100
deviation
Right bundile 34 $4.2 28 36.4 11 14.3 26 33.8 '
bhranch block |

left axis deviation in which the axis deviation index (R, +8;) — (Rg +
S, was 24 or less, and in 62 of 100 cases of left axis deviation in
which this index exceeded 24. This deflection was present i 69 of a
series of 100 consecutive cases of simple left axis deviation with normal
T waves, and in 55 of 100 consecutive cases of the same kind in which
the T waves were inverted in Lead T or in Leads I and II. It is of
particular interest that (, was present in 42.6 per cent of a series of
108 cases, all that.could be found in a file of 8,000 electrocardiograms,
in which definite left axis deviation was associated with a QRS interval
of 0.10 to 0.12 second. With respeect to the incidence of this deflection,
electrocardiograms of this kind resemble those which depict simple left
axis deviation, and are quite unlike those which represent left bundle
hranch block.

In simple right axis deviation, the frequency of Q, is very small,
about the same as in left branch block, whereas, in right branch block,
the frequenecy of this deflection is not very different from its frequency
in left axis deviation (Tables I and V). The incidence of Q, is very
high in right axis deviation and relatively low in right hundle branch
bloek.

DISCUSSION

The incidenee of @, in bundle branch block has received little atten-
tion in the literature. Many years ago, Williug®® recorded the size of
the different QRS components in 99 examples of left branch block.
I1is tables show that Q, was present in only two of his cases, but he
did not comment upon this infrequency. In 1916, Lewis® was under
the impression that Q, was usually present in bundle hranch block
of the common type; in 1924 he spoke of it as appearing to a variable
extent.®® In 1931, Wilson, Macleod, and Barker® stated that, in left
branch block, Q is almost always present in Tead I and absent in Lead
1I1. This statement was evidently based upon an impression, rather
than upon the examination of an adequate series of cases.

With regard to the frequency of a Q, deflection, the curves that
represent canine hranch block are quite different from those that rep-
resent human branch block. In 6 of Lewis’ experiments on dogs, Q,
heeame lavger; in two, it disappeared; and, in one, it persisted un-
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changed when the lett bundie hranch was cut. in the remamder, i
was absent both hefore and after seetion of this tract. A Q) deflection
was present in four and absent in two of six examples of canine lelt
branch bloek studied by Wilsen and Herrmann

The rarity of Q, in human left hranch block and the pronounced
tendeney for this deflection to disappear when lett branch bloek de-
velops clearly indicate that, in the vast majority of homan clectro-
ardiograms, it represents electrical forces originating in Jeft ventrieu-
lar musele, or at least in musele which vecelves the vxeitatory impulse
by way of the left Purkinje plexus. The relatively high frequency of
Q, i right braneh bloek, and the tendeney for this detlection to per-
sist when normal conduetion gives place to this disturbance, point in
the same direction, Lewis, believing that the incidence of 3, was high
in bundle branch bloek of the common type and, at the sawme thue,
that this kind ot block was due to a conduetion defeet in the right
bundle branch, arrived at the correct conelusion—that this detlection
was contributed to the human bicardiogram by the levocardiogram,
This is an instance in which the conclusion was valid even thoueh the
Prenlises were erroneous.

Although it is clear that Q, usually represents eleetrical forces pro-
duced by the activation of left ventricular musele, direct evidenve as
to the exact manner of its origin is not available. In experiments on
dogs, endocardial readings have heen employed in an attempt to locate
the regions of ventricular musele which ave first to pass into the aetive
state. but the data obtained in this way are of comparatively little
value for the purpose of ascertaining the origin of the earliest QRS
component of the human electrocardiogram. [u the first place. the
meidence of Q, is by no means the same in canine as in human curves,
and, in the second, endocardial readines are not entively trustworthy,
as Wilson, Macleod, and Barker have pointed out. Even if the ven-
tricular point which is aetivated earliest were known. we could nof
feel certain that Q, is written by events occurring in its neighhorhood.
for the electrical forces developed in this region may he overbalanced
by the more rapid development of opposing forees somewhere else be-
fore they become large enough 10 produce a potential difference he-
tween the distant electrodes on the two ars.

The activation of left ventricular musecle may give rise 1o a @, de-
Hection hy producing initial positivity of the right arm, initial nega-
tivity ol the left arm, or both. In normal subjects. initial negativity
of the anterolateral surface of the left ventriele often produces a ()
deflection m leads from the left side of the precordiam, and is fre-
guently transmitted to the left arm as well. This negativity is trans.
mitted to the epicardial surface from the ventricular eavity when
the subendocardial musele of the anterolateral wall enters the aetive
state later, or produces electrical forces of less magnitude than 1he
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subendocardial muscle on the opposite side of the left ventricle. 1t
may, therefore, be ascribed to unbalanced forces produced by the
spread of the excitatory impulse into the septum from the left Purkinje
plexus. These same forces and, also, those generated hy activation of
the free wall of the right ventricle from within outward produce initial
positivity of the epicardial surface on the right side of the heart, which
gives rise to small R waves in leads from the right side of the pre-
cordium and is sometimes transmitted to the right arm. The absence
of Q, in the vast majority of the cases of human left hranch block
appears, therefore, to be duc to the absence of electrical forees normally
produced hy the activation of septal musecle from left to right.

‘What is the significance of Q, in the small percentage of cases of
human left branch block in which it oceurs? In left branch block, no
left ventricular musecle is undergoing activation at the beginning of
the QRS interval, and, it a Q deflection is present, it must be aseribed
to foreces of right ventricular origin. Under certain circumstances the
initial positivity of the surface of the right ventricle due fo the out-
ward spread of the impulse through its free wall, which usually gives
rise to small R waves in leads from the right side of the precordium
in left branch hlock, may he transmitted to the right arm and thus
give rise to a Q, detlection. It is apparent that this often happens in
the dog and seldom happens in man. Tn the former, the long axis of
the heart is much more nearly in line with the long axis of the body,
and this may account for the difference in the frequency of Q, between
canine and human left branch block. Rotation and elevation of the
heart after seetion of the left hundle hraneh have ecaused a Q, deflee-
tion to appear in experiments on the dog, but not in experiments on
the monkey, an animal in which the heart, with regard to its position,
is more like that of man.®* No peculiarities in the position of the heart
were noted in the thirteen cases of left hranch block in our series in
which a Q, deflection was present. Both in the dog and in man, the
presence of a @, deflection, when the left branch of the His bundle is
blocked, may, of course, depend upon some factor other than the posi-
tion of the heart. A possibility that must be considered is that it is
due to some peculiarity of the Purkinje system or the architecture of
the subdivisions of the bundle hranches, and consequently of the order
of ventricular activation. In two instances, it was noted that a Q,
deflection was present hoth before and after the development of left
branch block, and had the same contour in both tracings. There ex-
ists, then, the possibility that in some instances the distribution of the
conducting tracts is such as to lead to more rapid or earlier activation
of those parts of the right ventricular musele which produce forces of
the kind that give rise to a Q, deflection, and that under these circum-
stances this deflection occurs and displays the same form in both bi-
cardiogram and dextrocardiogram. This would account for the rare
cases in which Q, disappears when right branch block develops.



SODEMAN ET AL.: Q, DEFLECTION 0F ELECTROCARDIOGRAM 277

In order to ascertain whether the presence of a Q, deflection m feid
bundle branch block has any diagnostie significance. we reviewed the
histories of the thirteen patients in our own series and twenty-four
cases found in the literature which presented this conmbination. An
autopsy was performed in only two of our own cases, One of these
was that of a man, aged 51 years, and in this instance the right covo-
nary artery was occluded and the posterior ventricalar wall was in-
farcted; the ventricular septum was not involved. Tn the second case.
that of & man aged b6 years, there were pronounced cardiae hyper-
trophy, moderate coronary selerosis, and slight fibrosis and patehy
fatty degenerative infiltration of the myocardium.  No macroscopic,
cireumseribed, septal lesions were found., In the rewaining cleven
cases, the following eclinieal diagnoses were made: arteriosclerotic
heart disease with questionable coronary occlusion in two: coronary
peelusion in five, in one of which left branch hlock antedated the syp-
toms pointing to infaretion; arterioseleratic hieart disease with conges.
tive failure in two; and rheumatic heart disease with mitral stenosis
and aortie insufficiency in two,

The data relating to the conditions present in the twenty-four cases
found in the literature are meager.® 22 2% #2 56 41 54056576250 [y (jph
instances, no details of any kind were given as to the nature of the
cardiae lesions, One patient had arteriosclerotic heart disease, cardiace
enlargement, aortie insufficiency, and congestive failure. This patient
died. hut was not autopsied. Another had pericarditis with effusion
and vecovered; a third was said to have myocardial degeneration; a
fourth, auricular fibrillation with congestive failure; a fifth, mitral
stenosis; a sixth, aortic insufficiency : a seventh, diphtheria; an eighth,
arteriosclerotie heart disease with failure. The ninth and teuth were
reported as cases of coronary thrombosis in which the elinieal diagnosis
was confirmed by electrocardiographic examination: both of these pa-
tients recovered.

The remaining six patients died and were subjected to autopsy. The
ventricular septum was involved in all. In one instance, there wuas
occlugion of the anterior descending coronary artery, with infarvetion
involving the anterior and part of the posterior wall of the left ven-
tricle, the septum, and the apex. "The interventricular septum was
almost completely infarcted and in a state of liquefaction necrosis.™
In another case there was thrombosis of an artery supplving the septun:,
with myocardial infaretion and serofibrinous pericarditis.® Tn a third
there was anterior infarction involving the septum.®  The fourth was
one with multiple infarets; the lower. anterior part of the interven-
tricular septum was involved.” 1In the fifth, desceribed in the sawme
report™ as the fourth, a diagnosis of bypertensive heart disease with
congestive failure was made, and moderate sclerosis of the coronary
arteries was found post mortem. ITistologic studies diselosed small
sears in the myoeardium, ineluding a few in the septuny, but the hulk
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of the heart muscle appeared to be in good condition. In the sixth
and last case,® the QRS interval measured only 0.107 second, hut the
precordial electrocardiogram indicated that aetivation of the left ven-
tricle was delayed. At autopsy there was no cardiae hypertrophy:
a healed infarct was found. It involved the entire apex, the apical
four-fifths of the anterior and lateral walls of the left ventricle, and
apical four-fifths of the anterior fwo-thirds of the interventricular
septum. .

From these few data, no very definite conclusions can be drawn.
The heart was examined post mortem in only eight of the thirty-seven
cases of left branch block with a Q, deflection which we were able to
collect. It may be significant that, in six of these, myocardial infare-
tion had occurred, and that, in five of the six and in one additional
case, septal lesions were present. On the other hand, the cardiac ab-
normalities diagnosed clinically in many of the remaining twenty-nine
cases in which there was no autopsy are not of a kind in which septal
involvement would be expected. Even when bundle branch block is found
after the occurrence of symptoms and physical signs characteristic of
coronary thrombosis, one cannot feel certain that a large amount of
the ordinary muscle of the ventricular septum has been infarcted. We
know, however, that, in dogs, ligation of the septal artery, a large
vessel not present in man, produces infarction of the bhasal part of the
ventricular septum and often induces right bundle branch block or
complete atrioventricular block.”” Whether it ever induces left
branch block alone is not certain. Right branch block produced in this
way is sometimes, although mnot always, represented by ventricular
complexes quite different in form from those obtained after section of
the right hranch of the His bundle.

On theoretical grounds, one might expect that, in left branch bloek,
damage to the ventricular septum would lead to the appearance of a
Q deflection in Lead 1. In uncomplicated left branch block, the cavity
of the right ventricle is negative throughout the QRS interval, but the
cavity of the left is initially positive because of the direction of the
electrical forces produced by activation of the septal musele from right
to left. This initial positivity is transmitted through the still inactive
free wall of the left veniricle to the outer surface of this chamber and
to the adjacent parts of the body, including the left side of the pre-
cordium, the left axilla, and, when the heart is in a relatively hori-
zontal position, as in most patients with left branch block, to the left
arm, Under these circumstances, the QRS complex of leads from the
left side of the precordinm display no Q deflection, and those of Lead
I are of the same form. When the septum is extensively damaged, the
electrical forces produced by its activation are reduced or abolished,
and the initial negativity of the right ventricular cavity is transmitted
to the Teft, and, consequenily, to those regions on the left side of the
body that are initially positive in Teft branch Dlock when the septal
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muscle is healthy. When this happens, @ deflections oceur in leads
from the left side of the precordium. They may he expected in Liead |
also, although, in one case of this sort on record, large Q waves were
“present in leads from the left side of the precordium, but not in Lead 177

From the data available, we cannot be sure that the mechanism iy
question gave rise to the Q, deflection in the cases of lett hranch hlock
with septal lesions under consideration. In 2 of these, this deflection
appeared after symptoms characteristic of coronary thrombosis hid
oceurred, which suggests that infaretion of the septum produced it
in another case, however, the Q, deflection antedated the coronary ae-
cident. The final decision as to whether there is a pronouneed positive
correlation hetween the presence of a Q, deflection in left branch bloek
and septal involvement must wait until more extensive studies have
been carried out. In the meantime, it is desivable that a full set of
precordial leads be taken whenever a Q, deflection is encountered in
tracings otherwise characteristic of left hranch block, not only for the
purpose of ascertaining whether left branch bloek is really preseut,
huat also to find out whether a Q defleetion is present in leads trom the
left side of the precordium and left axilla,

It must bhe remembered that bundle branch block in man is almost
always complicated by other cardiac abnormalities. The form of the
electrocardiogram is determined not only by the failure of one bundle
hranch to conduet, hut by extensive lesions of the ordinary ventricular
muscle, as in infaretion, and by involvement of other conducting tracts
or the Purkinje network., Wilson and Herrmann®™ severed minor and
major subdivisions of the left hundle hranch in their experiments on
dogs. Tn one instanee, a eut on the left side of the septum. after the
right branch of the His bundle had heen divided, led to the appearance
of a prominent Q, deflection. The possibility that the presence of ),
in left branch block is sometimes due to a combination of conduetion
defects must, therefore, be borne in mind.

The similarity in general contour between the ventricular electro-
cardiograms obtained in preponderant hypertrophy of the left ventricle
and those characteristic of bundle branch block of the more common
type has attracted attention for a great many vears. Lewis. helieving
that the right hbranch of the His hundle was the one affected in bundle
hranch block of this type, brought forward a considerable body ot
evidence in support of the view that the ventricular complex was
dominated by the levocardiogram in both conditions. Now that the
block is known to be on the left side instead of the right, this view
is no longer tenahle,

The similarity in guestion involves the position of the mean electri-
cal axis, the direction of rotation of the instantaneous eleetrical axis.
the direction and sequence in time of the major QRS deflections of the
different Timh leads, and the form of the T waves, which are almost
always inverted in Lead T in Teft bundle braneh bloek and are very
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often inverted in this lead in left ventricular hypertrophy. In many
instances of great hypertrophy of the left ventricle, the QRS interval
is increased to between 0.10 and 0.12 second, and, under such circum-
stances, it may be diffieult to asecertain whether the electrocardiographic
abnormalities are due to left ventricular hypertrophy alone or to in-
complete left branch block.

Luten and Grove* and Hyman and Parsonnet®® championed the view
that pronounced left axis deviation with inversion of the T deflections
in Lead T and upright T waves in Lead III is due to incomplete branch
block, even when the QRS interval is not distinetly increased. Luten
and Grove stressed the point that this econception was the only one that
satisfactorily explained both the axis deviation and the form of the
T waves. The anatomic arguments which they advanced to support it
are no longer valid hecause they were based on the erroneous ideas
concerning the diagnosis of right and left hranch block which were
current at the time their paper was written. In 1920, Fahr™ put for-
ward the hypothesis that the form of the ventricular complex in pre-
ponderant enlargement of the left ventricle is due to an increase in
the length of the subdivisions of the left branch of the His bundle, and
a consequent delay in the activation of the musecle of the left ventricle
as compared to that of the right. At the same time he asserted that
the classical views as to the location of the conduction defect in the
two varieties of bundle branch block were erroneous, and that what
had been considered right was really left branch bloek, and vice versa.
Fahr’s contention is clearly in accord with the observations of Luten
and Grove and Hymen and Parsonnet, and supports the view that left
axis deviation accompanied by inversion of the T waves in Lead I is
the first stage, so to speak, in the development of left branch block; it
also offers an alternative explanation of the tendency toward an in-
crease in the QRS interval in left ventricular hypertrophy, attributed
by Lewis to the increased thickness of the left ventricular wall.

The views regarding the cause of left axis deviation and inversion
of the T deflections in Lead I in preponderant enlargement of the left
ventricle held by IFahr are nearly, although not exactly, equivalent
to the idea that these electrocardiographic changes are the result of
incomplete left bundle branch block. Now, it is obvious that the initial
QRS components in incomplete left branch block must be identical in
form with those present in complete Ieft branch block. In both cases
these components represent the earliest phases of the dextrocardio-
gram, and there can be no reason why this should begin with a down-
ward deflection in the one case and not in the other. It is for this
reason that we have compared the incidence of Q, in axis deviation
with its incidence in bundle branch block (Table 1V). As we have
already pointed out, this deflection is present in about one-half the
cases of left axis deviation, and its frequency is nearly the same, re-
cardless of whether we confine our attention to cases in which the
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axis deviation index is very large or to cases in which it is only mod-
erately inereased, to cases in which the T waves are normal or {o those
in which the T waves are inverted in Lead I, or to cases in which the
QRS interval lies within the accepted normal range or to those
which it measures between 0.10 and 0.12 second. On the other hand,
Q, occurs in less than one-tenth of the cases of left bundle branch
block. Contrary to what would he expeeted if left axis deviation were
due to slow conduetion of the cardiac impulse through the lett limh
of the Tis hundle, there is no tendency for the incidence of ), 1o rall
as the axis deviation index rises, or as the QRN inferval lengthens. In
orvder to obtain additional data hearing upon this problem, we reviewed
all of the electrocardiograms taken in this laboratory over a period of
three years with reference to the number of cases of lefl axis deviation
in which Q, was the largest Q wave present in any of the limb leads:
this information had been routinely coded. There were 1,199 cases of
left axis deviation, and Q was largest in Lead 1 in 566, or 47.2 per
cent of the total; Q was also largest in Lead 1 in 39 per eent of the H88
classified as showing slight left axis deviation, 54 per cent of the 611
classified as showing pronounced left axis deviation, and 404 per cend
of 304 cases in which the T waves were inverted in Lead | and no
digitalis had been given. In a review of curves of this last type. if
was often noted, when a series of curves had been taken. that inversion
of the T waves developed with the passage of time without any accom-
panying change in the contour of the QRS complex. These data show
clearly that there is mo justification for considering incomplete left
hranch block the sole, or even a common, cauge of left axis deviation
alone, or of left axis deviation associated with inversion of the T deflec-
tions in Lead I. For, if it were, we should certainly expeet the inei-
dence of Q, in left axis deviation to approach its incidence in complete
left braneh block as the form of the ventrieular complex became more
abnormal with respect to the value of the axis deviation index, the form
of the T waves, or the length of the QRS interval.

We do not, of course, deny that left axis deviation, whether or not
it is accompanied by inversion of T in Lead T. by an increase in the
QRS interval, or by both, is sometimes due to incomplete left hundle
branch bloek. When a Q deflection is present in Lead T. however,
thig is very unlikely, because the incidence of this defleetion cannot he
greater in incomplete than in complete left bundle braneh block, When
Q, is absent, the estimation of the probability that incomplete left
braneh block is or is not present is much more difficult. The proha-
hility that it is present is no doubt greater when the QRS interval
measures between 0.10 and 0.12 second than when it is shorter. Sinee
the ineidence of Q, reached 42.6 per cent in the group of 108 cases of
left axis deviation in which the QRS interval was more than 0.10 and
less than 0.12 second in length and was no greater in those in which
T, was inverted than in those in which it was upright, it seems prob.
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able, however, that only a small percentage of the curves of this kind,
in which Q, is absent, represent a conduetion defect in the left limb of
the His bundle.

In Lead ITI, the QRS complex beging with a downward deflection (Q
or QS) in about one-third of the cases of left hundle hranch block, and
in approximately the same percentage of the cases of right hranch
block. In left branch block this deflection is not followed by a positive
component, and should, therefore, be called QS instead of Q. Its pres-
ence may be due either to initial positivity of the left arm, to initial
negalivity of the left leg, or to both., The former is exceedingly com-
mon in left branch block because the initial positivity of the cavity of
the left ventricle due to the spread of the cardiac impulse through the
septal musele from right to left is usually transmitted to the left arm.
Were it not for the circumstance that the left leg is also initially posi-
tive in the majority of cases, because the initial positivity of the right
ventricular surface due to the spread of the impulse through the free
wall of the right ventricle is transmitted to it, a QS deflection would
occur in Lead II almost as frequently as Q is absent in Lead 1, and
for the same reason. In a considerable percentage of the cases of left
bundle branch block, the surface of the right ventricle is initially nega-
tive, as is shown by the absence of an R deflection in leads from the
right side of the precordium, and in many of these this initial nega-
tivity is, no doubt, transmitted to the left leg and contributes to the
frequency of a QS defleetion in Lead III. Tt should be pointed out
that these relations hold when the heart is in a relatively horizontal
position. When the heart is relatively vertical, the potential of the
left leg is like that at the left, instead of like that at the right, ven-
tricular surface. In the dog, the long axis of the heart is nearly in line
with the long axis of the trunk, and Q, or QS, deflections ave very rare
in Lead IIT in canine left branch block. In canine right hranch block,
on the other hand, Q, is present more often than absent.

In the kind of branch block curves that closely resemble those ob-
tained in preponderant hypertrophy of the right ventricle with regard
to the direction and relative size of the ventricular deflections of the
standard limb leads, a @, component very rarely occurs. Curves of
this kind, which were at one time considered characteristic of left
branch block, are very uncommon. In the great majority of the cases
in which they oceur, the precordial electrocardiogram is in every way
typical of right branch block; in some instances, however, it indicates
that the conduetion defect is on the left side. Of the seventy-seven
cases classified as right branch block in Table I, there were only seven
in whieh the electrocardiograms were of this kind. In the other
seventy cases, the QRS complex of Lead I displayed a narrow R wave
which often attained a voltage equal to, or greater than, that of the
broad, notched, or slurred S wave which followed it. The high inei-
dence of Q, in right branch block is mainly due to the frequency of
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this deflection in electrocardiograms of this type. When the heavt is
in a relatively horizontal position, as is usually the case when the pa-
tient has left axis deviation or bundle branch block, Q, is almost al-
ways of left ventricular origin, and its presence or absence is deter-
mined by the character of the potential variations at the surface of the
left ventriele at the beginning of the QRS interval. In left hranch
bloek, it is rare because the potential of the left ventricular surface.
and consequently of the left arm, is initially positive. In left axis
deviation. it is present when these regions are initially negative and
absent when they are initially positive. Since right hundle hranch
block does not materially affect the potential at the surface of the left
ventricle early in the QRS interval, ), persists, unchanged in form.
or remains absent, as the case may be, when right branch block de-
velops (Table II).

The rarity of Q, in right axis deviation cannot be explained in an
entirely satisfactory manner at the present time. In normal persons
who display this eleetrocardiographic peculiarity, the heart is usually
in a vertical position. For this reason. initial negativity of the left
ventricular surface is transmitted to the left leg, and produces @ de-
flections in Leads II and IIT instead of in Liead [. The potential of the
left arm resembles that of the right ventricular surface, which is
initially positive. 1In right ventricular hypertrophy the situation is
different ; the enlarged heart is ordinarily transversely placed. Usually,
unlike right bundle branch block, right ventricular hypertrophy has a
profound effect upon the potential at the surface of the left ventriele at
the very beginning of the QRS interval. This condition is represented
in the precordial electrocardiogram hy tall R waves, often preeceded hy
Q waves in leads from the right side of the precordium and by small
R waves, followed by deep S waves. in leads from the left side of the
precordium.™ In right ventricular hypertrophy, therefore, Q deflections
are of right ventricular origin, and depend upon the occurrence of initial
negativity at the surface of the right ventricle. Since this initial nega-
tivity, when it occurs, is transmitted to the left leg and not to the left
arm, which undergoes potential variations like those at the left ventrieu-
lar surface, Q deflections, when present. appear in Leads I and I1T and
not in Lead I. The data available at the present time afford no satis-
factory explanation of the tendeney for right veutricular hypertrophy
to abolish initial negativity at the left ventricular surface or to induce
initial negativity at the right ventricular surface. The solution of this
problem must, therefore, be left to the future.

SUMMARY

An initial downward, or Q, deflection in Lead 1 iy very uncommon in
human left branch block. When this component oceurs in an electro-
cardiogram otherwise characteristic of this conduction defect, a lesion
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of the ordinary muscle of the ventricular septum should be suspected,
and a full set of precordial leads should be taken.

A Q deflection in Lead I occurs in about one-half of all cases of left

axis deviation, regardless of the criteria employed in selecting examples
of this electrocardiographiec abnormality. ILeft axis deviation accom-
panied by inversion of the T waves in Lead I may sometimes be due to
incomplete left bundle branch block when Q, is absent, but it is almost
never due to this cause when this deflection is present.

The incidence of Q, in right hraneh block is similar to its incidenee

in left axis deviation. In right axis deviation, this deflection is extremely

rare,

ot

=1

20.
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