Annulus paradoxus
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Case report

A 56-year-old man was admitted
with massive signs of right heart
failure, which had evolved over
weeks. Chest X-ray revealed exten-
sive pericardial calcifications in the
lateral view (fig. 1). Transthoracic
echocardiography showed only
mildly impaired biventricular sys-
tolic function but a dilated inferior
vena cava without respiratory vari-
ability. The peak early mitral
annular velocities (¢’) assessed by
pulsed wave tissue Doppler at the
septal and lateral mitral annulus
were 8 and 6 cm/s, and the ratio of
the peak early transmitral velocity
(E) to e’ (E/e’), based on an average
e’ of 7 cm/s, was only 10 (fig. 2A, B
and D). The pulmonary venous
flow was clearly abnormal however
(fig. 2C). There was an exaggerated
respiratory variability of mitral in-
flow (fig. 3).

Following diuretic therapy the
patient lost 6 kg within a few days,
and the oedema were significantly
reduced. Cardiac catheterisation
performed in a clinically euvolae-
mic condition showed normal coro-
nary arteries and confirmed the presence of a constric-
tive physiology by demonstrating an increase in right
atrial pressure during inspiration, end-diastolic equal-
isation of left and right heart pressures, the “square
root sign” (fig. 4), and respiration-dependent discor-
dance of ventricular pressures. The patient success-
fully underwent pericardectomy.

Figure 1
Chest X-ray (lateral view) showing extensive pericardial calcifications.

Comment

relatively independent of filling pressures, and correc-
tion of E by €’ (i.e., the E/e’ ratio) has been shown to be
related to left ventricular filling pressures [1]. An E/e’
ratio <8 is usually associated with low left ventricular
filling pressure, whereas a high E/e’ ratio (>15 if based
on the septal €, >12 if based on the lateral ¢’, and >13
if based on the averaged €’) indicates elevated filling
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Tissue Doppler echocardiography
is an important clinical tool for the
non-invasive assessment of haemo-
dynamics. The €’ is a measure of
left ventricular relaxation that is
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Figure 2
Transthoracic Doppler echocardiography.

A Transmitral inflow assessed by pulsed wave Doppler (peak early transmitral velocity [E], 0.7 m/s).
B, D Pulsed wave tissue Doppler at the septal (B) and lateral (D) mitral annulus revealing preserved peak early mitral

annular velocities (e’, asterisks; septal 8 cm/s, lateral 6 cm/s).

C Pulmonary venous flow assessed by pulsed wave Doppler showing prominent diastolic flow.

dia = diastolic; sys = systolic

pressures [2]. The present patient had a very modestly
elevated E/e’ of 10, which would not have allowed a di-
agnosis of elevated left-sided filling pressures although
clinically the patient was in overt heart failure. From
the size and respiratory variability of the inferior vena
cava and pulmonary venous flow it can be assumed
that right-sided and left-sided filling pressures were
high at that time, although at the time of catheterisa-
tion filling pressures were not significantly elevated
following aggressive diuretic therapy. Despite this a
constrictive physiology could be demonstrated. Tissue
Doppler measurements were misleading in this case
because in constrictive pericarditis filling pressures

are not determined by myocardial properties but by ex-
ternal pericardial constraint. In constrictive pericardi-
tis, there is an “annulus paradoxus”, which refers to
two phenomena: firstly, despite a relatively high ¢’ and
low E/e’ ratio left ventricular filling pressures are ele-
vated [3]; and secondly, unlike in the normal situation,
e’is higher at the septal than at the lateral annulus be-
cause the lateral excursion is limited by the abnormal
pericardium whereas septal movement is not [2].

This image highlights that a proper non-invasive
haemodynamic assessment must not rely on single pa-
rameters but a combination of 2D, M mode and Dop-
pler measurements.
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Figure 3

Transthoracic Doppler echocardiography
demonstrating the exaggerated respiratory
variability of mitral inflow. Mitral inflow is
reduced during inspiration, but increases
during expiration.

Figure 4

Cardiac catheterisation confirming the
presence of a constrictive physiology,
amongst other parameters, by demonstration
of the “square root sign”, most evident in
the post-extrasystolic diastole (arrows; left/
right ventricular pressure in red and blue,
respectively).
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