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I. THE VALUE AND LIMITATIONS OF HEART
'CidHETERIzATYON IN CONGENITAL
HEART DISEASE

John W. laBree,
Forrest H. Adams,

Joseph Jorgens

(I) History

Recent advances in the surgical
treatment of congenital disorders of
the heart, pioneered chiefl~ by the
work of Gross l , and Blalocl~, have in
creased the importance of accurate
diagnosis. The physical and x-ray signa,
as well as the other well established
methods for cardiac study, are often un
satisfac tory in understanding the
dynamics of the circulation in patients
with congenital heart lesions. Many of
these time tested methods, plus the
older methods of measuring cardiac out
put, are applied with difficulty, if
at all, in such patients, and certain
aspects of the pulmonary circulation
have heretofore been almost immune to
measurement.

The introduction by Forssman3, of
the cardiac ca theter in 1929, and its
praotiaal improvement by Cournand and
Ranges , have offered a new opportunity
for the study of congenital heart dis
ease. By these techniques, pressures
may be measured in the great veins, the
right auricle and ventricle, and the
pulmonary artery. Analysis of blood
samples obtained from these areas and
from the femoral artery, permits the
calculation of the cardiac output by the
Fick principle, and the calculation of
the volume of any existing shunts, may
be estim9.ted by this same method.

(II) Methodology

A. Technique of catheterization:

The actual technique of ca th
eterization has been well de- 4
scribed by Cournand and Ranges ,
and indeed, at a staff meeting bul
letin here by Borden and Ebert5•
Briefly, under strict surgical

asepsis, and using local no·vo(~aj.ne

anesthesia, the median basp-lic vein
is exposed, usually in the left arm,
and a size #8F or 9F, 100 em. cathe
ter introduced into the vein through
a small fish-mouth incision. The
catheter is then directed under
fluoroscopic control into the right
auricle, and by rotating the tip,
it is made to pass into the right
ventricle and thence into the pul
monary artery. Beginn ing a t this
point, blood samples are withdrawn
through the catheter gnder oil as
described by Cournand. Blood sam
ples and pressures are obtained
first from the pulmonary artery,
next the right ventricle, and finally
from the right auricle and the vena
cava. The oxygen content is deter
mined routinely on all samples, plus
a sample from the femoral arterY'7by
the method of Van Slyke and Neill •
In addition hemoglobin concentrations
are determin.ed on all samples by photo
colorimetry, and the percentage

oxygen saturation calculated. Pres
sures are reoorded optically through
the use of strain gauges (a modified
wheatstone bridge), that are connect
ed with a string galvanometer.

As near as possible to the time of
actual catheterization, calculation of
the patient I s oxygen consumption is
carried out, using a standard basal
metabolism machine, with the oxygen
consumption figured in terms of cubic
centimeters of oxygen per minute.

B. Calculations of blood flow:

The most accurate. method at
present for the estimation of cardiac
output in man is basgd on the princi
ple outlined by Fick , in 1870. Fick
derived an. equation which may be re
stated as follows:

Cardiac output (Liters per minute)
_ Oxygen intake (c.c. per minute~

- Arteriovenous oxygen difference
(c.c. per Liter)

In normal individuals without shunts,
the calculation is based on the deter-
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mination of oxygen consumption, oxy
gen content of arterial blood, and
oxygen content of mixed venous blood,
this latter sample best secured from
the pulmonary artery where samples
show minimal variation and represent
acceptable values for mixed venous
blood9. To estimate the flow through
a shunt, the peripheral blood flow
and the pulmonary blood flow must be
calculated separately. The peri
pheral blood flow may be calcula ted
in the usual fashion except that the
sample of mixed venous blood must be
obtained prOXimal to the shunt. For
example, in a patent ductus arterio
sus, it must be obtained fram the
right ventricle, in cases of ventri
cular septal defect from the right
auricle, and in. cases of auricular
septal defect, from the vena cava.
Since true miXing becomes progressive
ly poorer in this sequence, errors
in the appl1cation of the Fick prin
ciple became greater. The difference
then, between the peripheral and
pulmonary flows will give us the vol
ume of flow through single, uni
directional shunts or will permit
calculation of the sum total of the
volume of the shunt when two uni
directional shunts are present. If
the shunt is in both directions a more
complicated method may be used, but
this will not be discussed in this
paper.

(III) General Considerations of the Need
for Cardiac Catheterization in
Congenital Heart Disease.

!'.. Present methods available
.!E! diagnosis:

1. History and physical
2. X-ray
3. Electrocardiography
4. Circulation times
5. Heart catheterization
6. Angiocardiography
7. Electrokymography
8. Oximeter studies

B. As bas been indicated by ShapirolO
and others, the correct diagnosis

of congenital heart disease depends
on a fundamental knowledge of cardiac
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physiology. It is worth emphasizing
that in a large percentage of cases,
a precise diagnosis can be made hy the
usual methods, using only the first
four in the table above. However,
in many cases a precise djagnosis is
not possible, or may be questionable,
and it is only when the last four
techniques are used that more pre
cise diagnoses are possible. With
the giant strides that cardiac sur
gery has taken in recent years, it
hehooves us to examine closely every
patient with congenital heart disease,
so that we will not deny surgery to
every deserving patient.

It is our purpose, then, to dis
cuss the value of cardiac catheteriza
tion in those patients in whom accur
ate diagnosis has either been impos
sible by the routine methods, or in
cases where the clinician has found
reasonable doubt as to the precise
diagnosis.

With this amamentar1um at his
disposal, the clinician finds himself
in a better position to make accurate
diagnoses, and his patient will bene
fit from the knowledge that no stone
has been left unturned in an effort
to assess his lesion, from the stand
point of possible surgical relief.

C. In this paper, we will limit
ourselves to the discussion of the
value of cardiac catheterization

alone, and point out the demonstrable
values of this technique in a number
of patients seen at the University
Hospitals, and also point out the
limi tations of this technique •

(IV) No:rn.al Values

A. The following table will illus
trate the relationship between
the pressures and oxygen satura

tions in the various chambers of the
heart. These values represent a mean
value for a group of cases studied in
our laboratory, and do not represent
actual values in anyone case. How
ever, they do represent typical situa
tions in patients with congenital
heart disease of the types listed.
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NORMAL AND PATHOLOGICAL VARIATIONS

IN CONGENITAL HEART DISEASE

INTRA CARDIAC PERCENTAGE OXYGEN SATU"FATION
PRESSURE

RT. VENT PUIM. ART. VENA CAVA RT. AUR. RT. VENT. PUIM. ART. FEM. ART. PUIM. 7EIN

NORMAL 25:t5 25~5 65-8Cf/o Same Same Same 96:d% Same-0- ~

INTER- Nom.al
A':WIAL or Same 6cy;~ 8510 85% 8510 II II It "
DEFECT Elevated

INTER- Normal
VENT. or Same 8CY/o 8,Y{o 9CY/o 9Cf/o 99% ----
DEFECT Elevated

PATENI' Normal
DUCTUS or Same 7CY/o 7410 75% 84% 921/0 ----

Elevated

ISOIATED
PUIMONIC High Low 7o:ja Same Same Same 9810 ----
STENOSIS

TETRALOGY
OF High Low 6CY/o 60/0 6210 5910 80/0 ----

FALLOT

EISENMENGER n"gh High 68% 59% 7410 74% 78f{o ----
COMPLEX J.

ANOMALOUS Nom.al
, PUIM. VEIN or Same 7(Y~ 80% 8CJ1o 8Cf/o 9810 ')810

Elevated o
LV
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It must be mentioned acain, that the
varia tion in oxygen conterlt in the
different chambers of the right heart
is important in the diagnosis of con
genital defects in which a shunt
exists. In this regard, multiple
samples must be obtained from each
chamber. Warren, Stead, and Bran
non11 found a maximum normal varia
tion of oxygen content in the auri
cle of 2.3 volumes per cent, and in
the ventricle of 1.8 volumes per cent.
Dexter9 haG shown that the maximum
normal variation in oxygen content
of pulmonary artery samples was 0.4
volumes per cent. The greatest nor
mal variation in oxygen content from
vem cava to right auricle is 2.0
volumes per cent, from the right
auricle to the right ventricle, 0.9
volumes per cent, and from the right
ventricle to the pulmonary artery,
0.5 volumes per cent.

B. In our studies it has been the
policy to obtain blood samples
from both inferior and superior

vena cava; two samples from the right
auricle; two samples from the right
ventricle, (one low in the ventricle,
and the other just below the pulmon
ary valve); and two from the :pul
monary artery, (one in the main pul
monary artery, and the other in
either the right or left maiL branch).
In addition, a sample of blood is
obtained from the femoral artery.

(v) Congenital Heart Disease - Types
amenable to diagnosis by heart
catheterization

A. Acyanotic Group

1. Patent Ductus Arteriosus _
the ductus arteriosus is a

vessel of considerable size and
importance in utero, acting as a
shunt to permit the blood from
the pulmonary artery to reach the
aorta. Normally wi thin a few
momentA after birth this ductus
closes, functionally at least, to
subsequently become a fibrous

structure. Should the ductus per
sist, however, the result is a con
genital shunt tha t produces a vary
ing degree of symptomatology and
altera tion in cardiac phys iology •
The symptoms of a patent ductus
arteriosus will depend largely on
the size of the ductus, and there
fore on the amount of blood shunted
from aorta to pulmonary artery.
Wi th small shunts there will be
few or no symptoms, but in larger
shunts symptoms of left heart fail
ure will eventually appear. The
diagnosis of patent ductus arterio
sus is usually easily made in the
typical case, by the recognition of
the following features:

a. Machinery murmur- this is a char
acteristic murmur heard best over
the pulmonic area, and often ac
companied t,y a palpable thrilL
The murmur itself is heart
throughout systole and diastole,
and within the murmur one can
usually hear an accentuated pul
monic second sound.

b. The heart mayor may not 1'e
enlarged, and if enlarged it is
the left ventricle that accounts
for the enlargement.

c. The pulmonary artery and its
branct.es are prominent, with
prominent pulsations evident on
fluoroscopy.

d. The aorta is prominent on roent
gen examina tion.

e. With any significant shunt there
is an increased pulse preRsure,
usually accompanied by other peri
pheral signs such as capillary
pulse, positive Duroziez's sign,
etc.

f. The electrocardiogram i3 usually
normal or may show a left axis
deviation.

g. The lesion is more common in
females.



,

,
I
)

Case Rellorts:

The following case illustrates the
classical findings in an 18 year old
male. This boy was seen with a history
of exertional dysIlnea" palpitation" and
occasional dizziness. On examination
he was found to have a large heart" left
ventricular in tYIle, a loud machinery
murmur over the Ilulmonic area, and en
largement of the Ilulmonary artery on
x-my examination. The diagnosis of
patent ductus arteriosus was made as a
result of these findings and confirmed
by subsequent cardiac catheterization
and surgery. The findinf',s on co.theter
ization in this Ila tient revealed an
oxygen content of 12.0 volumes Iler cent
in the right auricle, 11.7 volumes Iler
cent in the right ventricle" and an
oxygen content of 15.2 volumes Iler cent
in the Ilulmonary artery, Ilroof of a
large shunt from aorta to Ilulmonary
artery. Calculated on the Fick equation
this represented a shunt of nearly 12
liters per minute. The cardiac cathe
terization: was, of courso" unnecessary
from a diagnostic standpoint but was
done to obtain good control values. A
second case, however, demonstrates the
value of catheterization. This girl"
B.B." age 13, was seen in the Out-natient
Department where most of the findfugs of
patent ductus arteriosus were domonstrated.
However" the murmur heard in this patient
was systolic only in time" and was also
shown to be systolic in time by phonocar
diogram. Because of this finding the
need to rule out an interventricular or
interauricular selltal defect became impor
tant if this girl was to be given the
benefit of surgery. Accordingly, cardiac
catheterization was carried out" and evi
dence of an aortic pulmonary shunt was
demonstrated, and. the girl operated upon.
At the time of surgery a large ductus
was found and divided. The values for
oxygen content in the various chambers
of the heart revealed an increase of 1.0
volumes Iler cent from right ventricle to
pulmonary artery, again" compatible with
the diagnosis of a patent ductus arterio
sus.

This case then demonstrates the need
for catheterization, for had this proved
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to be a septal defect and surgery done
without a prior cardiac catheterization,
the Ilatient would have been exposed to
an unnecessary surgical risk.

2. Interauricular Selltal Defect.-

The interauricular septal de
fect is the result of failure of
fusion of the interauricular septum,
and here again, the size of the de
fect is the determining factor in
the production of symptoms and find
ings. The diagnosis of this leaion
is dependent on the follOWing:

a. Patients are usually stunted in
their development.

b. There is usually a systolic mur
mur heard over the Ilulmonic area"
but this is often absent. The
murmur is harsh and often accom
Ilanied by a thrill.

c. Right ventricular enlargement is
characteristically found, and the
heart is usually globular in
shalle.

d. The pulmonary artery is greatly
enlarged" and on fluoroscopy the
branches Ilulsate vigorously.

e. The loft ventricle and aorta are
underdevelolled as a result of
the shunt from left auricle to
right auricle.

f. The pulse Ilressure is normal.

g. The electrocardiogram is either
normal or may show right axis
deviation.

Case Rellorts

The following case illustrates a fairly
typical interauricular septal defect.

. , a 12 year old boy, had a history of
fa tigue, Ilalpi ta tion, and. a heart murmur
known since age 3. On oxamination there
was a systolic murmur heard over the
entire precordium" accomllanied by a
thrill. The blood pressure and pulse were
n.ormal. On eloctrocardiogram there was
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right axis deviation. On x-ray exnm·
ination the heart was globular in shape
and it was noted that the aorta was
small, the right ventricle enlarged,
and the pulmonary artery very prominent
with large, pulsa ting pulmonary arter;y'
branches. A clinical diagnosis of
inter-auricular septal defect was proved
on cathe teriza tion, by virtue of the
following findings. The oxygen content
of the superior vena cava was 9.0 vol
umes per cent, the right auricle 13.5
volumes per cent, and the right ventri
cIe and pulmonary artery 13.5 end 14.0
volumes per cent.

A second case, however, was somewhat
more difficult of diagnosis, and here
cardiac catheterization helped in ar-
riving at the diagnosis. ., 0.. 7
year old girl, showed most of the clas
sical findings of an interauricular sep
tal defect, hut in view of a moderately
elevated pulse pressure, and the find
ing of a tendency to left axis devia
tion on the electrocardiogram, some
doubt existed as to whether she might
not have an atypical patent ductus
arteriosus. Accordingly, heart ca the
teriza tion was done, and the clinical
impression of an interauricu1.ar septal
defect proved hy the passage of the
catheter through the auricular septal
defect into the left auricle and from
thero into a pulmonary voin where the
oxygen content was 14.0 volumes per cent,
(or 100 per cent saturated as calculated
on the basis of the hemoglobin concen
tration of that sample). This case,
while fairly typical, by virtue of
ca thotorizat10n ruled out any room for
doubt as to the diagnosis.

3. Interventricular septal defect.

As in interauricular defects,
this lesion results from failure of
fusion of tho various portions of
the interventricular septum.
Again, the symptoms and findings
depend on the size of the defect,
and accordingly, tho amount of
blood shunted from the left ven
tricle to tho right ventricle. The
diagnosis of this lesion in tho
typical case is dependent on the

following:

a. A loud systolic murmur is
usually heard over the lower end
of the sternum, often accompan
ied by a palpable thrill.

b. On x-ray examination the heart
is usually normal in size.

c. The pulmonary artery and its
branches are enlarged and will
pulsate vigorously as a ru~e.

d. The blood pressure and pulse
pressure are within normal limits.

e. The electrocardiogram will be
normal or occasionally will show
a heart block due to interfer
ence in conduction over the bun
dle of His.

The chief error in diagnosis is in
the differentiation between this
lesion and an interauricular septal
defect.

Case reports:

The following case, , a male, age
5, 1s indicative of this difficulty. On
examination there was a harsh systolic
murmur and thrill, best heard at the 4th
interspace to the loft of the sternum.
Tho heart was moderately enlarged with a
small aorta, and prominent pulmonary ar
tery and vasculnr markings. The blood
pressure was normal, and the electrocar
diogram was normal, with normal axis. A
pre-catheterization diagnosis of inter
auricular septal defect was made, both
clinically and radiologically, but on
catheterization a shunt between the ven
tricles was well demonstrated. In this
case the oxygen content in the vena cava
was 11.0 volumes per cent, in the right
auricle 10.9 volumes per cent, and the
right ventricle and pulmonary artery, 12.5
and 12.8 volumes per cent. This indica ted
a shunt from left ventricle to right ven
tricle.

A second case, . a 6 year old fe-
male, was similar to the first in that a
diagnosis of inter-auricular septal defect
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had boon ~ade. In this caso the sys
tolic murmur was heard. over the loft
2nd interspace, the x-roy findings
domonatrated a .SInall aorta, and enlarged
pulmonary artery, compatible with an
lnterauricular septal defect. On cathe
terization, however, the findings of
an interventricular septal defect were
demonstrated by the finding of an oxygen
content of 11.3 volumes per cent in the
suporior vena cava, a content Qf 11.1
volumes per cent in tho right auricle,
and an oxygen content of 12.4 volumes
pOl' cont in the right vontricle and pul
monary artery.

Theso cases, then, 0.1'0 evidonce of
the value of heart cathetcriza tion, and
while tho differentiation, in these two
cases, botween the lesion of an inter-
auricular and an interventricular septal
defect, my be academic at the present,
it is well to keep in mind tho fact
that one day one or both of those lesions
may woll be amenable to surgical attack.

4. Isolated pulmonic stenosis -

While this is a rare lesion,
it is met often enough to be con
sidered in our discussion. In
this lesion, the sole defect is a
stenosis of either the pulmonary
valve, or a stenosis of the in.
fundibular portion of the right
ventricle. The findings in such
cases are usually as follows:

a. Absence of cyanosis - although
this problem is one of wide
discussion, the cases we have
examined here have been free of
an~ cyanosis, and review of re
cent literature on the subject
would indicate that cyanosis is
not present in pure pulmonary
stenosis. In those cases with
accompanying patency of the
foramen ovale it has been postu
lated that the increased pres
sure in the right ventricle will
raise the pressure in the right
auricle and. thence shunt venous
blood into the systemic circuit
to cause cyanosis. However,
our studies indicate that the
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pressure change in the right
auricle is insignificant, in
spite of extremely high right
ventricular pressures.

b. Systolic mur.mur over the pul
monic area. This is a harsh
mur.mur, with an accompanying
faint or absent pulmonic second.
sound.

c. The heart is enlarged with
prominent of the right ventricle,
and may be globular in type.

d. The pulmonary artery is small
and the lung pulsations much de
creased.

e. The electrocardiogram will show
a right axis deViation, and fre
quently a right heart strain
pattern.

Case report:

The following case was of interest in
this regard. , female, age 18, was
referred to us as a possible patent duc
tus arteriosus or interauricular septal
defect. On examination here she demon
stra ted an enlarged heart with right
ventricular prominence, and. a large pul
monary trunk shadow. The lung pulsa
tions, however, were diminished. A harsh
systolic mur.mur was heard over the pul
monic area and the pulmonic second sound
was decreased. Hhile the findings then,
indicated reduced flow to the lungs, it
was no.t evident why she had such a large
pulmonary trunk shadow. On. ca theteriza
tion, however, she proved to have a mark
edly elevated pressure in the right ven
tricle, and an abnormally low pressure
in the pulmonary artery. The pressure in
the pulmonary artery was 12/8 rom. of mer
cury, and the right ventricular pressure
was 120/0 mIll. of mercury.

Catheterization then, in this patient
demonstrated tho. t the pulmonary artery
enlargement was in the nature of a past
stenotic dilatation.

5. Anomalous pulmonary vem. -
This rarity bas been encountered
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on two occasions in our studies.
Ordinarily, this lesion may take on
several forms. In the most serious
fom all of the pulmonary veins
empty into the right auricle, a
lesion incompatible with life. Less
serious are those cases with one or
two veins entering the right atrium.
In the la tter case the appearance
of such patients is n.ot suggestive
of an. interauricular septal defect,
and usually presents itself with
the classical features of such a
defect as described above. How
ever, by its nature it is signifi
cantly different in that it lends
itself to surgical approach.

Case report:

Of greatest interest to us was the
case of , a female, age 16. This
girl was referred to us with a history
of the discovery of "congenital heart
disease" at age 6. She had had 2 episodes
of acute rheuma tic fever after age seven.
The striking feature of the case, however,
was the fact that in spite of a typical
mitral diastolic murmur, she was practi
cally asymptomatic, and showed no sign
of left auricular enlargement. There was
a rough systolic murmur over the pulmonic
area, and a very short, high-pitched
diastolic murmur accompanying this. The
x-ray findings were considered in keeping
with a diagnosis of interauricular septal
defect, and with the findings of a mitral
stenosis the clinical impression was
"Lutembacher's" sYndrome. On catheter-
ization of this patient's heart an
anomalous vein that entered the right
atrium was demonstrated in. that the
catheter passed directly fro~ the right
atrium into the lung field, and blood sam
ples from this area revealed arterial
blood with a saturation of 98 per cent.
This then, was invaluable in.forrnation,
as it explained the lacle of symptoms
from the mitral stenosis. In essence,
then, this patient had provided herself
with a vascular shunt tha t reduced the
left auricular load, a mechanism that has
recently been used by Bland and Sweet12
in the surgical treatment of mitral
stenosis.

(v)
B. CyanDtic congenital~ disease

1. Tetralogy of Fallot -

This lesion iA responsible for
about 75% of all patients with
cyanDtic heart disease, and as evi
denced by its name, has four char
acteristics, pulmonary stenosis,
high interventricular septal de
fect, overriding aorta, and right
ventricular hypertrophy.

The most important feature of
this lesion, however, is the inade
quate flow of blood into the lungs
by virtue of the pulmonic stenosis.
The classical features of this
entity, and the diagnostic fea
tures are as follows:

a. Increasing oyanosis from birth.
The cyanos is is due to the ad
mixture of venous and arterial
blood. This cyanosis is accom
panied by severe clubbing of
the fingers.

b. Systolic murmur. This is
heard best over the pulmonic
area, and is usually accompan
ied by a thrill. The pulmonary
second sound is usually absent.

c. The heart is usually normal in
size but on x-ray examination
there is relative right ventri
cular enlargement, with absence
of a normal pulmonary artery
shadow. This la tter fea ture
gives the picture of a "couer
en sabot".

d. The pulmonary artery branches
are dimin.ished in size, with
unusually clear lung fields, the
so-called "anemic" lung.

e. The electrocardiogram will show
a pronounced right ventricular
predominance.

2. Eisenmenger's complex.

This complex ia presented here
before discussion of any case re
ports because of ita close associa-
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tion to the Tetralogy. In this
lesion the defects are exactly the
same as in the Tetralogy, except
that there is no pulmonary blood
flow and pulmonary blood pressure
are not reduced. This one fea ture
is the determining factor in the
differentiation of these two types
of cyanptic congenital heart disease.
For this reason the clinician must
be able to determine the presence or
absence of an elevated blood pres
sure in the pulmonary artery before
recommending surgery for any patient
with cyanotic heart disease. The
classical features then, of Eisen
menger ccmplex are as follows:

a. late and less severe cyanosis.

b. Systolic murmur over pulmonary
area.

c. Moderate, globular enlargement
of the heart.

d. Enlarged pulmonary artery and
branches with normal pulmonIC
2nd sound:--

e. Electrocardiogram shows right
axis deviation.

Case Reports

The first case is that of ., a
13 year old female. The history revealed
the development of cyanosis at age 5.
There was marked clubbing of fingers and
toos. A systolic murmur was heard over
the pulmonic area and the heart did not
appear enlarged to percussion. On x-ray
examina tion there was right ventricular
enlargement with decreased pulmonary mark
ings. However, the rrain pulmonary artery
appeared prominent, and this coupled with
the latter development of cyanosis e,ave
some doubt as to the diagnosis of Tetral
ogy of Fallot.

Accordingly this patient was studied
by heart catheterization, and the pres
sure in the pulmonary artery was found
to be 8/4 rnm. of mercury. When the
ca theter was drawn back into the right
ventricle the pressure was found to be
50/0 mm. of mercury, thus proving the
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presence of pulmonic stenosis.

A second case is of even more inter-
est. This patient, , a 6 year old
male, had a history of moderate cyanosis
since age 2. With this there was only
moderate clubbine, of the fingers and
toos, and a coarse systolic murmur and
thrill were evident over the pulmonic
area. X-ray examination, however, show.
ed a diminished pulmonary artery shadow.
The electrocardiogram showed a tendency
to left axis deviation. With these
find'In'gs the clinical impression was one
of either Tricuspid stenosis, Tetralogy
of Fallot with trilocular heart, or pos
sible Eisenmenger eomplex.

On catheterization it was found that
the pressure in th€ pulmonary artery
was 96/6n rom. of mercury and the pres
sure in the ri8ht ventricle ll~/O rom.Hg.
Therefore, it was clearly demonstrated
that there was no pulmonic stenosis,
and conse<luently any surgical procedure
to increase pulmonic blood flow would
be unnecessary.

(VI) Limitations of cardiac
catheterization in con
genital heart disease.

A. Lesions of the left ventricle and.----aorta.

1. Coarctation of the aorta.
This lesion is unapproachable
by means of right heart

catheterization, and attempt~ to
catheterize the aorta through the
brachial artery are of value only
if dyes can be injected near the
area of the coarctation. This
procedure, however, is not without
some danger.

2, Congenital suh-aortic stenosis.
For the same reasons as noted
above this lesion is beyond
the scope of heart catheter
ization.

3. Rheurratic valvular disease of
mi tral and aortic valves does
not permit specific diagnosis

by this method, but the presence
of pulmonary hypertension and
determination of cardiac nutnllt
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are easily made in these situa
tions.

B. In a certain number of cases of
cyanotic heart disease where the
presence or absence of pulmonic
stenosis must ~e clearly estab
lished it has been impossi~le to
pass the catheter into the pul
monary artery. While this in it
self is presumptive evidence of
high grade pulmonic stenosis it
can not he considered diagnostic.
In th~se cases, however, thrOU~l

the use of other procedures such
as electrokymography, oximeter
studies, and angiocardiography,
the diagnoRis may oe established.
These procedures, however, will be
discussed in a future paper.

C. In other and more varied situa
tions where heart disease of con
genital origin is suspected,
either cyanotic or ac;yanotic, it
has bean imposaihle to make an
accurate diagnosis. These cases
include pulmonary arteriovenous
fistula, anomalies of the aortic
arches, etc.

Case Reports

In the first case, " a 6 ;rear
old male, cyanosis was present gince
age 4. The clinical findings were con
sistent with a tetralogy of Fallot, and
the X-ray findings suggested decreased
pulmonary rr.arkings. However, because
of the moderate and late development of
cyanosis he was subjected to heart
catheterization. In. our attempts we
were unable to pass the catheter into
the pulmonary artery, but observed a
pressure of 100/0 rom. of mercury in the
riBht ventricle. While this was pre
sumptive evidence of pulmonic stenosis,
it n.evertheless was an unsatisfactory
study and left us with no answer as to
the presence or a~sence of pumonlc
stenosis. Further studies with angio
cardiography did demonstrate evidence
of pulmonary stenosis, however, and gave
us further support for the diagnosis of
tetralogy of Fallot.
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A seoond case, that of ' -., an 18
year old male, was Been with the history
of onset of cyanosis at age 14. The
case was further complicated by the
presence of a severe cirrhosis of the
liver. Marked clubbing was present,
the heart was not enlarged appreciably
and appeared normal in contour. With
the late onset of cyanosis, the nomal
tlPpearing pulmonary artery and ~ranches,

plus a good pulmonic 2nd sound, a clini
cal diagnosis of Eisenmenger's complex
or poss1)le pulmonary arterioTenous
fistula was made. On catheterization,
however, an. entirely normal pressure
was found in both rig..~t ventricle and
pulmonary artery, and there was no evi
dence to suggest any shunt.

Further studies with angiocardiography
and electrokymography also proved value
less and the cause of his cyanosis is
still unexplained.

(VII) Comp11c~tions of right
heart catheterIZatIOn:

A. That venous catheterization is a
l::enign procedure even ~n fairly
sick patiepts has been affirmed

repeatedly13,14,15, and our experience
with over 100 patients has confirmed
thiR. However, certain minor diffi
(",ulties have been encountered hy us,
i.e. ,

1. Venous spasm. This has
usually been associated with

~odily discomfort and apprehension.
By the use of novocaine injected
every 15 to 20 minutes into the
8ite of incision, and the uae of
an air mattress and pillows, this
cOll'Lplication is usually a voided.

2. Ventricular extrasystoles msy
be a source of discomfort to

the patient. These are produced
by contact of the catheter on the
ventricular wall. However, if the
catheter tip is ma inta ined well
wi thin. the lumen of the ventricle
this is usually avoided.

3. Post catheterization. chill and
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fever ha EI been noted on rare
occasion, and is probably no more
common than the incidence of chills
and fever following any intraven
0us fluid administration. At no
time have any organisms been cul
tured :from these few pa tients ex
hibiting such febrile reactions.
Nevertheless, to obviate any pos
sible contamination, we routinely
bive penicillin pre- and post
operatively, and often include it
in our intravenous ca theter drip.

( VIII ) Summary

A. We believe that cardiac cathe
terization in congenital heart
disease ha~ proved itself to be

a valuabl tool in. the diagnosis of
congenital heart disease, It must be
emp~~sized, however, that tbe correct
diagnosis of congenital heart dj.sease
depends on a fundamental knowledge
of cardiac physiology, and that it
is only in those cases that cannot
be successfully diagnosed by the rou
tine methods, that cardiac catheter
ization need be employed.

A group of cases has been presented
in this paper that indicate the
real contribution that ca theteriza
tion can ~ake, for without these
studies many of these patients would
have been denied surgical procedures,
or more un fortuna tely, would have
undergone the risk of unnecessary
cardiac surgery.

It is also evident that cardiac
ca theterization is not without its
limita tions. As indica ted, technic-al
difficulties have often prevented
us from advancing the catheter into
areas such as the pulmonary artery,
and also, lesions of the left side
of the heart and of the aorta are
beyond the reach of the cardiac
ca theter as far as accurate diagnosis
is concerned.

Certain complications of heart cath
eterization have been discussed, but
it is evident that this procedure is
extremely innocuous, and the compli-

201

cations that do occasionally arise,
are of a minor and trans i tory na ture •
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II. IvlEDICAL SCHOOL NEWS- .

Coming Eventa

January 26 - 28 Continuation
course in Pediatrics for General Phy
sicians.

January 30 - February 11 Continu
ation course in Neurology for Intern
ists, Psychiatrists, and Pediatri
cians.

January 31 J. B. Jo~~ston Lec-
ture - "Cortical Loc1'tliza ti;,n" 
Fred A. Mettler, Columbia University;
8: 00 p.m., Natural History Museum
Auditorium.

February 16 - 18 Continuation
course in. Cancer for Genernl Physi
cians.

Februetry 16 E. Starr Judd Lec-
ture - "Growth in the Field of Anes
thesia" - Henry K. Feecher, Harvard
University Medical School; Museum of
Natural Science Auditorium, 8:15 p.m.

March 6 - 8 Continuation course
in Gastro-Intestinal Diseasea for
General Physicians.

* * *

Continuation Course in Pediatrics

Dr. Franklin Top of the Hennan
Kiefer Hospital, Detroit, Michigan,
will participate in the continuation
course in Pediatrics to he presented
a t the Center for ContinuatiJn Study,
January 26, 27, and 28.

The course, which is intended
for general physicians, will consider
dermatological conditions in pedi-
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atrics, contagious diseases, and
human genetics as related to pedi
atrics.

Dr. Top will discuss "Immuni
logical programs" and "Poliomyelitia 
F~rly Diagnosis and Differential
Diagnosis". llr. J. A. Book, Head of
Medical Genetics, University of Lund,
Sweden, will present, "Medical and
Genetical Problems in North Sweden".
Clinical and full-time members of
the University academic staff will
make up the remainder of the fac
ulty for the course.

* * *

Symposium on Hypertension to Honor
Drs. Bell, Clawson, and Fahr

A Symposium on Hypertension
will be presentod on the campus of
the University of Minnesota on Sep
temher 18, 19, and 20, 1950, in honor
of Doctors Elexious T. Bell, Benjamin
J. Clawson, and George E. Fahr.
Doctors Bell and Clawson retired
from the Department of Pathology in
June, 1949, and Dr. Fahr will retire
in J"lne, 1950, from the Department of
Medicine.

A Symposium on Hypertension in
honor of those men is appropriate
since all three have had a special in
terest in this disease. The symposium
will bring to the University dis
tinguished sc ientiats from the United
States and abroad. Support for the
symposium has been provided JY tile
Variety Club, the Mnyo Foundation, and
the University of Minnesota. All in
terested physicians will be welcome.



III. UNIVER3ITY OF MINNESOTA MEDICAL SCHOOL
CALENDAR OF EVENTS

January 22 - January 28, 1950

No. 274

Sunday, January 22

9:00 - 10:00 Surgery Grand Rounds; Station 22, U. H.

I 10:30 - 11:00 Surgical Conforen~e; Sympathec.tomy in Varico~o Ulcers; Thomas Murphy;
Pm. M-I09, u. H.

Mr'mday, January 23

8:00 - Fractur~ Rounda; A. A. Zierold and Staff; Ward A, Minneapolis General
Hospital.

9:00 - 9:50 Roentgonology-Medicine Conference; L. G. Rigler, C. J. Watson and
Staff; Todd Amphitheater, U. H.

9:00 - 10:50 Obstetrics and Gynecology ConfeTP,ncp,; J. L. McKelvE'ly and Staff;
M-ll'l9, u. H.

10:00 - 12:00 Neur~logy Rounds; A. B. Baker and Staff; Station 50, U. R.

11:00 - 11:50 Physical Medicine Seminar; E-I01, U. R.

.; 11:00 - 11:50 Roentgenology-Medicine Conference; Veterans Hospital •

11:00 - 12:00 Cancer Clinic; K. StenstrOIl'. and A. Kremen; Eustii'! Amphitheater, U. H.

12 : 00 - 1: 00 Phy"liology Si'\minar; Eos inophile TIe spon:'le s I'l. s Tools in Staro iti Hormone
Research; Franz Halberg; 214 M. H.

12: 15 

12 :30 -

1:20 Obatetrics and Gynecology Journal Club; Staff Dining Room, U. H.

1:20 Pathology Seminar; The Hargraves Cell in Lupun Eryphemotoais; Donald
Gleason; 104 I. A.

12 :30 - 1:30 Surgery Prohlem Case Conf~rence; A. A. Zicrold, C. Dennis and Staff;
Small ClasRroom, Minneapolis General Hospital.

2:30 SUrgery Grand Rounds; A. A. Zierold, C. Dennis and Staff; Minneapolis
General Rospital.

2:30 Pediatric-Neurological Rounds; R. Jensen, A. F. Faker and Staff; U. R.

Medical-Surgical Conference; Emphyse:rm; Rul'1sell Wilson; Bldg. 1, Main
Conference Room, Veterans Hospital.

Public Health Seminar; Subject to be announced; 113 Medical Sciences.

Pediatric Seminar; Chro~~tography in Modern Research; Mr. Salmon; 6th
Floor West, Child Psychiatry, University Hospitals.

5:00 - 5:50 Clinical Medical Pathologic Conference; Todd Amphitheater, U. H.

4:00

1:30 -

1:30 

4:00 -

4:00 -

5:00 - 6:00 Urology-Roentgenology Conference; D. Creevy, O. J. BaggenstoM and
Staffs; M-l09, U. H.
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l Tuesday, January 24

X-ray Surgery Conference; Auditorium, Ancker Hospital.

nermatology and Syphilology Conference; R. E. Michelson and Staff;
Bldg. III, Veterans Hospital.

Gynecology Chart Conference; J. L. McKelvey and Staff; Station 54,
U. H.

Fracture Conference; Auditorium, Imcker Hospital.

Roentgcnology-Surgical-Pathological Conference; Craig Freeman an~

L. G. Rigler; M-I09, U. H.

Surgery Seminar; Small Conference Room, Fl~g. I, Veterans Ro~pitnl.

Roentgenology Pediatric Conference; L. G. Rigler, I. McQuarrie and
Staffs; Tod~ Amphitheater, U. R.

Surgi~al Pathological Conference; Lyle Ray an~ E.T. Bell; Veterans
Hospital.

Pediatric-Surgery Rounds; Drs. Stoessel', Wyatt, Chistolm, McNelson
and Dennis; Sta. I, Minneapolis General Hospital.

Pathology Conference; Autopsies; J. R. nawson and Staff; 102 I. A.

Pediatric Psychiatry Conference; R. A. Jensen an~ Staff; 6th Floor,
West Wing, U. H.

Clinical Pathological Conference; Staff; Veterans Hospital.

Physiology-Surgery Conference; TranAfuaions with Hemolized Blood;
Russell Nelson and Clarence Dennis; Eustis Amphitheater.

Pediatric Rounds on Wards; I. McQuarrie and Staff; U. H.

X-ray Conforence; Presentation of Cases hy Ancker Hospital Staff;
Drs. Aurelius, Peterson and Marshall; Todd Amphitheater, U. H.

5:00 - 6:00 Porphyrin Semir.ar; C. J. Watson, Samuel Schwartz, et ali Powell Hall
Amphitheater.

8:00 - 9:00

8:15 - 9:00

8:30 - 10:20

9:00 - 9:50

10:30 - 11:50

12 :30 -

12 :30 - 1:20

1:30 - 2:30

1:00 - 2:30

2:00 - 2:50

3 :15 - 4:20

3 :30 - 4:20

4:00 - 5:00

4:00 - 5:00

5:00 - 6:00

t
)

8:00 - 8:50

8:30 - 9:30

8:30 - 10:00

11:00 - 12:00 Pathology-Medicine-Surgery Conference; Medicine Case; O. H. Wangen
steen, C. J. Watson and Staffs; Todd Amphitheater, U. H.

12:00 - 1:00 Radio-Isotope Seminar; Preliminary Experiments with Tagged Anti
Bodies; J. Friedman; 113 Medical Sciences.

3:30 - 4:30 Journal Club; Surgery Office, Ancker Hospital.
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8:30 - 10:20

9:00 - 9:50

10:00 - 11:50

10:30 - 11:50

Wednesday, January 25 (Cont.)

4:00 - 5:00 Infectious Disease Rounds; Univer~ity Hospitnl~, Todd Amphith~ater.

5:00 - 5:50 Urology-Pathological Conference; C. :D. Croevyand staff; E-lOl, U. R.

Thursday, January 26

Surgery Gnwd Roun.ds; Lyle Hay and Staff; Veterans HOSpitAl.

Medicine Case Presentation; C. J. Watson Rnd Staff; M-109, U. R.

Medicine Ward Rounds; C. J. Watson And Staff; E-22l, U. R.

Surgery-Fadiology Conferenc·e; naniel Fink and Lyle Fay; Veterans
Hospital.

11:00 - 12:00 Canoer Clinic; K. Stenstrom and A. Kremen; Todd Amphitheater, U. R.

11:30 - 12:30 Clinical Pathology Conf~!.'ence; Steven Farron, C. Dennis, George Fahr,
A. V. Stoesaer and Staffs; large Classroom, Minneapolis General
Hospi tal.

12:00 - 1:00 Physiological Chemistry seminar; Free Radicals in Biochemistry;
Richard Von Kerff; 214 M. H.

1:00 - 1:50 Fracture Conference; A. A. Zierold and Staff; Minneapolis General
Hospital.

Ophthalmology Ward Rounds; Erling W. Hansen anrl. Staff; E-534, U. H.

X-ray Seminar; Osteitis Condensans Ilii; Halter Ude; Case Presenm
tions by University Hospital Staff; Todd Amphitheater, U. E.

Errors Conference; A. A. Zierold, C. J:lennis I'\nd Staff; large
Classroom, Minneapolis General Hospital.

BA.cteriology and Immunology Seminar; Immunological Status of the Agent
of Chicken Sarco1T'.a I; Mr. Rower Shear; 214 M. H.

Pediatries Cardiology Conference and Journal Cluh; Review of Current
Literature 1st hour and Review of Patients 2nd hour; 206 Temporary
Hest Hospital.

2:00 - 3:00

4:15 - 5:00

J 4:30 - 5:20
~'

5:00 - 6:00

7 :30 - 9 :30

Friday, January 26

8:30 - 10:00 Neurology Grand Rounds; A. B. Baker anrl. Staff; Station 50, U. H.

9:00 - 9:50 Medicine Grand Rounds; C. J. Watson and Staff; Todd Amphitheater, U.H.

10:00 - 11:50 Medicine Ward Rounds; C. J. Wa.tson and Staff; E-22l, U. H.

10:30 - 11:20 Medicine Grand Rounds; Veterans Hospital.

10:30 - 11:50 Otolaryngology Case Studies; L. R. Foies and Staff; Out-Patient
Department, U. H.

11:00 - 12:00 Surgery-Pediatric Conference; C. Dennis, O. S. Wyatt, A. V. Stoesser,
and Staffsj Minneapolis General Hospital.

11:45 - 12:50 University of Minnesota Hospitals General Staff Meetingj Experimental
Production of Megaloblastic Anemia in Relation to Megaloblastic
Anemia in Infancy. Charles D. May: }owell Hall Amphitheater.



8:00 - 9:00

8:30 - 9:30

9:00 - 11:30

)

Frida;)T, January 27 (Cont.)

12:00 - 1:00 Surge-ry Clinical Patholoe;ica.l Conference; Clarence Dennis anti. Staff;
large Clasflroom., Minneapo11~ (',.ene1"B.l Hospital.

1:00 - 1:50 Dermatology and Syphilology Conference; Pre~entation of Selected
Cases of th~ Week; H. E. Michelson and Staff; W-312, U. H.

1:00 - 3:00 Pathology-Surgery Conference; Auditorium, Ancker Hospital.

1:00 - 2:50 Neurosurgery-Roentgenology Conference; W. T. Peyton, Harold O.
Peterson and Staff; Todd Amphitheater, U. H.

3:00 - 4:00 Neuropathology Conference; F. Tichy; Todd Amphitheater, U. H.

3:00 - 6:00 Demonstrations in Cardiovascular Physiology; M. n. Visscher, et al;
301 M. H.

4:00 - 5:00 Clinical Pathological Conference; A. B. Daker; Todd Amphitheater,
U. H.

4: 15 - 5: 15 Electroca.rdiographic Conference; Right and Left Ventricular Prepon
derance; Ernst Simonson; 106 Temp. Bldg., Hospital Court, U. II.

5:00 - 6:00 Otolaryngology Seminar; Review of Current Literature; Dr. ~~eeler;
Discussor, Dr. Boies; Todd Memorial Room, U. H.

Sa turday, January 28

7:45 - 8:50 Orthopedics Conference; Wallace H. Cole and Staff; M-I09, U. H.

Surgery Li tarature Conference; Clarence DenniA and Staff; Small
Classroom, Minn~apolis General Hospital.

Surgery Conference; Auditorium, Ancker Hoap ital.

Neurology Conference; Atrophies and Dystrophies; Powell Hall
Amphitheater, U. H.

9:00 - 9:50 Medicine Case Presentation; C. J. Watson and Staff; E-221, U. H.

9:00 - 10:30 Pediatric Grand Rounds; 1. McQuarrie and Staff; Eustis Amphitheater,
U. H.

9:00 - 11:30 Surgery-Roentgenology Conference; Todd Amphitheater, U. H.

10:00 - 11:50 Medicine Ward Rounds; C. J. Watson and Staff; E-221, U. R.

10:00 - 12:50 Obstetrics and Gynecology Grand Rounds; J. L. McKelvey and Staff;
Station 44, U. H.

11:00 - 12:00 Anato~y Seminar; Hyperchromatism as a Phase of Chromatolysis;
Harold Haft; Survey of the Pulvinar; William H. Boyd; 226 I. A.


