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Abstract
Systolic obstruction of the left ventricular outflow tract, either at rest or during provocation,
is a frequent finding in patients with hypertrophic cardiomyopathy. Mid-cavity obstruction
is uncommon, and intraventricular diastolic pressure gradients in association with either
mid-cavity of apical hypertrophy are reported only rarely. We describe a patient with
hypertrophic cardiomyopathy with evidence of systolic mid-cavity obstruction, and with complex
diastolic paradoxical flow abnormalities within the left ventricular cavity detected by colour
and pulsed-wave Doppler. Contrast echocardiography confirmed the presence of diastolic and
systolic obstruction at the mid-ventricular level, with evidence of an apical cavity sequestered
from the main body of the left ventricle during systolic mid-cavity obliteration. (Cardiol J 2011;
18, 3: 314–317)
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Case report

A 70 year-old woman presented with an abnor-
mal electrocardiogram which had been detected
during pre-operative assessment for cholecystec-
tomy. She had no significant past medical history,
and blood pressure was normal. She gave a history
of exertional chest pain and breathlessness. Coro-
nary angiography demonstrated no significant coro-
nary artery disease. However, left ventricular (LV)
angiography showed a spade-like appearance of the
LV cavity suggestive of possible apical hypertrophic
cardiomyopathy. She was then referred for detailed
transthoracic echocardiography.

Standard transthoracic images confirmed se-
vere LV hypertrophy predominantly affecting the
septum, and the anterior and lateral walls as well
as the papillary muscle. End-diastolic septal thick-

ness was 2.1 cm. Left ventricular systolic function
was normal. Contrast echocardiography (Sonovue,
Bracco Imaging) confirmed hypertrophic changes
predominantly affecting the mid-cavity, with systo-
lic mid-cavity obliteration, and relative sparing of the
apex which became sequestered from the remain-
der of the cavity during systole. The mid-cavity re-
gion of the LV appeared narrowed even during dias-
tole (Fig. 1).

Mild diastolic impairment was evidenced by
reversal of the E:A waves on both trans-mitral Dop-
pler flow and mitral annular tissue Doppler veloci-
ty profiles, producing a borderline E:E’ ratio of 10
(Fig. 2). Systolic anterior motion of the mitral valve
was not present, and there was no significant mi-
tral regurgitation. Detailed Doppler examination
confirmed no evidence of LV outflow obstruction.
However, colour flow Doppler confirmed turbulent
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mid-cavity systolic and diastolic flow (Fig. 3).
Pulsed-wave and continuous wave Doppler analy-
sis detected complex abnormalities of systolic and
diastolic flow within the LV cavity between the base
and apex of the heart. Systolic flow from the apex

Figure 1. Contrast enhanced left ventricular cavity opacification, demonstrating hypertrophic changes at the mid-
-cavity level of the left ventricle, causing obliteration of the mid-cavity during systole (A), and narrowing of the mid-
-cavity during diastole (B).

Figure 2. Pulsed wave Doppler trace of mitral valve
inflow velocities (A) demonstrating reversal of normal
E:A velocity ratio. Tissue Doppler trace of the septal
mitral annular velocity (B), also showing reversal of the
normal E:A ratio. The calculated E:E’ ratio was 10.

A B

Figure 3. Colour flow Doppler showing evidence of high
velocity turbulent flow within the mid-cavity of the left
ventricle during diastole.

A
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was represented by a brief, aborted forward wave.
In early diastole, high velocity flow (peak velocity
3.7 m/s) was detected from the apex towards the base
of the heart. Using the modified Bernoulli equation,
this flow generated a pressure gradient within the
cavity from apex to base of 57 mm Hg (Fig. 4A). In
late diastole and early systole, a brief phase of high
velocity flow (peak velocity 1.9 m/s) was detected
towards the cardiac apex (Fig. 4B). This flow ap-
peared to represent filling of the apical cavity through
the narrowed mid-cavity region, either via a delayed
transmission of the atrial component of ventricular
filling (a delay of 100 ms was measured compared to
the transmitral A wave), or by retrograde flow into
the apical cavity during isovolumic contraction.

The patient was started on beta-blocker thera-
py, which was subsequently switched to verapamil
due to adverse effects. Her symptoms improved

Figure 4A, B. Continuous wave Doppler tracing from
the left ventricular cavity demonstrating high velocity
early diastolic flow from the apex towards the base of
the heart (A). Pulsed wave Doppler from the mid-cavity
level showing filling of the apical component of the left
ventricular cavity in association with the QRS complex.

A

B

significantly on medical therapy, although echocar-
diography was unchanged, with a persistent intra-
cavity early diastolic velocity of 3.7 m/s. No further
treatment is planned at present.

Discussion

Left ventricular outflow tract obstruction oc-
curs with a reported incidence of approximately
25% in patients with hypertrophic cardiomyopathy
at rest, rising to as high as 70% following provoca-
tion with exercise [1]. Mid-cavity systolic obstruc-
tion is much more uncommon. Intra-cavity diasto-
lic flow abnormalities have been reported on only
a few occasions, typically in association with either
apical or mid-cavity hypertrophic cardiomyopathy.

This phenomenon was first described in detail
in three patients with either mid-cavity or apical
hypertrophy, and a muscular ‘tunnel’ connecting the
main body of the left ventricle to a hypokinetic api-
cal cavity [2]. Brief early systolic flow from the api-
cal chamber towards the base of the heart was not-
ed, which terminated during systole as the muscu-
lar tunnel closes. Early in diastole, paradoxical flow
was found to occur from the apex towards the base.
This flow is simultaneous with, and in the opposite
direction to, mitral inflow. Filling of the apical cham-
ber occurred only late in diastole. These findings
were attributed to high pressure in the apical cavi-
ty during systole as the mid-cavity obstruction to
apical outflow progresses, and persistence of this
high apical pressure in early diastole due to delayed
apical relaxation.

Similar findings have been confirmed subse-
quently [3–7], with other reports detailing varia-
tions of this process. Complete reversal of normal
systolic and diastolic flow patterns has been de-
scribed [6], with outflow from the apical cavity oc-
curring only in diastole, and inflow only in early
systole. This functional separation of the apical re-
gion from the remainder of the cavity is attributed
to thinning and akinesia of the apical region, ren-
dering the apical cavity passive with no contribu-
tion to pressure generation or flow. It is hypothe-
sised that long-standing systolic and diastolic ob-
struction to flow from the apical chamber may lead
to increased wall stress at the apex, resulting in
ischemia, and eventual myocardial necrosis and in-
farction. Evidence of apical aneurysm formation has
been reported in association with a fixed, non-per-
fused defect on myocardial perfusion scintigraphy
[7]. There is also evidence that this group of patients
is at higher risk of systemic embolism, ventricular
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arrhythmias, and defects on myocardial perfusion
scintigraphy than those with evidence of mid-cavity
obstruction but no paradoxical blood flow [8].

In our patient, we noted very brief aborted ear-
ly systolic flow, suggesting that the mid-cavity
muscular tunnel is obliterated very early in systo-
le. Paradoxical flow from the apex towards the base
begins in early diastole, occurring almost through-
out diastole, with a peak pressure gradient from
apex to base of 57 mm Hg. Filling of the apical ca-
vity occurs consequent with the QRS complex, con-
sistent with either a delayed transmission of the
mitral A wave into the apical cavity, or more likely
with systolic filling during isovolumetric contrac-
tion. These findings suggest that mid-cavity ob-
struction is persistent throughout the cardiac cy-
cle, and this is confirmed by the two-dimensional
appearance of the mid-cavity when delineated us-
ing intravenous contrast in our case.

Following treatment with beta-blockade, our
patient’s symptoms improved significantly, al-
though there is very little data to guide treatment
in this situation. Barbier and Bartorelli [6] report-
ed improvement in the mitral inflow Doppler cha-
racteristics, but not in the mid-cavity Doppler para-
meters following 12 months’ treatment with verapa-
mil in a single case. Yamamoto et al. [9] demonstrated
reduction in the velocity of both the paradoxical jet
and the peak systolic velocity at the mid-cavity nar-
rowing in a single patient following administration
of propranolol.

Conclusions

Mid-cavity obstruction is a relatively uncom-
mon finding in patients with hypertrophic cardiomyo-
pathy, and abnormalities of diastolic flow with par-
adoxically directed jets appear to be rare. Identify-
ing these abnormalities is important, as they may
be a cause of both symptoms and potentially longer
term complications. Echocardiography in this group

of patients requires a thorough assessment of intra-
cavity hemodynamics using colour flow Doppler, as
well as pulsed-wave and continuous-wave Doppler,
in conjunction with 2D appearances, augmented by
contrast opacification if images are suboptimal.
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