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Summary

Recognition and severity assessment of valvu-
lar regurgitation is increasingly important and
one of the main indications to order an echo-
cardiographic examination. Clinical findings
may be misleading. There are several methods
to assess regurgitation by Doppler echocardi-
ography. Jet area by color Doppler mapping is
widely used but is influenced by a lot of factors
and subject to many limitations. Vena con-
tracta — which is the narrowest portion down-
stream of the orifice as the regurgitant jet
downstream passes through the valve — is an
appealing method. It correlates well with other
quantitative measures for severity of mitral,
aortic and tricuspid regurgitation; however, it
needs a lot of practice. Proximal isovelocity
surface area (PISA) is theoretically a very at-
tractive method based on symmetrical acceler-
ation of flow toward an orifice; by conserva-
tion of mass, flow through any isovelocity shell

Zusammenfassung

is equal to instantaneous orifice flow. For op-
timal results of PISA, however, the orifice of the
regurgitant orifice should be circular and in-
finitely small which is not anatomic reality.
Pulsed Doppler and 2D methods have been
widely recommended and validated, however,
these measurements are very difficult to obtain
reliably and are controversial. Methods under
evaluation are 3D reconstructions of color
Doppler jets, and most promisingly, power
Doppler based methods. However, even as of
today, there is no single reliable method to
quantify valvular regurgitation by echocardi-
ography. Thus, quantitation of flow rate
through regurgitant valves remains a challeng-
ing goal of research and clinical cardiology.

Key words: Doppler echocardiography; val-
vular regurgitation

Diagnose und Quantifizierung von Herzklap-
peninsuffizienzen sind zunehmend wichtig im
klinischen Alltag und bleiben eine der Haupt-
indikationen, eine echokardiographische Un-
tersuchung zu veranlassen. Klinische Befunde
konnen irrefiihrend sein. Es gibt mehrere mog-
liche Methoden, um Klappeninsuffizienzen mit
der Echokardiographie abkliren zu konnen.
Die Fliche des Insuffizienz-Jets mittels Farb-
Doppler-Echokardiographie wird am haufig-
sten verwendet; sie wird aber von so vielen Fak-
toren beeinflusst, dass sie nicht zuverldssig ist.

Die Vena contracta entspricht der engsten
Stelle des Insuffizienz-Jets im Bereich der Off-
nung; dies ist eine attraktive Methode und kor-
reliert sehr gut mit anderen Messungen zur
Quantifizierung von Mitral-, Aorten- und Tri-
kuspidalinsuffizienz. Die Messung der Vena
contracta benotigt aber viel Erfahrung. Dies
gilt auch fir die sogenannte PISA(proximal iso-
velocity surface area)-Methode, welche theo-
retisch ebenfalls attraktiv ist. Diese Methode
gilt aber nur bei einem zirkuldren, unendlich
kleinen Loch. Pulsed-Doppler und 2-dimensio-

Correspondence:

Christine H. Attenhofer Jost, MD
University Hospital

Department of Cardiology
Rémistr. 100

CH-8091 Ziirich

e-mail: karatc@usz.unizh.ch

307




; Proceedings Ziirich 2001

Introduction

nale echokardiographische Methoden wurden
immer wieder empfohlen und sind validiert; sie
sind aber wegen des Aufwands und der Feh-
leranfilligkeit sehr umstritten. Geforscht wird
zur Zeit vorwiegend an Methoden mit dem
vielversprechenden Power-Doppler sowie an
3-dimensionalen Rekonstruktionen von Color-
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Doppler-Jets. Dennoch gibt es auch heutzutage
noch keine zuverldssige Methode zur Quanti-
fizierung von Klappeninsuffizienzen mit der
Echokardiographie.

Key words: Doppler-Echokardiographie; Herz-
klappeninsuffizienz

Assessment and quantification of valvular re-
gurgitation remains one of the major chal-
lenges of cardiology even at the beginning of
the 21% century. Echocardiography is consid-
ered to be the most important and most fre-
quently used method in this regard.

In the following, the various echocardiograph-
ic methods used for assessment of valvular re-

Table 1 Color Deppler flow jet area

gurgitation are summarized as shown in table
1. The multitude of echocardiographic meth-
ods to assess regurgitation already implies that
none is perfect. Then, some research methods
are shortly described, and lastly, the echocar-
diographic signs typical of severe regurgitation
of the different heart valves are summarized.

Summary of the different Vena contracta

echocardiographic methods
to assess valvular regurgita-

Proximal isovelocity surface area PISA

tion. Volumetric methods by pulsed Doppler/2D

Three-dimensional reconstruction of regurgitant jets

Power Doppler echocardiography

Indirect parameters (size of atria and/or ventricles, pulmonary veins, pressure half-time, etc.)

Color Doppler flow jet area
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Vena contracta (VC)

With the introduction of Doppler color flow
mapping, a spatial appreciation of intracardiac
velocities became clinically  practicable.
Doppler color flow mapping became a funda-
mental technique for evaluation of regurgitant
flow in valvular heart disease and was initially
used like an “ultrasound angiogram” — a naive
interpretation of this technology [1]. Although,
“eyeball measurements” or manual tracing of
the jet area seem to work in many clinical si-
tuations remarkably well [2, 3], there are the
following problems: the color Doppler jet area
is influenced by blood pressure, jet eccentricity,
instrumentation factors, and chamber con-
straint [4]. It has been shown that there is no
correlation between jet area and angiographic
grade of mitral regurgitation: conventional jet
areas failed to separate groups of patients with

different degrees of regurgitation [5]. Central
jets due to ischemic or functional mitral regur-
gitation are overestimated by jet area [6]. An
eccentric, wall adherent jet is generally under-
estimated as it loses its momentum rapidly and
has a smaller jet area than a free jet with an
identical flow rate with approximately 40% of
the size of a corresponding free jet [7]. Visual
grading of valvular regurgitant jets may corre-
late even better with quantitative measures of
valvular incompetence than any simple jet area
method [8]. Comparison of jet area or jet
height by color Doppler to dimension of the left
atrium or the left ventricular outflow tract has
been described for mitral or aortic valve re-
gurgitation [9, 10].

Overall, the size of the color Doppler flow jet
is only a rough guide.

B o e e 8 T A L S S BT ST e T e T G e e s i e i e
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Measurement of VC is an effective and encour-
aging approach which builds on the work by
Mele [11]. The VC is the narrowest extent of
the regurgitant jet downstream from an orifice
as it passes through the valve (fig. 1). The ap-

proach of direct visualization of VC jet width
is so simple and the results so encouraging that
it is amazing that it was not previously used as
the standard to grade the severity of regurgita-
tion [2, 11, 12]. VC width correlates well with
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Figure 1

Example of a color two-
dimensional Doppler vena
contracta of a mitral regur-
gitant jet.

other quantitative measures for severity of mi-
tral, aortic and tricuspid regurgitation [12].
Apart from VC width, VC area can be calcu-
lated. Defining the entire VC area perfectly is
currently impossible but may be possible in the
future with 3D reconstruction. The VC area
corresponds to the effective regurgitant orifice
area (ERO), which is the hemodynamic regur-
gitant area. ERO is smaller than the anatom-
ical regurgitant area due to contraction of flow
as it accelerates through the regurgitant orifice.
Therefore as ERO, VC area is also smaller than
the anatomic orifice area.

Methodology and limitations of the VC

Generally it is recommended to measure a bi-
plane VC from two roughly orthogonal views
[12]. Due to poor lateral resolution, one
would anticipate that VC width obtained
from the parasternal long-axis view would be
superior to data obtained from an apical win-
dow [2]. The narrowest portion of the jet
when it is still laminar just before it turns tur-
bulent should be measured resulting in VC
width (fig. 1). The short axis view is not rec-
ommended [12]. Despite the first impression
of it being an easy method, considerable prac-

Proximal isovelocity surface area (PISA)
e i o e I S P B e S B B e o D T e T A T R T AP . s R S A TR e e R S 2 P O e e A

Hydrodynamic theory predicts that flow ap-
proaches a pointlike orifice in a flat plane as a
series of concentric hemispheric shells of de-
creasing area and increasing velocity. There is
symmetrical acceleration of flow from all an-
gles to an infinitesimally small, round, single
regurgitant orifice producing a hemispheric
geometry of flow (fig. 2). By conservation of
mass, flow rate should be calculable as veloc-
ity at any of these hemispheric shells multiplied
by the area of that shell. Flow measured in this
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To optimize measurements of the VC width, it
is essential to observe all three components of
the regurgitant flow (flow convergence, vena
contracta, regurgitant jet). Even so, sometimes
it is not easy to have reproducible results. Bi-
plane vena contracta width =0.5 cm (average
of VC width from two apical planes [13] in mi-
tral regurgitation correlates with severe regur-
gitation. VC is good to discriminate mild from
severe mitral regurgitation; but there is a large
middle ground with VC widths between
3-5 mm where we need other methods to quan-
tify.

tice is needed. Color Doppler gain has to be
adjusted carefully. To critically match the
shape of an often irregular regurgitant orifice,
and to account for the dynamic nature of the
regurgitant jet throughout systole or diastole,
multiple measurements would be necessary to
fully describe it. There are problems with dif-
fuse or multiple jets. It is still controversial, if
VC is well suited for aortic regurgitation [14],
but it performs well for mitral and tricuspid
regurgitation.

way appears to be relatively independent of
technical factors that alter jet appearance such
as gain, transmission, power and transducer
frequency [15]. There has been considerable
and justifiable interest in the flow convergence
zone imaged by Doppler color flow mapping
hoping that it will finally provide an accurate,
quantitative estimation of the severity of re-
gurgitation especially of mitral regurgitation.
As an accelerating flow field, it is hydrodynam-
ically more stable, and — with laminar flow —
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Figure 2 Flow Q = 21V, Aliasing velocity V,= - 40
Principle of proximal isovelocity surface ERO = Q/\/O cm/s
area (PISA). ERO = effective regurgitant 60
orifice area; Q = flow; V, = aliasing
velocity; V, = maximal velocity of
regurgitant jet by CW Doppler.

.40

Orifice velocity V

Figure 3 A B G
Example of PISA in a 78 5= 0:6icm r=0.8 cm r—1.0:cm
year old woman with heart Va =61 cm/s Va =55 cm/s V. =40 cm/s
failure. R = radius; Vo = 420 cm Vo =420 cm Vo = 420 cm
V, = aliasing velocity; ERO = 0.33 cm? ERO = 0.53 cm? ERO = 0.60 cm?
ERO = effective regurgitant ~ TVIvo = 130 cm TVIyo = 130 cm TVIyo = 130 cm
orifice; RV = regurgitant RV =43 ml RV = 69 ml RV = 78 ml

volume; V, = maximal
velocity of regurgitant jet.

inherently more suited for quantitation by
color Doppler than the decelerating jet spray
of turbulent regurgitation flow [16]. The
principle of proximal isovelocity surface area
(PISA) was first used for quantitative pur-
poses by Recusani et al. [15] and is based on
the following: All flow passing through a flow
convergence zone also passes through the re-
gurgitant orifice; and flow through any isove-
locity shell is equal to instantaneous orifice
flow. The area of a hemisphere is 2mr?. R is
the isovelocity hemisphere radius, which is

Methodology and limitations of PISA
T T e T e T e e R B O S R R S
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Color-flow imaging of the regurgitant jet
should be optimized from an apical window.
The image of the regurgitant valve must be ex-
panded by using zoom or RES. Then the color-
flow zero baseline is shifted downward usually
to 20-40 cm/s to enlarge the PISA hemisphere.
Zero baseline shift of the color flow map is to-
ward direction of desired color flow jet. With
cine-mode one can scroll through several car-
diac cycles to select the most satisfactory hemi-
spheric PISA. Most commonly one choses
midsystole for mitral and tricuspid regurgita-

measured in the centerline of the flow con-
vergence region between the first aliasing con-
tour (red-blue interface) of the flow conver-
gence region and the regurgitant orifice. Flow
Q is then calculated as 2zr? multiplied by the
aliasing velocity V.. The calculations are
shown in figure 2. Effective regurgitant ori-
fice area (ERQ) is then calculated by dividing
flow through regurgitant jet velocity V, ob-
tained with continuous wave Doppler (fig. 2

and 3).

tion and early-diastole for aortic regurgitation
[17].

The effective regurgitant orifice area (ERO)
which is smaller than the anatomic orifice
area is a major determinant of the severity of
regurgitation [16] and reflects actual size of
the regurgitant lesion. It is a fundamental pa-
rameter of valve integrity and its measure-
ment is relatively load “independent”.

A recent publication to simplify measurement
of PISA described the following formula: Un-
der the assumption that the pressure difference



between the left ventricle and left atrium is al-
ways 100 mm Hg which results ina V, of 5 m/s,
and the aliasing velocity V, is set at 40 cm/sec,
then the regurgitant orifice area is r%/2. If we
look at the example in figure 3 (3C), with this
simplification, estimated ERO would be 0.5
cm? (the actually measured ERO is 0.60 cm?).
Regurgitant volume is determined by multi-
plying the size of ERO by the transvalvular re-
gurgitant time velocity integral of the CW
Doppler jet (ERO x regurgitant TVI = regurgi-
tant volume). In PISA, all pitfalls associated
with regurgitant volume determination may
occur. The regurgitant orifice area is dynamic
and variable throughout the cardiac cycle.
Therefore it is recommended to make either
multiple measurements, or some authors ad-
vocate to always measure at midsystole in mi-
tral regurgitation. There might be overestima-
tion of regurgitant volume in mitral valve pro-
lapse or dilated cardiomyopathy. Sometimes, it
is really hard to identify the orifice, then the in-
teraliasing distance method might be useful
[18]. Occasionally, one can not obtain a com-
plete CW regurgitant signal, especially in ec-
centric jets, then a simplification of PISA has to
be used [19]:

Usually the ratio of TVI and peak velocity of
mitral regurgitation by continuous wave
Doppler are relatively constant:

IWRREIVARS
MR velocity  3.25

Quantitative Doppler echocardiography

The accuracy of quantitative Doppler remains
controversial despite validations studies [21].
The principle of it is that flow across a fixed
orifice is equal to the product of the cross-sec-
tional area (CSA) of the orifice and flow veloc-
ity: Flow rate = CSA x flow velocity. Because
flow velocity varies during ejection in a pul-
satile system, individual velocities of the
Doppler spectrum should be integrated to mea-
sure the total volume of flow during a given
ejection period. The sum of velocities is called
the time velocity integral (TVI). It is equal to
stroke distance (= the distance blood travels
with each beat of the heart). Therefore stroke
volume (SV) equals CSA (ecm?) x TVI (cm).
The location which is most frequently used to
determine stroke volume is the left ventricular
outflow tract (LVOT). Flow across other car-
diac orifices can be calculated by using the
same formula. The CSA of orifices in the heart
is assumed to be a circle and is calculated as
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Therefore simplification is possible: MR re-
gurgitant volume = 2x 7V,
35

Limitations include that the PISA technique
has been relatively less well validated than
other techniques and various correction factors
have to be applied as described below.

Under the assumption of inviscid flow through
an infinitesimal orifice, then V, << V, for cal-
culation of proximal flow convergence [20]:
the formula Q = 2mr,2V, is valid.

For larger V,, flow is underestimated, so Q
should be multiplied by

Vo
\]() T \/a

When walls are close then flow may be over-
estimated due to distortion of contours. The
solution is to measure the convergence angle o
and to multiply flow by o

180
By combining these two correction factors, in-
stantaneous regurgitant flow is calculated as:

Vo

R flow = o /180 (2mr?V,) ST

Finally, PISA may work better for mitral and
tricuspid regurgitation than for aortic regurgi-
tation, where underestimation may occur and
the proximal flow convergence region may be
more technically difficult to assess [14].

CSA = r? using the diameter divided by 2 as
radius r. Therefore the stroke volume (SV)
equals m r> x TVI.
Quantitative Doppler echocardiographic mea-
surements can give the following data: stroke
volume and cardiac output, regurgitant vol-
ume and fraction, as well as pulmonary-sys-
temic flow ratio (Qp/Qs) [22]. Total forward
volume across a regurgitant valve (Q total) is
the sum of systemic stroke volume (Qs) and of
regurgitant volume. Hence, regurgitant vol-
ume can be obtained by calculating the differ-
ence between the total forward stroke volume
and systemic stroke volume. Regurgitant vol-
ume and fraction can thus be calculated as fol-
lows [21]:
— regurgitant volume = volume of blood that
regurgitates through an incompetent valve
— regurgitant fraction = fraction or percentage
of total stroke volume that regurgitates
through an incompetent valve

Sl
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Measurements required to calculate regurgi-
tant volume and fraction of aortic or mitral
valve (assuming the orifices are circular) in-
clude mitral annulus diameter (cm), TVI of mi-
tral annulus velocity (cm), aortic annulus di-
ameter (cm), and TVI of aortic annulus veloc-
ity (cm).

Important is that the pulsed wave Doppler
sample has to be at the annulus (!). The annu-
lus measurement is inner edge to inner edge;
mitral annulus is measured at mid-diastole,
and the left ventricular outflow tract LVOT at
end-systole [22].

Mitral inflow volume = area x TVI

(MIV) (at mitral annulus)
= (diameter/2 = r) 2 x
7t x TVI
LVOT flow volume = area x TVI
(LFV) (at aortic annulus)

LVOT area = (diameter/2 = r)2x mt x TVI

Quantitative two-dimensional echocardiography
R A TS T s S A R N T SRR S A T O e | O O M Y P SN T B Y R T T O SR S N LR e e R i S W S |

Left ventricular volumes are measured at end-
systole and end-diastole by using the biapical
Simpson’s rule (method of disks), as recom-
mended by the American Society of Echocar-
diography [23] or the biplane area length
method [24]. The total left ventricular stroke
volume is calculated as the difference between

Automated calculation of cardiac output
o e T R e R I TR D S S S S S R O N S i e S S G S S e Ty S B U T T e s o g g e e ]
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Recently, it has become possible to automati-
cally measure flow through cardiac structures
by automated integration of color Doppler ve-
locities throughout the left ventricular outflow
tract or mitral annulus [26]. ACOM uses au-
tomatic integration of numerical data on dig-
ital velocities from a color Doppler flow map
by a multibeam Doppler to perform spatio-
temporal integration across the LVOT through-
out systole [26] which allows accurate, rapid
and simple estimation of cardiac output in rou-
tine clinical practice with excellent correla-
tions. In mitral regurgitation, it was experi-
mentally and clinically validated [27]. Despite
the demonstrated accuracy of these techniques,
however, they are rarely applied in clinical
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Regurgitant fraction RF (%) =
{009 LMV TRV
LFV

There are the following problems with this
method to assess valvular regurgitation: inad-
equate beam alignment with blood flow, fail-
ure to maximize LVOT velocity and TVI, fail-
ure to outline real mean velocity, measuring too
few beats (3-S5 for sinus rhythm, 8-10 for atrial
fibrillation), assumption that valvular regurgi-
tant area is circular, and inaccuracy when mea-
suring diameter of mitral or tricuspid annulus
respectively left or right ventricular outflow
tracts. A further major drawback is that in mul-
tivalvular, more or less mild lesions or in the
presence of significant shunts the formulas are
invalid.

end-diastolic and end-systolic volumes. The re-
gurgitant volume is calculated as the difference
between the total left ventricular stroke volume
and the aortic stroke volume measured with
Doppler echocardiography [25]. This method
is cumbersome, time-consuming and prone for
errors.

practice, primarily because of the rigor with
which they must be performed. A clear limita-
tion is that it uses only one view (apical 5-
chamber or long-axis view). There is clear gain
dependency and image quality also affects ac-
curacy. An error in any of these measurements
is propagated throughout the calculations. Ad-
ditionally, ACOM assumes that the velocity
recorded at a certain point across the LVOT
represents velocities in a hemicircular arc on
the side, therefore ACOM measurements are
not valid if there are marked distortions of
LVOT (hypertrophic cardiomyopathy etc.).
Also, ACOM is based on the assumption of a
rotational symmetry of the velocity profile
which is not fulfilled.
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3D reconstruction of color Doppler flow
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Power Doppler

Two-dimensional-pulsed Doppler methods are
not ideal for assessing blood flow since they re-
quire geometrical assumptions on flow area
and flow profile. Therefore 3-dimensional
methods might be advantageous but so far they
are only useful for experimental purposes. Not
surprisingly, assessment of regurgitation is bet-
ter with 3D Doppler jet volumes than with 2-
dimensional jet-areas and has some potential
for becoming a reference method in the future
[5, 28]. Jet volumes obtained by 3D recon-
struction may be more helpful and seem to cor-
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relate significantly with angiography [5]. How-
ever, we see velocity flow rather than volume
flow, therefore, we are not truly imaging the
volume also in 3D reconstructed jets [29]. Still
3D reconstruction can aid computational
methods for evaluating valvular regurgitation
[30]. Theoretically, useful 3D reconstructions
would be of the left ventricular inflow and left
ventricular outflow. Digital 3D color Doppler
was also used in a physiological pulsatile model
to assess flow volumes in the pulmonary artery

[S]E
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Mitral regurgitation

As Doppler measures velocity, but orifice area
is unknown and often variable throughout re-
gurgitation, another approach has been pro-
posed based on backscattered acoustic power
from the Doppler signal [32-34]. This corre-
sponds to the formula: Velocity x power o. flow
rate. Backscattered power is a nonlinear func-
tion of the hematocrit, resulting from interfer-
ence of sound waves returning from scatterers
with the Doppler sample volume. For a given
hematocrit, blood flow through a disk-like
sample volume of fixed height, backscattered
power is linearly proportional to the blood
volume of scatterers, and therefore, will be
linearly proportional to the cross sectional

area of flow within the beam. As backscattered
power depends on round-trip attenuation of
sound and backscattering coefficient, these
power measurements must be calibrated in the
same individual against power returning from
a beam of known CSA that lies at the same
depth as the pathological flow of interest. As a
correct result is dependent on laminar flow, the
only possible approach in a regurgitant jet
would be to quantify flow at the vena contracta
where flow is still laminar [34]. Experimen-
tally, the power-velocity integral at the vena
contracta was accurate in comparison with
MRI or 3D echocardiography [34]. More ex-
perience is lacking.

—
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The most common etiologies of severe mitral
regurgitation (MR) include mitral valve pro-
lapse, flail mitral leaflet, ruptured chordae, an-
nulus dilatation, papillary muscle dysfunction,
papillary muscle rupture, rheumatic valve,
drugs, endocarditis, cleft mitral valve, perfora-
tion of the leaflets and systemic diseases such
as systemic lupus erythematosus.

Some of the echocardiographic signs of severe
MR are summarized in the tables 2 and 3 [35,
36]. Generally, best assessments of valvular re-
gurgitation are possible by integration of sev-
eral parameters.

The CW Doppler spectrum of the regurgitant
jet is important: An asymmetrical MR shape
characterized by an early peak of the maximal
velocity and a steeper decline are the conse-
quence of a large atrial v-wave. Reversed pul-

monary venous flow in systole has been de-
scribed as a highly specific and reliable marker
of moderate or severe mitral regurgitation with
an ERO of >0.3 cm?, whereas the normal pat-
tern accurately predicts not severe MR. How-
ever, blunted pulmonary venous flow can be
seen in all grades of MR with low predictive
value for severity of MR, especially in the pres-
ence of LV dysfunction [37]. For the diagnosis
of severe MR, systolic flow reversal in the pul-
monary veins has thus a relatively low sensi-
tivity of 60% but a high specificity of 85-92%
[38]. Generally, if interpreting a certain value
of regurgitant volume, one has to take into
account that it is also affected by heart rate
(a higher heart rate decreases regurgitant vol-
ume), transformation into potential energy and
body surface area.
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Table 2

Echocardiographic signs of
severe mitral regurgitation.

Table 3

Echocardiographic grading
of severity of mitral
regurgitation.

Aortic regurgitation

Proceedings Ziirich 2001

Biplane vena contracta width =0.5cm

Mitral regurgitant volume =60 ml

Regurgitant fraction =50%

Increased endsystolic volume index increased (>30 ml/m? body surface area)

Systolic pulsed Doppler flow reversal in pulmonary veins

Large proximal acceleration signals and large size of jet crossing the defect

Increased density of continous wave Doppler signal of regurgitant jet

Hyperdynamic left ventricular contractility

Spheric enlargement of left ventricle (=7.0 cm), endsystolic enlargement of =4.5 cm

Jet entering left atrial appendage and circling in left atrium with agitated flow in the left atrium

Wall-hugging jets (Koanda effect)

V-wave cutoff sign of the mitral regurgitation

Increased pulsed Doppler signal of mitral inflow: velocity =1.5 m/s for native and =2 m/s
for prosthesis

Dilated left atrium of =5.5cm (not in acute severe mitral regurgitation)

Dilatation of right ventricle

ERO R volume Vena contracta RF
Grade I <20 mm? <30 ml <3 mm <20%
Grade II 20-29 mm? 30-44 ml ? 20-35
Grade III 30-39 mm? 45-59 ml =5 mm 35-50
Grade IV =40-50 mm? =60 ml =5 mm =50%

ERO = effective regurgitant orifice; R volume = regurgitant volume; RF = regurgitant fraction.

—

Causes of aortic regurgitation include degen- ment of the pressure half-time of the aortic
erative aortic valve disease, dilated aortic root, regurgitant jet is useful, it is influenced by left
congenitally abnormal valve, Marfan syn- ventricular end-diastolic pressure, systemic
drome, endocarditis, aortic dissection, pros- vascular resistance, loading conditions and
thetic valve dysfunction, and/or drug effects.  associated valvular lesions [39]. However, al-
Signs of severe aortic regurgitation are sum- though overestimation of aortic regurgitation
marized in table 4. Pulsed Doppler flow map- with pressure half-time is possible, underesti-
ping has been abandoned. Although measure- mation rarely occurs. Sometimes it is hard to

Table 4

Echocardiographic signs of
severe aortic regurgitation.

Regurgitant jet width/LVOT diameter ratio =60%

Regurgitant jet area/LVOT area ratio =60%

Aortic regurgitation PHT <250 ms

Restrictive mitral flow pattern (usually in acute setting)

Holodiastolic flow reversal in the descending aorta

Dense continous-wave Doppler signal of regurgitant jet

Regurgitant fraction =50%

Regurgitant volume =60 ml

LV diastolic dimension =7.5 cm (chronic AR)

Vena contracta width =6 mm

Effective regurgitant orifice =0.40 cm?*

Fluttering of mitral valve

Endsystolic volume index increased (>30 ml/m? body surface area)

LVOT = left ventricular outflow tract; PHT = pressure half time; LV = left ventricle;
AR = aortic regurgitation; PISA = proximal isovelocity surface area.

315
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obtain an adequate spectral envelope. The use
of color Doppler to measure height or cross-
sectional area of the regurgitant jet relative to

Tricuspid regurgitation
e e e S L e R G s S R i S e P R B 8 o R e S D e T e 7 S o |

Causes of significant tricuspid regurgitation
include tricuspid annular dilatation, rheumatic
valve disease, tricuspid valve prolapse, carci-
noid, Ebstein’s disease, right ventricular in-
farct, tricuspid valve rupture, flail leaflet,
biopsy-induced, and/or pacemaker wire re-
lated.

Tricuspid regurgitation is a common echocar-
diographic finding. Although severe tricuspid
regurgitation can usually be readily detected by
the clinical examination, in some patients it
might be more difficult and therefore echocar-
diographic assessment of the severity of tricus-
pid regurgitation is still important. Signs of se-
vere tricuspid regurgitation include color-flow
regurgitant jet area =30% of right atrial area
or >9 cm? [40, 41], dense continuous-wave
Doppler signal, annulus dilatation =3.4-4.0
cm in diastole [42], inadequate cusp coapta-

Pulmonary regurgitation
e O R G o s 2 2 NGRS T G G S g e G R T SR D o i I S e A o e S e s 05 e SR ST B S i S

316

The most common causes of significant pul-
monary regurgitation include pulmonary hy-
pertension, absent pulmonary valve or other
congenital anomaly of the pulmonary valve,
repaired tetralogy of Fallot, carcinoid, endo-
carditis, idiopathic dilatation of pulmonary
artery, or the antiphospholipid syndrome [47].
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height or area of left ventricular outflow tract
is both sensitive and specific and very helpful
[10].

tion, late systolic concave configuration of con-
tinuous wave signal, early peaking of tricuspid
regurgitation signal, increased tricuspid inflow
velocity of =1.0 m/s, vena contracta =6.5 mm
from an apical view at mid-systole [43], sys-
tolic flow reversals in the hepatic vein [41], in-
ferior vena cava diameter of =2.1 cm, lack of
respiratory variation of inferior vena cava size
and/or laminar flow by pulse wave signal
placed behind the cusps in systole [44]. Actu-
ally, systolic flow reversal in the hepatic vein is
considered to be one of the best signals [41,
45].

There are the previously mentioned limita-
tions, additionally, the tricuspid regurgitant
orifice shape is unknown. There is some un-
derestimation of severity of tricuspid regurgi-
tation by the jet area method and proximal
isovelocity surface method [46].

Signs of severe pulmonary regurgitation in-
clude right ventricular and/or right atrial di-
latation, right ventricular dysfunction, steep
Doppler velocity decay slope, increased QRS
duration, and an increased myocardial perfor-
mance index [48, 49].

Table 5 AR severity RF Pl JH/LVOT RV VC ERO
Echocardiographic signs of (%) (ms) (%) (ml) (mm) mm’
severe aortic regurgitation. Grade I <20 >500 =24

Grade II 20-35 350-500 25-45

Grade III 35-50 200-350 46-64

Grade IV >50 <200 =65 =60 =6 >30

ERF = regurgitant fraction; P% = pressure half time; JH = jet height; LVOT = left ventricular
outflow tract; RV = regurgitant volume; VC = vena contracta; ERO = effective regurgitant orifice.
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