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muscle, further from the pacemaker, is stimu-
lated later. Actual examples of this theoretic
potential are illustrated in figures 1B, 3, and
5C. If the catheter is now passed to a point
beyond the meridian intercepting the pace-
maker, the intrinsic deflection may again ap-
pear earlier and an Sa wave may reappear
because atrial muscle is now activated later
than this new point. This is borne out by fig-
ures 5>A-C showing an Sa wave in the great

broad Q wave followed by an R wave. This
Q wave corresponds to the initial ventricular
deflection recorded directly in the chamber of
the dog’s left ventricle.* It corresponds also to
the initial part of the human left ventricular
cavity electrogram described by Zimmerman
and co-workers! in aortic insufficiency, and by
Sodi-Pallares.’? The evidence of the present
study of normally activated hearts establishes
this broad Q wave recorded in the coronary

Fic. 8.—Relationship of the coronary sinus to the left atrium and left ventricle, in sagittal section

(after Piersol?s).

cardiac vein which disappears as the catheter
is withdrawn into the coronary sinus, only to
reappear on further withdrawal toward the
atrium. The auricular complex recorded in the
coronary sinus and the great cardiac vein is
thus explained as the accessible left atrial po-
tentials. In a general way this resembles the
potentials recorded by the esophageal electrode
at atrial levels.?>~%

Left Ventricular Potentials

The initial ventricular complex in the coro-
nary sinus and great cardiac vein begins as a

sinus and great cardiac vein as representing
the left ventricular cavity potential. The suc-
ceeding R wave probably represents the acces-
sible left ventricular epicardial potential. By
contrast the initial ventricular complex in the
right ventricular cavity shows a small initial
R wave followed by a deep S wave. The initial
ventricular complex recorded in the right at-
rium generally consists of a QS deflection.
Ventricular repolarization is normally repre-
sented as an upright T wave on the precor-
dium overlying the left ventricle. In our
experience® and in that of most observers®: * it
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is usually recorded as an inverted T wave in
the right ventricular cavity but occasionally
has been reported as upright in that location.?
Since the coronary sinus is normally in ana-
tomical relationship with the left ventricular
cavity and only to a slight extent with the
left ventricular epicardium, the potentials re-
corded there must represent the composite
effect of left ventricular cavity and epicardial
potentials. Since the T wave is inverted in the
coronary sinus, the cavity effect must be pre-
dominant. This relationship primarily to endo-
cardium is emphasized in figure 8.

Generalizations are hardly warranted on the
basis of the observations of the potentials in
the middle cardiac veins of only two individu-
als. They do suggest some variability in the
curves registered in that vessel depending pos-
sibly upon a variation in the course of this
vessel in relation to the posterior interventricu-
lar sulcus. As the catheter in this vessel crosses
the interventricular septum toward the apex,
an abrupt change from predominantly down-
ward (right ventricular) to predominantly up-
ward (left ventricular) potentials may be
detected as illustrated in figure 7.

Kert and Hoobler!® published electrograms
obtained from three positions in the coronary
sinus of a patient with essential hypertension.
Each electrogram showed auricular intrinsic
deflections occurring during the latter half of
the P wave recorded simultaneously in Lead
V. The first of the three tracings showed a
broad ventricular Q wave followed by a broad
R wave; the other two showed very incon-
spicuous ventricular Q waves but very promi-
nent R waves. These R waves differed in time
from one position to another in the coronary
sinus. The authors suggest that they reflect the
activation of different portions of the base of
the left ventricle. The discrepancy between
these observations and ours, in which a broad
Q wave was always recorded with the electrode
in the coronary sinus, may be related to the
fact that all of our subjects had normal hearts,
whereas the patient of Kert and Hoobler had
left ventricular enlargement. It is conceivable
that under the latter circumstance the coro-
nary sinus may lie in a more intimate relation-

ship with the epicardial than the endocardial
aspect of the left ventricle.

Accidental Catheterization of the Coronary Sinus

In a previous communication from this labo-
ratory,? an initial ventricular R wave was noted
in what was at first sight considered to be the
right ventricle in all but 3 of 27 individuals.
In 2 of these exceptions (subjects 6 and 26,
figures 7F and 8 of that paper) it was impos-
sible to confirm the intraventricular location
of the electrode by passing the catheter on into
the right pulmonary artery. The course of the
catheter as determined in posteroanterior pro-
jection by fluoroscopy and roentgenography
was consistent with the location of the catheter
in the right ventricle of these individuals but
roentgen-ray observations with the subjects in
the right anterior oblique position were not
carried out. In the third subject (subject 8,
figures 7A-E in the paper referred to) the
catheter was successfully passed into the pul-
monary artery. In these three individuals up-
right or predominantly upright rapid auricular
deflections and prominent ventricular Q waves
were recorded. Simultaneous electrocardio-
grams showed the auricular intrinsic deflection
to be inscribed during the latter one-half of the
P wave. It seemed clear that these potentials
were developed in the left side of the heart
and the possibility of accidental catheterization
of the left atrium through an interatrial septal
defect was suggested but not proved.

It has been pointed out, however,! that the
anteroposterior projection of the catheter in
the coronary sinus may be quite similar to
that of the catheter in the right ventricle. The
differentiation between these two possible
courses of the catheter requires roentgen-ray
examination in the right oblique position. Fur-
thermore, the potentials recorded in the three
subjects described above are identical with
those recorded in the present study when the
coronary sinus was deliberately catheterized.
Accidental catheterization of the coronary si-
nus, therefore, seems the most likely explana-
tion for the electrographic findings in at least
two (subjects 6 and 26) of the three instances
described. The explanation for the findings in
the third (subject 8) individual is not clear.

S
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This digression has been deliberately pursued
in some detail to emphasize the possibility of
confusion in electrographic studies of the hu-
man heart by accidental catheterization of the
coronary sinus.

Arrhythmias

The problem of arrhythmias during coronary
venous catheterization should be evaluated as
a possible hazard of the procedure. Nodal and
auricular premature beats have been reported
in dogs during insertion of the catheter into
the coronary venous system, but they have not
been reported to occur once the catheter had
been left in position.!* No ventricular prema-
ture beats were observed. Similar supraven-
tricular beats are here reported in man, again
found only during actual manipulation of the
catheter within the coronary sinus or great
cardiac vein. In the distal part of the middle
cardiac vein, however, ventricular premature
beats occurred even after the catheter had
been left in place. Myocardial irritation here
may have corresponded to the intimate rela-
tionship of the middle cardiac vein to the
subepicardial myocardium. By contrast, the
coronary sinus and proximal part of the great
cardiac vein are embedded in a relatively ap-
preciable amount of fatty tissue which may
shield the myocardium from contact with the
tip of the catheter.

Significant ventricular arrhythmias are com-
monly noted if the catheter tip is passed be-
yond the tricuspid valve into the right
ventricle, and constitute a conceivable hazard
to the usual cardiac catheterization procedures.
The absence of anything but transient supra-
ventricular premature beats during catheteri-
zation of the coronary sinus and great cardiac
vein contributes to the relative safety of this
procedure.

StuMMARY AND CONCLUSIONS

Catheterization of the coronary venous sys-
tem in 6 individuals with normal hearts ap-
peared to be a relatively safe procedure.
Supraventricular premature beats developed
during manipulation of the catheter within
the great cardiac vein or coronary sinus. Ven-
tricular premature beats were recorded with
the catheter in the middle cardiac vein.

As confirmatory evidence of successful coro-
nary venous catheterization, coronary venous
blood may be identified grossly by its dark
color, and chemically by its reduced content of
oxygen, pyruvate, lactate and glucose, when
compared with arterial or mixed venous blood.
However, as an immediate aid to fluoroscopic
and manometric control of the catheteriza-
tion procedure, electrograms recorded from
the catheter tip may serve to determine its
location within the chambers of the heart and
the various regions of the coronary venous
system.

The electrogram in the distal portions of the
middle cardiac vein showed a ventricular R
wave in one subject, a qR in another; in the
proximal portions of this vein there was re-
corded a ventricular QS in one case, an rS in
another. These middle cardiac vein potentials
correspond respectively to left and right ven-
tricular epicardial potentials, the inscription
of a small initial Q or R wave apparently de-
pending upon the relation of the electrode to
the interventricular septum.

The electrical potentials recorded in the coro-
nary sinus and the great cardiac vein of 6 in-
dividuals with normal hearts showed a large
rapid upward auricular deflection with the in-
trinsic deflection recorded at the height of or
during the latter half of the P wave of simul-
taneously recorded Lead V. This deflection
may continue as an Sa wave apparently de-
pending upon whether more atrial muscle is
stimulated beyond the position of the record-
ing electrode. The ventricular complex consists
of a broad prominent Q wave followed by a
prominent R wave and an inverted or biphasic
T wave. These tracings probably represent the
composite effect of the accessible left atrial and
ventricular cavity and epicardial potentials.
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