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The movements of the pulmonary artery can be observed clinically only if certain modifications
of the radiological methods are employed. Fluoroscopy allows only a personal subjective observa-
tion which is therefore subject to criticism. Radiokymography and electrokymography, on the
other hand, provide tracings that render an objective and detailed study possible, not only in respect
of the shape of the tracings but of their time relation. These tracings can be preserved, reproduced,
published, and compared. Similarly, analysis of intra-arterial pressure curves recorded in the
course of cardiac. catheterization gives information regarding the circulatory conditions in this
vessel and especially regarding the hmodynamics.

We have applied these investigations on the kinetics and hkmodynamics of the pulmonary
artery in a certain number of cases of congenital heart disease and have analysed the results; the
idea appears new to us for we have not found any references to this subject. The references given
at the end of the paper are to publications dealing simply with electrokymography.

One should, to begin with, emphasize that a priori the comparisons which we have studied,
though they relate to two very different phenomena, are not comparisons of fundamentally different
nature.

In studying the kinetics of the pulmonary artery, we are dealing with the displacements of its
contours that are visible radiologically. These may be only transmitted pulsations but we think
that in the great majority of cases they actually correspond to an arterial pulse, that is to say to the
succession of expansion and retraction of the vascular wall (change of volume) during the passage
of each pulse beat. These vascular pulsations observed and recorded radiologically are, in fact,
conditioned by ventricular activity. The vigorous contraction of the ventricle, of good tone and
well filled, produces a wave of considerable amplitude and in turn a marked pulsation, but this only
on condition that there is no obstacle to the free passage of the blood stream and that no shunt
reduces it by a fraction. This pre-supposes at the same time a perfect arterial elasticity which is
able to absorb and then restore part of the kinetic energy that has been liberated. Conversely, the
loss of elasticity slows the wave and reduces the amplitude of the pulsations; in its extreme form
complete rigidity would be associated with complete absence of pulsation in the artery. From these
considerations it follows that a large amplitude of pulsation is evidence of a large arterial output
running freely through elastic vessels.

* Travail du: Centre medico-chirurgical des affections cardiovasculaires de l'Hopital Broussais-la-Charit6; Clinique
Cardiologique: Professeur E. Donzelot et collaborateurs: R. Heim de Balsac, M. Durand, C. Metianu, J. E. Escalle,
R. Guillemot, V. Serafini, P. Kervoelen, J. Bougnoux, J. Bernath, P. Samuel et E. Beyda; Clinique Chirurgicale:
Professeur F. d'Allaines, J. Lortat-Jacob, Ch. Dubost et collaborateurs: N. du Bouchet, J. Le Brigand, M. Allary,
J. Vaysse, J. Passelecq, J. Guery, F. Brunet d'Aubiac et J. Elmelik et Service Central d'Electroradiologie: Docteur
F. Foubert.
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In similar fashion the intra-arterial pressure results from the force of contraction and the
ventricular capacity, given normal arterial elasticity and provided no obstruction or shunt is placed
in the circulatory circuit. An obstruction such as a stenosis raises the pressure behind it and de-
presses it distally. A shunt modifies the currents in variable fashion, determined by the interplay
of pressures to which it leads. The arterial elasticity comes into play in the sense that to maintain
an equal output through a more rigid vessel demands a raised pressure.

The kinetics and the pressures are thus two different phenomena but often they are in close
relation to the flow. Now this idea of flow is precisely the predominant one in the particular types
of congenital heart disease we have studied. Apart from the physio-pathological methods that
allow its measurement, the flow is determined by various factors, and it is certainly not without
interest to take these into consideration.

Material. The material studied consists of patients who have been subjected at the same time
to electrokymography of the pulmonary arterial movements following the technique described by
Donzelot et al. (1955), and to registration of their intra-vascular pressure by the customary method
of cardiac catheterization. The use of standard methods allows us to dispense with a description of
the apparatus or the technique used in the course of these two investigations. We would emphasize
only that the two examinations have not been made simultaneously, but have been made on the
same subjects, at intervals of a few days. The two tracings, therefore, whose characters we are
about to compare, have not been recorded synchronously, but their analysis is made with reference
to the electrocardiogram of which the same leads have been recorded with the electrokymogram and
with the pressure curve. We hope, in future studies, to be able to record an electrical polygram,
haemodynamic and kinetic, a project that requires only a judicious blending of the different methods
of registration.

Our researches have been carried out on 40 patients, of whom 13 had pulmonary stenosis (or
trilogy), 8 tetralogy of Fallot, 15 atrial septal defects, 2 patent ductus, and 2 Eisenmenger's complex.

RESULTS

I COMPARISON OF THE ELECTROKYMOGRAM AND PULMONARY ARTERY PRESSURE
CURVES IN NORMAL SUBJECTS

In normal subjects the registration radiologically of the movements of the pulmonary artery
does not entail any difficulty. This may not apply to cardiac catheterization which we only carry
out when the patient is considered to be able to profit directly from this special investigation. In
the absence, therefore, of catheterization in normal subjects, we have used the tracings of normc l
pressures from young subjects whose cardiac lesion had not progressed enough to affect their
pulmonary arterial tree.

The normal pulmonary artery electrokymogram has the same appearance as an ordinary
arterial tracing with a sharp upstroke in systole (Fig. 1), a crest of somewhat variable form and a
slower (more oblique) diastolic descent marked by a notch synchronous with the closure of the semi-
lunar valves (cf. Donzelot et al., 1955).

The curve of pulmonary artery pressure has a form that can be superimposed on the other
(Fig. 1). We find the same general form of curve and the same detail. The inclination of the
upslope is similarly from 10° to 20° while the diastolic descent is at 30° to 450, while the diastolic
notch occurs about the middle third. In general, however, the foot of the upstroke is usually marked
by a rebound or a little diphasic wave (the taking up of tension equals the isometric phase) which is
not inscribed in the electrokymogram. Otherwise all the details have a similar character. They
are delayed in relation to the electrokymogram by several hundredths of a second. The friction of
the column of blood against the walls of the catheter, the friction of the liquid column in the lead
tube, and the inertia of the apparatus suffice to explain the slight asynchronism.
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FIG. 1.-In the normal subject, the shape of the electrokymogram (below) and that of
the pressure curve (middle tracing) can be superimposed, but the latter shows a slight
delay due to the inertia of the recording apparatus.

II COMPARISON BETWEEN THE ELECTROKYMOGRAM AND PULMONARY ARTERY
PRESSURE CURVES IN SOME CASES OF CONGENITAL HEART DISEASE

It is convenient to distinguish among congenital heart lesions those which imply increased and
diminished pulmonary flow. The Eisenmenger complex will therefore be considered separately.

Congenital Heart Disease with Decreased Pulmonary Flow
As we have published elsewhere (Donzelot et al., 1955) considerable modifications of the electro-

kymogram appear in cases of pulmonary valvular stenosis (Fig. 3): the beginning of the upstroke
in systole may be delayed; the upstroke itself slower, appearing more oblique; the amplitude of the
tracing reduced; the systolic-diastolic summit en d6me, in plateau, or even in a concave plateau
(Fig. 3); and the diastolic notch diminished. All these pathological features are less in stenosis of
slight degree and tend to disappear after a successful pulmonary valvotomy. In the tetralogy of
Fallot, where the stenosis is more often infundibular, the curves lose entirely their frank arterial
character, and are reduced to vague systolic undulations (Fig. 5). One can say, therefore, that the
electrokymogram of pulmonary stenosis appears in different forms, the interpretation of which,
although difficult, can afford valuable information on the degree of the stenosis, on the efficiency of
the valvotomy (by comparison with tracings made before and after operation), and in a less decisive
manner on the anatomical form, i.e. on the exact location of the stenosis.

The pressure curves also are very much modified. The pulmonary artery pressure in general is
low and the form of the curve is not that of the usual arterial sphygmogram. Its amplitude is
reduced and in extreme cases is limited to undulations of various form, in which one no longer
recognizes either the sharp systolic upstroke or the slower diastolic fall (Fig. 2). If the stenosis is
less marked, the alterations are less drastic, but in all the cases the pressure traces in relation to
the kinetic traces show slight delay which is due, as in normal subjects, to the friction already
described and to the inertia of the apparatus.
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FIG. 2.-mIn a subject, suffering from an
isolated infundibular stenosis verified at
operation, the pressure curve (above) shows
a sudden transition between the pulmonary
artery and the right ventricle. The electro-
kymogram from the level of the middle
arch (middle tracing) is retarded, lower
in amplitude, and has a concave plateau.
The electrokymogram at the level of the left
pulmonary artery (below) is of smaller
amplitude, delayed, and of indefinite form.

b%~~~~~~~~~~~~Wk ~ ~ ~ ............

On the other hand, a most important contrast is yielded by the striking pressure gradient that
exists between the low pressures of the pulmonary artery and the very high pressure of the right
ventricle (Fig. 2 and 5). This discrepancy between the pressures in the two neighbouring chambers
indicates that there is an obstruction between them which i. difficult to overcome and reduces at the
same time both the flow and the pressure on the distal side.

Can one get any further information from catheterization? Yes, in certain cases, when the
catheter is withdrawn slowly from the pulmonary artery into the right ventricle, one sees on the
tracing a double transition (Fig. 4). Following the small arterial pulsations and the low pressure
in the pulmonary artery there suddenly appear waves of larger amplitude with higher summits and
then a second transition leads to pulsations of large amplitude (systolic pressure very high and
diastolic pressures low); the catheter is now in the right ventricle. This appearance, when it is well
marked, is of itself certain evidence. It corresponds to the existence of an .infundibular chamber
bounded by the two stenoses, the one valvular and the other infundibular. It allows one to diagnose
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from the upper part of the middle arch (below) shows large pulsations of typical arterial form

but delayed in all respects. A successful valvotomy was carried out shortly afterwards.
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FIG. 4 -Double pulmonary stenosis (infundibular and valvular) in the tetralogy of Fallot. The

pressure curves (above) show a double transitional zone (reduced to one-half). The electro-
kymogram from the middle arch (below) is of small amplitude and'indeterminate form.
(Scale 1/1.)

the existence of a double stenosis, but such an eventuality cannot be objectively demonstrated
constantly and with precision in every case in which there is in fact a double stenosis.

In the majority of cases, on withdrawing the catheter from the pulmonary artery to the right
ventricle, the records show a sudden transition that does not extend beyond a single cardiac cycle;
the obstruction has been crossed at a single step. But this appearance, while indicating with
certainty the presence of a stenosis, does not localize its site; the form of the curve is the same
whether one is dealing with a valvular stenosis (Fig. 3) or a narrowing of the infundibulum (Fig. 5).

It is in fact the comparative study of the electrokymogram that enables us to bring a new preci-
sion to this matter. Actually the analysis of our tracings seems to establish this fact: when cardiac
catheterization shows a sudden and single transition between the pulmonary artery and the right
ventricle, the electrokymogram of a valvu'lar stenosis (with a diaphragm type of sigmoid apparatus)
recorded from the level of the middle arch or at the origin of the left pulmonary artery comprises
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pulsations that are certainly delayed and as certainly of reduced amplitude, but always of an
arterial form (Fig. 3), with a very characteristic modification-the flattening in a dome-shaped
manner of the systolic peak of the curve. In every case in which these two findings have been
combined, operation or post-mortem verification has confirmed that the stenosis was of valvular
type. They were all cases of pure pulmonary stenosis or of Fallot's trilogy.

If, on the other hand, and with the same types of pressure curves, the electrokymogram consists
of a series of less marked undulations of smaller amplitude, and now without a frank relationship
between their form and the electrical sequence, the stenosis is infundibular (Fig. 5). Thus, in one
of our patients who presented as a pure pulmonary stenosis and where catheterization had shown a
marked pressure gradient between the pulmonary artery and the right ventricle with a single such
transition, and where the electrokymogram was uninterpretable, valvotomy was decided upon.
The operation showed the case to be one of very low infundibular stenosis.*: , , ~~~~~~~~~~~~~~~~~~~~. .,,,..

.
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FIG. 5.- Tetralogy of Fallot. Above, sudden transition between the pressures in pulmonary artery

and right ventricle. (The patient developed complete right branch block in the course of the
catheterization.) Below, the electrokymogram of middle arch (below) which is of small
amplitude and indeterminate form does not allow exact diagnosis of the seat of the stenosis.
An aorto-pulmonary anastomosis has greatly improved the condition of the patient.

This appearance of the electrokymogram is unfortunately common to cases of infundibular
stenosis and to those which are double without showing the double transition of a well-developed
chamber between the strictures (Fig. 5). In such cases, therefore, the diagnosis of the anatomical
deformity or of the seat of the stenosis cannot be determined and some doubt persists. Considered
separately the kinetic tracings and the pressure curves have each certainly some value, but the
juxtaposition seems to us capable of affording important diagnostic precision in a certain number
of cases, information that is of capital importance in deciding on the type of surgical approach.

Congenital Cardiac Lesions with Increased Pulmonary Flow
(a) Patent Ductus. In cases of persistent ductus arteriosus the electrokymogram of the main

trunk (middle arch) or left branch of the pulmonary artery permits recognition of two specific signs:
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RADIOLOGICAL KINETICS AND PULMONARY ARTERIAL PRESSURE 41

the rounding off, often en d6me, of the end of the systolic upstroke and the appearance of an un-
usually early diastolic rebound occurring in the first third or first half of the diastolic descent
(Fig 6).

These characteristics have been found by us also in tracings of the intra-pulmonary arterial
pressure. The curve of the change of volume (electrokymogram) and the pressure curve are in fact
superimposable. Immediately after tension has been taken up in the ventricular wall, the systole
shows a sudden ascent or upstroke, then it falls away to the right without any rebound notch to mark
the transition. The whole contour of the tracing remains in fact of arterial form but with a broad-
ened, rounded, dome-shaped summit. In a similar way the diastolic rebound often appears very
large and its timing is early; this fact appears to us to be seen most clearly when there is pulmonary
hypertension with a large flow through the persistent ductus (Fig. 6).

100 ~~~~~~~~7 5 -iT----XXX---.-............................._. ....

27550-

25 ~~~~~~~~~~~~~~DII
0 ~~~~~~~~~~~~~~~~~EKY.mm.Hg -

Pression A. P

FIG. 6.-Patent ductus arteriosus. Tracings of pressure and electrokymogram have the same form;
notch on the first third of the downstroke.

The late arrival of the aortic wave reaching the pulmonary artery at the end of systole and
provoking, through the rise in pressure that it causes, a premature closure of the semilunar valves
seems to us to be the origin of the two pulmonary artery phenomena that have been described.
Change of volume and arterial pressure, in fact, proceed with remarkable parallelism.

(b) Atrial Septal Defect. The electrokymogram is of large amplitude and frequently shows a
double diastolic rebound. The pressure curves show two inconstant characters; a rounded or even
dome-shaped curvature of the systolic summit and it may be a double diastolic rebound.

What can one conclude from comparison of these tracings? The amplitude of the electro-
kymogram corresponds without doubt to marked over-filling of the pulmonary artery which is
caused by an abnormally large input. A certain relation exists between this exaggeration of the
pulmonary arterial pulsation and the increased inflow in the lesser circulation. But, as we have
stated (Donzelot et al., 1955), the electrokymographic method is not favourable for a measured or
exact estimation of amplitude. Further in the case of atrial septal defects, the pulmonary artery
pressures are variable, and to such a point that no constant relationship has been established between
the height of the pressure and the estimated flow.

But one impression is gained from our observations; it seems that there is a relation between the
level of the pressure and the amplitude of pulsation. With equal flow a large kinetic tracing would
go hand in hand with low, i.e. normal pressures (Fig. 7), while with high pressures the corresponding
pulsations are of smaller amplitude (Fig. 8). A more detailed study on a larger number of cases
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42 DONZELOT, SERAFINI, BOUGNOUX, KERVOELEN, AND HEIM DE BALSAC

would appear to us necessary to confirm these facts; but they seem to us logical, for the amplitude
of beats corresponds to marked volumetric changes during the passage of each systolic wave and
this implies good arterial elasticity and considerable variations between systolic and diastolic
pressures. A high pressure raises as a rule both systolic and diastolic pressures, the latter propor-
tionately more; the arterial system that is subjected to a continued abnormally high pressure tends,
in general, to undergo modifications of its walls which become thickened and by a double anatomical
and functional process more rigid.
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FIG. 7.-Atrial septal defect without pulmonary hyper-
tension. The electrokymogram of the left pulmon-
ary artery (below) and the pressure curve (above)
have identical form. The pulmonary arterial
pressure is not raised, the beats are of large ampli-
tude. (In the course of the catheterization the
patient developed a transient complete right branch
block.)
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FIG. 8.-Atrial septal defect with pulmonary
hypertension. The shape of the curves is
identical but the raised pressure (above) is
accompanied by a smaller amplitude of
pulsation in the left main branch of the
pulmonary artery (below).

(c) Eisenmenger's Complex. This congenital defect is not common and we have only examined
two cases. Such limited observations do not allow us to draw hard and fast conclusions. The
electrokymogram seems sufficiently characteristic; a horizontal plateau taking up the second half
of systole (Fig. 9).

The pressure curves are more typically arterial but the end of systole is a little prolonged. The
diastolic notch comes early and the diastolic downstroke is at first steep and then more gradual.
Further, systolic and diastolic pressures are somewhat approximated and set at a high level.

SUMMARY AND CONCLUSIONS
A comparative study is reported of the radiological kinetics and pulmonary arterial pressures

in 40 patients suffering from various forms of congenital heart disease.
In congenital heart disease with decreased pulmonary flow (21 patients; 13 simple pulmonary

stenosis and 8 tetralogy of Fallot) comparison of the tracings shows the existence of two different
alterations in the electrokymogram, either reduced amplitude en d6me, or a series of small undula-
tions without any relation to the electrical events in the cardiac cycle. The comparison of the two
types of tracing warrants the conclusion that in the first case there is pulmonary valvular stenosis
and in the second case, a double stenosis, valvular and infundibular or infundibular.

 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.18.1.35 on 1 January 1956. D
ow

nloaded from
 

http://heart.bmj.com/


RADIOLOGICAL KINETICS AND PULMONARY ARTERIAL PRESSURE 43

M, t1~A A I' + __

-30~ ~ ~ ~ ~ ~ ~

...... ..

..... .. ......
.+ ._.

..

*
$ : j : f ~~~~~~~~~~~~~~..:. ....1..$~~~~~~~~~~~~~~~~~~~~~. .4....

.

.,,. ...,

FIG. 9.-Eisenmenger's complex. The tracings have an arterial form and show premature
closure of the semilunar valves. The pressures (above) are raised; the electro-
kymogram of the right main branch of the pulmonary artery (below) shows a systolic
plateau.

In congenital heart disease with increased pulmonary flow (17 patients; 2 patent ductus and 15
atrial septal defects), the tracings are superimposable. There seems to be an inverse relation
between the level of the pressure and the size of the pulsations. For a given flow a large kinetic
pulsation corresponds to low pressures, and a reduced kinetic pulsation to raised pressures.

In the Eisenmenger complex, the two curves are again apparently analogous and are character-
ized by the existence of a plateau extending from systole into diastole.

The comparative study of the electrokymogram and pressure curves registered at the level of the
pulmonary arterial tree appearito be of interest. Such a study allows a precision of diagnosis of
the site of pulmonary stenosis Nhd also, without any doubt, allows an estimation of the flow, both
in cases of persistent ductus arteriosus and atrial septal defect.

REFERENCES
Anderson, T. (1951). Acta Radiol., 36, 345.
Boone, B. R., Ellinger, G. F., and Gillick, F. G. (1949). Ann. intern. Med., 31, 1030.
Donzelot, E., Antony, A. Y., Bustany, H., Metianu, C. and Heim de Balsac, R. (1955). Arch. Mal. Ca?ur (in press).
Engstrom, B., Kellberg, S. R., Personn, L., and Rudhe, V. (1949). Acta Radiol., 31, 35.
Gillick, F. G., and Reynolds, W. F. (1949). Californ. Med., 70, 407.
Henny, C. G., Boone, B. R., and Chamberlain, W. E. (1947). Amer. J. Roentgenol., 57, 409.
Lian, C., and Minot, G. (1946). Arch. Mal. Caur, 39, 339.
Luisada, A., and Fleischner, F. G. (1949). Proc. Soc. Exp. Biol. Med., 70, 730.
____- and Rappaport, E. E. (1948). Amer. Heart J., 35, 336.
Pannier, R., Van Loo, A., et Van Beylen, C. H. (1950). Beige Radiol., 33, 1.
Puddu, V., and Comberiati, L. (1950). Proc. Ist. Congr. mondiale. Cardiol., Paris, 1, 527. Baillere edit.
Rushmer, R. F., Crystal, D. K., Tidwell, R. A., and Hendron, J. A. (1953). Amer. J. Roentgenol. 69, 385.
Segers, M. (1952). Brux. med., 32, 15.
Zinsser, H. F., Kay, C. F., and Benjamin, M. J. (1950). Circulation, 2, 197.

 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.18.1.35 on 1 January 1956. D
ow

nloaded from
 

http://heart.bmj.com/

