
Br Heart J 1980; 43: 276-283

Non-invasive diagnosis of subpulmonary outflow
tract obstruction
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suMMARY We have studied the echocardiographic and phonocardiographic findings in 18 patients
with obstruction to ventricular outflow at subpulmonary valve level. The aetiology was congenital in
13 patients, a result of hypertrophic cardiomyopathy in three, and infiltration of the right ventricular
outflow tract by glycogen or lymphoma in the remaining two.

Abnormal systolic motion of the pulmonary valve, fluttering, and early or midsystolic closure
were seen in 16 of the 17 patients in whom the cusps were visualised. Normal pulmonary valve motion
was found in one patient with coexisting pulmonary valve stenosis. In congenital infundibular stenosis
the delay of the pulmonary component of the second heart sound (P2) was related to the severity of the
obstruction. A pulmonary ejection sound, defined as a high-frequency sound occurring at the moment
of full pulmonary valve opening, was absent except in the patient with coexisting pulmonary valve
stenosis. In hypertrophic cardiomyopathy with obstruction to the right ventricular outflow, the ejection
systolic murmur was softer with inspiration, a finding that contrasts with the respiratory variation
seen with fixed obstruction.

Recognition of these abnormalities should allow an accurate non-invasive diagnosis to be made
and permit assessment of severity when P2 can be recorded.

The clinical diagnosis of right ventricular outflow
tract obstruction depends upon the recognition of
an ejection systolic murmur together with delay of
the pulmonary component of the second heart
sound (P2). Congenital infundibular stenosis is,
however, often associated with other anomalies,
particularly ventricular septal defect. The murmur
from the ventricular septal defect tends to obscure
that from the obstruction to right ventricular out-
flow, and recognition of the delayed P2 becomes
particularly important. In patients with hypertrophic
cardiomyopathy, obstruction to right ventricular
outflow may occur. This is easily overlooked if
clinical assessment has not pointed to the need for
careful right ventricular pressure tracings and right
ventricular angiography.

Because of the difficulties associated with making
the diagnosis of right ventricular outflow tract
obstruction at subvalvar level, the present study
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was undertaken to evaluate the echocardiographic
and phonocardiographic findings in 18 patients with
this condition. The aetiology of the obstruction was
congenital in 13, and the result of hypertrophic
cardiomyopathy, glycogen storage disease, or right
ventricular tumour in the other five.

Subjects

PATIENTS
Eighteen patients with subvalvar obstruction to
right ventricular outflow were studied. Their ages
ranged from 3 weeks to 71 years. Twelve of the 18
patients were encountered during routine echo-
cardiographic and phonocardiographic screening
before cardiac catheterisation. Six other patients
with previously documented right ventricular
outflow tract obstruction were identified from the
diagnostic indices at St. George's Hospital and
North Carolina Memorial Hospital, and were
studied retrospectively. The results of cardiac
catheterisation and, when available, surgical and
pathological findings, are summarised in the Table.
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CONGENITAL INFUNDIBULAR STENOSIS
Cases 1 to 10 had congenital infundibular pulmon-
ary stenosis. In three (cases 1, 2, and 8) this was
the only cardiac anomaly, but in the other seven
patients (cases 3 to 7, 9, and 10) there was an
associated ventricular septal defect. One patient
(case 10) had coexisting pulmonary valve stenosis.
Of these 10 patients, three (cases 1 to 3) were
studied echocardiographically both before and after
successful surgical correction. One patient (case 9)
had not been studied before operation. After
surgical resection of infundibular pulmonary
stenosis and closure of a ventricular septal defect, a
residual infundibular gradient of 25 mmHg had
been found at cardiac catheterisation.

TRANSPOSITION WITH SUBPULMONARY
OBSTRUCTION
Two patients (cases 11 and 12) had d-transposition
of the great vessels in addition to subpulmonary
valve obstruction to left ventricular outflow and one
(case 13) had 1-transposition.

HYPERTROPHIC CARDIOMYOPATHY
Three patients (cases 14 to 16) had the typical
clinical, echocardiographic (septal left ventricular
posterior wall ratio greater than 1.5:1), haemo-
dynamic, and angiographic findings of hypertrophic
cardiomyopathy. Electrocardiographic abnormali-
ties were similar in all three; there were deep Q
waves but positive T wave deflections in leads II,
III, and aVF, with similar changes in leads V5
and V7.

All three had undergone cardiac catheterisation
(Table). In case 14 there were resting gradients of
60 mmHg across the right ventricular outflow tract
and 20 mmHg across the left ventricular outflow
tract, these increasing to 100 and 60 mmHg,
respectively, on provocation with isoprenaline. At
operation, the right ventricular outflow tract was
found to be much narrowed by encroachment of
the greatly thickened interventricular septum, and
part of this was successfully resected leaving no
gradient. In case 15 simultaneous right ventricular
and pulmonary artery pressures disclosed a gradient
of 15 mmHg across the right ventricular outflow
tract. There was no gradient across the left ventri-
cular outflow tract at rest or on provocation with
isoprenaline or amyl nitrate. Simultaneous left and
right ventricular angiograms confirmed the presence
of a thickened interventricular septum and the
typical angiographic features of hypertrophic
cardiomyopathy. In case 16 the haemodynamic
findings were similar to those in case 15 (Table).

MYOCARDIAL INFILTRATION
The remaining two patients presented with rare

causes of right ventricular outflow tract obstruction.
Case 17 was an infant of 3 weeks who presented
with respiratory distress and cardiac failure. Chest
x-ray film showed cardiomegaly and the electro-
cardiogram showed a short PR interval and
biventricular hypertrophy. Echocardiography dis-
closed prominent asymmetrical septal hypertrophy
and systolic anterior motion of the mitral valve. At
cardiac catheterisation there was a resting gradient
of 25 mmHg across the right ventricular outflow
tract, and a gradient of 40 mmHg across the left
ventricular outflow tract. Right ventricular angio-
graphy showed distinct encroachment of the septum
on the right ventricular outflow tract. Surgery was
not attempted and the infant's condition deterio-
rated until he died one week later. At necropsy there
were contact lesions on the anterior mitral valve
leaflet and the left ventricular aspect of the inter-
ventricular septum. The cause of the greatly hyper-
trophied left and right ventricular free walls and
interventricular septum was found to be the result
of infiltration by glycogen-Pompe's disease.

Case 18 was a 71-year-old man who presented
with a four-week history of increasing weakness and
breathlessness. On examination there were large
systolic waves in the jugular venous pulse and an
ejection systolic murmur was heard at the pulmon-
ary area. The electrocardiogram showed left axis
deviation and no evidence of right ventricular
hypertrophy; the chest x-ray film showed slight
cardiomegaly and a prominent left heart border
compatible with enlargement of the right ventricular
outflow tract. At cardiac catheterisation there was a
peak systolic gradient of 55 mmHg between the
right ventricle and the pulmonary artery. Right
ventricular angiography showed multiple lobular
filling defects within the right ventricle. Subsequent
necropsy showed that the right ventricular cavity
and outflow tract had been invaded by a lymphoma
which was responsible for the obstruction to outflow.

Methods

Echocardiograms and phonocardiograms were re-
corded using either a Smith Kline ultrasonoscope
interfaced with a Cambridge multichannel physio-
logical recorder, or an Irex multichannel physio-
logical recorder. High-frequency phonocardiograms
from the pulmonary and mitral areas together with
the carotid pulse and electrocardiogram were
recorded at a paper speed of 100 mm/s. After the
recording of the routine echocardiogram, the
pulmonary valve echocardiogram was recorded at a
paper speed of 100 or 200 mm/s, with appropriate
magnification of the echo signal.
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Combined tracings of the pulmonary valve
echocardiogram and a high-frequency phonocardio-
gram from the pulmonary area were also recorded.
The presence or absence of a pulmonary ejection
sound, and correlation of pulmonary valve closure
with the pulmonary component of the second heart
sound can be accurately assessed from such tracings.

Results

(1) CONGENITAL INFUNDIBULAR PULMONARY
STENOSIS (CASES 1 TO 9)
(A) Echocardiographic findings
In each patient the echocardiogram showed fine
systolic fluttering of the pulmonary valve. This was
superimposed on a pattern of either early or mid-
systolic cusp closure or coarse chaotic cusp motion
throughout systole (Fig. 1). In three patients the
posterior pulmonary cusp clearly moved to a
'closed' position in mid-systole (Fig. 2). One patient
had low infundibular stenosis caused by abnormal
muscle bands ('double chambered right ventricle').'
The abnormality of pulmonary valve motion in
this patient could not be distinguished from that
seen in the patients with true infundibular stenosis.
The presence or absence of an associated ventricular
septal defect did not affect the echocardiographic
abnormalities.

In three patients who underwent successful
surgical resection of the obstruction, postoperative
echocardiographic studies showed normal systolic
pulmonary valve motion and increased amplitude
of the 'a' dip (Fig. 3). In contrast, systolic fluttering
and early closure of the pulmonary valve were

ECGG
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Fig. 1 Fine fluttering of the pulmonary valve in case 2
with congenital infundibular stenosis. Slight alterations of
the transducer angle show different patterns on each
cardiac cycle. PCG-PA, phonocardiogram in pulmonary
area.

demonstrated in the patient who, after resection of
infundibular pulmonary stenosis, was shown at
cardiac catheterisation to have a residual gradient
of 25 mmHg (Fig. 4).

(B) Echophonocardiography
A pulmonary ejection sound, defined as a high-
frequency sound coinciding with full pulmonary
cusp opening, was not recorded in any of these
patients. In three patients, including two in whom
P2 could not be recorded, closure of the anterior
pulmonary cusp was recorded after the end of the
murmur, showing that right ventricular systole was
prolonged (Fig. 5).

(C) Phonocardiographic findings
The pulmonary component of the second heart
sound (P2) was recorded in seven of these nine
patients. The degree of delay of P2 relative to A2
during expiration was related to the severity of the
obstruction (Table), being 0-09 second with a
gradient of 100 mmHg (case 2), and 0-02 second
with a gradient of 15 mmHg. The presence of right
bundle-branch block accounts for 0 04 second of
the delay ofP2 in case 9 with a postoperative gradient
of 25 mmHg.

(2) CONGENITAL INFUNDIBULAR PULMONARY
STENOSIS WITH VALVULAR PULMONARY
STENOSIS
In case 10 both infundibular stenosis and pulmonary
valve stenosis were present. In contrast to patients
with pure infundibular stenosis, systolic motion of
the pulmonary valve was normal. In addition a
pulmonary ejection sound, softer than that usually
found with pure pulmonary valve stenosis, was re-
corded at the time of full pulmonary cusp opening.

(3) SUBPULMONARY STENOSIS WITH
TRANSPOSITION
In three patients (cases 11 to 13) with transposition
of the great vessels there was obstruction to left
ventricular outflow below the pulmonary valve. In
each of these patients the second heart sound was
single because of posterior location of the pulmonary
valve which rendered the pulmonary component
inaudible.

Fluttering of the posterior semilunar (pulmonary)
cusps and partial early or mid-systolic valve closure
were seen in all three patients (Fig. 6).

(4) HYPERTROPHIC CARDIOMYOPATHY WITH
RIGHT VENTRICULAR OUTFLOW TRACT
OBSTRUCTION (CASES 14, 15, AND 16)
The pulmonary valve was visualised in two of these
three patients, systolic motion showing similar
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377-1

Fig. 2 Echophonocardiographic
study of the pulmonary valve in
case 1. The pulmonary valve
opens before the QRS on the
electrocardiogram. The initial
opening motion is a result of the
large 'a' wave associated with
right atrial hypertrophy. The
pulmonary cuspflutters throughout
systole and closes midway through
the pulmonary ejection systolic
murmur. P2 not recorded.
Continued vibration can be seen
on the pulmonary cusp throughout
right ventricular systole, and
extending past A2. MA, mitral
area.

O02 s

malities to those seen in patients with infundi- dilatation in this group the pulmonary valve was

pulmonary stenosis. In the third patient difficult to record. The phonocardiographic abnor-
mnary valve motion could not be recorded. In malities were therefore particularly important. As
)atient (case 14) who underwent successful with congenital infundibular stenosis, P2 was

:omy of the right ventricular outflow tract and delayed, though the sound was not diminished in
entricular septum, pulmonary valve motion intensity. There was no pulmonary ejection sound.
led to normal postoperatively. The ejection systolic murmur in the pulmonary
-ause of the absence of pulmonary artery area increased in expiration and decreased with

inspiration, the converse pattern to that found with
fixed right ventricular outflow tract obstruction

: (Fig. 7).
PCG-PA
PCG-MA ____________

nry,

Fig. 3 Postoperative pulmonary valve echocardiogram
from case 3. Pulmonary cusp systolic motion is now
normal (best seen in first cardiac cycle). There is no
fluttering or early closure of the cusp. The second cardiac
cycle shows the closing motion of the anterior pulmonary
cusp-a reliable guide to the end of right ventricular
systole. This is not delayed in relation to the second heart
sound. A large 'a' dip is still present.

(5) INFILTRATIVE DISORDERS
In case 16, the infant with Pompe's disease,
echocardiography identified all the abnormalities
simulating hypertrophic cardiomyopathy which
were subsequently shown at cardiac catheterisation
and necropsy. Apart from showing distinct asym-

metrical septal hypertrophy, systolic anterior
motion of the mitral valve, and early systolic closure
of the aortic valve, echocardiography showed
progressive closure and fine fluttering of the
pulmonary valve throughout systole (Fig. 8). P2
could not be recorded.

In the patient in whom metastatic lymphoma
caused obstruction to the right ventricular outflow
echophonocardiographic studies were critical in
establishing the presence of prolonged right
ventricular systole. These recordings showed a

delayed pulmonary component of the second heart
sound which clinically had been thought to be a

right ventricular third heart sound. The pulmonary
valve showed fluttering throughout systole and a

reduced opening excursion.
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Discussion

The clinical detection of subpulmonary stenosis is
often difficult because the systolic murmur may be
obscured by that of an associated ventricular septal
defect. Even when infundibular stenosis occurs as

an isolated lesion, because of the absence of an

ejection sound it is more difficult to recognise than
pulmonary valve stenosis. The aim of this study,
therefore, was to examine the contributions of
echocardiography and phonocardiography to the
diagnosis and assessment of the severity of this
lesion.
The echocardiographic findings of early or mid-

systolic closure of the posterior pulmonary cusp,
together with fine systolic fluttering, were found to
be a sensitive indicator of the presence of subvalvar
obstruction. These observations, confirming those
of Weyman et al.,2 were made in 15 of the 17
patients in whom the pulmonary valve could be
recorded. There were two exceptions; one had co-

existing pulmonary valve stenosis, and the thickened
and stiff pulmonary cusps were unable to vibrate
rapidly. In the patient with lymphoma, the tumour
extended up through the valve ring preventing
partial closure during systole, and hence only
fluttering was seen.

Septal thickening indicating right ventricular
hypertrophy was recorded in two patients but
otherwise echocardiography was unhelpful in
assessing the severity of the obstruction.

i

PCG - PA

Fig. 4 Pulmonary valve echocardiogram in a patient
with residual infundibular stenosis after operation. The
pulmonary valve begins to close at the start of the systolic
murmur, and flutters in the closed position during the
remainder of systole. PV, pulmonary valve.
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Fig. 5 Echocardiographic study in case 2 showing
pulmonary valve closure occurring well after the end of
the ejection systolic murmur. P2 could not be recorded in
this patient.

After successful surgical resection of the stenosis
in four patients, pulmonary valve systolic motion
returned to normal. In contrast, in the patient
shown to have a 25 mmHg residual gradient post-
operatively, the typical echocardiographic features
of subvalvar obstruction were retained. The delay
of P2 was 0 07 second, and allowing 0 04 second
for the presence of right bundle-branch block, the
'corrected delay' of 0 03 second correctly suggested
that the residual gradient was not severe. Thus
echocardiography and phonocardiography provide
a useful non-invasive means of assessing the
effectiveness of the infundibular resection.
The early or mid-systolic closure of the pulmon-

ary valve seen in infundibular stenosis corresponds
with the abnormalities of aortic valve motion re-
ported both in patients with discrete subaortic
stenosis3 and also in hypertrophic cardiomyopathy
with left ventricular outflow tract obstruction.4 In
our experience, early systolic aortic cusp closure
seen with discrete fibrous subaortic stenosis, and
mid-systolic closure in hypertrophic cardiomyo-
pathy, reliably differentiate these two causes of left
ventricular outflow tract obstruction. However, in
the present series, we were unable to correlate the
abnormal pattern of pulmonary valve motion with
the cause of subvalvar obstruction. In particular,
we found that congenital infundibular stenosis,
double chamber right ventricle, and hypertrophic
cardiomyopathy could not be distinguished.
The exception to this observation occurred in

patients with transposition. Here the cause of the
subpulmonary obstruction is usually a typical
discrete membrane in the anatomical left ventricle,
and the pattern of early systolic closure of the
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pulmonary valve was the same as that seen in
membranous subaortic stenosis (Fig. 6). In one
patient the presence of such a membrane just below
the pulmonary valve was confirmed at operation.
Similar findings have been previously noted in a
single case.5

It should be emphasised that systolic fluttering of
semilunar cusps is a non-specific finding reflecting
turbulent flow past the valve. We have seen
pronounced systolic fluttering in two patients in
whom no gradient could be detected across the
infundibulum. One had an atrial septal defect with
a left-to-right shunt of 4:1 and the other a cardiac
output of 8 1/min. In both cases there was relative
obstruction at infundibular level caused by increased
flow across a normal outflow tract. In this instance
the echocardiographic finding of fine fluttering may
be considered as a 'false positive' in terms of
predicting an anatomical subvalvar obstruction.

So far we have not encountered this echocardio-
graphic abnormality with a ventricular septal defect,
though, theoretically, this could occur if the shunt

were sufficiently large. We have not found abnor-
malities of pulmonary valve motion in Fallot's
tetralogy, nor have any been reported.7 Two
factors contribute to this. Technically satisfactory
pulmonary valve echocardiograms are usually only
obtained from patients with normal or enlarged
pulmonary arteries. With infundibular pulmonary
stenosis the pulmonary artery at the level of the
pulmonary valve is often normal or dilated,8
whereas in Fallot's tetralogy the pulmonary outflow
tract is invariably hypoplastic, often preventing the
pulmonary valve being satisfactorily recorded.
Secondly, many patients with Fallot's tetralogy
have dysplastic or stenotic pulmonary valves which
may prevent fluttering of the pulmonary cusps.

There were a number of occasions on which it
proved useful to record simultaneous echocardio-
grams and phonocardiograms. Such tracings allow
careful examination of the phonocardiogram at the
time of complete pulmonary valve opening, and
this is especially important when deciding that the
initial vibrations of a systolic murmur do not

Table

Case Age Diagnosis Confirmation of Pressure gradient across A2-P2 in Pulmonary valve echo
no. (y) diagnosis outflow tract (mmHg) expiration findings

1 20 Double chamber right RV angio, surgery 125 P2 not Mid-systolic closure and
ventricle recorded fluttering

2 10 Isolated IPS RV angio, surgery 100 0 09 Early systolic closure and
fluttering

3 25 IPS and VSD RV angio, surgery 95 0 09 Mid-systolic closure and
fluttering

4 8 IPS and VSD RV angio 80 0 10 Mid-systolic closure and
fluttering

5 10 IPS and VSD RV angio 45 P2 not Early systolic closure and
recorded fluttering

6 23 IPS and VSD RV angio 50 0-07 Mid-systolic closure and
fluttering

7 28 IPS and VSD RV angio 25 P2 not Partial closure and
recorded fluttering

8 15 Isolated IPS Pressure gradient 15 0-02 Partial closure and
alone fluttering

9 23 Post-op closure VSD and RV angio 25 0 07 Early systolic closure and
resection RBBB fluttering

10 5 IPS and VSD; pulmonary RV angio 55* 0 07 Normal systolic motion, no
valve stenosis fluttering

11 3 wk ASD and IPS; d- LV angio Not measured; LV P2 not Early systolic closure and
transposition systolic pressure 75 recorded fluttering

12 4-5 ASD, VSD, and IPS; d- LV angio, surgery, 80 P2 not Early systolic closure and
transposition necropsy recorded fluttering

13 27 L-transposition; IPS and LV angio 100 P2 not Early systolic closure and
VSD recorded fluttering

14 36 HCM R and L; ventricular RV angio, surgery 60 0 07 Mid-systolic closure and
outflow tract obstruction fluttering

15 43 HCM, no resting LV outflow RV angio 15 0 05 Pulmonary valve not
tract obstruction visualised

16 16 HCM, no resting LV outflow RV angio 10 0-06 Early systolic closure and
obstruction fluttering

17 3 wk Pompe's disease; R and L RV angio, 25 P2 not Progressive systolic closure
ventricular outflow tract necropsy recorded and fluttering
obstruction

18 71 RV outflow obstruction RV angio, 55 0 11 Pansystolic fluttering
caused by lymphoma necropsy

* Gtadient across pulmonary valve 40 mmHg. Gradient across infundibulum 15 mmHg.
IPS, infundibular pulmonary stenosis; VSD, ventricular septal defect; HCM, hypertrophic cardiomyopathy; ASD, atrial septal defect;
RV, right ventricle; A2-P2, time interval between the aortic and pulmonary components of the second heart sound measured in seconds;
RBBB, right bundle-branch block; RV angio, right ventricular angiogram; LV angio, left ventricular angiogram.

281

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.43.3.276 on 1 M
arch 1980. D

ow
nloaded from

 

http://heart.bmj.com/


Mills, Wolfe, Redwood, Leech, Craige, Leatham

include a soft ejection sound. Using this5technique,
we found that irrespective of the size of the
pulmonary artery, there was no ejection sound in
patients with subvalvar obstruction. This confirms
the value of this sign in differentiating valvar from
subvalvar stenosis, and provides further confirma-
tion of the hypothesis that ejection sounds only
originate from abnormal semilunar valve cusps. It
should be noted that with severely dysplastic stenotic
pulmonary valves the ejection sound may be
undectectable.9

Echophonocardiography is also of value for study-
ing the end of systole. In two of the three patients
with congenital infundibular stenosis in whom P2
could not be recorded, delayed closure ofthe anterior
leaflet of the pulmonary valve provided the only
evidence of prolongation of right ventricular
systole. Similarly, in case 18 the presence of tricus-
pid regurgitation in a 71-year-old man suggested
that the sound in early diastole was a right ventri-
cular third sound. However, the combined echo-
phonocardiographic study revealed that this was
in fact a delayed P2 which, together with the
systolic fluttering of the pulmonary cusps, correctly
suggested right ventricular outflow tract obstruc-
tion. Similar findings have been reported in a
patient with a right ventricular myxoma.10 Finally,
the pattern of pulmonary valve motion in primary
pulmonary hypertension" 12 iS similar to that seen
with infundibular stenosis. The two diagnoses may

-t--~~~~~~~~~~
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Fig. 6 Pulmonary valve echocardiogram in case 11 with
d-transposition and discrete membranous obstruction to
left ventricular outflow. The pattern of early systolic
closure and subsequent systolic flutter in the semi-closed
position is the same as that seen on the aortic cusps with
membranous subaortic stenosis.
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Fig. 7 Phonocardiogram from case 14. The ejection
systolic murmur in the pulmonary area is maximal in
expiration and attenuated during inspiration. P2 is
loudest in expiration, and is delayed 007 seconds after
A2. In inspiration P2 is softer and delayed to 010
seconds after A2.

be distinguished by the phonocardiographic findings
in pulmonary hypertension of a loud P2 which is
not delayed and the absence of a systolic murmur.
The delay in P2, caused by prolongation of right

ventricular systole, is an important diagnostic
feature of infundibular stenosis. In addition, we
have confirmed the previous observation that
phonocardiographic documentation of the delay in
P2 provides a useful means of assessing the severity
of the obstruction.'3 In the patients with hyper-
trophic cardiomyopathy, however, the delay in P2
was greater than would be expected from the
gradient subsequently documented at cardiac
catheterisation. Similar prolongation of right
ventricular systole was also shown by the patient
(case 18) with florid right ventricular failure
resulting from acquired infundibular obstruction.
This finding is analogous to reversed splitting of
the second sound in aortic stenosis with impaired
left ventricular function.

Previous studies have emphasised that the
clinical recognition of right ventricular outflow
obstruction in hypertrophic cardiomyopathy may
be difficult.'4-'6 We found that the intensity of the
systolic murmur in the pulmonary area was increased
during expiration. This variation is the opposite to
that seen when the obstruction to outflow is 'fixed',
where the murmur is of maximal intensity during
inspiration, when there is an increased flow through
the right heart. In hypertrophic cardiomyopathy
the increase in right ventricular cavity size during
inspiration reduces the amount of dynamic obstruc-
tion, and hence the intensity of the murmur is
diminished during this phase of respiration.
While echocardiography is invaluable for detect-
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ing obstruction to left ventricular outflow, the
technical difficulty of recording the systolic phase
of pulmonary valve motion will tend to limit the
value of the technique for detecting right ventricular
obstruction in hypertrophic cardiomyopathy. The
pulmonary valve was visualised in two of the three
adults but this was only after careful searching and
the diagnostic features might well remain un-
recorded by a 'routine' study. Phonocardiography is,
therefore, of particular importance in these patients.
In the infant with Pompe's disease simulating
hypertrophic cardiomyopathy the pulmonary valve
was clearly recorded, showing a pattern typical of
infundibular obstruction. In the only other report
of a similar case,'7 echocardiographic abnormalities
of aortic and mitral valve motion were noted but
no comment was made about pulmonary valve
motion.

In summary, with subvalvar obstruction to right
ventricular outflow there is turbulent blood flow
past the pulmonary cusps and prolongation of right
ventricular systole. The effects of these alterations
of normal physiology may be detected by echo-
cardiography and phonocardiography even in the
presence of other cardiac abnormalities.

We thank Drs H Harned, S Schall, R Harrington,
A Harris, and Mr J Parker for permission to report
patients under their care.
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Fig. 8 Pulmonary valve echocardiogram in case 17.
Fluttering and progressive closure of the pulmonary valve
can be seen throughout systole. PVE,pulmonary valve echo.
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