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The purpose of this report is to present a 
simple ,new technic whereby the electrical po- 
tential within the human or experimental 
animal heart can be accurately recorded using 
a single lumen catheter instead of the usual 
indwelling wire conductor type of catheter. 
The column of blood or saline in the catheter 
acts as the linear conductor to transmit elec- 
trical currents arising in the heart. 

The technic re- 
quires a simple electrode attachment con- 
sisting of a 2-4 cm length of silver or German 
silver wire, an adapter to fit into the arm end 
of the catheter, and an ordinary battery clip. 
Two models are illustrated '[Fig. 1) Both 
produced identical records. Since a secure 
junction is essential for tracinss free from 
artefacts, the model with the metal adapter is 
recommended for general use and especially 
whenever high intracatheter pressures exist 
as in retrograde arterial catheterization of the 
left side of the heart, or in right heart cathe- 
terization of patients with pulmonary hyper- 
tension. 

The catheter is passed in the usual fashion 
into the cavity of the heart and is kept patent 
with a slow drip of heparinized physiological 

-4pparatus and methods. 

' I  
C 

FIG. 1. 
( a )  R.ubbci stopper modified to insert into arm 

end of catheter (b). (c) 1s metal spingck adapt.er 
with rubber .center core. Through each adapter a 
German silrcr wire is passed to projwt 2-4 cni. 
into the saline filled luinen of the arm end of the 
catheter. Exploring terrniiial of XCC; is con- 
nected to battery clip. 
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saline or glucose. To obtain intracavity po- 
tentials, the above described electrode at- 
tachment is connected to the open arm end 
of the catheter. The exploring terminal of 
the electrocardiograph is connected to the 
battery clip of this electrode, and Wilson's 
central terminal serves as the indifferent elec- 
trode. The standardization has been so adjus- 
ted that 1 millivolt causes a deflection of 0.8 
to 1.2 cm. A radio amplifier type of electro- 
cardiograph is preferred. The electrocardio- 
graphic tracing thus obtained represents the 
potnential changes occurring only at the tip of 
the catheter. 

There is a certain amount of admixture of 
blood with the saline in the tip of the catheter. 
We have allowed the catheter to fill with blood 
and compared these tracings with those ob- 
tained with a saline flushed catheter. Hepar- 
inized saline serves as a more satisfactory con- 
ducting medium because of the lesser ten- 
dency for blood to clot within the catheter. 
I t  is our impression that clotted blood has a 
greater resistivity, as reflected by a diminution 
in amplitude of the deflections recorded fol- 
lowing only minor clot formation. A study of 
the comparative electrical conductivity of ser- 
um, and liquid and clotted blood is planned 
in the immediate future. 

Results. Intracavity potentials have k n  
satisfactorily recorded in 14 patients by this 
technic. To prove that actual intracavity po- 
tential was being recorded, a double lumen 
electrode catheter was passed into the right 
ventricle. One lumen contained a wire which 
extended to the tip, and constitutes the usual 
cardiac electrode. The electrocardiogram ob- 
tained from this cardiac wire electrode was 
compared with the record simultaneously ob- 
tained froam the column of blood or saline in 
the second lumen. In every instance intra- 
cavitary potentials were obtained. In general 
the form of the complexes recorded from each 
was identical (Fig. 2) .  Occasionally minor 



E.C.G. THROUGH SINGLE LUMEN CATHETER 59 

FIG. 2. 
In  tra cari tary p oten ti318 recordcd siniul ta iieously 

with a doublc lumen cutlrcter in right ventricle. 
Upper trwing was recorded with saliilc as con- 
ductor, towr with usu:id wire electrode. .Form of 
iiormtrl and prcmature beats arc identical. Ro- 
touclrcd for publication. 

F I G .  3. 
Injury in man produced by pressure of tip of 

double Iurncn catlietcr against the endocardium of 
the right ventricle. As the cathetcr is withdrawn 
injur;p currents disappear. The upper curves were 
obtained with the salinc in one lumen as a con- 
ductor. Lower curves were recorded from an in- 
dwdling wire which extended t o  the tip of the 
second lumen. N o t c  greater ST elevation in the 
upper record. 

differences in contour occurred, due to slight 
di6erences in the spatial orientation of the 
wire electrode tip and the opening of the 
catheter within the heart. For examDle, in 
one patient (Fig. 3)  the wire electrode trac- 
ing shcjwecl definite S-T elevation whereas the 
open catheter tracing showed more marked 
S-T elevation. indicating greater currents of 
injury a: its tip, presumably produced by the 

open end of the catheter resting squarely 
against the endwardiium.l Identical records 
were obtained when %he catheter was with- 
drawn less than 1 cm. Similarly, simultaneous 
tracings were a h  recorded at  different levels 
in the right ventricle, right atrium, and SU- 
perior vena cava. 

Although contour was similar, there was a 
difference in the amplitude of the complexes 
when themme standardization was used.- Con- 
sistentiy, the tracings were larger when re- 
corded through the usual wire electrode, due 
to the grater resistance of saline or blood? 
Since the calculated specific resistance of 
physiological saline at 2 5 O C is approximately 
65 cm3 and that of copper wire.I.7 X 

ohm cm, this difference in amplitude is 
quite understandable. 1 

There are certain precautions to be ob- 
served if satisfactory intracavity tracings are 
to be recorded from the single lumen catheter 
without use of a wire. -4lternating current in- 
terference k frequently encountered and 
means should be taken to eliminate it. Small 
a-c voltage is easily picked up from nearby 
a1 ternating current circuits or machines. -4 
loose connection or a high resistance at the 
junction at  the arm end of the catheter be- 
tween the saline and the adapter wire favors 
a-c disturbance. Extreme care must also 
be taken to keep the operative field dry. If 
the arm end of the catheter is in contact with 
a damp field, the electrical potentials recorded 
will be a summation of that arm’s potential 
and the intracavitary potential subtended by 
the tip of the catheter. Thus, we have pur- 
posely converted a typical intraventricular 
electrocardiogram to a left arm unipolar trac- 
ing by simply placing the arm end of the cath- 
eter electrode connection in contact with a 
saline-saturated towel on the patient’s left 
arm. 

There are certain advantages in the use of 
this technic. A single lumen catheter can 
thus be used to obtain blood samples, pressure 
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curves, and intracavitary potentials. Some 
adults and most children have veins too small 
to allow passage of the usual double lumen 
catheter elect rode. 

During the procedure of introducing the 
catheter, electrocardiographic tracings from 
the tip of the catheter are valuable in deter- 
mining the exact anatomical location of the 
tip. We have found that changes in the contour 
of the P and QRS complexes may be a more re- 
liable index of the location of the tip of the 
catheter than either the fluoroscope or the 
pressure curve, especially in the region of the 
lower right atrium near the tricuspid valve, or 
in the coronary sinus. 

Su?nmary. h new technic is described 
to obtain intracavitary cardiac potentials 
through the single lumen saline filled cardiac 

catheter without use of the usual copper wire 
electrode. If the exploring terminal of an 
electrocardiograph is connected to the open 
arm end of a ,column of blood or saline 
in a catheter which has been introduced into 
the cavity of the heart, and i f  the indifferent 
electrode is connected to a central terminal, 
the completed curve will represent chiefly 
the fluctuations of intra-cardiac potential at 
thee tip of the catheter. 

Prior to submitting this articlc for publication 
we .c\-ere un:~\~-acc of the report of ICiuch et a?., 
d .  Aft. Piwcti Boxp., 1948, 16, 257, who described 
:t sinii1:u teelinic. altliough lie adwcates the in- 
troduction of a thin wire into the catlieter to avoid 
ax. interfcrcncc. 
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Branhaml described the well known slowing 
of the heart rate which ensues upon temporary 
obliteration of an A-V fistula by digital com- 
pression. The reverse phenomenon, z k ,  in- 
crease in heart rate, also takes place when 
the pressure is released. That the vagus nerves 
are the efferent pathway of the reflex arc 
responsible for this reaction has been demon- 
strated by Weber,2 Lewis and Drury,3s4 and 
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Holman,5 by use of atropinization techniques. 
While it is logical to infer that the sinus 
and aortic nerves constitute the afferent arcs 
from thle arterial side, the possibility that 
afferents from the venous side may also be 
coxerned has not been excluded. Since closure 
of an A-V fistula causes a fall, and opening a 
rise of central venous pressure: such changes 
in pressure could evoke reflex alterations in 
heart rate if the Bainbridge reflex is operative. 
The question as to which afferent pathways 
are dominantly and subdominantly concerned 
was therefore resubmitted to experimental 
study. 

Method. Dogs varying in weight from 10 
to 12 kilos were anesthetized with chloralose 
because this anesthetic increases the sensi- 
tivity of the cardio-inhibitory mechanism, 
whereby the vagal tone is well maintained. An 
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