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The study of the movement of the heart and great vessels by roentgenkymography suffered from
the beginning in that tracings obtained by this technique did not permit of detailed analysis. Stumpf
(1934) recognized this defect and attempted to overcome it by a technique called densography. By
the use of a photoetectric cell with the property of varying its resistance in response to alterations in
light intensity, he obtained tracings capable of linear magnification and detailed study. A similar
principle is embodied in the electrokymograph which has been developed by Henny et al. (1947).
Several groups of workers in the U.S.A. have published observations on heart and great vessel
movement in normal and abnormal subjects, but so far, from this country, there has only been
the one short communication by Wells (1950). The technical aspects of electrokymography
have been described by Luisada et al. (1948). In the simplest terms the movement of the
cardiovascular silhouette affects the amount of light falling on a phototube slit placed perpendicular to
the cardiovascular border under fluoroscopic6control, and the variation in light intensity is translated
into a linear tracing. The polarity of the apparatus is arranged so that an increase in light causes
a downward movement in the tracing. This may be produced by an inward movement of the cardiac
border or by a decrease in the density of that part of the heart lying in front of the slit.

Various methods have been used to determine time relations; Henny and Boone (1947) employed
the carotid pulse as a timing device, Luisada, Fleischner, and Rappaport (1948, 1949) the heart
sounds, while Anderson (1948) and Lian and Minot (1946) used the electrocardiogram. More
recently Mednick et al. (1950) have been employing two electrokymographs with simultaneous
recording of the carotid pulse while Akman et al. (1950) has been using electrocardiograms with
pressure pulses from the right ventricle and pulmonary artery.

METHOD
The Sanborn electrokymograph employed in this study is essentially similar to that developed

by Henny and Boone and modified by Luisada and Rappaport. Electrocardiographic tracings and
heart sounds have been recorded simultaneously using a Sanborn 4-channel poly-viso direct writing
apparatus. In view of the limited linear frequency response of this recorder (80 cycles/second) the
phonocardiogram does not record the heart sounds faithfully and has been used only for approxi-
mate timing while the electrocardiogram has been used in the detailed analysis of time relations.
It is difficult to compare the relative amplitude of tracings from different parts of the cardiovascular
border with this method, which is in this respect inferior to multiple-slit roentgenkymograpby.

Our records have been obtained with subjects standing behind a fluorescent screen in the postero-
anterior and various oblique positions, and standard limb leads I and II are usually recorded. In
order to obtain satisfactory cardiograms the subject has to be fully relaxed and the apparatus must
be adequately earthed. The phonocardiograph microphone is placed over the base of the heart but
has to be removed for the recording of aortic and some pulmonary artery tracings. The screening
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34 DAVIES AND VENNING

current used is 4-5 mA. at 70 kYp. The wholte procedure takes twenty to thirty minutes; the irradia-
tion dosage received by subject and operators has been found to fall well within the limits of safety.
The paper speed used routinely has been 25 mm. a second (normal electrocardiographic recording
speed). The recording fidelity of the electrokymograph has been studied by Zinsser et a!. (1950)
and the time lag is about 0-015 to 0-025 second.

A common artefact noted was rounding or flattening of the top or bottom of the tracings. In
most instances this was due to an unsatisfactory position of the slit so that the heart border moved
across and then beyond it. It was corAimonly found in subjects with very forcibly acting hearts.
We believe that these artefacts have not been fully recognized as such by some workers since certain
published tracings include them without comment (Fig. 1).

JL/'L

FIG. I.-Electrokymogram
taken from the lowest left
heart border position (LVlI)
in a healthy male subject
aged 18 years. The flattened
trough of the tracing shows
that in systole the heart
border moves across and
then beyond the slit.

FIG. 2.-Electrokymograms recorded (1) from pulmonary artery
and (2) from the aortic knuckle in a healthy woman aged
29 years. Note the resemblance to arterial pulse tracings
and the accuracy with which filling can be timed from the
electrocardiogram tracing above (standard limb lead 1).

MATERIAL
Normal Subjects. We have recorded electrokymograms from fifty normal subjects but as our

technique has improved during this time we have selected only the last thirty for analysis.
These subjects were men and women medical students or ambulant patients from the surgical

wards. Their ages ranged from' eighteen to sixty years; there were nineteen men and eleven women.
Arterial Tracings. Electrokymograms recorded over the pulmonary artery and aorta showed

a very close resemblance to arterial pulse tracings (Fig. 2). The dicrotic notch was usually more
conspicuous in the pulmonary artery than in the aortic tracings.

Pulmonary Artery. Satisfactory tracings from the pulmonary artery were obtained in all thirty
subjects, but in one the onset of the main upward deflection was slightly slurred rendering the tracing
unsuitable for timing. In nineteen subjects consecutive complexes recorded showed a variation
of not more than 0-01 sec. between Q and the onset of pulmonary artery filling in at least three

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.14.1.33 on 1 January 1952. D
ow

nloaded from
 

http://heart.bmj.com/


ELECTROKYMOGRAPHY

'(usually four or more) complexes. In the remaining ten subjects the variation has been about
0-02 sec.

The interval from the onset of QRS to the onset of pulmonary artery filling variedfrom 0-08 sec.
to 0 16 sec. In seventeen out of thirty subjects the interval was between 011 sec. and 0 13 sec.
and in twenty-seven out of thirty between0O10 sec. and0O 14 sec. This time interval has been studied
by Richards et al. (1947) using a cardiac catheter passed into the pulmonary artery to measure the
onset of filling (average 0 085 sec. with a range of 0 04 sec.), compared with our finding of 0-12 sec.
with a range of0O04 sec. in twenty-seven out of thirty subjects. Their findings of the relation between
the onset of the P wave and the onset of auricular filling using the same technique agree closely with
the previous findings of Lewis (1920) using the "a" wave in'the jugular pulse tracing, when allow-
ance is made for the inherent lag in their respective methods. Our findings would appear to indicate
that there is an unexplained lag of about 0-035 sec. (Our figures have already been corrected for
the instrumental time lag.) Catheter tracings are recorded from within the main pulmonary artery
while electrokymograph tracings are taken from the cardiovascular border (possibly left pulmonary
artery) but it is difficult to see how this short distance can account for the discrepancy. This problem
is being studied further.

Aorta. Satisfactory tracings were taken from the aortic knuckle in twenty-nine of the thirty
subjects. The time relations correspond closely with those obtained from the pulmonary artery.

Left Ventricular Tracings. Tracings were taken just above the diaphragm and at regular intervals
up the left heart border. In subjects with vertical hearts three or four left ventricular tracings were
obtained in the postero-anterior position; in subjects with horizontal hearts only two separate left
ventricular tracings were recorded. It has occasionally been possible to obtain tracings through
the gastric air bubble.

In the thirty subjects, 195 left ventricular tracings were studied (usually four complexes recorded).
Of these 98 were taken in the postero-anterior position, 35 with the subject turned five or ten degrees
towards the left anterior oblique position with the left ventricular border behind and to the left of
the spine, and 62 in the full left anterior oblique. Only a minority of the tracings appeared to
resemble the pattern described as typical in the early American publications (Henny et al (1947) and
Luisada and Fleischner (1949)). This shows a relatively steep upstroke in early diastole, flattening
out in late diastole, and followed by a considerably steeper downstroke representing ventricular
systole. This downstroke is preceded by a small notch which has been attributed to auricular
systole and at the end of the main downstroke a notch is observed coincident with the second heart
sound and attributed to closure of the aortic valves.

This idealized ventricular electrokymogram (Fig. 3-5) has recently been criticized by Akman et al.
(1950) who have pointed out that the time relationship of specific points on the electrokymogram
to the corresponding events in the cardiac cycle is approximate only. They have also pointed out
that in about half of their cases a rather characteristic pattern is obtained in the oblique position,
particularly from the upper half of the left ventricular border. This tracing shows a steep upstroke
with a symmetrical convexity followed immediately by a steep downstroke (Fig. 6 and 7).

We have confirmed this finding and in addition have noted that this tracing may be obtained
from the half-left and postero-anterior positions although in general the early systolic upstroke
becomes more pronounced higher up the left ventricular border and further round to the back. We
have recorded it in four instances from the lower half of the left ventricular border in the postero-
anterior position (Fig. 7).

Inspection of the tracings has shown that the summit of the ventricular electrokymogram may
bear no constant relation to the onset of QRS, either from one subject to another or from one position
to another in the same subject. When the summit did not appear to represent the onset of the
intrinsic deflection (due to ventricular systole) we have tried such other point on the tracing as
seemed more suitable and still found no constant relation to QRS or to the times of aortic and
pulmonary artery filling which might represent fairly closely the end of isometric contraction of the
ventricles. In Fig. 6 and 7 we believe that the intrinsic deflection representing the onset of the ejection
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FIG. 3.-Electrokymogram
from the lowest position
on the left heart border
(LVl) in a healthy man,
aged 18 years.

/ I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.......

FIG. 6.-Electrokymogram from the

lowest (LVl) position in the left

anterior oblique in a healthy man,

aged 50 years, whose heart was in

the extreme vertical position.

FIG. 4.-Electrokymogram from
the LYl position in a healthy
man, aged 27 years.

ko-4

FIG. 5.-Electrokymogram from the
LV2 position in a h'ealthy man,
aged 22 years.

LYl LV2
FIG. 7. Electrokyqiogram from the LVl and LV2 positions in a

healthy woman, aged 21 years. Note these were obtained with
the subject in the postero-anterior position.

A
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ELECTROKYMOGPRAPHY 3
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FIG. 8.-Electrokymogram from the
lowest (LVI) position in a healthy
man, aged 48 years.

/........

/.......

4-4A~4I4.+L14 4 --4 4444-+++-t4

FIG. 10.-Electrokymogram
fromthe LV2 position show-
ing the notch coincident
with the second heart sound
to be high on the main
downstroke.

LVI LV2
FIG. 9.-Electrokymograms from the LVI and
LV2 positions in a healthy woman, aged 29
years. Note how in the second tracing, the
notch coincident with the second heart sound
has now risen to a positioni half-way up the
intrinsic downward deflection.

phase precedes the summit, whereas in another type of tracing (Fig. 8) the onset appears to foJiow
the summit.

Another striking discrepancy is shown by other tracings in which the notch in the electro-
kymogram, coincident with the second heart sound (Fig. 5 and 8) and accepted by Luisada et al.
(1948, 1949) as representing closure of the aortic valve, occurred just after the summit and before the
main downstroke in one particular position on the ventricular border, although found in its usual
position (in the trough) in tracings from other positions (Fig. 9 and 10).

Akman (1950) has criticized the idealistic interpretation of this notch occurring at or near the
second hea~rt sound, pointing out that the time relation is only -approximate; our finding would
suggest that in this instance (Fig. 10) it is not even permissible to attribute the main deflection of the
electrokymogram to ventric'ular systole as the main downward deflection occurs in early diastole.
This suggests that the inward movement of the left ventricular border continued after the end of sys-
tole aRd that the main d-eflection of the electrokymogram in this tracing may be recording the pendu-
lum-like motion of the heart as a whole or some other positional change. Superficial examination
might suggest paradoxical pulsation, but there is a normal upward movement in late"diastole. In
contrast, Fig. 13 shows the electrokymogram from the border of a left ventricular aneurysm ipi a
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38 DAVIES AND VENNING
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LV3 (high) V

LV1(low)A, \1 !''V
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P-A position Half left oblique Left ant. oblique
FIG. 11.-These nine tracings were taken from the left ventricular borders of a

healthy woman, aged 22 years. Those on the left with the subject in the
postero-anterior position, those on the right in the left aitterior oblique
and those in the middle from an intermediate position. The lowermost
tracings were taken from just above the diaphragm, and the others from
higher positions on the ventricular border.

patient in whom paradoxical pulsation was noted on screening. In this tracing there is practically
no upward movement in late diastole, the paradoxical movement occurring throughout the cardiac
cycle.

While it is obvious that the arterial electrokymograms correspond closely with arterial pulse
tracings, we cannot agree with the earlier American workers who have tried to attach precise meaning
to points on the ventricular electrokymogram on the assumption that it corresponds with a ventri-
cular volume curve. Cardiac movement is highly complex; in addition to systolic contraction and
diastolic expansion there is rotation, change in shape, and possibly also pendulum movement.
It has been pointed out by Roesler (1943) that the main feature of ventricular systole is considerable
shortening of the long axis rather than inward movement of the border. This was demonstrated
by Wolferth and Margolies (1939) by roentgenkymography in subjects with calcification of the
mitral ring.

In view of the wide variation we have found in the pattern of the normal left ventricular electro-
kymogram we believe that any future study should include multiple tracings. We feel that a single
ventricular electrokymogram is as incomplete as a single lead of the electrocardiogram. Our
routine method is to record three tracings from high, intermediate, and low points on the left
ventricular border with the subject in each of three positions (postero-anterior, formal left
anterior oblique, and an intermediate position with the subject turned five or ten degrees towards
the left anterior oblique). Fig 11 and 12 show nine tracings recorded from the same subject in
this manner..
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ELECTROKYMOGRAPHY 39
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FIo. 12.-Multiple left ventricular tracings from a healthy woman, aged 29 years.
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DAVIES AND VENNING

ABNORMAL SUBJECTS
Twenty-five subjects with abnormal hearts have been studied, the diagnoses have been as follows.

Coronary artery disease 6 (one with paradoxical pulsation on fluoroscopy, one with left bundle
branch block), hypertension (left ventricular enlargement) 2, Fallot's tetralogy 2, patent ductus
arteriosus 2, aortic incompetence 2, atrial septal defect 2, ventricular septal defect 1, aortic stenosis
and incompetence 1, aortic stenosis (?bacterial endocarditis) 1, mitral stenosis and aortic incom-
petence 1, mitral stenosis 1, mitral stenosis with aneurysmal dilatation of the left auricle 1, auricular
fibrillation (no other abnormality) 1, anemia with cardiac enlargement 1, and mediastinal lympha-
denopathy 1.

We have only been able to satisfy ourselves that the tracings ob-
tained have been completely outside the normal range in respect of the
following observations which have confirmed and amplified findings on
cardioscopy rather than added any new information.

In both patients with Fallot's tetralogy we failed to obtain the normal \ , ,
tracing over the region of the pulmonary artery. We have never failed to
obtain this tracing in normal subjects or in the other patients listed above.

Tracings from the right heart border in the massive left atrium with i t
mitral stenosis showed complete absence of pulsation even with the
sensitivity increased. There was a similar finding over enlarged medias-
tinal lymph nodes.

In patients with patent ductus arteriosus and atrial septal defect we
found large tracings from the pulmonary artery, but we have'as yet no
measure of the limits of normal. In the patient with paradoxical ventri-
cular pulsation, electrokymography showed a pattern that was inter-
preted at the time as clearly abnormal (see Fig. 13). Further experience aged 56 years. Screen-
has shown that tracings not unlike this may be obtained from normal ing showed paradoxical
subjects (e.g. Fig. 6, 10). In these, however, the tracings show a pro- * pulsation of the uppersubjects ~~~~~~~~~~~~~~~~~partof the left ven-
longed gentle upward movement preceding the onset of QRS followed tricular border. The
by the sharp upstroke believed to be due to positional change of the heart tracing was taken from
during the early part of ventricular systole. The tracing from our patient this region with theduring ~~~~~~~~~~~~~~~~~~~~subjectin the-postero-
with cardiac aneurysm shows a downward movement in late diastole with anterior position.
very little slow upward movement before the sharp rise at 0-04 sec.
after Q. This confirms the impression of other observers who have stressed that the findings in
early systole should be interpreted with great care, and that the diagnosis of paradoxical pulsation
must depend on abnormalities throughout the cardiac cycle. We have not found such abnormali-
ties in other patients with known previous infarction in whom cardioscopy had revealed no
evidence of aneurysm.

SUMMARY
Observations on electrokymography are presented after experience with fifty normal and twenty-

five abnormal subjects using a Sanborn electrokymograph and poly-viso 4-channel recorder.
Analysis has been made of the pulmonary artery and aortic electrokymograms, time relations

being studied with simultaneous recording of the electrocardiogram.
Criticism of previously published interpretations of the left ventricular electrokymogram has

been made and the wide variation of normal illustrated and-stressed. A method of recording
electrokymograms from nine positions on the left ventricular border is described and is recom-
mended for the routine study of left ventricular movement.

Preliminary observations on subjects with various cardiac abnormalities have been made.

We wish to thank Dr. William Phillips for his constant encouragement and help, Mr. R. G. Wood (Physicist) for
his advice and Miss C. Rumbelow (Cardiographer) for technical assistance.
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