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Present: 122

I., LAST WEEK

Gertrude GU1U1
Record Librarian

366

Alexander R. Colvin 1~00 Surgery
Hal Dowey '01 Anatom;r
Arthur S. Hamilton '04 Nervous and

Mental Diseaseli.
Edward J. Huenekens '09 Pediatrics
Harry G. Irvine '09 Dermatology
Fanny M. Leversee '07 Pathology
JOM S. Macnie '05 Ophthalmology
William J. Mayo '07 Regent of the

University
Edward G. Moren '09 Surgery
Henry W. Morris '06 Pathology
Walter R. Ramsey 1900 Pediatrics
Harry P. Ritchie '94 Surgery
Harold E. Robertson '07 Pathology,

Mayo FoundatiOl
Frederick H. Scott '08 Physiology
Samuel E. Sweitzer '02 Dermatology
Henry L. Ulrich '03 Medicine
S. Marx 'White '98 Medicine

2" SYMPATHY

The staff extends sympathy to
Fred H. Hamilton, custodial mechanic of
the Univorsity of Minnesota Hospitals in
the loss of his wife, Ethel M. Hamilton.
Death occurrod April 29, 1939. Mrs.
Hamilton had been ill for some time.

Carcinoma of Colon and Rectum
Charles E. Rea
B. A. Smith, Jr.
Hanna Schwyzer

Movie: "Tracking the
Sleeping Death"

12:15 to 1:20 P..M.

April 28, 1939

Discussion
W. T. Peyton
L. G. Rigler
K. W,; Stenstrom
J. R. Paine
H. W. Christiansen
B. A. Smith" Jr.
B. A. Dvorak
C. E. Rea

Recreation Room
Powell Hall

Time:

Place:

Date:

,i

II. MOVIE 3. GASTROENTEROLOGY

Titles: ItFantasie Erotig,ue"
"Protest il

Produced by: Karel Dodal

The Center for Continuation
Study announces a six-day course in
Gastroenterology from May 8 - 13, 1939.
Among others, the following will teach:

III. ANNOUNCEMENTS

1. THIRTY YEARS OF SERVICE

The University of Minnesota held
a special convocation on Thursday, .f:.by 4,
1939 to honor faculty members who had
served for 30 or more years. The number
did not include those who occupy emeritus
positions. The following members of the
Medical School faculty were honored (year
of appointment is indicated):

Macnider Wetherby, B. R. Kirklin,
T. A. Peppard, M. Barron, F. H. K. Schaaf,
Harry 'Weber, C. J. Watson, E. A. Boyden,
George B. Eusto:r'I1l.£U1., Howard K. Gray,
R. W. Morse, J. B. Carey, N. L. Loven,
A. C. Kerkhof, L. G. Rigler, W. W. Spink,
H. A. Christiansen, O. H. Wangensteen,
J. A. Laj~e, and B. A. Smith, Jr.

The registration includes physicians
from Minnesota, and surrounding states.
Pennsylvania and Texas are represented
for the first time.

Frank E. Burch
John Butler

f07 Ophthalmology
'09 Dermatology * * * * *



IV. ROENTGENKYMOGRAPHY

H. L. Friedel1
L. G. Rigler

Roentgen1Qmography is a method for
registering accurately and objectively
the excursions of the periphery of an
organ due to the motion of that organ.
This means of studying the physiology of
pulsating and motile organs has been
used in examining the heart and the great
vessels, the diaphragms, the gastroin
testinal tract and the ureters. Roentgen
kymography is of most importance in the
stUdy of cardiac physiology to which pur
pose it lends itself admirably.

Roentgen kymographic analysis was first
introduced by Sabat in Warsaw, Poland in
1911 when he was engaged in physiological
investigations. Gatt and Rosenthal in
1912 independently developed a roontgen
kymograph similar in tm.ny respects to
that of Sabat. The first kymograph to be
built in the United States was made in
1915 by Dr. A. W. Crane of Kalamazoo,
Michigan, who attempted to correlate kymo
graphic changes in the hoart with the
electrocardiogram and the polygraph.
These early kymographs were extremely
crude and utilized only a single slit, or
at the most, several slits. The first
post-war kymographic studies we~e pub
lished by Robert Knox in 1922 and in 1925
he suggested the use of the kymograph for
studies of esophageal and gastric peri
stalsis. Moat of the early work was
severely handicapped by the technical in
adequacy of the roentgen ray source and
for this reason little interest in
roentgen1Qmography was manifested. The
striking technologic advances of the
past ten years prOVided considerable
impetus, however, and in 1928 Pleikardt
St~~pf perfected his multiple slit kymo
graph which has served as a model for the
mOGt recent apparatus. In 1934, Stumpf's
wOl'k was first introduced into America
by I. Seth Hirsch, and sinco then numer
ous workers in this country, notably Scott
and Moore, have published considerable
on this subject.

The principle of roentgen kymography
is simple and may be readily understood
once we picture the essentials of the

apparatus. Tho equipment consists of
a grid comprisod of lead strips about
12 mID. wide placed transversely about
.4 rom. apart, and a device for impart
ing a uniform motion at a fixed rate to
the x-ray film. The grid is interposed
between the object to be examined and
tho moving film. The x-ray source is
energized for the periOd of time neces
sary for the film to movo a distance
just short of that between the lead
slits. Only those points on the con
tours of the object at the level of the
slits will then be registered on the
fUm. If the film remained stationary,
any change on the periphery of a moving
organ would ()e obscured, since only the
widest point of excursion could be demon
strated. If the film moves, however,
then the change at every instant is
registered and the extent and rate of
pulsation is thus demonstrated. It must
be constantly borne in mind, however,
that the waves produced do not represent
the actual excursion but only that com
ponent which is parallel to the direc
tion of the grid sIlts. Any point which
has no motion during the time of expo
sure would be represented by a line
perpendicular to the direction of the
grid slits. In this description, WG

have considered the moving film type of
k;ymograJ:ll. Similar results, with certain
obvious modifications, are obtained with
the moving grid type of kymogram. In
such an apparatus, the grid itself moves
during exposure, while the position of
tho film remains unchanged.

The resultant wave form at the peri
phery of the organ examined will thus
ropresent graphically the expansion and
contraction of the particular point
which is registered and the rate at which
these movements occur.

In effect it is an objective delinea
tion of the movements which may be ob
served fluoroscopically, but in this
manner they are more sharply defined,
more readily timed and correlated, and
can be studied at leisure.

With the oxcoption of cardiac physiol
ogy, the movements of the diaphragm and
small intostine have been most intensive
ly studied.



colon as well, but this is only of
passing interest. Stumpf and Weltz
state that peristaltic waves similar
to those in the stomach are present.
These progress eo slOWly that they have
not been observed fluoroscopically.

The diaphra.g.matic movements have been
studied by Stumpf, Dahm, Richter, and
others. Various types of respiration
have characteristic wave forms and,
when correlated with changes in the ribs,
an accurate registration of the changes
in the thoracic cavity is obtained.
Abdominal respiration may be differen
tiated from pure thoracic respiration.
Kienb8ck ' s phenomenon (paradoxical
motion of the diaphragm) may be graphi
cally demonstrated and the reduced
amplitude of excursion of the diaphragm
in emphysema can be recorded. Of inter
est, also; are the recorded movements of
the diaphragms, mediastinum and struc
tures of tho chest wall when the normal
respiratory mechanism is disturbed by
extensiVe pathological processes within
the lungs or when collapse therapy has
been instituted.

The heart shows to greatest advantage
the graphic stUdy of its pulsations.
Mk~y publications have appeared which
have concerned themselves solely with an
analysis of the waves at the periphery .
of the heart silhouette. These waves
have been separated into their systolic
and diastolic components, and the forma
tion of these waves for every chamber of
the heart has been determined.

Observations have been made on the

Dahm has done considerable work on the
esophagus. He separates, of course, the
intrinsic peristaltic movement of the
esophagus itself and the transmitted
pulsations secondary to the heart and
aortic movements. It is possible, by
analysis of the kymographic waves, to
determine the position of the various
chambers of the heart and the aorta in re
lation to the esophagus. He measured
the rate of peristalsis and compared this
with the rate of descent of various types
of food. Fluids were found to descend
more rapidly than a peristaltic wave
could pass down the esophagus. Fluids de
scended at the rate of 5.2 em. per minute,
pastes about 4.3 em. per minute. The
rate of motion of a peristaltic wave oc
curred at approximately 1.7 em. per minute.
The degree of tonus and peristaltic
activity is well demonstrated by the eso
phagus and is ideal for stUdying cardio
spasm and achalasia.

Kymographic studies of the stomach are
based almost entirely on the original
work by Stumpf who analyzed 100 normal
stomachs and determined peristalsis on the
following basis: 1. amplitude, 2. fre
quency, 3. wave length. Examination of
the stomach, while as yet of no signifi
cant clinical importance is of interest in
benign ulcer and neoplasms of the stomach.
At the site of the benign ulcer, there
is manifosted more or loss complete flexi
bility. Altho active peristalsis is not
present, this portion of the stomach is
affected by the peristalsis in the adja
cent waves. In malignant infiltration,
an area without movement of any regular
sort is apparent, this region being af
fected only passively by other movements.

In tho consideration of roentgenkymo
grams obtained in the ordinary way, it
must be remembered that only the pulsa-

Weltz analyzed movements of the small tions of the fixed points of the heart
intestine and was able to demonstrate aro registored on the film and that these
the segmentary movements and peristaltic points are separated by a distance oxuct-
changes in the small bowel. Various ly corresponding to the width of the
portions of the bowel have been consider- strips in the grid. The size and shape
ed woth a comparison of amplitUde and of the heart may be examined oxactly as
rate of peristalsis. In addition, the ad- on ordinary teleroentgenograms of the
vancing segmental movement, a preViously heart if corresponding points in each
unrecognized movement, has been demonstrat- frame are linked together by a smooth
ed in the kymographic studies. This move- line. This is an inherent advantage of
mont is usually present when large amounts tho multiple slit kymograph. Systole and
of material suddenly enter the bowel. diastole alono do not comprise the entire

wave form represented on the kymograph,
for pendulum motion and rotary motion of



the heart will also be included. In
addition, slight motion of the entire
heart in the vertical position will dis
tort the wave. It is for this reason
that the individual waves do not with
absolute certainty represent the excur
sion of the periphery of the cardiac
silhouette. However, modification, in
most cases, of the pure contractile and
expansile phn.ses of heart motion is of
minor significance. Movements of the
heart as a whole may be accurately demon
strated since points in different frames
corresponding in phase may be determined.•
The cardiac contour in systole and dia
stole or any point in the cardiac cycle
may thus be fixed.

Interpretation of the ordinary kym
gram made with the moving film can be
undertaken readily if one remembers cer
tain salient points.

1. The first portion of the film to
be exposed is at the bottom of the frame;
therefore, waves are to be considered
from below upward.

. 2. Rapid motion will be represented
by lines approaching the horizontal;
slow movements by lines apIlroaching the
vertical; absence of motion by vertical
lines.

3. In general, the pea.lks of waves
represent diastole, the troughs represent
systole.

4. Points corresponding in distance
from the base line of any frame must have
been registered at the same instant.

In clinical applications, roentgen
kymography permits the determination of
several sources of information concern
ing tho heart which wore hitherto not
available. The topographical location
of various chambers of the heart may
be identified; variations between normal
and pathological wave forms may be deter
mined; and changes in the heart as a .
whole may be considered.

In the ordinary telerentgenogram the
exact positions of the chambers cannot
be definitely determined, ulthough this
is frequently possible in the ortho-

diagram. In the kymogram. it is demon
strated that ventricular wave complexes
occupy the entire left bordar and a
portion of the lower right border.
Auricular wave complexes appear at the
upper right border and occasionnlly' are
superimposed on the ordinary ventricul
ar complex at the extreme upper left
border where the left auricular appen~

doge may occasionally be observed.
The position of the various chambers
posteriorly may similarly be determined
by a kymogra:pl made in the laternl posi
tion with the barium filled osophasus.
Likewise the great vessels may be
distinguished from the cardiac chambers
by the differences in their wave forma.

The individual wave changes are
characteristic in certain types of
cardiac pathology and show marked devia
tions from the normal. The characteris
tic normal wave form is shown in
Figure la of the accompanying diagram.
Two pulsations are shown in each frame.
In aortic insufficiency, the waves are
increased in amplitUde and the lower
limb representing the diastole 1s
markedly flattened, Which indicates a
rapid filling since now blood is being
driven into the left ventricle from the
peripheral circulation at high pressure
in addition to the normal flow from
the pulmonary circulation. This is well
shown in Figure lb. The aorta also
shows marked increase in pulsations
and corresponds to the ventricular
complex, except for the reversal in
phase. In aortic stenosis, there is a
change in the upper limb of the ventri
cular wavo since the ejection phase is
definitely prolonged. Such a wave form
is illustrated in Figure Ie. The
aortic pulsation is similarly reduc~d.

Less well defined changes have been ob- _
served in myxoedema and hyperthyroidism.
In myxoedema. (Figure ld) the waves are
low and rounded, undoubtedly associated
with the low circulation rate. The
hyperthyroid heart haa sharp peaked
wavos of higher amplitude, again very
probably a manifestation of the circula
tion rate which, in this instance, is
greator than normal. No distinct!ve
changes have been observed in cases of
pure h;Y1lerteIlBlon.



Fig. lao Normal kymo

graphic wave form

along left border

of heart.

Fig. lb. Wave form of

aortic insufficiency

along left heart

border.

Fig. Ie. Wave form of

aortic stenosis along

left heart border.
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Fig. Id. Wave form of

myxedema along left

heart border.
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fined systolic and

diastolic junction.



Another important use of lQmography
is in the study of the arrhythmias.
This study has been most instructive in
ventricular extrasystoles with pulse
deficit. Thus systolic contractions
of the heart which failed to influence
or produce an aortic pulsation have been
well demonstrated. The pulsations of
the heart as a whole may also be studied
by registering the pulsation of single
well distributed points on the periphery
of the heart contour. It is possible,
by uniting these points at definite
phases of the cardiac cycle, to determine
the extent of the motion and pulsation
of tho heart as a whole.

If one desires to estimate grossly
the change in the heart motion, such a
procedure is unnecessary, and the char
acter of the pulsations will proVide
sufficient information by mere inspection.
In cases of adhesive pericarditis and
myocardial infarction, the reduction in
the amplitude of the waves is the most
striking. In the first instance, the
marked diminution of motion is confined
to the area of the adhesions or may be
generalized if the adhesive pericarditis
involves the entire pericardium. (See
illustrations accompanying case reports).
In myocardial infarction, this, of course,
is confined to the damaged portion of
the heart. Occasionally, after fibrosis
ond aneurysmnl dilatation of the in
farcted portion of the heart has occurred,
paradoxico.l motion may be observed.
Stumpf first concerned himself with tho
movements of the heart as a whole when he
observed in certain hearts a progressive
increase in the pulsation of the heart
along its left border, beginning from
base to apex. This he described as
Type I. Type II has been deseribed as
pulsations occurring along the left bor
der, which decrease progressively from
base to apex. These types of pulsations
have been correlated well with the con-
dition of the myocardium. Type II has
beon found most frequently in cases of
heart failure and in those cases which
were approaching myocardial insufficiency.
Pulsations of both typos have been ob
sot"Ved in normal hearts but Type I pre
dominates.

In practically all of the studies made
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here, we have been concerned with the
appearance and pulsation of the heDJ:"t as
a whole since this lends itself accur
ately to quantitative analysi.s. The
heart silhouettes in systole and dia
stolo have been reconstructed as de
scribed above, and all comparisons have
been made on this basis.

The problem of heart size has been
one of considerable importance since
the earliest da.ys of roentgenology. In
1900 Moritz described the orthodiagraph
and in 1902, he published a treatise_on
heart size with introduction of measure
ments of the cardiac silhouette by menns
of orthodio.graphy. In 1907, Dietlon
published his extensive work on ortho
dio.graphic measurements, and in 1912
Groedel further extended it.

About this time, teleroentgenography
was becoming nore extensively used for
:measurement of heart size. Because of
the greater ease of obtaining roent
genograms, this I:J.ethod began to displace
orthodiagraphy. Numerous :IDvestlgatcrB
denonstrated quite conclusively that no
appreciable difference (if roentgeno
grans wore corrected for distortion)
existed in the measurements made by
orthodiagraphy or roentgenography. The
nethod of orthodiagraphy, however, ap.. .
peared to aobody a certain advantage
over roentgenography in that it permit
ted clearer differentiation of the car
diac shadow at the lower border of the
heart frotJ. the shadow of the spine and
diaphragrJ.. This was due to the fact
that tho cardiac pulsations could be
visualized in this uncertain region. Of
courso, all m.easurements by orthodia
graphy represent the heart near complete
diastole and to make the teleoroentgeno
gram cotJ.parnble so that it also repre
sents the cardiac silhouette at or near
diastole, exposure must occur over a
period of tine sufficient to per.o1t
several cardiac pulsations.

It is readily apparent that the mug-
nitude of the cardiac pulsations would
have an 1oportant influence upon the
total size of the cardiac silhouette.
If,therefore, it can be demonstrated
that the amplitude of the pulsa.tions is
directly associated with cardiac function,
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by Keys and Friedell by means of the
roentgenky.mograph. Although basal
conditions could not be obtained, the
same conditions were maintained for all.
The examinations were made 1 - Ii hours
after a light lunch. No examinations
were made on days of strenuous exercise.
All subjects rested about 15-30 minutes
in bed before the kymogram was mn.de.
The follOWing table represents the
essential findings.

No.of Cardiac Silhouette
Subjects Area in Systole*

•

that is, stroke output, it would be more
inportant to designate heart size in the
systolic rather than the diastolic phase.
By this m.euns we could exclude fluctua
tions in the physiologic stato of the
heart, which, of course, varies both
under normal and pathologic conditions.

Another very important advantage of
kymography is the exclusion of pendulum
motion. In certain pathologic states,
so much undulation of the heart (pendulum
motion) may occur that the border of the
heart in systole may extend beyond the
margin in diastole. Thus, a roentgeno
gram which is exposed long enough to
represent several full cycles may actual
ly represent diastole plus pendulum
motion. The extent of the exaggeration
of the cardiac silhouette aizewill, of
course, depend upon the amount of pendulum
motion in the heart•.Several inadequacies
in the. ordinary measurement of heart
size such as pendt4um motion and the ne
glect of the cardiac cycle are therefore
eliminated in the kymogram.

Athletic
Training

Athletes 16
Intermed. 18
Non-athlete 17

Athletes
Intermed.
Non-athlete

Mean'60.98 + 1.13
II 58.98" +' 0.95
II 59.92 ±0.81

Difference Between
Systole and Diastole

Mean 7•79 + o. 47
II 5.41 .+ 0.30
II 4.54 ±0.32

An excellent exaople of the difference
in systole and diastole and its signifi
cance was demonstrated by Keys and
Friedell in roentgenkymographic studies
on a group of ind!viduals who were in
various states of athletic training.
Considerable controversy has always oc
curred as to the effect of strenuous
exercise on the heart. Many inyest1ga
tors have sho'Wtl some increase in cardiac
size, but, on the whole, most of the
published data has been unconvincing.
It is definitely established that well
trained athletes have a circulation rate
at rest which 1s 20 to 25% above that in
non-athletes. Since the pulse rate in
athletes is considerably less than in the
non-athletic subject, the stroke output
or output per beat is often twice as
large in the trained ind!vidual as in
the non-athletic subject. We should,
therefore, predict a priori, a greater
ca~~iac pulsation in the well trained
athlete. Since all previous measurements
were made with the heart at or near
conplete diastole, it was thought that
the resuJ.ts from kymographic studies
would have definite significance.

A group of 51 individuals were studied

*In sq. em. per sq. meter of body surface.

It is to be noted that in systole no
significant difference is present; how
ever, the diastolic size 1s consider~ly

larger in the athletic group as repre
sented by the diastolic-systolic differ
ences. This is entirely in accord with
tho greater stroke output which is en
countered in the well trained athletes.

The difference between systole and
diastole seemed to parallel qualitative
ly the estimated output. A quantitative
attempt to correlate the systolic 
diastolic difference, or stroke areas,
with actual stroke output was then made.
A reliable method for measuring cardiac
outout is by the acetylene rebreathing
method introduced by Grollman in 1932.'
A procedure was then developed whereby
roontgenkymogra:m.s could be made shortly
before and after the acetylene rebreath
ing. So little difference could be
demonstrated between the first and second
kymograph that it appears reasonable
to assumo that very little ehange has oc
curred in the cardiac output during the
critical portion of the determinations.
On some 22 observations, it was quite



apparent that a correlation, which was
quantitative in degree, existed between
the stroke area and the actual cardiac
output.
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The following figures illustrate the
correlation between stroke output as
cDJ.culated from the kymograph o.nd the
actual stroke output determined by the

CARDIAC OurPUT

~troko from Kymographic
Calculations
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acetyleno method. The stroke output 13
co.lculatod frOlJ. the roentgoI'l1rflllogrOrJ. by
a suitable formula.

The comparisons in every instance
we:ce made on individuals in whom no
valv~lar deficiency was apparent. Most
were normal subjects, but cases of glomer
ular nephritis, hypertension, and myxedema
were included. By the acetylene rebreath
ing procedure and the roentgenk;y.m.ogram,
we attempt to measure the same thing by
totally different methods. The results
can only be the same whon the valves are
fully competent. If tho aortic or pul
monic valves are incompotent, however, it
will be readily apparent that the heart
at each stroke will expel morc blood than
is actually delivered to the peripheral
circulation. The amount which will bo
permitted to flow back into the heart will
be determined for the most part by the
degree of valvular incompetence. S:l.nce
the kymograph records the amount expelled
from the heart, and tho acetylene method.
the amount delivered to the peripheral
circulation, we are now in a position to
study the regurgitation or valvular in
officiency of the h0art. Keys and
Friedell have up to this time stUdied a
number of cases of aortic regurgitation
and mitral insufficiency which have demon
strated degrees of inefficiency ranging
from 15% to 50'{o.

This evidence seems to indicate the
importance of measuring the cardiac sil
houette, both in systole and diastole and
the necossity of considering the systolic
diastolic differences as an index of
function. The systolic silhouette area
would appear to be 0. superior criterion of
the actual size of tho heart. The oppor
tunity of m.oasuring valvular efficiency
by simultaneous roentgen kymography and
acetylene rebreathing is also presented.

We have briefly enumerated, in the fore
going, the general principles and funda
men'::al concepts of the roentgen kymograph.
Practically, in the reaL~ of clinical
roentgonology of the hoart, tho kynographic
method appears to be of great value in the
following:

1. The accurate determination of heart
size as an indication of the presence or
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absence of disease. As observed above,
the heart size may be more accurately
~etermined an~ may be further correlated
with the stroke output of the heart.
It is possible that new tables of stand
ards are necessary since Bome of the
older data may be invalidated. The mean
for systolic heart size in normal in-
d.!viduals approximates 60 sq. em. per
sq. meter of body surface.

2. The character of the pulsations
of the heart in various types of val
vular heart disease. They serve as
corroborative eVidence and, in certain
instances, are pathognomonic. The most
significant findings are in aortic steno
sis and aortic insufficiency.

3. The objective determination of
abnormal pulsations such as those en
c01.urtcrcd in disease of the pulmonary
arteries. The most stri~ing changes are
present in pulmonary hypertension.

4. As an aid in the distinction be
tween ~~curysm of the larger vessels
and non-vascular masses. This problem
ofton arises when unusual mediastinal
tumors may be confused with aneurysm of
the aorta. The tumor masses are, of
course, non-pulsatile, but they are
often aff'ected by transmitted pulsations
which must be recognized.

5. For the demonstration of myocar
dial damage or myocardial infarcts by
the delineation of diminished or absent
pulsations in any part of the heart.
That portion of the myocardium which has
suffered recent damage or has undergone
fibrosis secondary to an old infarct
will, of course, exhibit no active con
traction and will be affected only pas
sively by the contraction of the re
mainder of the heart.

6. As an aid in the diagnosis of
pericardial lesions, particularly in
cases of adherent pericardium. As stated
preViously, the contractions of the
heart are definitely limited and this is
strikingly demonstrated on the kymograph.
The diminished or almost absent cardiac
pulsation has often been observed fluoro
scopically, but we now have an opportuni
ty to record this objectively. For tho



purpose of this discussion, three recent
cases studied in this manner are de
tailed below by way of illustration.

CAS]S ~R;EP_....OR....T_S

Case I

:Mrs. E. J ., age 48, was adlllit ted to
the hospital on 8-20-38 complaining of
weakness, dyspnea on exertion, orthopnea,
and preoordial distress. 8,ymptams had
been present for 2 years and were becom
ing increasingly worse. Gradual swelling
of the ankles and abdominal distention
were also observed.

Past history revealed an attack of
rheumatic fever 15 years prior to admis
sion. Cardiac involvement had apparently
developed at that time as well. Patient
recovered from the attack with little
disability, but on fluoroscopy one year
later, she was told that HpUS was present
about her heart."

Physical examination revealed a poorly
nourished, nervous, white female who
appeared dyspneic and orthopneic. Marked
venous distention of the Buperficial veins
of the neck, edema of the ankles and dis
tention of the abdomen with fluid were
observed. The liver was palpable 3 ems.
below the costal :margin. The lungs were
negative to auscultation and percussion.
The heart appeared slightly enlarged but
no murmurs were noted. FJlJ.ere was total
irregularity of the cardiac rate with a
pulse deficit. Pitting edema of both
ankles was demonstrated. Venous pressure
made at varying intervals ranged from
20 - 25 em. E20 - B.P. 114/78•

Laboratory findings: Blood Hgb. 78%;
Wbc. 5,800 - normal differential count.
Urine nevative. E.K.G. auricular
fibrillation.

Roentgen Examination: Marked diminu
tion of pulsation involVing the entiro
heart was present on fluoroscopic examina
tion. NorJll£l.1 response to inspiration and
expiration 'Was absent. Film of the chest
revealed calcification of the pericardium
with most of the calcium distributed over
the left bord.or of the heart. Marked cal-
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cification of the mediastinal nodes wo.s
also present. The cardiac silhouette
was only slightly enlarged. Slight
congestion of the lungs and minimal
pleurfU effusion on the right aide were
noted. KYmographic study of the heart
reveoled practically absent pulsation
over both borders of the heart in
every fro.m.e. Fairly good pulsations
were present over the region of the large
vessels, however. The clinical impres
sion was calcified constrictive peri
carditis.

On August 2;, a pericardio-lysis was
pe:i'formed. Adherent perieardium was
present over the entire heart. CfUcifica
tion was so mo.:rked that it required
bone shears to remove a portion of the
pericardium; removal of the left peri
cardium only was attempted. Convales
cence W.:J,s uneventful and the patient
was discharged in good condition.

On the last visit to the hospitol,
considerable improvement in the symptoms
had occurred. The patient rod gained
weight, her abdomen rod receded and
edema of the ankles occurred only oc
casionally. There was still same eleva
tion of venous pressure undoubtedly due
to rem.a.in:l.ng adhesions about the greater
vessels.

A number of roentgen JQmogrtWlS of
the heart have been made postoperative
ly. All demonstrate marked improvement
in the cardiac pulsations over the left
border. The lower portion of the heart
was unfortunately obscured by some fluid
and other changes secondary to the opor
ative procedure. The ampl!tude of the
pulsations has increased to two or three
times the previous height. A diagram of
the wave form made from actual tracings
of the roentgenkymograms made before
nncl after operation is shown bolow~
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Figure 2

Tracins of Several Frames
Alopg Left Heart Border

(a)

Before operation

After operation

CASE I.
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Case II

L.G., White,- male, age 8, admitted
to University Hospital 2-28-38.

Patient was admitted to the General
Hospital for the first time in 1934,
with complaints of right sided abdomin
al pain and low grade fever •

•Physical examination revealed pro-
gressively enlarging liver and spleen.
The cervical nodes were also increased
in size. Electrocardiographic tracing
revealed myocardial da:mage. Roentgeno
logic examination revealed slight
accumulation of fluid in the right
pleural cavity and an abnormal configur
ation of the heart suggesting mitral
involvem.ent •

Patient re-admitted one.year later
with similar complaints and findings
except that considerable edema of the
extremities and ascites had now inter
vened. The clinical diagnosis at this
time was adhesive pericarditis.

In July, 1935, the patient was
transferred to the University Hospital
with little change in the physical find
ings. The total plasma proteins were
unusually low, ranging from 3•.36 to
5.0%. MObilization of proteins by
every means failed. He was discharged
on January, 1936, with a tentative diag
nosis of idiopathic hypoproteinemia.

Patient was readmitted in February,
1938, because of the marked increaso
of ascites and edema. Repeated para
centeses were done with removal of
4 - 6 liters of fluid every two weeks.
Total protein varied from 2.7% to 4.9%.
The circulation time was definitely pro
longed and the venous pressure was
about 30 em. ~O.

Roentgen examination of the chest
revealed pleural effusion bilaterally
and pulmonary congestion. The cardiac
silhouette did not appear particularly
enlarged and the configuration was
Within normal limits. Fluoroscopic
examination again revealed a fairly
normal cardiac silhouette, but the pul
sations were markedly diminished, and



normal response to respiratory changes
was absent. Roentgenkymography of the
heart revealed marked diminution of
pulsations throughout most of the heart.
In several of the frames, systolic con
tractions were completely absent. Pulsa
tions of the aorta, altho diminished in
extent, were distinctly visible.

On November 25, 1938, pericardio-lysis
was performed and about 3/5 of the peri
cardium removed. Improvement was almost
immediato with marked reduction of edema
and ascites and considerable increase in
general activity.

Kymograms mado after operation re
vealed marked incrense in pulsations
over the entire heart. The heart appear
ed to be much more free, and there was
some evidence to suggest increased pen
dulum motion. The heart was now consider
ably larger than on previous examination,
undoubtedly, a seQuel of its liberation
fram. the constricting pericardium.

Figure 3 represents tracings of the
wave form. in the roentge~ogramsmade
before and after operation.

Figure 3

TraciES 2£ Several Frames
AloBB Left Heart Border

(a)

Before ope~ation
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After operation

CASE II L.G.

Case III

D.D. - White female, Age 11.

Patient admitted 1-10-39 with history
of abdominal distention since infancy
with gradual increase in size of the
abdomen. The past history, aside from
abdam.inal distention and fatlgue, seemed
unessential.

Physical examination revealed a
poorly nourished, poorly developed, white
female with dilated superficial veins
and a readily demonstrable ascites.
There was a slight systolic murmur,pres
ent with some reduplication of the SQcond
pulmonic sound. There was no pitting
edema.

Laboratory findings:
Blood negative. Urine, negative.

Paracentesis fluid - specific gravity
1025. Venous pressure - constantly
elevated, ranged from 13 - 23.0 em•

.Circulation time - arm to tongue 8 sec.
Stroke output - 25.9 cubic em.
Paracentesis done on various occasions
yielded 500 - 1,400 ce. of fluid at
each attempt.



Roentgenologic examination of the
heart showed no definite enlargement of
the cardiac silhouette. Fluoroscopically,
posterior displacement of barium-filled
esophagus was observed and corroborated
by roentgenograms. There was a small
area alone; the left heart border which
showed markedly diminished pulsations.
Except for this area of diminished pul
sation, the findings could be consistent
with mitral stenosis.

Roentgen kymograms of the heart re
vealed a consistent lack of pulsations
in two frames near the apex of the heart.
Pulsations, however, were not diminished
over the upper left border of the heart.
Over the remainder they were diminished
but not absent.

In view of the strong possibility of
constrictive pericarditis, an exploratory
operation was deemed advisable. Opera
tion was perfol~d on 4-5-39 and reveal
ed a markedly thickened pericardium in
which, however, no meo.lastinal adhesions
were present. It is notable that car
diac pulsations as observed at operation
appeared almost normal except for small
area at the apex.

The patient's convalescence has been
uneventful to date, ond, on the last
measurement of tho venous pressure, it
was 4.5 em. of H20.

KYmographic examination made on 4-14-39
revealed marked improvement of cardiac
pulsations with enlargement of heart as
compared with previous film.e. There is
slight reversal of the wave from along
the left border which may be of same sig
nificance (reprosenting possibly SODO
remaining adhesions or aortic stenosis??).
The waves seem to be of about the same
amplitUde in all the frames at this time.

Tracing of Several Frames
Alon,e; Left Heax.~ Border

(a)

Before Operation

Figure 4 indicates the tracings of
~he wave forms as shown by roontgon
kymograms made before ,and after opera
tion.

After Operation

Case III D.D.



1. The roentgen kymograph was first
introduced in 1912 by Sabat of

Poland. It was first used in the United
States by A. W. Crane in 19l5~ The
greatest advances in roentgen kymography
came after introduction of the multiple
slit l~graph by Pleikardt Stumpf in
1928.

2. Roentgen kymography registers the
character and amplitude of the ex

cursion of a pulsating or moving organ.
By use of the multiple slit kymograph
visualization of the size and shape of
the pulsating object is also possible.

a. Application has been made in the
study of the heart, diaphragms,
gastrointestinal tract and
ureters.

b. The cardiac pulsations lend
themselves most readily to anal
ysis and the greatest advances
have been in relation to various
aspects of cardiac physiology.

3. An analysis of the character of the
pulsations is of value in most in

stances of aortic stenosis, aortic in
sufficiency, hyperthyroidiam, myxedema
and pericardial d.iseases. Mitral steno
sis has been described as demonstrating
characteristic forms by some, but this
has not been conclusive. Aortic stenosis
and aortic insufficiency show the most
characteristic wave changes.
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and that calculated from the
kymogram, after proper treatment,
was + 5.1%. The greatest dif
ference observed was about -12%.

c. An approach to the valvular
efficiency in regurgitation is
possible by comparing effective
or net output (acetylene method)
with the total stroke output
(kymographic method). Numerical
ly equal results are obtained
only with fully competent valves.
Varying degrees of inefficiency
up to 50% have been demonstrated.

5. The clinical importance of cardiac
roentgen kymography has further been

recognized in the differentiation of
mediastinal neoplasms from aneurysms,
the objective demonstration of abnormal
vascular pulsations especially of the
pulmonary arteries, and the graphic
visualization of the absence of pulsa
tion in the d.a.maged. myocardium.

6. Adhesive pericarditis shows striking
d1m1nutton in pulsation involving

all or portions of the heart. Three
illustrative cases have been described.

Of interest also :i.e the remarkable
change both in the size of the heart and
the increased amplitude of the cardiac
pulsations after resection of all or a
portion of the constricting pericardium.
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V. GOSSIP

Dick Lundquist, former service
man in the department of pathology, and for
many years in charge of assembling and
demonstrating exhibits for the Mayo Clinic,
died last week. In the early days of our
laboratory, his brother Art was the only
technical assistant we had. He is now
connected with the Peabody Clinic in Web
ster, South Dakota, in a similar capacity.
Dick was only 54 years old, and he will be
missed by his many friends who admired
his modesty and ability to do so many
things well. He led an interesting life
and was well liked by all••••There are
many former Minnesota graduates in the
group in attendance at the Center for Can..
tinuation Study this week in the course in
Obstetrics. On Wednesday evening, the
staffs of the departments of obstetrics
and gynecology and of radiology had dinner
with the group, and afterward listened to
the presentation of Dr. Dippel on '~oent

genography of the Uterus." The most
pleased faculty member was emeritus profes
sor J. C. Litzenberg, who spoke on Wednes
day morning. Ths group liked John W.
Harris, head of the department of obstet
rics and gynecology of the University of
Wisconsin. The most active participant
in the program was John L. McKelvey him
self, who has been present at every ses
sion. The success of the course is in
large measure due to his personal super
vision of every detail •••• The medical
technology dinner, held last week in the
-Minnesota Union, was unusually successful.
The students' skit was up to the usual
high standard, and the program in general
left nothing to be desired. The unusual
delay in serving dinner has at last been
explained. The cook forgot to turn on tho
steam in the potato kettle. When she was
ready to take up dinner, the potatos were
still as firm, white, and cold as when
she put them in. While the rest of the
dirmer waited, the potatoes were cooked
which accounted for the methodical serVice,
cven after the food had been brought out••
•• Orthopedist Wallace H. Cole was a cap
tain of artillery before the Great War.
Because of his medical training, he was
transferred to service in England•••• Oto
laryngologist Horace Newhart's first love,
is testing hearing and explaining the ad
vantages of the method. Even after a

busy day in his department and at his
office, Dr.' Newhart 1s never too tired tc
discuss the problem of the deaf with v&,
lous groups ••••Dean and Mrs. Harold S.
Diehl were present on the opening day
at the World's Fair in New York. They
report the experience an unusual one.
Their chair car was stalled by tho parade
which gave them a ring side seat while
thousands attempted in vain to view it.
In many of the buildings, the floors are
carpeted with luxurious coverings. In
the transportation building, which is
sponsored by General Motors, the tour of
inspection is made in a mechanized series
of seats which operate on a traVeling
belt. Loud speakers at regu1~ intervals
thruout the train call attention to the
exhibits which are being passed. It
takes approximately 20 minutes to make
the circuit. Many of the buildings are
not yet completed, but the Diehl's im
pression was favorable. They also tour
ed the wamen's colleges in the east and
roport that the pulchritude of our cam
pus is second to none. The Dean attend
ed conferences in Washington with Pre
ventive Medicine Chief Gaylord Anderson.
• ••The Wednesday night student-faculty
dinner next week at the Center for Con
tinuation study will be addressed by
Professor E. A. Boyden on the "Anatomy
and Physiology of the Gall Bladder" ••••
H. E. M., the author of the golfer's
poem in the current issue of the bulle
tin of the Hennepin County Medical So
ciety is none other than Head Dermatolo
gist, Henry E. Michelson••••Of the 300
graduates in Medical Technology, 87 are
already married, and 27 'Weddings are in
prospect for this spring•••• Surgeon
James A. Johnson was elected president
of the Hennepin County Medical Society.
Congratulations tb the presidont-elect
and the Society! ••••There is an oppor
tunity for a young physician to go -Go
South America with a mining co~pany on
a three year contract. Further informa
tion may be obtained from Rae T. LaVako.
• ••Kurt Lindstrom, senior medical stu
dent was presented in recital by Dimitri
Metropoulos last Saturday night at the
Music School Auditorium. Critics were
loud in their praise of our young bass,
Who was not overshadowed by his distin
guished accompanist. They predict that
Kurt will go far in music •••••


