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to those engaged in cardiac catheterization that this
procedure may lead to left-sided embolism in pa-
tients with predominant right-to-left shunts, and
that a complicated episode of coronary embolization,
with resultant myocardial infarction, may go undiag-
nosed in the absence of specific clinical manifesta-
tions. An additional point of interest is the un-
usually long survival of the patient with the par-
ticular type of malformations present.

SuMMARY

A case of fatal coronary-artery embolism with
myocardial infarction in a sixteen-year-old girl with
Type 1 persistent truncus arteriosus is presented.
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The possible paradoxical nature of the embolus and
the relation of the embolic episode to cardiac cath-
eterization are discussed.
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THE MECHANISM OF THE PRODUCTION OF DUROZIEZ'S MURMUR*

GEeorGE G. Rowe, M.D.,+ Skopa Aronso, M.D.,} Cesar A. CastiLLo, M.D.,§ anD
Davip H. McKenNa, M.D.{

MADISON, WISCONSIN

ACCORDING to the description of Duroziez, as

presented by Major' and by Willius and Keys,?
the intermittent to-and-fro crural murmur associated
with aortic insufficiency is produced by blood flow
into the lower extremity during systole and back
from the extremity toward the aorta during diastole.
Although this may seem elementary there has been
a considerable amount of investigation attempting to
prove or disprove this hypothesis, and varying ex-
planations have been suggested. Thus, Blumgart and
Ernstene® concluded, in 1933, that the diastolic por-
tion of Duroziez’s murmur arose either from back-
flow in the femoral artery during diastole, as seen in
severe aortic insufficiency, or from continuing for-
ward flow during diastole, as seen in thyrotoxicosis,
anemia, fever or peripheral vasodilatation from heat.
They stated that these two mechanisms could be
differentiated simply at the bedside in the following
manner: if the diastolic murmur was accentuated
by pressure on the artery proximal to the site of aus-
cultation and abolished by a peripheral tourniquet
or immersion of the extremity in cold water, it was
due to continuing forward flow from vasodilatation;
and, on the other hand, if the murmur was due to
backflow, it was accentuated by pressure distal to the
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point of auscultation as well as by application of a
tourniquet distal to the auscultation site and by im-
mersion of the extremity in cold water. Luisada, in
reviewing the literature, indicated that there were
inconsistencies between the results obtained by Blum-
gart and Ernstene and those of others who did
similar experiments before them. In his own exper-
iments Luisada demonstrated phonocardiographical-
ly that the diastolic murmur occurred at the “pre-
dicrotic notch” and was later at a more distal site in
the artery than in a more proximal site. From this he
concluded that the diastolic murmur was due to
continuing forward flow during diastole not only in
subjects with peripheral vasodilatation but also in
those with aortic insufficiency.. Since the evidence
presented by previous investigators is indirect and in-
ferential, and since current textbooks™® carry oppos-
ing and therefore confusing explanations of the
Duroziez murmur, the present experiments were un-
dertaken.

MATERIAL AND METHODS

For preliminary testing of feasibility of the pro-
cedure a Cournand needle was placed percutaneous-
ly in the femoral artery of an anesthetized dog and a
cineangiogram was recorded at 60 frames per second
during infusion of contrast substance (85 per cent
diatrizoate methylglucaminel||). Since it was clearly
possible to follow the direction of blood flow in the
femoral artery by observation of the concomitant
movement of the radiopaque liquid in the normal

lIn the form of Cardiografin, E. R. Squibb and Sons, New York City.
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animal the infusion and filming were repeated after
deliberate destruction of the aortic valve by means
of a destructive instrument passed down the carotid
artery to tear the valve. The amount of retrograde
flow in the femoral artery increased sharply in the
dog after this procedure and encouraged us to extend
our observations to human subjects.

A series of 8 human subjects were then selected
for study. On careful examination 3 of them pre-
sented Duroziez’s murmur, and 5 did not. Of the
subjects with Duroziez’s murmur 1 had severe aortic
insufficiency, 1 a large patent ductus arteriosus, and
the third aortic insufficiency with a defect of the
ventricular septum. Although a considerable effort
was made to find patients with severe anemia and
thyrotoxicosis who presented a typical example of
Duroziez’s murmur, no such subject was found dur-
ing the time of this study. One subject with a
hemoglobin of 5 to 6 gm. per 100 ml. was subjected
to infusion of contrast material into the femoral
artery even though no such murmur was present. Of
the other 4 subjects without Duroziez’s murmur, 2
were catheterized because of a defect of the atrial
septum and a third because of a defect of the ven-
tricular septum. The fourth was a normal volunteer
(G.G.R.). All served as subjects for this investiga-
tion of femoral arterial flow during cardiac catheteri-
zation except the volunteer, who had the infusion
into the brachial artery as an isolated procedure.

In each of the 8 human subjects used for this study
a Cournand needle was inserted percutaneously into
the femoral or brachial artery and attached by plastic
tubing to a constant injection apparatus capable of
infusing a continuous stream of contrast substance.
During the injection of contrast substance at 20 ml.
per minute cineangiograms were recorded at 60 frames
per second. Thus, it was possible to record the move-
ment of contrast substance as it was infused into the
artery and hence to determine direction of blood flow.
In the patient with patent ductus arteriosus the study
was repeated after surgical correction of the lesion
when the Duroziez murmur was markedly reduced.

In most subjects the infusion had to be discontin-
ued shortly after its onset because of acute pain in
the extremity into which the contrast substance was
infused. This reaction caused no long-range dis-
ability and disappeared shortly after stopping the in-
fusion. It did not interfere with the study except so
far as it reduced the number of subjects studied
and limited the length of observation and frequency
of repeated studies. The infusion into the brachial
artery was accompanied by considerable pain and fol-
lowed by residual tenderness of the fingertips and
nail beds. Deep-bluish, painful discolorations were
noted in the fingers, especially the pads of the distal
phalanges, approximately eight hours after the in-

THE NEW ENGLAND JOURNAL OF MEDICINE

June 10, 1965

fusion, becoming progressively more apparent during
the succeeding day and then slowly fading. Although
no permanent damage wesulted it was not thought
advisable to repeat the observations in other subjects.
This reaction may well have been exaggerated by
repetition of the infusion during heating of the
hand and forearm by an electric blanket after the
extremity was already painful from the control injec-
tion. The severity of the reaction was considerably
less in the lower extremity than in the upper, pre-
sumably since the dilution of the contrast material is
greater in the thigh, leg and foot and no residuals
were produced.

In 1 patient with a defect of the atrial septum
the lower extremity was heated with an electric
blanket before infusion of contrast substance and
subsequently cooled by application of alcohol to its
surface. When the extremity was thoroughly chilled
contrast substance was infused again. Auscultation
in this subject revealed that the systolic murmur be-
came much louder and longer during application of
heat, but no diastolic murmur appeared until after
the extremity had been cooled by sponging with cold
alcohol. No adverse reaction occurred.

REesuLTs

Infusion of contrast substance into the femoral
arteries of anesthetized normal animals revealed that
during systole the contrast substance washed rapidly
toward the periphery whereas during diastole for-
ward flow ceased and the contrast substance became
progressively more dense in the artery at the point
of the needle tip, moving slightly retrograde and dif-
fusing slowly centrally and peripherally along the
femoral artery. In all cases retrograde flow was
relatively small but distinctly present. Indeed, retro-
grade flow was interrupted suddenly, apparently in
relation to aortic-valve closure, with a brief rebound
of forward flow as might correspond to the dicrotic
notch on a pulse tracing. When the aortic valve
was destroyed the excursion of the contrast sub-
stance immediately became greater not only with a
greater forward surge during systole but also with
considerable backflow during diastole uninterrupted
by aortic-valve closure. This pattern was seen in
both dogs in which the experiment was performed.
An attempt has been made to present these motions
graphically in Figure 1.

In human subjects without disease of the aortic
valve or a shunt flowing from the proximal part
of the aorta in diastole the femoral-blood-flow pat-
tern was similar to that seen in the normal dog. The
pattern of flow is indicated diagrammatically in Fig-
ure 1. Thus, during systole, the blood and contrast
substance moved rapidly toward the periphery, and
during diastole, flow reversed temporarily for a small
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DOG #1 HUMANS WITH DUROZIEZ'S MURMUR
Normal Aortic_Insufficiency Aortic Insuffici (AM) T» i
= -~ Patent Ductus (open) (VM) -_—
DOG #2 -
Normal Aortic Insufficiency (closed) -—:4_—
> ~ V.S.D, + Al (NA) T =
HUMANS WITHOUT DUROZIEZ'S MURMUR HUMAN WITH A.S.D. Extrem. Heated - Cooled
Ventricular Septat Defect (JK) —_—’.t_.» AT == No Murmur
Atrial Septal Defect (AK) -_ Cool ~"—= Murmur Present
Anemia (MW) T = NORMAL HUMAN — BRACHIAL ARTERY
Control T =y
Heated —  <—=

Ficure 1. Patterns of Flow Observed.

The arrows indicate the direction of flow of contrast mate-
rial infused into the femoral artery. In each case the upper
arrow indicates flow during systole. The subsequent arrows
indicate directional changes in flow, and the length of the
arrow is related to the rate and apparent distance of flow.
The lower-right-hand data under “normal human” refer
to the movement of blood in the brachial artery whereas
all the other data in the figure were observed in the femoral
artery.

distance, again with a forward “bounce” apparent-
ly related to the dicrotic notch and produced by
aortic-valve closure. This pattern was seen in the
patients with defects of the atrial and ventricular
septums and anemia. It should be emphasized that
these subjects had no Duroziez murmur.

In the human subject with Duroziez’s murmur who
had severe aortic insufficiency there was very rapid
forward flow in the femoral artery during systole, and
marked backflow occurred during diastole. The con-
trast material appeared to be carried by retrograde
flow from the femoral infusion site to the distal end
of the abdominal aorta. ’

In the patient with a patent ductus arteriosus
who had Duroziez’s murmur forward flow of con-
trast substance in the femoral artery during systole
was very rapid, and the excursion of forward flow
considerable. During diastole the contrast substance
passed quickly in a retrograde direction through the
femoral and external iliac arteries, approaching the
distal end of the aorta and indicating considerable
backward flow. After surgical division of the ductus
arteriosus, Duroziez’s murmur was markedly re-
duced. The repeat study was made within the first
ten days after operation, when the patient was
anemic and still weak from the procedure. At that
time the forward flow was considerable, and there
was moderate backflow, but it was reduced as com-
pared to the preoperative examination when the
ductus was open.

In the third subject with Duroziez’s murmur (aortic
insufficiency and defect of the ventricular septum)
the degree of aortic incompetence was less than that
in the subject with pure aortic insufficiency, and the
retrograde flow in the femoral artery, although
clearly present, appeared to be correspondingly less
in amount.
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In the patient with a defect of the atrial septum
an attempt was made to induce Duroziez’s murmur
through local heating by an electric blanket. Al-
though the leg and thigh were heated until they
were very warm to touch and perspired profusely,
and although the systolic murmur grew louder and
longer on compression, no to-and-fro murmur could
be produced. Cineangiography at the point of
maximal heating revealed an amount of backflow
that was considered normal. Forward flow, how-
ever, was considered to be much more rapid during
systole. The extremity was then cooled by removal
of the blanket and sponging of the skin of the leg
and thigh with cold water and alcohol until it was
quite cool and somewhat cyanotic. At this time
Duroziez’s to-and-fro murmur was heard intermit-
tently, and cineangiography revealed that the amount
of forward flow was reduced whereas backflow was
markedly increased.

Although a systolic murmur was produced in the
brachial artery of normal subjects by proper com-
pression with the stethoscope, and although the mur-
mur became much louder and longer during and
after heating, it was never considered to be to and
fro in quality. Rather, the sound resembled that of
an arteriovenous fistula with a continuous murmur
or a murmur briefly interrupted near the time of
the dicrotic notch. Cineangiography in the upper ex-
tremity revealed a prominent forward systolic rush
of blood, interrupted temporarily by backflow at what
was considered to be the dicrotic notch, and then
a continuing forward flow during diastole. After heat-
ing the upper-extremity forward flow increased dur-
ing both systole and diastole, but this flow was still
briefly reversed near the time of aortic-valve closure.

DiscussioN

In all subjects in this series some retrograde flow
appeared to occur in the femoral artery, as judged by
the movement of contrast substance infused at a
constant rate into its lumen. In the normal dog this
retrograde flow increased sharply when the aortic
valve was rendered incompetent. In the human sub-
jects in this series with a typical to-and-fro femoral
Duroziez murmur, infusion of contrast substance into
the femoral artery revealed a markedly greater back-
flow of the contrast material during diastole as com-
pared to those without such a murmur. Furthermore,
the flow during systole was greatly accelerated in those
with Duroziez’s murmur, and hence the total excur-
sion of the contrast substance in the peripheral artery
was considerably increased when both forward and
backward motion was taken into account. It ap-
peared that there was sufficient backflow past the
site of compression of the femoral artery to account
for the production of a diastolic-flow murmur.
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Since patients with anemia, thyrotoxicosis and in-
fection who were examined clinically during this
study were not found to have a typical Duroziez
murmur in the femoral artery it was not possible
to investigate the murmur by this technic, and con-
sequently, its mechanism in such subjects could not
be elucidated. In many anemic or thyrotoxic per-
sons a loud systolic murmur could easily be pro-
duced by compression of the femoral artery, and
a low rumbling murmur continuing throughout sev-
eral heart cycles could be heard intermittently. This
murmur tended to occur as compression was re-
leased (as described by Duroziez?) and was attributed
by us, without much evidence, to outflow of venous
blood from the extremity during relief of temporary
venous obstruction. Although no true to-and-fro fem-
oral murmur could be heard in these subjects, it
should be noted that retrograde femoral flow oc-
curred in all the experimental subjects and could con-
ceivably have been greater in those with very hyper-
active circulation.

In the only subject in whom a faint Duroziez mur-
mur was produced by cooling of an extremity after
it had recently been heated, cineangiography re-
vealed a considerable amount of retrograde femoral
flow. It is realized that this constitutes a highly
artificial situation in which severe vasoconstriction is
induced in a single extremity whereas the rest of the
body was not cooled. Presumably, under these cir-
cumstances blood flowed out of the cooled thigh and
leg during diastole and passed into other, less con-
stricted vascular beds. This is believed to be an un-
usual circumstance that does not bear directly on
Duroziez’s murmur as it is usually found. When
both systolic and diastolic murmurs were produced
in the brachial artery by heating of the hand and
forearm, cineangiography demonstrated what was
considered to be enough forward flow in diastole to
explain the production of the sound.

The present studies indicate that in the circum-
stances in which Duroziez’s murmur was heard, back-
flow of blood was demonstrable in the femoral ar-
tery. They do not explain the observations of others
relating to the spontaneous appearance of Duroziez’s
murmur in anemia, thyrotoxicosis and other con-
ditions and probably should not be extrapolated
beyond the area to which the study was applied.
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Observations during local heating of the upper ex-
tremity are consistent with the previous studies of
Blumgart and Ernstene® in that continuing forward
flow is demonstrated both during systole and dias-
tole.

Summary AND CONCLUSIONS

The mechanism of Duroziez’s murmur in the fem-
oral artery was studied by cineangiographic ob-
servation of the motion of contrast substance in-
fused continuously into the femoral artery.

In the normal dog, blood flow in the femoral artery
appears to be chiefly toward the periphery, but a
small amoynt of retrograde flow is present. When
the aortic valve is made incompetent both forward
and backward flow in the femoral artery increases
markedly.

In the human subject without aortic insufficiency
or a left-to-right shunt originating from the central
aorta minimal retrograde flow was noted in the fem-
oral artery.

In patients with Duroziez’s murmur due to aortic
insufficiency and patent ductus arteriosus there was
a considerable increase in both forward and back-
ward flow in the femoral artery that seemed sufficient
to account for the characteristic to-and-fro murmur.

During heating of the upper extremity continuing
forward flow during diastole was demonstrated. This
suggests that the prolonged systolic and diastolic
murmur produced by local heating is different from
the Duroziez femoral murmur of aortic insufficiency
and that it is due to continuing forward flow.

REFERENCES

1. Major, R. H. Classic De:criq_tions of Disease: With biographical .
descriptions of the authors. 'Third edition. 720 pp. Springfield,
Illinois: Thomas, 1959.

2. Duroziez, Du double souffle intermittent crural, comme signe
de linsuffisance aortique. Arch. gén. de méd. 107:417-443 and 588-
605, 1861. (In English, translation of F. A. Willius and T. E.
Keys. Cardiac Classics. lated by E. H: . St. Louis:
Mosby, 1941.) Pp. 494-496.

3. Blumgart, H. L., and Ernstene, A. C. Two mechanisms in
production of Duroziez’s sign: their diagnostic significance and
(l:l7i;1icla;3§est for differentiating between them. J.4A.M.A4. 100:173-

4. Luisada, A. A. On pathogenesis of signs of Traube and Duroziez
"1?)4 ?a:ortlc insufficiency: graphic study. Am. Heart J. 26:721-736,

1943.
5. Rushmer, R. F. Cardiovascular Dynamics. Second edition. 503
. Philadeiphia: Saunders, 1961.

eopold, S. S. The Principles and Methods of Physical Diagnosis:
Correlation of physical signs with physiologic and pathologic changes
in disease: With chapter on Sounds from the Thorax: Acoustic
fgrgiaples, by S. Reid Warren, Jr. 430 pp. Philadelphia: Saunders,

The New England Journal of Medicine
Downloaded from nejm.org at SAN DIEGO (UCSD) on November 14, 2015. For personal use only. No other uses without permission.
From the NEJM Archive. Copyright © 2010 Massachusetts Medical Society. All rights reserved.



