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Extracardiac murmurs originating in vessels
either within the thoracic cavity or in the chest wall
can be sought by applying clinical auscultation to
non-precordial sites, i.e. right anterior chest,
axillh, and back. Recognized causes of such mur-
murs include branch stenosis of the pulmonary
arteries (D'Cruz et al., 1964), coarctation of the
aorta (Spencer, Johnston, and Meredith, 1958),
bronchial collateral circulation (Campbell and Deu-
char, 1961), arteriovenous fistulh of the chest wall
(Levine and Harvey, 1959), pulmonary arterio-
venous fistul (Sloan and Cooley, 1953), the mam-
mary souffle (Grant, 1956), and pulmonary emboli
(Moser et al., 1965). Current interest in the clinical
recognition of pulmonary artery stenosis has served
to re-emphasize the utility of non-precordial thor-
acic auscultation. Diagnostic inferences drawn
from the detection of these murmurs benefit from
knowledge of their many causes. Accordingly,
this study was undertaken in order to call attention
to a hitherto unrecognized intrathoracic vascular
murmur-the peripheral pulmonary artery mur-

mur of atrial septal defect.

MATERIAL AND METHODS
Observations were made on seven patients (Table I).

Clinical diagnoses of atrial septal defect (Cases 1-6) were
based upon typical physical signs, electrocardiograms,
and chest x-ray films, but in each instance detection of
"peripheral pulmonary artery murmurs" resulted in
consideration of coexisting pulmonary branch stenosis.
In one patient, a 10-year-old boy, maternal exposure to
rubella enhanced this consideration (Venables, 1965).
Phonocardiograms were taken with a Sanborn polybeam
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photographic recorder after careful auscultation. The
tracings permitted comparisons of the relative ampli-
tudes of systolic murmurs in any given patient (Table I,
Fig. 1 and 2). In order to validate,such comparisons,
use was made of either a single microphone or of paired
microphones calibrated to respond identically in both
frequency and intensity. Graphic records were taken
at the cardiac apex, lower left sternal edge, second inter-
spaces to left and right of the sternum, and at appropri-
ate murmur sites in the right anterior chest, axillm, and
back (Fig. 1 and 2). Pre- and post-operative phono-
cardiograms were obtained in the two surgical patients
(operated upon by Dr Charles A. Hufnagel). Diagnoses
of atrial septal defects (Case 5, ostium primum) were
confirmed by cardiac catheterization in six patients
(Table II) and at open operation in two (one of whom was
catheterized elsewhere). In the five subjects studied in
our laboratory, coexisting pulmonary branch stenosis was
deliberately sought by, (1) careful continuous withdrawal
of the catheter tip from the peripheral branches of both
right and left pulmonary arteries into the right ventricle,
(2) inspection of the contour of the pressure pulse
recorded from the main pulmonary artery (Agustsson
et al., 1962), and (3) selective pulmonary angiocardio-
graphy (Arvidsson, Karnell, and Moller, 1955). The
catheter crossed an atrial septal defect in each of the
five patients. Localization of the shunt was confirmed
by appropriate intracardiac injection of indocyanine
green dye. Determinations of the grade of the shunts
were based upon the radioactivity in pulmonary and
systemic arterial blood following inhalation of krypton
85. Pulmonary circulation times were estimated by
comparing the systemic appearance times of indicator
injected into the main pulmonary artery and left atrium.

In addition to the foregoing six subjects, one further
patient (Case 7)-a 6-year-old boy with ventricular
septal defect-was included to permit points of com-
parison with Cases 1-6. This boy had clinical signs of
ventricular septal defect with pulmonary hypertension
and persistent left-to-right shunt. Coexisting pulmon-
ary branch stenosis was considered because of high fre-
quency continuous murmurs most evident in the right
anterior chest and in both axill:e (Table I, Fig. 3). The
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TABLE
CLINICAL AND PHONO

Patient Age Sex Cardiac symptoms Right Prmcordial Peripheral pulmonary murmur
(yr.) ventricular murmur

impulse Right Axillm Back
chest

1 10 F Nil Obvious 3/6 2/6 - Lung bases 3/6
2 21 M Effort dyspncea, fatigue Obvious 3/6 3/6 Both 3/6 Widespread 3/6
3 3 M Nil Obvious 2-3/6 - Both 2-3/6 At angles of

scapulJ 2/6
4 4-5 M Nil Obvious 3/6 - Both 3/6 Lung bases 3/6
5 3-5 F Nil Moderate 3/6 2-3/6 Both 2/6 Lung bases 2/6
6 10 M Nil Obvious 2/6 - Both 2/6 At angles of

scapula 2/6
7* 6 M Mild effort dyspncea Obvious 4/6 2/6 2/6 Nil

* Ventricular septal defect.

final diagnosis of isolated pulmonary hypertensive ven-
tricular septal defect was based upon cardiac catheteriza-
tion, selective pulmonary angiocardiography, and upon
operation (Dr Charles A. Hufnagel).

RESULTS

Clinical and phonocardiographic information is
summarized in Table I. Attention is called to the
disappearance of the "peripheral pulmonary artery"
murmurs in the three patients who were operated
on. The physiological information is summarized
in Table II. Coexisting pulmonary branch steno-

sis could not be confirmed in any of the cases by
either hsemodynamic or angiocardiographic data.

DISCUSSION
Systolic murmurs associated with uncomplicated

atrial septal defect were mentioned in early accounts
of this malformation (Bedford, Papp, and Parkin-
son, 1941). Origin ofthe murmur at the pulmonary
orifice and not at the septal defect was shown experi-
mentally by Rushmer (1961) and confirmed with
intracardiac phonocardiography by Soulie et al.
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FIG. 1.-Phonocardiograms taken in the second left intercostal space (2LICS) and at four non-prEcordial
sites (Case 2). S,-first heart sound. A2-aortic valve closure. P2-pulmonary valve closure. SM-

ejection systolic murmur.
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I
CARDIOGRAPHIC DATA

Mitral S2 Electrocardiogram X-ray films
diastolic
murmur Split P2 Axis Vi Plethora Right Dilatation

ventricle of pulmonary
artery

+ Fixed Normal Right axis deviation 8 mm. R' Marked Moderate Moderate
+ Fixed Normal Right axis deviation 9 mm. R' Marked Marked Marked
+ Fixed Moderate Right axis deviation 11 mm. R' Marked Moderate Marked

increaae
+ Fixed Normal Vertical 14 mm. R' Marked Moderate Moderate
1/6 Fixed Normal Left axis deviation 4 mm. R' Marked Moderate Moderate
2/6 Fixed Normal Vertical 13 mm. R' Marked Moderate Moderate

Nil Normal Increase Right axis deviation 10 mm. R' Moderate Moderate Moderate

(1957). The characteristic bruit is maximal in the because of direct tissue transmission from the pul-
vicinity of the second left interspace and is as a rule monary orifice. The idea that murmurs can be
grade 2 or 3 (of 6) (Leatham and Gray, 1956). In generated by rapid flow through non-stenosed
the majority of published descriptions little or no arteries is not new and has an analogy, for example,
comment has been made on the location of murmur in the collateral vessel bruits of coarctation of the
at sites removed from the neighbourhood of the aorta (Spencer et al., 1958). The six atrial septal
pulmonary area (Wagner and Graham, 1957; defect patients that constitute this report had widely
Kjellberg et al., 1959; Keith, Rowe, and Vlad, 1958; distributed thoracic murmurs which were believed
Levine and Harvey, 1959; Nadas, 1963; Wood, to be caused by flow in peripheral pulmonary
1956; Braunwald, Aygen, and Ross, 1964; Fowler, arteries and not by transmission from the praecor-
1962; Ongley et al., 1960). Indeed, poor trans- dium. There are a number of points relevant to
mission has at times been emphasized (Nadas, 1963). the argument that such murmurs exist. (1) Al-
On the other hand, Leatham and Gray (1956) though wide radiation is a recognized feature of a
described radiation to the apex, and McKusick variety of loud cardiac bruits, the pniecordial mur-
(1958) reported transmission to the interscapular murs in our cases were of relatively low amplitude
area of the back. Until now, however, considera- (grade 2 to 3 of 6) and hence of intensities insuffici-
tion has not been given to the notion that in patients ent to offer an acceptable explanation for such wide
with atrial septal defect systolic murmurs may occur distribution on the basis of transmission alone
at non-praecordial sites because of the origin of (Fig. 1 and 2). (2) It would'be reasonable to expect
murmur in peripheral pulmonary arteries and not uniform attenuation of the peripheral murmurs if

|2 3 4 5 6......
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FIG. 2.-Paired phonocardiograms taken in the second left intercostal space (top row) and at one non-
praecordial site (lower row) in the patients with atrial septal defects (Cases 1-6). Note the relative intensities

as well as onset of initial vibrations of the systolic murmurs at each of the two sites.
2E
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FIG. 3.-Phonocardiograms from Case 7 with ventricular septal defect. (A) Simultaneous intracardiac
phonocardiogram and pressure pulse from the right ventricular cavity (RV). The intracardiac murmur is
pansystolic. (B) Phonocardiograms at the second left intercostal space (ejection systolic murmur) and lower
left sternal edge (ventricular septal defect murmur with marked decline in late systolic vibrations). P2 is
accentuated and synchronous with A2. CAR-indirect carotid pulse. (C) Simultaneous phonocardiograms
in the left axilla (continuous murmur, arrows) and second left intercostal space (ejection systolic murmur).

TABLE II

HJEMODYNAMIC DATA

Patient Pressures (mm. Hg) Contour Pulmonary Pulmonary/ Pulmonary Opera-
Brachial PeripheraCentral__ RightRight____of central angiogram systolic circulation tion
Brachial Peripheral Central Right Right pulmonary flow ratio time (sec.)

or femoral pulmonary pulmonary ventricle artery artery
artery artery artery pulse

A 14
1 83/53 31/11 S 30 V 12

M 63 29/13 M 20 D 12 1M 13 Normal Negative 2 6/1 1-5 Yes

2 118/66 40/20 4I422
M82 M277/12i 18 D 9' {hM 7 Normal Negative 25/1 15 No
70/50 37/20 S 38 A 7
M5741/23 M26 D 6 V~~~~M6 Normal Negative 3/1 1 No

81/48 8/2 30/14 S 32 A~ 8
M 62 20/38 M254 D 81 tM 6 Normal Negative 3-2/1 1 No
M4 7/12 29/11 S33Af
94/562 NA18 D9 l~~~~~~M7 Normal ,Negative 2-7/1 1 No

6 Catheterize'd elsewhere------------ ------------------- yes
(A13

7* 85/60 82/39 S 84 V 10
M 67 80/38 M 54 D 11 1.M 11 Normal Negative 1-8/1 2 Yes

*Ventricular septal defect.
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they were caused solely by transmission from prw-
cordial sources. In five of our patients, however,
the intensities of the peripheral and pracordial
murmurs were equal or nearly equal (Fig. 2), an
observation in accord with McKusick's remark that
the interscapular murmur associated with atrial
septal defect was usually as loud in the back as
anteriorly. (3) Left parasternal ejection systolic
murmurs that resemble atrial septal defect bruits in
both location and intensity occur with mild pul-
monary stenosis (Perloff, 1964), idiopathic dilatation
of the pulmonary artery (Perloff, 1964), the inno-
cent murmur of childhood (Perloff, 1964), and with
the straight back syndrome (de Leon et al., 1965),
but are not transmitted to distant thoracic sites.
(4) When the beginning of the murmurs in our
patients could be satisfactorily timed (four in-
stances), it was found that the onset of the peri-
pheral vibrations tended to follow the onset of
prwcordial vibrations at discrete intervals (Fig. 2)
which would support peripheral origin rather than
direct transmission. (5) In the two patients studied
before and after operation, attenuated second left
interspace systolic bruits persisted after closure of
the atrial septal defects, though the peripheral mur-
murs were wholly abolished following post-opera-
tive decline in the rate and volume of pulmonary
blood flow.
The generation of peripheral pulmonary artery

murmurs in patients with uncomplicated atrial sep-
tal defect is understandable in the light of the hyper-
kinetic pulmonary circulation that characterizes this
malformation (McDonald, Emanuel, and Towers,
1959). The intensity of a murmur increases as the
fourth power of the velocity of the stream (Bruns,
1959). In atrial septal defect there is not only an
increase in the volume of flow through the lungs,
but-more pertinent-an increase in the rate of
flow through the pulmonary bed (McDonald et al.,
1959). Our patients all had large shunts together
with rapid pulmonary circulation times (Table II).
It follows that peripheral murmurs are more likely
to occur when these two heemodynamic conditions
are fulfilled and are not likely to occur in patients
with small shunts and normal rates of pulmonary
blood flow. Although a gracile body build might
improve perception of peripheral pulmonary mur-

murs, our observations suggest that detection does
not depend upon either age or body build.

In left-to-right shunts at either aortopulmonary
or interventricular level, peripheral systolic mur-

murs, if present, are apt to be overshadowed by
transmission of the loud prxcordial bruits. Fur-
thermore, flow rates through the lungs are judged
to be less rapid than in subjects with atrial septal

defects (McDonald et al., 1959). Despite these
points, Case 7 appeared to be an exceptional ex-
ample of a continuous peripheral pulmonary artery
murmur that not only occurred in the context of
ventricular septal defect but also in the presence of
raised pulmonary vascular resistance and moderate
left-to-right shunt (Table II, Fig. 3). Disappear-
ance of a continuous murmur over a stenotic right
pulmonary artery has been observed following
operative closure of a ventricular septal defect
(Franch and Gay, 1963). However, hemodynamic
and angiocardiographic data in Case 7 did not
detect branch stenosis, and the murmur vanished
after abolition of the shunt by operation.
The observations in this report indicate that peri-

pheral pulmonary artery murmurs can be heard in
subjects with large shunt atrial septal defects and
hyperkinetic pulmonary flow. Although these
murmurs may be difficult to distinguish from co-
existing pulmonary branch stenosis, it is clear that
they may occur in the presence of uncomplicated
left-to-right shunts at atrial level. The incidence
with which peripheral flow murmurs occur awaits
prospective information based upon careful routine
thoracic auscultation at non-pracordial sites.

SUMMARY
Left-to-right shunts at atrial level are typically

associated with intracardiac systolic murmurs that
originate at the pulmonary orifice. The notion that
additional systolic murmurs may originate in the
peripheral pulmonary arteries of subjects with un-
complicated atrial septal defects has not been hither-
to entertained. The purpose of this report is to
call attention to "peripheral pulmonary artery mur-
murs" in six patients in whom left-to-right inter-
atrial shunts were the sole hemodynamic faults. A
number of points support the argument that such
murmurs exist: (1) the praecordial bruits were of
insufficient intensity to justify distributions to right
chest, axille, and back on the basis of transmission
alone; (2) in the majority of instances, transmission
appeared to be an unlikely mechanism, because the
peripheral murmurs occurred with little or no
attenuation when compared to precordial ampli-
tudes; (3) systolic murmurs resembling atrial septal
defect bruits, both in location and intensity, typically
occurred without thoracic radiation; (4) the onset of
the peripheral murmurs tended to follow the onset
of the prxcordial murmurs at slight but discrete
intervals, a temporal sequence in accord with peri-
pheral origin; (5) operation resulted in obliteration
of the peripheral murmurs despite retention of soft
pracordial bruits.
The occurrence of peripheral pulmonary artery
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murmurs in uncomplicated atrial septal defects is
understandable in view of the increased velocity of
pulmonary blood flow characteristic of this mal-
formation. In subjects with left-to-right shunts at
either aortopulmonary or interventricular levels,
flow rates through the lungs are judged to be less
rapid than flow rates with interatrial shunts, but
should peripheral systolic murmurs nevertheless
occur, they are apt to be overshadowed by trans-
mission of the loud prxcordial bruits.

In patients with atrial septal defects, it may be
difficult to distinguish peripheral murmurs due to
flow alone from those due to coexisting pulmonary
branch stenosis. However, the observations herein
described support the idea that peripheral pulmon-
ary artery murmurs can occur in uncomplicated large
shunt atrial septal defects with hyperkinetic pul-
monary flow. In addition, the observations also
serve to re-emphasize the importance of careful
thoracic auscultation at non-precordial sites.

ADDENDUM
Since the manuscript was submitted, one additional

patient has been studied: a 3-year-old boy, with an
isolated large shunt atrial septal defect (pulmonary to
systemic flow ratio 2j to 1), rapid pulmonary circulation
time, and systolic murmurs in axills and back.
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