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No. 159

Monday, May 26

UNIVERSITY OF MINNESOTA MEDICAL SCHOOL
CALENDAR OF EVENTS

May 26 - May 31, 1947

459

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

9:00 - 10:50 Obstetrics and Gynecology Conference; J. L. McKelvey and Staff;
Interns' Quarters, U. H.

10:00 - 12:00 Neurology Ward Rounds; A. B. Baker and Staff; Station 50, U. H.

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

11:00 - 11:50 Physical Medicine Conference; Physical Therapy in Peripheral Vascular
Disease; Ernest C. Christensen; E-I01, U. H.

12:15 - 1:15 Obstetrics and Gynecology Journal Club; M-435, U. H.

12:30 - 1:20 Pathology Seminar; Paroxysmal Hemoglobinuria; Stanley Lofsness;
104 1. A.

12:15 - 1:20 Pediatrics Seminar; Reports of the Meetings of the Federation of
American Societies of Biological Sciences; 6th Floor Seminar Room,
U. H.

12:30 - 1:20 Physiology Seminar; Linoleic Acid and other unsaturated fatty acids
in the metabolism of certain insects; G. Fraenkel; 214 M. H.

12:30 - 2:00 Surgery Grand Rounds; A. A. Zierold, Clarence Dennis and Staff;
Minneapolis General Hospital.

4:00 - 5:20 School of Public Health Seminar; Subject to be announced; 214 M. H.

Tuesday, May 27

9: 00 - 9:50 Roentgenology·Pediatrics Conference; L. G. Rigler, 1. McQuarrie and
Staff; Eustis Amphitheater, U. H.

8:30 - 10:30 Surgery Seminar; John R. Paine; Small Conference Room, Bldg. I,
Veterans' Hospital.

10:30 - 11:50 Surgical Pathological Conference; John R. Paine and Nathaniel Lufkin;
Veterans' Hospital.
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3:15 - 4:15 Gynecology Chart Conference; J. L. McKelvey and Staff; Station 54,
~ U. H•

.., 3:30 - 4:20 Clinical Pathological Confe~ence; Staff; Veterans' Hospital.

3:45 - 4:50 Pediatrics Staff Rounds; I. McQuarrie and Staff; W-205, U. H.

4:00 4:50 Surgery-Physiology Conference; Current surgical problems; Maurice B.
Visscher and Owen H. Wangensteen; Eustis Amphitheater, U. H.

5:00 - 5:50 Roentgenology Diagnosis Conference; Ancker Hospital.

Wednesday, May 28

8:00 - 8:50 Surgery Journal Club; O. H. Wangensteen and Staff; M-515, U. H.

8:30 - 9:50 Psychiatry and Neurology Seminar; Station 60 Lounge, U. H.

11:00 - 11:50 Pathology··Medicine-Surgery Conference; Bronchogenic carcinoma;
E. T. Bell, C. J. Watson, O. H. Wangensteen and Staff; Todd Amphi
theater, U. H.

12:00 - 12:50 Physiological Chemistry Journal Club; Staff; 113 MeS.

4:00 - 5:50 Medicine and Pediatrics InfectiOUS Diseas~ Rounds; Staff; W-205, U. H.

Thursday, May 29

8:30 - 9:20 Surgery Grand Rounds; John R. Paine and Staff; Veterans' Hospital.

9:00 - 9:50 Medicine Case Presentation; C. J. watson and Staff; Todd Amphi
theater, U. H.

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

10:30 - 11:50 Surgery X-ray Conference; Daniel Fink and John R. Paine; Veterans'
Hospital.

12:00 - 12:50 Physiological Chemistry Seminar; Lipid Metabolism; Walter O.
Lundberg; 214 M. H.

1:00 - 2:00 Fracture Conference; A. A. Zierold and Staff; Minneapolis General
Hospital.

4:00 - 4:50 Bacteriology Seminar; Subject to be announced; 214 M. H.

4:30 - 5:20 Ophthalmology Ward Rounds; Erling W. Hansen and Staff; E-534, U. H.

5:00 - 5:50 Roentgenology Seminar; Case reports; Leo Nash and H. O. Peterson;
M-5l5, U. H.

I
j

7:30 - Phys1Qsl Medid1ne SeminarJ William G, KUb10ek~ 111 MeS.



461

Friday, May 30 - - HOLIDAY - Memorial Day

•Saturday, May 31

7:45 - 8:50 Orthopedics Conference; Wallace H. Cole and Staff; Station 21, U. H.

9:00 - 9:50 Neurology Grand Rounds; A. B. Baker and Staff; Station 50, U. H.

9:00 - 9:50 Surgery-Roentgenology Conference; O. H. Wangensteen, L. G. Rigler,
and Staff; Todd Amphitheater, U. H..

9:00 - 9:50 Medicine Case Presentation; C. J. Watson and Staff; M-515, U. H.

10:00 - 11:50 Medicine Ward ROtmds; C. J. Watson and Staff; M-515, U. H.

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

11:00 - 12:20 Anatomy Seminar; Variations in the bronchopulmonary segments of the
middle lobe; Christopher J. Hamre: aud Effect of certain chemicals
on mitotic division; Sister Teresita Judd; 226 I. A.
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II. ELECTROKYMOGRAPHY

H. M. Stauffer

The attempt to understand the complex
mechanical activity of the heart has been
intriguing to investigators for many cen
turies. In the opening paragraph of the
monumental "De Motu Cordis", Harvey wrote,
"When I first tried animal experimentation
for the purpose of discovering the mo
tions and functions of the heart by ac
tual inspection and not by other people's
books, I found it so truly difficult that
I almost believed with Fracastorious,
that the motion of the heart was to be
understood by God alqne. I could not
really tell when systole or diastole took
place, or when and where dilatation or
constriction occurred, because ~f the
quickness of the movement. In many ani
mals this takes place in the twinkling of
an eye, like a flash of lightning. S;y-s
tole seemed at one time here, diastole
there, then all reversed, varied and
confused. So I could reach no decision,
neither about what I might conclude my
self nor believe from others. I did not
marvel that Andreas Laurentius wrote that
the motion of the heart was as perplexing
as the flux and reflux of Euripus was to
Aristotle. ,,6

With the advent of the x-ray and
fluoroscopy at the turn of the century,
it became possible to observe directly
the behavior of the heart, undisturbed
in its physiological habitat. Thus, the
problems of analyzing the movements as
observed directly in the opened thorax
of animals by the physiologist were not
transferred to the fluoroscopist and more
impellingly, for it was naturally be
lieved that accurate knowledge of heart
movements would shed much light on cer
tain aspects of cardio-vascular disease.
That the impossibility of integrating
the activities of the various parts of
the cardiac silhouette, observed with the
aid of the fluoroscope, was promptly ~ppre

ciated is indicated by the fact that a de
scription of a roent~8n kymograph appear-
ed as. early as 1911. Several years
later, Crane2 built the first kymograph
that was used in this country. X-ray
kymography was brought to its l)resent
state of technical development in 1928
with the introduction of the multiple-
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slit device by Stumpf.21 Many useful
studi~s have been carried out with this
medium, but for reasons which will be
noted subsequently, the roentgen kymo
graph has not lived up to the early
expectations which were entertained for
it, and it has not become an indispen
sable part of the roentgenologic study
of the heart. Roentgen cinematography
of the heart has not yet become practi
cal and even when it does, some form of
graphic registration will probably be
needed as an adjunct to it.

The recording of the fluctuation in
ionization in an x-ray beam traversing
a pulsating border represented one
fairly obvious way of improving on the
accuracy of the roentgenkymograph. This
was reported in 1946 by Hjalmarell who
used a specially designed Geiger-MUller
counter with graphic recording of its
output current; he had previously given
up an attempt to use a photo-electric
cell recording the fluctuation in in
tensity of illumination of the fluoro
scopic screen over the image of the
heart border.

The recent development of the elec
tron-multiplier phototube made it pos- 8
sible for Chamberlain, Boone and Henny7,
to design a relatively simple and very
practical fluoroscopic accessory for
this purpose which they have called the
electrokymograph. (This term has also
been used by Lion and Minot15 , in
France, for a device to record electrical
ly pulsatory phenomena over the precor
dium and neck vessels, but is not in
sufficiently general use to cause any
confusion.) The method is also being
referred to currently by some as "fluo
rocardiography" •

Apparatus (Fig. 1):

The electron multiplier tube which is
the Vital part of the electrokymograph
has already found application in clini
cal radiography, particularly in mass
chest surveys, as the Morgan photo-timer;
in this connection, this tube automatic
ally terminates the x-ray exposure when
a predetermined amount of radiant energy
has reached the film surface. The tube
resembles a small radio tube but has
within it a photo-sensitive surface which
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may be recognized by the grid of fine
wires which covers it. When x-rays cause
a strip of fluoroscopic screen placed
over this grid to emit light, the photo
surface gives off a few electrons. These
are carried to the first of a series of
secondary emitting surfaces by a poten
tial difference of 100 volts resulting in
the release of a much larger number of
electrons. After nine such stages, the
total amplification is in the range of
one million times. Such tremendous am
:;?l1fieation makes it possible to record
beart border movements directly on one
of the conventional types of electro
cRrdiographic galvanometers without mak
1ng use of intermediate vacuwn tube
amplification. An idea of the sensitivity
of the multiplier tube as an x-ray de
tector is given by the observation that
the x-ray intensity requiring twenty
hours to expose No-Screen x-ray film gave
a continuousl16detectable !'eilpOnse on an
oscilloscope. The response tline of
the tube is limited by that of the
fluoroscent scregn, but is of the order
of 10-5 secondsl , or practically instan
taneous when dealing with mechanical
events in the heart. The tube is operated
in a range which is essentially free from
distortion so that changes in its output
current may be considered proportional to
motion of the border over which it is
placed.

The tube is covered with a metal hood
with slots (0.8 x 2.5 em.) in front of
and behind the photo-surface. Mounting
on the fluoroscopic screen is arranged so
that the tube rotates with these slits
always in the center of the x-ray beam;
this minimized geometrical distortion and
makes possible the use of a narrow beam,
decreasing exposure to the patient and
improving definition.

Operation requires a 1000 volt DC power
supply which can be made quite compact
and which plugs into tho usual 110 volt
alternating current supply. X-ray sources
emit energy in pulses so that the beam
consists of 60 pulses per second with
the half-wave rectification common in
fluoroscopic units or 120 per second in
full wave rectified equipment. The
multiplier tube faithfully reproduces
these pulsations so that a filter must be
interposed between it and the electrocar-
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diograph. A 6~ or 120 cycle filter must
thus be employed, depending on the type
of x-ray equipment availacle. (Two
electrocardiograph manufacturers now have
models on the market; they will prohably
be available with interchangeable filters
so as to be adaptable to any x-ray in
stallation with vacuum tube rectification.)
The electrocardiographic leads are
plugged directly into the filter box
which is prOVided with a variable resis
tance to control the amplitude of the
deflections.

The subject is broueht into position
and the portion of the heart border un
der consideration is centered over the
tube, using the regular fluoroscopic
screon for this visualization. The
x-ray beam is then shuttered down so that
an area only slightly larger than the
slit is exposed, thus decreasing exposure
on the skin of the patient and improving
sharpness of the border being recorded.
In thinner subjects, border motion
within the ait can be identified fluoro
scopically during the recording. The
slit is aligned so that itG long axis is
perpendicular to the border motion,
radial motion thus being recorded. The
fluoroscopist then directs an assistant
to switch in the string of the ECG and
adjustment of amplitude is made with the
potentiometer in the circuit. The re
sulting oscillaUons of the ECG string
can be watched and with a little exper
ience, those characteristic of various
portions of the heart border and vascular
contours can be recognized. ~he patient
is then directed to suspend respiration
(Valsalva and Muller effects being avoid
ed so far as possi1l1e), and turning on
the ECG camera, the assistant records
about ten beats. The string is then
disconnected before the x-ray beam is
turned off. These precautions are neces
sary to protect the string from sudden
large deflections when the x-ray is
turned on and off. The sensitiVity of
the ECG is adjusted in the usual manner
so that 1 em. deflection is produced
by lmv.

For correlating the heart motion with
th~ major events in the cardiac cycle,
Boone and his associates have favored



simultaneous recording of the carotid
pulse. This is accomplished by means of
a simple cup held in place over the
carotid and connected by rubber tubing
with a rubber diaphragm recorder. The
small lever cemented to the rubber dia
phragm of the latter is arraI~ed to
interrupt the light beam of the EGG so
that a recording simultaneous with that
of the string is made.
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The greatest virtue of the electro
kymograph is the ease with which border
movements can be correlated with events
in the cardiac cycle. To facilitate the
interpretation of the curves, a brief re
capitulation of the sequence of cardio
dynamic events follows: 27

(Numbers refer to divisions of the cycle
shown in Fig. 2)

The great vessel electrokymographs
show a much more consistent pattern from
patient to patient and are much simpler
to interpret in physiologic terms than
are the curves obtained from the borders
of the hoart chambers. The aortic and
pulmonary artery recordings correspond
closely to carotid artery sphygmograms.
When the carotid is recorded simultan
eously, events in the carotid tracing
follow those in the central arterial
curves by a short interval; this is
very nearly .02 second (allOWing .01 sec.
for mechanical lag. in recording and
.01 second for pulse transmission).
The initial sharp upstroke of rapid sys
tolic ejection is followed by a precipi
tous decline at the end of systole with
the incisura presumably marking semilunar
valve closure. Then follows a slower
decline during diastole. The descending
limb of the pulmonic curve is as a rule,
steeper than the aortic. The ascending
aorta often presents a very deep incisura

Using multi-string inst~~ents, direct
synchronization of the border movements
with the EGG is possible. Two or more
points on the silhouette, i.e., aorta and
left ventricle, can be recorded by multi
ple pick-up units. Actually, this is
unnecessary for most clinical purposes
because of the accurate synchronization
possible with a good carotid pulse curve
or heard sound recordings.

While the records from the hoart bor
der show much greater detail due to con
trast, curves are also recorded when the
aperture of the photo-tube is placed
within the heart silhouette due to the
change in heart density between systole
and diastole. Similarly, a density curve
may be secured from the aortic arch, and
in suitable cases, from the pulmonary
artery.

Interpretation

To follow usual convention, the leads
from the tube to the EGG are so connect
ed that upward deflection indicates out
ward movement of the heart border while
inward movement is recorded as downward
deflection. '1J.e more rapid the movement,
the more nearly vertical the stroke;
lack of motion is indicated by a horizon
tal course of the curve, Timing is by
the usual EGG time marks, each small
vertical division representing .04 seCOlm.

At the present the amplitude of tho
tracings has little significance, depend
ing principally on the potentiomoter set
ting. It seems entirely probable that
quantitative information may be obtained
both as regards border motion and as to
changes in density, for example in the
aorta, by producing a standard deflection
for comparison. This could be done by
quickly introducing a sheet of aluminum
fi~r before the phototube slit.

1-2.

2-3.

3-4.

4-5.

5-6.

6-1.

Isometric contraction. Atrio
ventricular valves close. (1st,
sound). Rapid rise of intra
ventricular pressure.

Systolic ejection. Semilunar
valves open. Rapid rise of pres
sure in aorta and pulmonary artery
with decline late, following in
traventricular pressure changes.
Ventricular volume decreases.

Protodiastole. Semilunar valves
close. Incisura in carotid pulse
pressure curve.

Isometric relaxation.

Rapid ventricular filling. Atrio
ventricular valves open.

Slower ventricular filling.
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and an unusually large secondary wave.
To record ascending aorta free of super
ior vena cava pulsations, it is often
nece~sary to rotate the patient slightly
into the left anterior oblique position.
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lus fibrosus.17,22,29 In other roent-
gen studies, metallic markers have heen
placed in the ventricular wall in exper
:iln.ental an:iln.als and the movements then
recorded by roentgen-cinemat9sraphy.
These studies by Wester.mark2b he inter-

The left ventricular border shows in preted as showing no concentric inward
most normal cases a fundamental pattern movement of the ventricular walls in sys-
consisting of a major inward movement in tole, but rather movement of base toward
systole, and outward in diastole. There apex, with pendular and rotatory move-
are many variations from point to point ment of the heart as a whole obscuring
on the border in the same individual, and any possible inward wall movement.
between corresponding areas in different kuong physiologists, Hamilton5 has em
subjects. There is reason to believe that phasizod the role of the atrio-ventri-
the curves from a given point in a~- cular scptum stating that it contributes
sUbject may be qUite constant in config~ra- more than the lateral wall motion to
tion. The greatest variations from the pumping action. He makes the point that
fundamental pattern are found to OC,-'T in the heart expends its energy moving
the periods of isometric contraction alid blood rather than surrounding structures
relaxation, presumably as a result of as it ~0uld do if its volume changes
changes in heart shape and position with- significantly. Proponents of this con
out actual volumetric change. Rapid and cept explain the experimental ventrl
slow diastolic filling phases may be sug- cular volume curves on the basis that
gested in the curves. The typical pat- they are made under unphysiologic cir-
tern is maintained in oblique views. cumstances with the thorax opened.

J
I

The right border pulsations are more
complex. Low on the right border, some
hearts may show pulsations resembling
those of the left ventricle usually with
additional aberrations; the upper border
usually shows two definite peaks, and
the t:iln.ing suggests that this is an
atrial curve. The entire right border
in the frontal view may show this atrial
pattern.

The great similarity of many of the
records of the left ventricle to the
exper:iln.cntal ventricular volume curves
published in the standard physiology
texts is quite striking. However, there
is considerable evidence to indicate that
this may be, at least in part, coinci
dental. There is still discussion about
the actual behaviour of thX4ventric, lar
wall in systole. Laure11 was prcbLlbly
the first radiologist to suggeJt that tho
movements of the ventricular wall observed
fluoroscopically were insufficient to
account for the cardiac output, and that
the movement of th~ atrio-ventricular
septum must contribute substantially to
the pumping action. Considerable con
firmatory evidence of the marked excur
sion of the atrio-ventricular septum is
available from roentgenokymographic
studies of calCified valves and the annu-

On the other side of t£~ fence are
JOhnson12 , and Keys et al j who have
used the roentgenkymograph to secure
what were assumed to be systolic and
diastolic silhouettes by connecting all
the peaks and all the toughs in the
waves. By formula, the systolic and
diastolic volumes were estimated and the
difference interpreted as representing
output. The contribution of the atrio
ventricular septum is ignored in these
calculations.

Roesler18 has summarized the con
flicting evidence obtained by various
methods somewhat as follows: The visi
ble pulsations are mainly due to volu
metric pressure, and rotational changes
and are modified by such factors as
pericardial covering, position, and intra
thoracic pressure. In general, a cer
tain t.y:?e of movement is found in sys
tole and another in diastole. During
systole, the heart is more globular and
the base more caudal. There may be true
or apparent pendulum motion. The aorta
shows displacement as a whole in addi
tion to expansion of its contours in
systole. Neither medial or lateral
movement of the whole left border takes
place simultaneously. Along the right
border, atrial and ventricular influence
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are combined.

Roentgenk~ographiC studies of the
aorta (Weltz ) indicate that chango in

. position exceeds the actual volumetric
change. Observations by this method
have also shown phase differences in the
interval by which the outward movement
along the border of the ascending aorta
precedes that on the aortic arch. This
has been attributed to differences in the
displacement of the aorta as a whole, de
pending on the degree to which the iso-·
metric contraction of the ventricle con
tributes to aortic motion.

From the foregoing, it is seen that
the electrokymographic curves cannot be
accepted uncritically as representing
volumetric changes that correlate posi
tively with cardiodynamic events. The
great vessel curves, and to a much
greater extent, those from the ventricles
are influenced by movements of the heart
as a whole.

Comparison £! Electrokymography
~ Roentgenkymography

In the common type of multiple-slit
roentgen kymograph, the x-ray film r 'ves
downward past slits in a lead grid, tho
heart border movement parallel to each
slit being recorded by the incident x-·rays.
The curves resulting and their physiologi
cal interpretation are similar to those of
the electrokymograph. The major imper
fection of this method is unsharpness due
to a number of factors. The usual factors
producing unsharpness in an x-ray film
are present (geometric unsharpness, film
grain, screen oontact, degree of contrast).
In addition, obliquity unsharpness enters,
produced when the border motion is not
perpendicular to the slit. Additional time
unsharpness is present, its magnitude de
pending on the ratio slit Width/film
velocity.

A further complicating factor has been
emph~sized in a recent contribution by
Batt who carried out a rather elaborate
study of the effect of prostigmine on
cardiac pulsations in myasthenia gravis.
Initially he thought definite differences
in the contour of the left ventricular
waves could be observed after administra-
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tion of prostigmine. However, an
associated decrease in pulse rate oc
curred, and it could be shown that the
same apparent changes could be produced
in normal individuals by varying the
pulse rate. This is due to distortion
of the wave contours by variation in
the ratio of slit velocity to pulse
rate.

The electrokymograph permits of
much greater accuracy in detail and
timing than the roentgenkymograph.
Although only a single point is record
ed at any one time, it is a simple mat
ter to make observations of many points
on the contour in a variety of posi
tions which can then be correlated
through the carotid curve and heart
sounds. An additional advantage is
that many cycles can be recorded in
stead of only about two to four as in
the roentgenkymogram.

The various unsharpness factors in
herent in the roentgenkymograph are
largely eliminated in the electrokymo
graph. Thus, geometric tmsharpness
does not exist because the central
ray may be used tangent to the border
being studied. Obviously, obliquity
and time unsharpness do not enter.

A creat advantage is the fact that
the device is a fluoroscopic accessory
so that as the heart is Visualized, any
significant or questionable area may be
recorded at Will. It will be possible,
with proper oscilloscopes, to visualize
the wave form during fluoroscopy.

A fundamental difficulty in inter
preting kymograms, and this applies to
both the roentgenkymogram and electro
kymogram, is that the heart is not a
simple geometric figure and its motions
are complex both as to direction and
phase relation in different parts of its
contour. Schwarzchild20 has presented
this problem well and his illustrations
show how varied may be the kymographic
images of even relatively simple geo
metric figures oscillating in fixed
ways. He points out that while some
deductions based on known anatomic
shapes and physiologic movements may be
valid, in general, information of clini
cal value must be derived by the induc-
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t i ve method of comparing large mmib-'s
of normal and pathologic curves.

Clinical Application

No publications are as yet available
dealing with the clinical application
of electrokymography. This discussion
is based largely on observations by
Boone and his group in the Heart Demon
stration Section, U. S. Public Health
Service, who have been working with
Chamberlain on the development of the
device and standardization of records.

A number of records have been obtained
showing definite changes in the character
of the left ventricular curves in cases
with well defined clinical and olectro
cardiographic evidence of myocardial in-
farction in the past. These have con
sisted in the main, of irregularities
produced by a delay in the onset of the
major inward movement which characterizes
systole in the usual normal case. This
is analogous to the localized absence
of motion re~orted by numerous roentgen
kymographers 3 as indicating the Jresenco
of recent or old infarction. An e}~eri

mental demonstration of localized c..ngGS
in contract~¢ity was provided by Teru~~lG

and WiggorsL
• They showed by the myo

cardiograph of a segment of ventricle
immediate and progressive diminution in
contractility progressing to paradoxical
movement following se~nental coronary
occlusion.

These results suggest that electro
kymographic surveys of the ventricular
surfaces in various views may prOVide a
means of detecting and localizing areas
of infarction. As yet, however, the nor
mal variations have not been sifficiently
explored and a large material must be
accumulated both in normals and well
authenticated pathologic cases before
evaluation will be possible.

The accurate timing achieved with the
electrokymograph has made it possible to
investigate the question of asynchronism
between ejection by the right and left
ventricles. It seems well established
that asynchronism exists between the
main deflection of the electrical excita
tion wave in the two ventricles, the
conventional electrocardiogram repl 'ent-
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ing a sumrr~tion oft~e two ventricular
components. Groedel has recently re
viewed this subject and states that the
peak of the R deflection in the right
ventricle normally precedes that in the
left by .02 to .05 sec. in adults. No
satisfactory method has been available
for investigating the mechanical aspects
of asynchrgniE"° . Wolferth and
Margolies2 were able to demonstrate
evidence of asynchronis.m between the
pulmonic and aortic movements in roent
gen kymography in cases of bundle
branch block, but the method is inaccur
ate at best and to secure any results
reqUired technically perfect films and
favorable subjects. With the electro
kymogram, the time of pulmonary artery
ejection Iliay be compared with that of
the aortic, the latter represented by
the carotid pulse tracing, allowance be
ing made as previously described for
pulse transmission and delay in the re
corder. Ellinger3 , working with Boone,
states that in normal subjects, the
ejection phase in the pulmonary artery
h~s been fOlmd to precede that in the
carot:d by as much as .03 second or may
follow by .01 second, thus establishing
a preliminary normal range of asynchro
nisn. In right bundle branch bloc~,

pulmont..ry ejection was found to lag by
.03 to .04 second, while in left block,
it precedes by .07 to .08 second that
in the carotid. This is the result of
tlJ.e delay in ventricular contraction"
on the side of the involved bundle
branch.

The mechanical effects of the arrhyth
mias are well shown by the electrokymo
graph. In auricular fibrillation,
atypical ventricular complexes are
demonstrated. In pulsus alternans, the
recurring alternation of pattern both
over the ventricle and in the great ves
sels is shown; this may occur with or
without electrocardiographic changes.
Recordings in begeminal rhythm may show
the ineffective ventricular contractions
due to the extra systoles which do not
appear in the great vessel curves.

Enthusiastic roentgenkymographers have
describod a multitude of changes in the
contour of the ventricular and aortic
waves in various cardiovascular'condi
tions. For instance ,Stwnpi'21 and others
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have stated that the phase relationship
of contraction along the ventriculaL
border and the amPlit~de have diagnoJtic
sign~ficance. Others ,10 have maintained
that the contour of the waves was of im
portance. Hirsch held that in valvular
disease there were characteristic changes
indicative of the altered hemodynamics,
i.e., delayed diastolic filling of the
ventricle in mitral stenosis, slowed sys
tolic outthrust of the aorta in mitral
insufficiency. These observations are
all subject to the errors inherent in the
roentgenkymogram which have been discussed.
They deserve re-investigation with this
new, more accurate technique.

This instrument should be of value in
aiding in differentiation between vas
cular and non-vascular masses in the
chest. Vascular structures in partieu
lar aneurysms should, unless thrombosed,
present marked density changes within
their borders. No observations with re
gard to this application are as yet avail··
able.

One possibility which is intriguing to
the radiologist and undoubtedly to the
cardiologist is that one day he ma;r he
able to visualize the border pulsate ':'1S

on an oscilloscope screen that has long
persistence so that the image ~s main
tained. He should thus be able to dis
tinguish the heart chambers and great
vessels by their characteristic pulsa
tions and to record int~resting features
at will.

Preliminary Observations

We have made a small number of records
with an electrokymograph provided us re
cently by the U. S. Public Health Service.
These studies were done in the Laboratory
for Physiological Hygiene using an ampli
fier type of electrocardiograph with
simultaneous recording of heart sounds.
The main consideration has been to perfect
the technic of recording, which requires
some little team work, and to secure re
cords which provide satisfactory detail.

Since it was apparent from the work
done elsewhere that obtaining useful in
formation from the ventricular curves will
require a vast amount of preliminary

standardization and comparison with
proved pathologic material, it was
felt that the accurate timing possible
wi th t~'e electrokymograph might profit
ably be applied to a study of the effect
of various lesions on the duration of
the phases of the cardiac cycle. The
isometric contraction p~riod is the most
constant interval in the cy·cle and.
Wiggers27 indicates that slight varia
tions should be of significance. The
interval is prolonged in hypodynamic
states and severe aortic stenosis, and
significantly shortened in only one
clinical condition, namely, aortic re
gurgitation. This interval is computed
from the electrokymogram as the time
elapsing from the first deflection of
the first heart sound (representing onset
of ventricular contraction) to the foot
point of the upstroke of systolic
ejection on the aortic or pulmonary
artery border curves. Wiggers gives the
time for isometric contraction as .05
second, and states that it is maintained
in the face of abnormalities such as
hypertension, mitral regurgitation and.
moderate aortic stenosis. Definite
lengtLening (more than .02 second) pro
bably is indicative of an impaired myo
cardium, marked obstruction to outflow
of the ventricle, or both. Investiga~

tion of the central pulse in man has up
to the present depended upon simultane
ous recording of heart sounds and sub
clavian pulse tracings. With the
electrokymograph, direct tracing from
aorta is possible, and for the first
time, it is also possible to determine
the interval independently for the two
ventricles by aortic and pulmonary
artery tracings. The total duration of
systole can likewise be measured from
the tracings.

Records on four young adult males
with no evidence of heart disease have
shown isometric periods for the left
ventricle of .07 to .10 second and
for the right ventricle of .05 to .10
second. These periods were identical
in two of these subjects while in the
other two, the right ventricular (pul
monary artery) isometric phase appeared
shorter than the left, due in all pro
bability to the asynchronism of ejection
previously discussed.
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As yet unexplained is the fact that
in our records, the second sound in all
cases preceded the incisura of the central
arterial border curve, in some instances
by as much as .10 s~cond, Since the in
cisura and the second sound both are
pres~~ed to result from somilunar valve
closure, our curves cannot be inter~eted

in the conventional fashion. If we '.m
eliminate lag in the recording system,
which seems unlikely in view of its elec
trical natnre, then th is di screl) .mcy means
either that the border vessel curves do
not directly follow pressure chunges, or
that the accepted relationship of the
heart sounds to the incistITa may be open
for revision.

Records have been secured in two
cases of congenital heart disease. The
first was a 28 ;year old female, c;yanotic
since birth, but with only moderate limi
tation of activity. The x-ray findings
of enlarged right ventricle and h11ge pul·
monary artery and its branches would be
best explained by an a trial sep".tl defect
with a right to left shunt to account for
the cyanosj.s. Fluoroscopy showed a
striking "hilar dance" due to pulsation
of the pulmonary artery borders, best seen
on the right. Cursory study of the roent··
genkymogram suggested that these were
due to actual intrinsic expansile pulsa
tions. However, comparison of the curves
along both borders of these enlar:..ed
vessel branches indicated th~t they re
presented right to left movement of '~10

vessel in toto. The electrokymogram
showed abnormal contours of both aortic
and pulmonary artery curves. AUjl)le pulsa
tions could be r0corded within the main
pulmonary artery shado'N", represc1ltj.ng
density and vol~ue cha~ges, but unoxpect
edly thero was 11ttle evidence of such
density-volwne change directly over the
right pulmonary e.l~tery branch. The
border of this ves3el showed the typical
vascular curve, iiith a lag of .04 second
between the onset of lateral movement
as compared wi t~'l that in trw main pul
monary artery. 'Ewse findirlgs are inter
preted as stron{!J.y suggestive of a throm
botic or arteriosclerotic process in the
right pulmonary b~anch with the recorded
lateral movement being transmitted to
the periphery in somewhat the way a wave
is propagated along a rope when it is
shaken. There was no synchronous movement
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of adjacent heart stnlctures to explain
the results.

The second case was a young adult
male, acyanotic and with little or no
effort limitation. The x··ray appear
auce of the hoart and pulmonary vessels
was very similar to that in the preced
ing case, but here the clinical findings
favored an atrial deptal defect with
superimposed mitral stenosis. Timing
in the electrokymogram was unsatisfac
tory due to systolic and diastolic mur
murs, but pronounced volume-density
vdriations were recorded over the right
pubnonary artery. In this case there
was no apprec~dble lag between the
events in central Or branch pumonary
artery curves. Such results indicate
the "hilar dance" in this case was due
to a substantial element of actual
systolic expansion with undoubtedly ad
ditional movement of the vessel as a
whole. This patient showed ventricular
wave patterns conforming to what at
present are believed to be normal.

One patient with moderate hyperten
sion (averaging 160/90) showed some
changes in the contour of both ventri
cular and pulmonary artery curves which
as yet cannot be given any specific
interpretation.

Recordings were made of the pul
monary artery in one normal subject
during 81ovation of intra-thoracic pres
suro by performance of the Valsalva
maneUl_ r (forced expiratory effort
with the glotti8 closed). As anticipat
ed, the amplitude of the pulsations
c.im:cnishod progl~essively due to the
iTl",pr1.inJ.e·,1t of venous return to the right
ventricle.

With the slit of the pick-up device
of the electrok~aographplaced within
the borders of a str~cture such as the
a<)x'ta or ventricle, pulsations are ob
taired due to the va:l:'iatior.s in x-ray
absc)rptio·L1 with cJ.1anges in tbickness of
tho structure as its blood content var
ies. It seems out of the question to
derive useful information from such
curves over the ventricles because of
the variation in shape and position of
the heart and the difficulty of isolat
ing the ventricles. However, density-



volume tracings from the aorta offer
considerable promise. In several of our
normal cases, such curves have shown
details coinciding with those of the
aortic arch border c4Xves. One infers
from this that the aortic border curves
are not disturbed to any significant
extent by· positional factors Actually,
all the electrokymographic records are
in part volumetric since change of den
sity of the structure as well as ~ovement

of its border is detected.

In order to eliminate further the
border-factor, it is proposed to dnninish
the size of the slit to a small square
which can be centered over portions of
the aorta. Very accurate data should
then be obtainable as to the rate of pro··
pagation of the aortic pulse wave which
provides an index of aortic elasticity.

To compare the electrokymogram end
roentgenkymogram directly, correspc... ;ing
segments of records from the aortic L'l-,LL

left ventricular border were al~anged so
tha t the registration of mechan:" cal events
coincided. This was accomplished by mag
nifying tho desired portion of the roent
genkymogram so that the cycle length
corresponded to that in the electrol:ymo
graphic, record; the abrupt outward move
ment in the roentgenkymogram over the
aorta and pubnonary artery represents
systolic ejection and proVides a refer
ence point. Several such comparisons
were made in normal individuals and they
show a general conformity of the wave
contours obtained by the two methods, but
bring out impressivoly the deficiencies
as to detail in the roentgenkymographic
records.

The few observations so far made mere
ly serve to suggest avenues of investiga
tion with this instrument which may prove
fruitful. None of the results are in the
least definitive as they are simply by
products of our first efforts to work
out techniques of recording with the ap
paratus.

Summary

1. A new fluoroscopic accessory, the
electrokymograph, has been described. It
has the advantages as compared with tho
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roentgonk31nograph, of prOViding a high
degree of definition and accuracy of
timing.

2. Application to the study of the
phases of the cardiac cycle is fair
ly straight-forward but in myocar
dial and- valvular diseases, a large
matorial must be critically examined
before any conclusions will be war
ranted.

3. A few preliminary observations with
simultaneously recorded electro
kyn~grams and heart sounds have been
noted.
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III. GOSSIP
The conference on Graduate

and Postgraduate Medical Education held
in the Rackham Building, University of
Michigan, May 19, 20, and 21, 1947, was
a great success. Deans of medical schools
and directors of the services at the Uni
versities of New York, Duke, Minnesota,
Columbia, Emo~r, George Washington, Colo
rado, Iowa, Michigan, Meharry, Washington,
Cornell, Oregon, Illinois, Tufts, a~d

Virginia were called together by Ben,:1:::mlin
Horning of the W. K. Kellogg FOLmdation.
These institutions were. recipients of
grants from the Foundation for the pur
pose of developing or strengthening their
graduate and postgraduate prograLls.
Moderators of the sessions were Harold S.
Diehl, A. C. Furstenberg (Michigan),
Joseph C. Hinsey (Cornell), Currier McEwen
(New York University), Howard H. Cunmings
(Michigan), and Samuel Proger (Tufts).
Each school reviewed its graduate and
postgraduate activities before and after
Kellogg.. Special discussion subjects
were: (1) The Graduate Training and
Continued Education of the Genoral Prac
titioner, (2) The Teaching of the Basic
Sciences at the Graduate Level, and (3)
The Regionalization of Medical Education,
The directors of the services learned that
they had a great deal in common when they
started discussing the merits and demerits
of their programs while the deans and
others discussed the subject from the
standpoint of awninist:L~ators. On the
second evening we were royally entertained
by the Michigan group, following which
there was a dinner at which Salvad.or
Zubiran, Roctor of the National Unh:rsity
of Mexico, spoke. He gave us an insiGht
into Mexican University life and his pro
posed expansion program. Most unique was
the manner of arranging the buildings, and
their purposes. There was to be a covered
walk for students and a large stadium for
athletics. We also saw the Navy film on
the Bikini party which was noisy and
colorful. The possibilities of atomic
warfare were explained by Dean Sawyer of
the graduate school. A splendid gosture
was extended by the W. K. Kellogg Founda
tion in inViting Lester J. Evans of the
Commonwelath Fupd to take part in the
discussion. There was a great deal of de
bate on the basic sciences. C. E. de la
Chapolle gave a dynamic description of
New York University t s fine plan. llilburt

C. Davison who sounds like Orson Welles
and looks like a character in a detec
tive story (minus the peaked fore and
aft hat), explained Duke's plans. Well
knovmauthor of the Compleat Pediatri
cian, he is a stimulating person. He
told me he wrote the book from the
notes which he compiled as a student and
later as a ~hysician. He published his
own book when he learned what the terms
of the book publisners were to be. He
has a standing offer of a dime for every
error found by students. As a result
it has fewer errors than many textbooks.
A student who wishes to take his girl
to the movies reads the book until he
has found the proper number of errors
and then collects. Columbia's Assistant
Dean, John B. Truslow, who was a Minne
sota visitor Just before the conference,
gave a scholarly report of their pro
gram. Hugh Wood of Emory won many to
his side when he doubted that a recent
graduate who has only had 3 years train
ing in internal medicine could act as
a consultant. He also felt that the men
who are now receiving advanced training
in internal medicine were going to make
the best type of general family physi
cian in the future. Scholarly, quiet,
dignified Walter A. Bloedorn told of
the extensive progra~ George Washing-
ton is developing. Ward Darley is
leading Colorado into new areas of
eXI\E\nsion by cooperating with all exist
ing agencies in the state. He came out
of practice to take over the deanship
and is doing a spectacular job. C. F.
Wilkinson, Jr., with his Atlanta accent,
told of Michigan's plan of co()perating
with smaller hospitals throughout the
state in establishing training programs
for residents. Murray C. Brown gave us
a real background picture of the negro
and his problems and plead for support
for his group. Handsome, energetic
Thomas M. Peery is the sparkplug in the
George Washington program. Careful,
meticulous John E. Detrick is doing a
finished job at Cornell. Charles M.
Holman, a most promising yo~~g man, told
of Oregon's fine program. Philosophisal
Ford K. Hicks of Illinois explained how
he was trying to develop his program in
Chicago and Illinois. Robert P. McCombs
of Tufts told of their experience in
sending physicians out to small hospitals
in Maine and Massachusetts and bringing
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others in. John T. McClintock detailed
Iowa's start and reminisced of past oppo
sition to changes in modical educatlon.
James P. Baker in his droll Southern way
told of his difficulties and successes.
I envy him because he was the only ono
in the group who had the title of Direc
tor of Continuation Education. Lester J.
Evans told of the Rochester, New York ex
periment in which residents from the
hospitals in the city are sent for short
services to hospitals in small communities.
They were hesitant about going out i~ the
first place, but now they are all anxious
to do it. They stay just long enough to
help the staff without the staff becoming
too dependent upon them. After several
years of getting kicked around as a nonen
tity in a teaching hospital, it felt good
to be treated like a Visiting fireman.
The social side was also interesting and
they wore able to develop chango throH8h
their own :Initiative. Hospitals already
have started to improve their records
and to put in radiology and pathology ser
vices. The medical centers sent out
Visiting clinicians who make ward walks
once a month and the hospital administra
tion group are brought into the orbit for
cooperative planning of the institutions.
W. T. Sanger, President, Medical College
of Virginia, a leader in every sense,
although he has difficulty seeing the
printed word, has a vision which staggers
the imagination of the average person who
thinks only of himself. His idea is to
have every medical school Gxtend its in
fluence into the region, helping all who
wish to be helped in their educational
program. He is not in favor of going
into any hospital unless the invitation
is extended by the local group. He l:l~vS

no attention to state boundaries, nor
preconceived ideas about the purpose of
medical schools. He also posed the ques
tion of "when does general education end
and special education begin." With the
lengthening of the course in medicine,
this question must be answered. It ap
pears to many people that we do not use
our time effectively. The question of
the general practitioner and his training
was brought up. One general practitioner
spoke to the group on the Michigan plan
which is to organize the practitioners
to further the cause of general practice
and not simply to fight specialism.
A discussion always goes great guns in

discussing general practive until a gen
eral practitioner gets up and his his
say. Michigan's extra-mural plan was'
discussed but it is not as extensive as
it was before the war. No other school
has such a plan at the present time.
Minnesota's Center for Continuation study
is unique as it is the only one of its
kind. Frode Jensen, new director of
graduate and postgraduate training at
the University of Colorado is still with
the American Medical Association and
came to the defense of the old body when
ever remarks were thrown in that direc
tion. H. S. Diehl made many worthwhile
contributions and it is easy to see why
he enjoys the respect of all medical
educators, Joseph C. Hinsey, Cornell's
dean, is another one of the farm boys
from the Middle West who made good, as
he hails from Iowa. Merl Carson, assist
ant dean in charge of postgraduate af
fairs at Washington University, is a
pediatrician. M. Don Clawson, president
of Meharry Medical College, looked on
with approval as everyone sympathetically
supported Murray C. Brown's plea for
support for graduate training opportuni
ties for negroes. Hance F. Haney, head
of the department of physiology, Univer
sity of Oregon Medical School, liked
the way his young candidate, Charles N.
Holman, was received. E. M. MacEwen,
dean of Iowa, was not able to be present.
Currier McEwen, dean of New York Univer
sity College of Medicine, is not a rela
tive. Robert A. Moore) Washington's
dean, is on ,the American Board of
Pathology. Samuel Proger, who pronounces
his name with a "d" between the "0" and
"". t· f G . H tg , lS a nn lve 0 eorgla. e repor -
ed that only fifteen per cent of the phy
sicians of his area took advantage of
postgraduate opportunities at Tufts.
He wondered how many others had an aver
age that low. No takers. It would be
interesting if the best features of each
plan could be incorporated into a master
plan. It looks as if the ideal unit
with which to work in the future will
be the hospital staff. The Medical
Society will continue to function as a
medical economic body, but the hospital
staff will grow in importance as an
education unit •......




