Doppler echocardiographic assessment
of constrictive pericarditis, cardiac
amyloidosis, and cardiac tamponade
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m Doppler echocardiography is useful in assessing diastolic dysfunction. Pulsed-wave Doppler echocar-
diographic interrogation of the atrioventricular valves and the central veins has been used in conjunc-
tion with respiratory monitoring to characterize abnormal diastolic function of the heart in diseases
such as constrictive pericarditis, restrictive cardiomyopathy, and cardiac tamponade. Constrictive
pericarditis has distinct Doppler flows with marked respiratory variation because the pericardial shell
separates the intracardiac pressures from intrathoracic pressure. This is not the case with restrictive
cardiomyopathy, as in cardiac amyloidosis. Cardiac amyloidosis shows a spectrum of the Doppler flows
which evolve as the disease progresses from abnormal relaxation in the early phase to pseudo-normal in
the intermediate phase and to restrictive in the advanced phase. Doppler echocardiography can be used

to assess the hemodynamic significance of pericardial effusion and to detect cardiac tamponade.
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OPPLER echocardiography is emerging as

an excellent noninvasive technique to as-

sess diastolic function of the heart.'? Its

major application has been in diseases char-
acterized by impaired diastolic filling, including con-
strictive pericarditis, restrictive cardiomyopathy, and
cardiac tamponade.>’ Recently, pulsed-wave Doppler
echocardiographic interrogation of atrioventricular
and central venous flow with respiratory monitoring
has been successfully applied to differentiate constric-
tive pericarditis and restrictive cardiomyopathy.® It has
been used to comprehensively assess right and left
ventricular diastolic function in cardiac amyloidosis
and to provide important prognostic information for
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these patients.**!! It has also been used to assess the
hemodynamic significance of cardiac tamponade. This
review summarizes our current understanding of Dop-
pler evaluation of constrictive pericarditis, restrictive
myocardial disease, and cardiac tamponade.

DOPPLER EXAMINATION

Left ventricular diastolic function can be assessed by
pulsed-wave Doppler echocardiography of the left
ventricular inflow (transmitral) and pulmonary venous
flow.*® Similarly, right ventricular diastolic function
can be assessed by pulsed-wave Doppler echocardiog-
raphy of the right ventricular inflow (transtricuspid)
and superior vena cava and hepatic venous flow
velocities.”'? Phases of respiration are recorded by
using a nasal thermistor which measures temperature
changes in flow associated with inspiration, expiration,
and apnea.** The thermistor is connected to the
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TABLE 1
DIASTOLIC FILLING PARAMETERS

Left ventricular
filling dynamics

Right ventricular
filling dynamics

Left ventricular inflow Right ventricular inflow

Peak E (cm/second) Peak E cm/second)
Peak A (cm/second) Peak A (cm/second)
E/A E/A

DT (milliseconds)
IVRT (milliseconds)

DT (milliseconds)

Superior vena cava

Pulmonary vein Hepatic vein

Forward flow
Peak S (cm/second)
Peak D (cm/second)
Reverse flow
Peak AR (cm/second)
Peak VR (cm/second)

Inferior vena cava size (cm)

Forward flow
Peak S (cm/second)
Peak D (cm/second)
Reverse flow
Peak AR (cm/second)

DT, deceleration time; IVRT, isovolumic relaxation time;

peak A, peak late diastolic flow velocity; peak AR, peak atrial reversal
flow velocity; peak D, peak venous diastolic forward flow velocity;
peak E, peak early diastolic flow velocity;

peak S, peak venous systolic forward flow velocity;

peak VR, peak V wave reversal flow velocity

Adapted from Klein et al®

patient by a nasal clip which is attached to the input of
an amplifier, which in turn is connected to the
auxiliary input of the ultrasound machine.** A moving
line on the pulsed-wave Doppler spectral display indi-
cates the phase of respiration. A crisp electrocardiog-
raphy (ECG) signal is necessary to time systole and
diastole.

Transthoracic echocardiography

Obtaining a reliable Doppler echocardiographic ex-
amination depends on meticulous technique and takes
30 minutes. The pulsed-wave Doppler sample volume
must be precisely positioned, using color-flow Doppler
echocardiography for guidance.* Using transthoracic
echocardiography in the apical four-chamber view, left
ventricular and right ventricular inflow velocities are
obtained by placing the sample volume at the leaflet
tips of the mitral and tricuspid valves.*” Pulmonary
venous flow recordings are obtained by placing the
sample volume at the orifice of the right upper pul-
monary vein; however, the quality of the recording may
be limited by the fact that the orifice of the pulmonary
vein is a far-field structure.* Flow velocities in the supe-
rior vena cava are obtained by using a supraclavicular
approach, placing the sample volume at a depth of 5 to
7 cm.'? Similarly, using the subcostal approach, hepatic
venous flow velocities are recorded by placing the
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FIGURE 1. A. Diagram of normal left ventricular inflow
velocities, showing a biphasic diastolic filling pattern with a
greater peak early (E) flow velocity and smaller peak late (A)
flow velocity. Deceleration time (DT) is the time required for
the E velocity to decline from its peak to the baseline.
Isovolumic relaxation time (IVRT) is the time from aortic
valve closure (AVC) to mitral valve opening (MVO). B.
Diagram of normal pulmonary venous flow velocity, showing a
biphasic forward filling pattern with slightly greater systolic
(S) than diastolic (D) flow velocities and reverse flow with
atrial contraction (AR). MVC, mitral valve closure. (From
Klein et al.#)

sample volume in the right superior hepatic vein 1 to 2
cm just proximal to the inferior vena cava.”'? Subcostal
M-mode echocardiography is commonly used to
demonstrate the width of the inferior vena cava during
respiration and its response to sniffing."

Transesophageal echocardiography
Transesophageal  echocardiography  (using
monoplane or biplane imaging) is useful in assessing
left ventricular diastolic filling dynamics, since it al-
lows pulsed-wave Doppler study of pulmonary venous
flow in virtually all patients.'*!* The sample volume is
placed within 1 to 2 cm of the entry of the left or right
upper pulmonary vein with the left atrium.'*'* As in
transthoracic echocardiography, left and right
ventricular inflow velocities can be obtained by plac-
ing the sample volume at the leaflet tips of the mitral
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FIGURE 2. A. Diagram of normal right ventricular inflow
velocities, showing a biphasic diastolic filling pattern with a
greater peak early (E) flow velocity and a smaller peak late (A)
flow velocity. Deceleration time (DT) is the time interval re-
quired for the E velocity to decline from its peak to the
baseline. B. Diagram of normal superior vena cava or hepatic
vein flow velocity showing a biphasic forward filling pattern
with greater systolic (S) than diastolic (D) filling and reverse
flow during late ventricular systole (VR) and with atrial con-
traction (AR). Usually, the hepatic vein has more prominent
flow reversals than does the superior vena cava. TVC,
tricuspid valve closure; TVO, tricuspid valve opening. (From
Klein et al.?)

and tricuspid valves.'*'® Hepatic venous flow velocities
and inferior vena cava width can also be obtained
using transesophageal echocardiography."”

Measurements

Both on-line (immediate) and off-line (delayed)
measurements are essential to diagnose diastolic dys-
function.*® The isovolumic relaxation time (IVRT)
can be measured in the apical five-chamber view by
placing the pulsed-wave or continuous-wave Doppler
cursor between the left ventricular outflow and left
ventricular inflow to record the time from aortic valve
closure to mitral valve opening.*® The deceleration
time of the left and right ventricular inflow is the time
required for the peak early (E) filling velocity to
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decline to zero. Values which can easily be measured
at the patient’s bedside include the following: the peak
early and atrial (A) filling velocities of the left
ventricular and right ventricular inflow; the decelera-
tion time; the IVRT*%; the peak forward systolic and
diastolic flow velocities of the superior vena cava,
hepatic vein, and pulmonary vein; flow reversals with
atrial contraction (AR) and with late ventricular sys-
tole (VR); and the size of the inferior vena cava.!?
The right and left diastolic filling parameters which
are routinely measured are shown in Table 1. Often,
the filling pattern can be visually assessed from the
flow recording as normal or restrictive, or as abnormal
relaxation. %12

The flow velocities are recorded on hard copy at
either 50 mm/second or 100 mm/second during
respiratory monitoring. The data can be digitized off-
line, using a commercially available digitizer work sta-
tion to obtain the systolic and diastolic flow time
velocity integrals (the area under the Doppler curve)
and the reverse flow velocity integrals.**

Normal Doppler flows

Normal left ventricular inflow and pulmonary
venous flow velocities are diagrammed in Figure 1.
Normal pulmonary venous flow is composed of a
uniphasic or biphasic forward systolic flow component
and a diastolic forward flow component.*'*!® There is
usually a small reversal of flow with atrial contraction.*
The left ventricular inflow and pulmonary venous flow
velocities change very little with respiration (4% and
7%, respectively); however, age, heart rate, and load-
ing conditions that affect left atrial pressure may sig-
nificantly influence the flow velocities.'®"” Normal
values for left ventricular filling parameters are shown
in Table 2.

Normal right ventricular inflow, hepatic vein, and
superior vena cava flow velocities are shown in Figure
2. Like the pulmonary veins, the superior vena cava
and hepatic vein show forward systolic and diastolic
flow with small reversals with late ventricular systole
(VR) and with atrial contraction (AR).”!? The right
ventricular inflow is more affected by the phase of
respiration, showing increased flow with inspiration
and a decrease with expiration and apnea.’*!? Hepatic
vein and superior vena cava flow shows an accentua-
tion of forward systolic and diastolic flow in inspira-
tion compared to expiration and apnea, while the
reversals of flow are typically more prominent in ex-
piration.””!? Normal values for right ventricular filling
parameters are shown in Table 3.%°
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CONSTRICTIVE PERICARDITIS

Constrictive pericarditis
is characterized by pericar-
dial thickening that impairs
filling into the heart by the
central veins and across the
valves, resulting in severe
heart failure and low car-
diac output? It is impera-
tive to accurately diagnose
constrictive pericarditis and
to differentiate it from
restrictive cardiomyopathy,
since it can be cured by
thoracotomy and pericat-

TABLE 2
LEFT VENTRICULAR FILLING DYNAMICS IN NORMAL SUBJECTS

<50 y 250 years P value
{(n=61) (n=56)
Left ventricular inflow
Peak E (cm/second) 72+ 14 62+ 14 <0.01
Peak A (cm/second) 40+10 59+14 <0.01
E/A 1.9%0.6 1.1£03 <0.01
DT (milliseconds) 179+ 20 210+36 < 0.01
IVRT (milliseconds) 7611 90+17 <0.01
Pulmonary vein (n=44) (n=41)
Peak S (cm/second) 48+9 719 <0.01
Peak D (cm/second) 50+ 10 38+9 < 0.01
Peak AR (cm/second) 1914 23114 <0.01
- - T —

Abbreviations: See Table 1
From Klein et al

dial stripping.2## Many TABLE3
techniques, including car- RICHT VENTRICULAR FILLING DYNAMICS IN NORMAL SUBJECTS
diac catheterization, <50 years 2 50 years P value
radionuclide angiography, (n=61) (n=56)
and  echocardiography,  Right ventricular inflow
have been applied in the at- Peak E (cm/second) 5127 4118 <001
tempt to differentiate these Efgk A (emfsecond) 22.(7) i g‘ 5 13‘3} i g. 4 : 8:8%
two similar disease states, DT (cmjsecond) 188422 198+ 23 <0.01
but they are unreliable.? Superior vena cava (n =59) (n=53)

Peak S (cm/secomili) 4119 42+£12 (not significant)

. . ¥ " ien
Homodymamicsgns  TekbEm, i T
e hemodynamic signs
R

of constrictive pericarditis
and restrictive myocardial
diseases are very similar.
Right and left atrial pres-
sures are elevated, with a
preserved x descent and a prominent y descent with
equal and small a and v waves, giving the appearance
of the typical “M” or “W” configurations. Right and
left ventricular diastolic pressure curves consist of a
square root and a dip-and-plateau configuration with
equalization of end-diastolic pressures in all cardiac
chambers.??5

In constrictive pericarditis, right and left ventricular
end-diastolic pressures are essentially the same (within
5 mm Hg) at rest and during exercise. Pulmonary hy-
pertension occurs with only mild elevation of pul-
monary systolic pressure, between 35 and 45 mm Hg.
The right ventricular diastolic pressure during the
plateau phase is at least one third of the right
ventricular systolic pressure. When the hemodynamic
profile is not consistent with constrictive pericarditis
but suspicion of the condition is high, a fluid challenge
of 500 to 1000 mL of saline over 5 to 10 minutes may

Abbreviations: See Table 1
From Klein et al
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bring out the typical hemodynamic changes of the
disease.*6

In contrast, in restrictive cardiomyopathy, the left
ventricular end-diastolic pressure typically exceeds the
right ventricular end-diastolic pressure by greater than
5 mm Hg, especially with exercise. Pulmonary systolic
pressures are markedly elevated (>45 mm Hg), and the
right ventricular diastolic pressure during the plateau
phase is usually less than one third of the right
ventricular systolic pressure 24

Echocardiographic signs

Several M-mode and two-dimensional criteria for
assessing pericardial constriction are recognized.??*"?8
M-mode criteria include thickened pericardium,
premature opening of the pulmonary valve, abnormal
diastolic flattening of the left ventricular posterior
wall, an early diastolic notch, and an atrial filling and
diastolic wall abnormality in the ventricular septum.?®
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FIGURE 3. Diagram of left ventricular inflow velocities
during different phases of respiration. In normal subjects, there
is little change in E/A ratio, deceleration time (DT), and
isovolumic relaxation time (IVRT) during apnea, inspiration,
and expiration. In constrictive pericarditis, Doppler flow
velocities show marked respiratory variation, with increased
peak E and peak A flow velocities and a shortened IVRT in ex-
piration vs inspiration, and with intermediate values for apnea.
In restrictive myocardial disease (cardiac amyloidosis) there is
an increased E/A ratio, a markedly shortened deceleration
time, and a decreased IVRT; however, there is minimal
respiratory variation in the Doppler flow velocities.

Two-dimensional criteria for constrictive pericarditis
include a jerking motion of the ventricular septum in
early diastole (diastolic septal bounce) and a dilated
inferior vena cava (plethora). In addition, the myocar-
dium may be tethered to the pericardium.”?” These
signs have a sensitivity and specificity varying from

62% to 93%."

Differential diagnosis

In constrictive pericarditis, the constricted pericar-
dium shields the cardiac chambers (but not the pul-
monary veins) from changes in intrathoracic pressure;
moreover, interventricular dependence is exaggerated
because of the constraints of the intrapericardial space.
These two factors cause accentuated respiratory varia-
tions of Doppler flows in the right and left heart.>?

Hatle and associates used Doppler echocardiog-
raphy to differentiate constrictive pericarditis from
restrictive cardiomyopathy.’ Seven patients with surgi-
cally documented constrictive pericarditis were com-
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FIGURE 4. Diagram of right ventricular inflow velocities
during different phases of respiration. In normal subjects there
is a mild increase in the peak early (E) and peak late (A)
velocities with inspiration compared with expiration and apnea.
In constrictive pericarditis, there is markedly decreased peak E
velocity and peak A velocity in expiration compared with in-
spiration, with intermediate values for apnea. In restrictive
myocardial disease, there is markedly increased E/A ratio, shor-
tened deceleration time (DT) with a further shortening during
inspiration. There is no significant change in the E/A ratio
with respiration.

pared to 12 patients with restrictive myocardial disease
and 20 healthy volunteers. The main cause for con-
strictive pericarditis was previous cardiac bypass
surgery and radiation, while the main etiology in the
restrictive group was chronic rejection after transplan-
tation. The hemodynamic conditions in the two
groups were very similar. Equalization of end-diastolic
pressures occurred in five of seven patients (71%) with
constrictive pericarditis, compared with 7 of 12 (58%)
with restrictive cardiomyopathy.?

While both groups had similar baseline
hemodynamics, only patients with constrictive
pericarditis showed a pronounced respiratory effect on
hemodynamics. The reason for this is that the pul-
monary veins, which are not surrounded by pericar-
dium, demonstrate greater respiratory variation in
pressures than do the left atrium and ventricle. Hence,
the diastolic pressure gradient between the pulmonary
vein and the left ventricle is reduced during inspiration
and increased during expiration. Furthermore,
respiratory variation in ventricular filling and inter-
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FIGURE 5. Diagram of hepatic venous flow velocities during
different phases of respiration. In normal subjects there is a
greater peak systolic (S) to diastolic (D) flow velocity with an
increase in forward flow on inspiration, with small reversals of
flow associated with a late ventricular systole (VR) and atrial
contraction (AR). The reversals are usually more prominent in
expiration compared with inspiration and apnea. In constrictive
pericarditis, there is a normal increase in peak systolic-to-dias-
tolic flow velocities in inspiration; however, in expiration, sys-
tolic flow velocity decreases and diastolic flow velocities
decrease, reflecting decreased flow velocities in the right
ventricular inflow. There is also a markedly increased reversal
of flow in expiration compared with inspiration and apnea. In
restrictive myocardial disease, there is greater peak diastolic-to-
systolic flow during all phases of respiration, with increased
reversals of flow during inspiration compared with expiration
and apnea.

ventricular dependence result in pronounced changes
in right and left ventricular systolic pressures: on in-
spiration, right ventricular systolic pressure is increased
and left ventricular systolic pressure is decreased. In
contrast, restrictive cardiomyopathy patients showed
little respiratory variation in the pulmonary vein-to-
left ventricular diastolic pressure gradient and right
and left ventricular systolic pressures.’

Left and right ventricular flow velocities

As a result of these pressure gradients, Doppler flow
velocities in constrictive pericarditis show marked
respiratory variation (Figures 3 and 4). From expiration
to inspiration, isovolumic relaxation time increased
50%, left ventricular inflow peak E velocity decreased
33%, right ventricular inflow peak E velocity increased
44%, and right ventricular inflow peak A velocity in-
creased 38%. In contrast, patients with restrictive
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FIGURE 6. Diagram of pulmonary venous flow velocities
during different phases of respiration. In normal subjects, there
is very little respiratory change in the pulmonary venous flow
velocities, with a greater peak systolic (S)-to-diastolic (D) flow
velocity and a small reversal flow at atrial contraction (AR). In
constrictive pericarditis there is a slight decrease in the peak
systolic-to-diastolic flow for all phases of respiration; however,
there is a marked increase in the systolic and especially the
diastolic flow velocities in expiration compared with inspiration
and apnea. In restrictive myocardial disease, peak diastolic-to-
systolic flow is increased and atrial reversal (AR) is markedly
increased and there is only little respiratory change in the flow
velocities.

myocardial diseases and normal volunteers had a mean
variation of less than 5% variation in left and right
ventricular inflow peak E velocities, with no subject
showing a variation greater than 15%.’

To recognize the effects of respiration on Doppler
findings in constrictive pericarditis requires attention
to the timing of these changes. In Hatle’s study, the
smallest left ventricular peak E velocity and largest
IVRT in constrictive pericarditis occurred on the first
beat after the onset of inspiration; the opposite chan-
ges occurred on the first beat after the onset of expira-
tion. Similar reciprocal changes in aortic and pul-
monary flow velocities occurred slightly later in the
respiratory cycle than the changes in left ventricular
and right ventricular inflow velocities. After pericar-
diectomy, the respiratory changes disappeared and
Doppler flows were normal.’

In the Hatle study, the predominant Doppler find-
ing in restrictive cardiomyopathy was a shortened
deceleration time (<150 milliseconds) in the left
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FIGURE 7. Diagram showing the effect of respiration on the
left ventricular inflow, pulmonary vein, pulmonary capillary
wedge (PCWP)-to-left ventricular diastolic pressure gradient,
right ventricular inflow, and hepatic vein. With the onset of in-
spiration (Insp.), the gradient is decreased, which is reflected
in decreased left ventricular peak E velocity, prolonged
isovolumic relaxation time (IVRT), and decreased pulmonary
venous systolic (S) and diastolic (D) flow velocities. In con-
trast, the right ventricular inflow peak E velocity and hepatic
vein systolic and diastolic flow velocities are increased. With
the onset of expiration (Exp.), the gradient is increased, which
is reflected in an increased left ventricular peak E velocity, a
shortened IVRT, and increased pulmonary systolic and dias-
tolic flow velocities. In contrast, the right ventricular inflow
peak E velocity is decreased and the hepatic vein diastolic flow
velocities are decreased or absent with increased reversals of
flows. (AR, peak atrial reversal of flow; VR, peak late systolic
reversal of flow.)

ventricular and right ventricular inflow peak E
velocities, with further reduction in the deceleration
time of the right ventricular inflow on inspiration.
Also, the right and left ventricular inflow peak A
velocity was decreased, causing an increased E/A ratio,
and diastolic tricuspid and mitral regurgitation was
very common. This was usually detected by placing the
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sample volume at the level of the mitral annulus.>*:*°

Patients with chronic obstructive pulmonary disease
had respiratory changes in Doppler flows similar to
constrictive pericarditis; however, in chronic obstruc-
tive pulmonary disease there was less respiratory
change in the left ventricular peak E velocity, [VRTs,
and right ventricular inflow deceleration time.
Moreover, the timing of the changes was delayed to the
second or third beat after inspiration, in contrast to the
first beat in constrictive pericarditis.’

Central venous flow velocities

Appleton and associates described the respiratory
changes in the superior vena cava and hepatic venous
flow velocities in constrictive pericarditis which reflect
changes in the right ventricular inflow.’! On the first
beat of inspiration, systolic and diastolic flow velocities
increase and reversals of flow decrease compared with
expiration and apnea. On the first beat of expiration,
diastolic forward flow decreases, and sometimes disap-
pears (reflecting the decrease in the right ventricular
inflow velocities), and reversals of flow are accentuated
compared with apnea and inspiration (Figure 5).>*'

Recently transesophageal echocardiography has
been used to demonstrate the effect of respiration on
pulmonary venous flow in constrictive pericarditis,
which is reflected in changes in the left ventricular
inflow.’>” Pulmonary venous flow shows marked
respiratory changes: a decrease in systolic and diastolic
flows on inspiration, and an increase (especially in
diastolic flows) during expiration (Figure 6).’>*

In restrictive myocardial disease, there is usually a
greater diastolic-to-systolic flow (prominent y descent)
in the superior vena cava, hepatic vein, and pulmonary
vein, and only small respiratory changes (Figure 6).2%

Mechanism

In constrictive pericarditis, the changes in in-
trathoracic pressure with respiration are not trans-
mitted to the cardiac chambers because the encompass-
ing thick pericardial scar separates intrathoracic
pressures (pulmonary vein) from intracardiac pressures
(left atrium and ventricle).” During inspiration, in-
trathoracic pressure falls, with little effect on left
ventricular diastolic pressure, whereas the pulmonary
venous pressure decreases significantly. Thus, there is
less respiratory variation in left ventricular diastolic
pressure, whereas the pulmonary venous or left atrial
pressure decreases significantly with inspiration. Thus,
the gradient across the mitral valve (reflecting the pul-
monary vein-to-left ventricular pressure gradient) is
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FIGURE 8. Abnormal relaxation flow pattern of left
ventricular inflow in early cardiac amyloidosis. A. Pulsed-wave
Doppler recording of a left ventricular inflow profile with
decreased peak E velocity and increased peak A velocity. The
E/A ratio was decreased (0.6) and deceleration time (DT) was
prolonged (340 ms). B. Pulsed-wave Doppler recording of right
upper pulmonary vein flow profile with increased peak forward
systolic (S) and decreased diastolic (D) flow velocities and nor-
mal reversal of atrial filling (AR). (Exp., expiration; Insp., in-
spiration.)

decreased, causing decreased left ventricular inflow
velocities. The IVRT is prolonged in inspiration be-
cause left atrial pressure is lower due to the decreased
pressure gradient and the left ventricular isovolumic
pressure must fall further before the mitral valve will
open.’

The opposite changes are seen with expiration, and
there are reciprocal changes across the right and left
ventricles because of enhanced interventricular de-
pendence.** This occurs because the pericardial scar
limits the space available for ventricular filling, and

MAY - JUNE 1992

TABLE 4

EFFECT OF VENTRICULAR WALL THICKNESS ON LEFT
VENTRICULAR FILLING DYNAMICS IN CARDIAC
AMYLOIDOSIS

Early Advanced
(< 15mm) (> 15mm)
Left ventricular inflow
Peak E Decreased Increased
Peak A Increased Decreased
E/A Decreased Increased
DT Normal to prolonged Short
IVRT Prolonged Decreased
Pulmonary vein
Peak S Increased Decreased
Peak D Decreased Increased
Peak AR No change Increased

DT, deceleration time; IVRT, isovolumic relaxation time;

peak A, peak late diastolic flow velocity; peak AR, peak atrial reversal
flow velocity; peak D, peak venous diastolic forward flow velocity;
peak E, peak early diastolic flow velocity; peak S, peak venous systolic
forward flow velocity

because the cardiac volume is relatively fixed.’ Thus,
during inspiration, when the left ventricular inflow
and pulmonary venous flow velocities decrease, the
right ventricular inflow velocities, hepatic vein, and
superior vena cava increase. In contrast, during expira-
tion, when the left ventricular inflow and pulmonary
venous flows increase, there is a decrease in the right
ventricular inflow velocities and a decrease or com-
plete loss of diastolic forward filling in the superior
vena cava and hepatic vein (Figure 7).}

In restrictive cardiomyopathy, noncompliance of
the ventricle (rather than the pericardium) limits
ventricular filling.””*® Thus, the intrathoracic pressure
is transmitted into the left ventricular cavity, so that
with respiration there is tracking of the pulmonary
vein-to-left ventricular pressure gradient, and thus, the
gradient across the mitral valve is not altered with
respiration, similar to the normal state.”*

RESTRICTIVE MYOCARDIAL DISEASE: CARDIAC AMYLOIDOSIS

Systemic amyloidosis is a multisystem disorder in
which amyloid fibrils are deposited in various organs of
the body, including the heart. In this disorder, cardiac
complications are the most frequent cause of death.”
Cardiac amyloidosis has been termed “stiff heart

" syndrome” because amyloid infiltration interferes with

diastolic filling of the heart.’*® Cardiac amyloidosis has
been traditionally considered a restrictive myocardial
disease’™*!; however, recent investigations have shown
a spectrum of diastolic filling abnormalities in this
disease.*’

CLEVELAND CLINIC JOURNAL OF MEDICINE 285

Downloaded from www.ccjm.org on July 18, 2025. For personal use only. All other uses require permission.


http://www.ccjm.org/

Left Ventriculdr Inflow

) \M\IJEJJ\/ N/"’JJN\ ///\\A/_,\/u ‘\./f

FIGURE 9. Restrictive flow patterns of left ventricular inflow in advanced cardiac amyloidosis. A. Pulsed-wave Doppler recording
of a left ventricular inflow profile with an increased E/A ratio (4.5) and short deceleration time (100 milleseconds). B. Pulsed-
wave Doppler recording of a right upper pulmonary vein flow profile with decreased peak forward systolic (S) and increased peak
diastolic (D) velocities. The left-sided flow velocities are influenced minimally by respiration.

Left ventricular diastolic function

We studied 53 patients with cardiac amyloidosis
using pulsed-wave Doppler interrogation of the left
ventricular inflow and pulmonary veins.* By subdivid-
ing the patients into early and advanced subgroups
based on mean left ventricular wall thickness (as a
measure of amyloid infiltration), a very uniform dias-
tolic velocity profile was observed. The early subgroup
(wall thickness <15 mm) showed evidence of abnor-
mal relaxation characterized by a prolonged IVRT,
decreased left ventricular inflow peak E velocity, in-
creased peak A velocity, and decreased E/A ratio
(Table 4). The deceleration time ranged from usually
normal to prolonged in this subgroup (Figure 8). In
contrast, the advanced subgroup (wall thickness >15
mm) showed a markedly shortened deceleration time
(<150 milliseconds) and an increased E/A ratio com-
patible with restrictive physiology (Figure 9).

We also recorded pulmonary venous flow velocities
and found a close relationship between left ventricular
inflow and pulmonary venous flow. The early sub-
group usually showed an increased systolic-to-diastolic
flow characteristic of abnormal relaxation, while the
advanced subgroup showed a greater diastolic-to-sys-
tolic flow characteristic of restrictive physiology
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(Figures 8 and 9). The increased pulmonary venous
diastolic flow velocity was associated with the in-
crease in the left ventricular peak E velocity.*

Right ventricular diastolic function

We also examined the effects of amyloid infiltration
of the right ventricular myocardium on diastolic func-
tion.” We studied 41 patients using pulsed-wave Dop-
pler interrogation of the right ventricular inflow, supe-
rior vena cava, and hepatic vein. Patients with a
marked increase in right ventricular free wall thickness
(27 mm) showed restrictive physiology, while the
group with a wall thickness that was normal to mildly
increased (<7 mm) demonstrated abnormal relaxation
(Table 5). In most patients, equivalent findings of
restriction were suggested by the superior vena cava
and hepatic vein flow velocities, which showed greater
peak diastolic-to-systolic flow (similar to the
prominent y descent seen in the right atrial pressure
tracing). Hepatic vein flow velocities were similar to
those of the superior vena cava, except for greater
reversals of flow in the hepatic vein. The reversal of
flows that were normally increased in expiration
showed a marked increase in both inspiration and ex-
piration.’ Filling patterns in both ventricles was similar
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in 85% of the patients.’

Mechanism

The mechanism for the altered right and left
ventricular diastolic filling in cardiac amyloidosis has
not been elucidated. It is well known that patients with
early signs of cardiac dysfunction show relaxation ab-
normalities, so it is not surprising that patients with
early cardiac amyloidosis show abnormal relaxation. It
is possible that the relaxation process is altered by mild
amyloid infiltration, which can affect calcium fluxes
within the myocardial cells or cause nonuniformity of
contraction and relaxation. This results in the
decreased E/A ratio and a compensatory increased peak
A filling velocity. With advanced amyloid infiltration,
the ventricles become stiff, which results in very rapid
early filling and a restrictive Doppler filling pattern.**

Serial follow-up

From our initial observations we hypothesized that
Doppler echocardiographic patterns in patients with
cardiac amyloidosis evolve from an abnormal relaxa-
tion pattern to a pseudonormal filling pattern and,
eventually, to a restrictive pattern of advanced dis-
ease.!® To test this hypothesis, we followed 41 consecu-
tive patients for 13 months. The early subgroup
showed significant changes in 7 of 24 patients (29%).
Two patients changed from an abnormal relaxation
pattern to normal flow, and five patients changed from
normal to restriction with increased symptoms (Figure
10). As expected, patients with advanced cardiac
amyloidosis showed very little change in Doppler flows
since they were already restricted.”

Prognostic significance

We also studied the value of Doppler filling patterns
in predicting prognosis in cardiac amyloidosis.!! We
studied 63 patients and divided them according to
deceleration time into a restrictive group and a non-
restrictive group. During an 18-month follow-up, we
found that the relative risk of cardiac death was ap-
proximately five times higher in the restrictive group
than in the nonrestrictive group. Similarly, 1-year sur-
vival in the restrictive group was 49%, compared with
92% in the nonrestrictive group. The best predictor of
cardiac death was the E/A ratio; in fact, the E/A ratio
and the deceleration time, both simple measures of
diastolic filling function, were more predictive of car-
diac death than the typical echocardiographic vari-
ables of mean ventricular wall thickness and fractional
shortening. This study was the first to document that
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TABLE 5

EFFECTS OF VENTRICULAR WALL THICKNESS ON RIGHT
VENTRICULAR FILLING DYNAMICS IN CARDIAC
AMYLOIDOSIS

Early Advanced
(RV < 7mom) (RV 2 15mm)
Right ventricular inflow
Peak E Decreased Increased
Peak A Increased Decreased
E/A Decreased Increased
DT Normal/prolonged Short
With inspiration No change Further
shortening
Hepatic vein, superior vena cava
Peak S Increased Decreased
Peak D Decreased Increased
Peak AR Normal Increased
Peak VR Normal Increased
With inspiration No change Increased

DT, deceleration time; peak A = peak late diastolic flow velocity;
peak AR, peak atrial reversal flow velocity;

peak D, peak venous diastolic forward flow velocity;

peak E, peak early diastolic flow velocity;

peak S, peak venous systolic forward flow velocity;

peak VR, peak late ventricular systolic reversal flow velocity

diastolic filling variables can be important predictors of
survival in this patient population.'!

CARDIAC TAMPONADE

Classic cardiac tamponade is characterized by rising
venous pressure, decreasing arterial pressure, a small,
quiet heart, and pulsus paradoxus.” The typical
hemodynamic signs of cardiac tamponade include
elevation and equalization of right atrial, right
ventricular end-diastolic, and pulmonary capillary
wedge pressures.”#? The right atrial waveform shows a
prominent systolic x descent but an absent or

diminished y descent, unlike constrictive pericar-
ditis.?*#

Echocardiographic signs

A number of M-mode and two-dimensional
echocardiographic signs may suggest the presence of
cardiac tamponade. Diastolic right atrial, right
ventricular, and left atrial collapse are important find-
ings but are not entirely reliable indicators.®#” Cham-
ber collapse is a function of the difference in intracar-
diac and pericardial pressures.” This may be
accentuated by hypotension and minimized by eleva-
tion of right ventricular diastolic pressure, as with right
ventricular hypertrophy and elevation of left
ventricular diastolic pressure with left ventricular dys-
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FIGURE 10. Serial left ventricular inflow patterns (pulsed-
wave Doppler recordings) in a 63-year-old woman with
symptomatic cardiac amyloidosis whose pattern changed from
abnormal relaxation to “pseudonormalization” over 5.5
months. Left, decreased E/A ratio (0.5) and prolonged decelera-
tion time (DT) (250 milliseconds). Right, 5.5 months later,
E/A ratio (1.0) and deceleration time (190 milliseconds) are
normal. (From Klein et al.'®)

function.”* Dilatation of the inferior vena cava with
failure to collapse by more than 50% upon inspiration
(inferior vena cava plethora) is another useful sign.*

All clinical and echocardiographic findings must be
considered before a diagnosis of tamponade is made.
Recently, Doppler echocardiography with respiratory
monitoring has been used to assess the hemodynamic
changes in pericardial effusion.”” Several investigators
have found a marked change in Doppler flow velocities
with respiration in cardiac tamponade that disappears
after pericardiocentesis.”” Patients with tamponade
showed the following: a marked respiratory change in
left ventricular inflow velocities from expiration to
inspiration; a 34% to 85% increase in [VRT; a 34% to
43% decrease in left ventricular inflow peak E velocity;
and a 25% decrease in left ventricular peak A velocity.
Similarly, there was a marked respiratory change in
right ventricular inflow velocities from expiration to
inspiration, a 77% to 85% increase in right ventricular
peak E velocity, and a 58% increase in right ventricular
peak A velocity. As in constrictive pericarditis, the
changes were most evident on the first beat after the
onset of inspiration and on the first beat after the onset
of expiration.>’

Central venous flows

Superior vena cava and hepatic vein flow velocities
show a marked predominance of systolic flow (com-
patible with prominent x descent in the right atrial
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pressure tracing) with the onset of inspiration in tam-
ponade. On the first beat after the onset of expiration,
diastolic flow velocity decreases or disappears (cor-
responding to the decrease in right ventricular peak E
velocity at the onset of expiration), and reversals of
flow increase.”” After pericardiocentesis, the flow
velocities return to normal in the hepatic veins.”” In
some patients, the respiratory variations do not disap-
pear: this may suggest effusive-constrictive pericarditis.’
Recently, our laboratory found a spectrum of
respiratory variation in the left ventricular inflow peak
E velocities in patients with small to large pericardial
effusion, and a significant correlation between
respiratory change in the Doppler flow velocities and
right atrial collapse and right ventricular collapse.”

Pulsus paradoxus

The respiratory variation in Doppler flow velocities
in tamponade seems closely related to the mechanism
of pulsus paradoxus.’! Shabetai et al demonstrated that
the effect of respiration on right heart filling was main-
ly responsible for the inspiratory decrease in arterial
pressure seen in pulsus paradoxus.” Pulsus paradoxus
may be also primarily related to the left heart, with an
inspiratory decrease in the gradient from intrathoracic
pulmonary veins to the intrapericardial left ventricle
causing variation in flow velocities similar to those
seen in constrictive pericarditis.*** During inspiration,
the pulmonary vein-to-left ventricular filling gradient
decreases, resulting in delayed mitral valve opening
and, therefore, prolongation of the IVRT and
decreased peak E velocity. Because of intraventricular
dependence, the reciprocal changes will occur on the
other side of the heart.’

Similarities between constrictive pericarditis and
tamponade are evident. Pulsus paradoxus may occur in
both conditions, though it is more common in tam-
ponade.”>* Isolation of intracardiac pressure from the
thorax and enhanced interventricular dependence
contribute to the hemodynamic findings of both con-
ditions.” There is one important difference: with tam-
ponade, all four chambers must compete for space
within a fixed fluid volume. Venous return occurs only
with atrial relaxation (or descent of the base heart),
thus preserving the x descent of the atrial pressure
tracing (the systolic forward flow velocity in the
central veins). The y descent (the diastolic forward
flow velocity) disappears because intrapericardial pres-
sure stays constant during ventricular filling.>*# In
contrast, the x and y descents (systolic and diastolic
flow) are preserved in constrictive pericarditis.’?*
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There also may be overlap with effusive constrictive
pericarditis.’

PRESENT LIMITATIONS AND FUTURE RESEARCH

Doppler echocardiography has a number of pitfalls
and limitations in assessing right and ventricular dias-
tolic filling in pericardial diseases and restrictive car-
diomyopathy.? The study must be performed with
meticulous attention to detail. Many variables can af-
fect diastolic filling, including heart rate, preload, and
afterload.'>'¢ Atrial arrhythmias or ventricular-paced
thythm may cause difficulties.? Chronic lung disease
may produce findings similar to those of constrictive
pericarditis.>*® Differentiating restrictive car-
diomyopathy with pericardial effusion from constric-
tive pericarditis may be difficult because both condi-
tions change Doppler flows during respiration.>*

Further research is needed to determine the effect of
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