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Leiatad C. Clark, Jr., 2594 Kitagswood Road, 
Birmiaghania 9, Ala. 

Filed Aug. 1, 1960, Ser. No. 46,501 
12 Caians. (C. 28-2.05) 

This invention relates to a process for determining at 
a desired location in the blood stream or tissue of living 
animals, the presence thereat of a foreign substance which 
has been purposely placed in the blood stream at a dif 
ferent location from the place under investigation. 
My invention thus contemplates, generally, the provi 

sion of a suitable, reliable and accurate process and ap 
paratus for determining the presence of certain foreign 
substances in the blood stream of living animals, and coin 
templates such determinations for the purpose of various 
medical diagnoses. 
My invention relates particularly to a process for deter 

mining the presence of defects in the septum of an animal 
heart, namely, to detect the presence of left to right shunts 
as an aid in the diagnosis of congential heart disease in 
humans. 
My invention also contemplates an improved catheter 

borne electrode effective, when employed as herein dis 
closed, to give an electric signal indicative of the presence 
of such shunt. 

In diagnosing ailments of humans, such for instance 
as the presence of left to right shunts in the heart, it is de 
sired to determine not only the presence of the defect in 
the septum, but often the extent thereof. in investiga 
tions of the circulatory system in general it is desirable 
to determine both time-wise and quantity-wise the flow 
of blood from the heart to various parts of the body. 
My invention proposes the process for performing such 

diagnoses which includes the steps of inserting directly 
into the blood vessels or the heart itself a catheter-borne 
electrode which is sensitive to a purposefully inhaled or 
injected non-toxic substance, whereby such electrode pro 
duces a signal indicative of the presence of such material 
in the area of the electrode. 

In the diagnosis of shunts in the heart septum of hu 
mans, it has heretofore been the practice to draw blood 
samples which are analyzed for the presence of a purpose 
ly inhaled foreign gas or the like. Such a technique has 
the disadvantages of time delay and inaccuracy, and the 
usual debilitating effects on the patient of blood letting. 
Further, with such prior procedure it is difficult to de 
termine the extent of the shunt and impossible to deter 
mine the exact location of the opening in the septum. 

In view of the foregoing another object to my inven 
tion is to provide a process and apparatus especially 
adapted for carrying out said process for determining, di 
rectly from the interior of the suspect chamber of the 
heart, usually the right heart chamber, the presence there 
in of blood containing a purposely inhaled or intravenous 
ly injected foreign material, thereby to obtain continuous 
and accurate signals indicative of the extent and location 
of the defect in the septum. 
Another object is to provide a process of the charac 

ter designated in which the signal from the right heart 
chamber is continuously correlated with a signal ob 
tained from the inhalation or injection of the foreign 
gas or substance, thus to present to the operator a con 
tinuous indication of the intake of such substance as com 
pared with the amount indicated as being present in the 
right heart chamber. 
Another object is to provide apparatus for carrying 

out my improved process embodying an electrode 
mounted on the entrance end of a cathode and which 
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gives a signal in the presence of the foreign gas or mate 
rial, together with means to mount the electrode prefer 
ably in electrically insulated relation to a catheter proper, 
thereby providing a current path leading externally of the 
body. 

Apparatus illustrating the constructional features of my 
invention and which may be used to carry out my im 
proved process is shown in the accompanying drawing, 
forming a part of this application, in which: 

FIG. 1 is a longitudinal sectional view partly broken 
away of a catheter having mounted thereon my improved 
electrode; 
FG. 2 is a wholly diagrammatic view of a human body 

illustrating the manner of carrying out my improved 
process; 

FIG. 3 is a wholly diagrammatic view illustrating the 
airway catheter in position in the nose of the patient; 

FIG. 4 is a wholly diagrammatic view of a human 
heart having a septal defect and showing some typical ex 
amples of signals obtained from the interior of the various 
heart chambers by means of my innproved process and 
apparatus; and, 

iFIG. 5 is a chart showing the flow of blood in the nor 
mal human heart in full lines with certain defects indi 
cated in broken lines thereon. 

Referring now to the drawings for a better understand 
ing of my invention and more particularly to FIG. 1, 
show a catheter-borne electrode which comprises a cathe 
ter-borne electrode which comprises a catheter proper in 
dicated at ié and which may be in the form of a tube. 
At its outer end the tube may carry an internally threaded 
member 11 to which may be attached a blood sampling 
device or a blood pressure indicator. 
At the entrance end 2 of the catheter place a small 

electrode 13. It will be noted that the electrode is in 
sulated from the end of the catheter 10 by means of an 
electrically insulating cover 14. Further, a conductor 6 
is electrically connected to the rear end of the electrode 
13 and the conductor 16 is insulated from the tube 10 by 
insulation indicated at 17. The insulated conductor 6 
emerges from the catheter tube it through a sealed neck 
18, located at a point to be always external of the body. 
The outer or rounded end 3a of the electrode 3 is so 

constructed as to be sensitive to hydrogen. That is, the 
portion 3 will, in the presence of hydrogen, generate 
an electric signal. While there may be various ways of 
preparing such an electrode prefer to use an electrode 
made of platinum in which the area 13a is coated with 
platinum black by placing it in a 5% solution of platinic 
chioride and connecting the lead wire to a source of 1.5 
volts, such as a flashlight battery. A piece of platinum 
wire is placed in the platinizing solution to serve as the 
anode. Plating is continued for about a minute, or until 
the platinum tip is perceptibly gray. Also, an electrode 
corresponding to 138 made of palladium is satisfactory. 
Either platinum or palladium may be alloyed with a metal 
Such as iridium or the like to provide a suitable electrode. 
Likewise, coatings of palladium black, palladium or plat 
inum or other metals are satisfactory. 

It will be noted, also, that the catheter 10 may have 
holes 9 in its inner end. The purpose of this is to per 
mit blood to flow into the catheter tube for the purpose 
of removing it from the outer end if desired. 

Referring now particularly to FIGS. 2 and 3 I show 
in diagrammatic manner the method of carrying out my 
improved process and using the catheter shown in FIG. 1. 
First, I insert in the nose of the patient a nasal catheter 24 
having thereon a tip 22 prepared substantially identically 
as electrode 3. If desired, one of the electrodes 22 may 
be placed in each nostril and connected in parallel. The 
catheter 21 is held in place on the nose of the patient by 
means of a piece of adhesive plaster or the like indicated 
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at 23. In placing the catheter it is important that the tip 
22 be in contact with moist tissue. Connected to the tip 
22 is an electric conductor 24. 
At some suitable point on the skin of the patient's body 

I place a reference electrode 26. This electrode may be 
a sheet of silver and preferably is brought into contact 
with the skin through a saline soaked pad or with ECG 
electrode paste. As will presently appear, other types 
of skin reference electrodes may be used, since the type 
of skin electrode used only affects the initial (before 
hydrogen administration) potential. 
As shown in FIG. 2, a wire 27 from the electrode 26 

leads to a voltmeter 28. The wire 24 from the nasal elec 
trode 22 leads also to the voltmeter 28. The lead 5 
from the electrode 3 may lead to a second voltmeter 29 
and the two voltmeters may be cross connected by a wire 
3. 

In FIG. 2 I indicate the heart in wholly diagrammatic 
form as embodying the capillaries indicated by the block 
32; the septum by the numeral 33 and having a defect 33a 
therein; the left ventricle at 34; the right ventricle at 36; 
the pulmonary artery at 37; the lungs at 38 and the pull 
monary vein at 39. The aorta is indicated at 4 while 
the vena cava is indicated at 42. The trachea indicated at 
43 of course connects the nasal passage 44, shown in 
FIG. 3, to the lungs 38. 

In FIG. 2 I show the catheter 6 carrying the electrode 
53 as being inserted in the right ventricle of the heart. 
This is accomplished by selecting, for instance, one of the 
major blood vessels of an arm and, by observing the pa 
tient through the fluoroscope threading the catheter into 
the heart proper until the electrode 13 is in position. 
With the patient anesthetized or sedated a suitable hydro 
gen mask is placed momentarily over the nose. The pas 
sage of hydrogen into the nasal passage results in giving 
a reading on the voltmeter 28 which indicates the amount 
of hydrogen, it being remembered that the electrode 22 
located in the entrance to the nasal passage also is hydro 
gen sensitive. if there be a shunt such as indicated at 33 
between the left ventricle 34 and the right ventricle 36, 
within a very short time, generally less than two seconds 
after inhalation, a reading is obtained on the voltmeter 29 
which is indicative of the presence of hydrogen in the 
right ventricle 36. That is to say, were the shunt or defect 
333 not present I have discovered that there will be a con 
siderably longer time lapse between the inhalation of the 
hydrogen and its presence in the right ventricle 36. There 
fore, by comparing the readings time-wise on the two volt 
meters 23 and 29 I can determine the length of time that 
it takes for the hydrogen to reach the right ventricle. 

In actual practice prefer to impress the signals from 
the electrodes 22 and 13 directly into the D.C. input of an 
oscilloscope, D.C. amplifier, or potentiometer. However, 
because of the fact that the electrode 3 as well as the 
electrode 22 will, without amplification, develop as much 
as one hundred millivolts, amplification is not essential. 

In FIG. 5 of the drawings I show in diagrammatic man 
ner the circulatory system of the human body. My im 
proved process and apparatus is adapted, by Suitable 
manipulation of the catheter 10, to the diagnosis of the 
various shunts indicated in FIG. 5. In actual practice I 
have found that it is possible to place the electrode 13 
very close to, for instance, a shunt. Such as 33 indicated 
in FIG. 2. Therefore, by suitable manipulation of the 
catheter, thus to change the location of the electrode 3, 
I can place the electrode 13 at the point of maximum 
concentration of the hydrogen or other foreign and pur 
posely injected or inhaled substance. By this means 
am enabled to locate quite definitely the position of the 
defect in the septum. This is possible because the more 
concentrated the hydrogen in the blood passing through 
the defect, the greater the voltage on the instruments. 

In FIG. 4 I show a series of curves some of which were 
obtained from an actual patient having a septal defect. 
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4. 
the horizontal axes represent time in seconds. In each 
of these sets of curves the airway signal is the voltage 
curve resulting from the contact of hydrogen with elec 
trode 22; the other curve of each set is the voltage curve 
resulting from the contact with electrode 13 of hydrogen 
carried by the blood in the various heart cavities. The 
following is given as an example of the technique used in 
the investigation where there is a suspected left to right 
shunt: 

(1) The electrode 3 is inserted in the pulmonary 
artery. If a signal is obtained in about one second after 
inhalation of hydrogen this indicates a shunt some place. 
in this event the set of curves appears on the oscilloscope 
as shown at A in FIG. 4. 

(2) The electrode is now withdrawn to lie in the right 
ventricle and the patient is given another breath of hydro 
gen. In the event the set of curves appears as in B, FIG. 
4, which is a set of curves from a normal heart, this indi 
cates that the shunt is not between the right and left 
venticle, but is between the aorta and the pulmonary 
artery. 
A second example of a technique is as follows: 
(1) If, having placed the electrode 13 in the pulmonary 

artery, the signal obtained is abnormal, as in A of FIG.4, 
then it will be found that the defect is likely to be in the 
right ventricle. 

(2) By now placing the electrode 13 in the right auricle 
if a normal signal such for instance as that shown in the 
set of curves C of FIG. 4 is obtained, the defect must be 
in the right ventricle. 
The foregoing examples serve to illustrate the tech 

niques possible with my improved process and apparatus, 
In view of the fact that the catheter 13 may be inserted 
in practically any part of the heart proper, and because 
of the definite time and quantity relationship between the 
inhalation and appearance of hydrogen at the place of 
location of the electrode, very accurate determinations 
may be made. 

In each set of curves in FIG. 4 I designate the signal 
read from the voltmeter 28 upon the inhalation of hy 
drogen by the letter d. In each of the other curves of 
FIG. 4, I designate the signal produced by the cathode 
13 and read on the voltmeter 29 by the letter e. In the 
several curves of FIG. 4 it will be noted that the curves 
may be plotted against equal increments of time such as 
seconds. Therefore, by correlating the time of the airway 
signal read on voltmeter 28 with the signal obtained from 
the electrode i3 and read on voltmeter 29, it is possible 
to determine very accurately the time lag between inhala 
tion and appearance of the gas at the point under investi 
gation. Incidentally, the determination of accurate plac 
ing of the electrode 22 may be checked by judging the 
appearance of the EGG obtained from it. 
From the foregoing it will be apparent that I have de 

vised an improved process and apparatus for determining 
accurately and speedily the presence in the blood stream 
of living humans of a foreign substance purposely in 
haled or injected for test purposes. In actual use my in 
vention has proved to be extremely practical and satisfac 
tory. In view of the fact that the test includes the 
breathing of one breath of hydrogen, it may be repeated 
as often as once every two minutes. It will thus be seen 
that the tests may cover a considerable length of time. 
In practice I find that the electrodes 3 and 22 should be 
replated after about every ten catheterizations. Further 
more, I have noted that electrodes made as herein dis 
closed, when in the presence of oxygen, tend to decrease 
the potential. That is, in a patient having a septal defect 
a stream of highly oxygenated blood, viz, arterial blood, 
passes through the defect to a place in the heart which 
normally contains blood of less oxygenation. By way of 
example the normal difference in voltage signal generated 
between arterial and veinous blood is approximately .01 
volt. It is thus possible to use the technique and appara 

In these curves the vertical axes represent voltage, while 75 tus herein disclosed to determine changes in oxygen con 
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tent of the blood in various parts of the body. An elec 
trode constructed as herein shown and described has 
utility for such purposes as a pace maker electrode for 
hearts, or as an intracardiac EKG electrode. 
While I have shown my invention in but one form, it 

will be obvious to those skilled in the art that it is not so 
limited but is susceptible of various changes and modifica 
tions without departing from the spirit thereof, and I de 
sire, therefore, that only such limitations shall be placed 
thereupon as are specifically set forth in the appended 
claims. 
What I claim is: 
1. The process of determining the presence in the 

blood stream of a living human body of hydrogen in the 
blood comprising inserting directly into the blood stream 
a catheter borne electrode capable of generating an elec 
tric signal in the presence of hydrogen, and utilizing the 
signal thus produced to obtain an intelligible indication 
of the presence of such material in the blood stream ad 
jacent the electrode. 

2. The process of determining the presence in the blood 
stream of a living human body of hydrogen in the blood 
comprising inserting directly into the blood stream a 
catheter borne electrode capable of detecting a change in 
potential in the presence of hydrogen, and utilizing the 
signal thus produced to obtain an intelligible indication 
of the presence of such material in the blood stream ad 
jacent the electrode. 

3. The process of determining the presence in the 
blood stream of a human body of material dissolved in 
the blood comprising inserting directly into the blood 
stream a catheter-borne electrode capable of generating 
an electric signal in the presence of such material, utiliz 
ing the signal thus produced by the electrode to produce an 
intelligible indication of the presence of such material 
adjacent the electrode, and comparing the signal time-wise 
with an electric signal produced by the material as it is 
being placed in the blood stream. 

4. The process of determining the presence in the blood 
stream of a living human body of material dissolved in 
the blood comprising inserting directly info the blood 
stream a catheter-borne electrode capable of detecting a 
change in potential in the presence of such material, ulti 
lizing the signal thus produced by the electrode to pro 
duce an intelligible indication of the presence of such 
material adjacent the electrode, and comparing the sig 
nal time-wise with an electric signal produced by the 
material as it is being placed in the blood stream. 

5. The process of detecting the presence of a substance 
at a given location in the blood stream of a living human 
body comprising placing a quantity of said substance in 
the blood stream at a location removed from said given 
location, inserting into the blood stream at said given loca 
tion a catheter-borne electrode capable of generating an 
electric signal in the presence of said substance in the 
blood stream, and utilizing the signal thus obtained to in 
dicate the presence of said substance at said given loca 
tion. 

6. The process of claim 5 including the further step of 
placing an electrode at the location where said substance 
is placed in the blood stream, thereby to obtain a refer 
ence electric signal, and comparing time-wise the two sig 
nals thus obtained, thereby to indicate the time of travel 
of the substance from the first location to the second one. 

7. The process of determining the presence of hydro 
gen in the blood of living animals which comprises the 
steps of inserting into the blood stream an electrode ca 
pable of emitting an electric signal in the presence of hy 
drogen, introducing into the blood stream a quantity of 
hydrogen, and sensing the signal thus produced by the 
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6 
electrode, thereby to indicate the presence of hydrogen 
adjacent the electrode. 

8. The process of detecting, localizing and determining 
the extent of arteriovenous shunts which comprises the 
steps of inserting in a possible shunt region of the circu 
latory system a catheter-borne electrode which produces 
an electric signal in the presence of a non-toxic Substance 
in the blood stream, placing in the blood stream at a loca 
tion opposite (in the sense of blood movement) the loca 
tion of possible shunt a quantity of said non-toxic sub 
stance, and sensing the signal produced by the electrode 
thereby to indicate the presence or absence of a shunt be 
tween the said locations. 

9. The process of determining the presence of blood 
shunts in living humans which comprises inserting directly 
into the suspect portion of the heart a catheter-borne elec 
trode capable of generating an electric signal in the pres 
ence of a purposefully inhaled non-toxic foreign gas, 
establishing an electric path from the electrode to the 
exterior of the body, sensing the signal from the electrode, 
producing an electric signal indicative of the amount of 
gas inhaled, and correlating the signals quantity-wise 
thereby to determine the extent of the shunt. 

10. The process of claim 9 which comprises the fur 
ther step of comparing the signals at regular intervals of 
time thereby to obtain an indication of the time required 
for the gas to reach the suspect part of the heart. 

11. An intravascular electrode formed essentially of 
metals selected from the group consisting of platinum, 
palladium and “blacks' thereof and capable of generating 
an electric signal in the presence of hydrogen, an electric 
conductor electrically connected to the electrode and ex 
tending outwardly from the electrode and adapted to 
emerge at a point outside of a body into which the elec 
trode is inserted, and means insulating the conductor 
from the body into which the electrode is inserted. 

12. An exploratory catheter-borne electrode compris 
ing an electrode proper capable of generating an electric 
signal in the presence of hydrogen, a catheter in the form 
of a small tube, means mounting the electrode on the 
entrance end of the catheter, an electric conductor elec 
trically connected to the electrode and extending outward 
ly from the electrode and adapted to emerge from the 
catheter at a point outside of a body into which the 
catheter is to be inserted, and means insulating the con 
ductor from the catheter. 
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