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Overview 5% to 1596. In addition, technical factors, such as the inten-
sity of fluoroscopy, the use of one or two planes for obtai-
Precise characterization of the magnitude of valvular ning the images, the volume of the contrast medium used
regurgitations and of the functional repercussions associa- and the moment of its injection, the position of the catheter
ted with them still remains one of the major challenges in tip and its type, previous injections of contrast medium,
modern clinical cardiology. Determination of the degree of heart rate in the different phases of the exam, dimensions of
hemodynamic overload imposed on the heart resulting from the receiving chamber, the presence of associated valvular
valvular regurgitations is fundamental to defining the best lesions, and the occurrence of ectopic beats, impose a con-
moment for indicating surgical interventions in such clinical ~ siderable limitation on this methodology
conditions. Identification of the best moment for surgery in Use of the Doppler technigue with two-dimensional
this type of valvular disease depends on the characteriza- echocardiography inspired new perspectives for new metho-
tion of 2 opposite prognostic factors: on the one hand, eva- ds for quantifying valvular regurgitation. Among the
luation of immediate and late risks of the different types of undeniable advantages of this methodology, we can cite its
procedures available; on the other hand, the potential impli- noninvasive characteristic, which allows serial and compara-
cations for left ventricular function caused by an occasional tive assessments of the same patient, and its wide availability

delay in this therapeutical indication.

The ideal method for precise quantification of valvu-
lar regurgitations should comprise the following: 1) the abi-
lity to measure the regurgitant flow or fraction or the di-
mensions of the regurgitant orifice, or both; 2) the possibi-
lity of quantitative assessment of hemodynamic repercussi-
ons of valvular regurgitation on left ventricular function
and pulmonary circulation; 3) to allow comparisons over

and relatively low cost. At the same time, in addition to
allowing grading of the magnitude of the valvular regurgita-
tion, it also allows the satisfactory quantification of functional
repercussions of valvular lesion upon left ventricular
function and pulmonary circulation. Some significant limita-
tions should be mentioned: 1) the method depends on the
existence of an ultrasound window adequate for obtaining
high-quality two-dimensionalimages and Doppler signs with

time; 4) to be as least invasive as possible; 5) to have a low alow level of interference; 2) the operator’s experience in the

operational cost.

In the clinical context, significant limitations in the dif-
ferent methods of quantifying valvular regurgitations have
been reportet?. Angiocardiography with iodine contrast
media®** was the first quantification method that ended up

obtainment and interpretation of the images has a significant
influence on the quantification provided by the method.
Thanks to the already mentioned qualities and the
enormous technological development, which in addition to
providing obtainment of two-dimensional images with hi-

being consolidated over the years as a reference pattern.gh-quality spatial and temporal resolution also has allowed

This technique, however, in addition to its invasive charac-
ter, which is a limitation to its serial use, has additional signi-
ficant problems. While its use in the semiquantitative way
has a significant subjective component, which makes it ex-

tremely dependent on the observer’s experience, the descri-

bed quantitative ways of using this method for the calcula-
tion of the regurgitant fraction have variations ranging from
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the progressive incorporation of new forms of representa-
tion of the Doppler sign — evolving from the spectral Dop-
pler (pulsed and continuous) to the Doppler color flow
mapping - Doppler echocardiography has acquired an im-
portant role in the clinical assessment of patients with val-
vular regurgitation. Atthe same time, it has become areso-
urce of quantitative investigation of cardiovascular func-
tion and mechanisms determining valvular dysfunction as-
sociated with various clinical conditions. This methodology
has shown in comparative studies of spectral Doppler alone
with contrast angiography mean levels of sensitivity of 90%
for mitral regurgitation and of 95% for aortic regurgitation,
as well as specificity of 93% and 96%, respectiéigdi-

tion of color flow mapping increased sensitivity and speci-
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ficity, with specificity reaching levels of up to 100% for mi-
tral and aortic regurgitation. With color flow mapping, this
technigue may identify minimum degrees of regurgitation in
a significant proportion of healthy individuafs. Especia-

Ily in this group of individuals, color flow mapping managed
to show that the pulsed Doppler signs verified close to nor-
mal valves and initially interpreted as resulting from a volu-
me of valvular closuré'? effectively represented a true re-
gurgitation'®. In the healthy population, tricuspid and pul-
monary regurgitations have been reported in up to 83% and
88%, respectively, but the occurrence of mitral and aortic re-
gurgitations are less frequent (up to 48% and 33%, respecti-
vely) 4. Particularly in older age groups, the prevalence of
mitral and aortic regurgitations may reach 71% and 89%, res-
pectively*s7,

Doppler Spectral Analysis

Qualitative and semiquantitative methods The first
attempts to use the Doppler technique for quantifying mitral
valve regurgitation were conducted with the pulsed méthod
mapping with the Doppler sample from the valvar plane the
entire extension of the left atrial cavity and defining the se-
verity of the regurgitation in 3 levels, according to the exten-
sion of the signal of the regurgitant flow in that chamber.
This approach is based on the conception that the exten-
sion of the flow disturbance documented through Doppler
signals in the atrial cavity reflects the regurgitant volume.
The correlation observed with angiography with iodine
contrast in the first studies was fairly satisfactory (r=0.88).
However, more modest values of correlation were documen-
ted in further investigatiort8% This same technique when
applied to patients with aortic regurgitatidfshowed si-
milar results. This method, however, is difficult to perform
because it takes an excessive amount of time, which, from
the beginning, has imposed limitations on its clinical
application. Especially in aortic regurgitation, it is practi-
cally impossible to adequately characterize the dispersion
of the regurgitant flow because of the mitral diastolic flow
that enters the left ventricle in the same direction as the
aortic regurgitant flow. In addition, flows that adhere to the
walls of the receiving chamber impose another important
limitation, making detection and follow-up of the intrusion
extremely difficult®. These limitations and the further appe-
arance of Doppler color echocardiography have substan-
tially reduced the importance of this quantifying method.

A qualitative approach of the severity of mitral regur-
gitation was described based on the analysis of the intensi-
ty of the continuous-wave Doppler sign#lsThis approa-
ch was based on the direct plausible relation between the in-
tensity of the Doppler signal and the regurgitant volume.
Therefore, considering the visual comparison between the
intensity of the anterograde and regurgitant flow signals
through the mitral valve, itis possible to characterize regur-
gitation as of a mild degree if the signal is less intense when
compared with that of the anterograde flow. On the other
hand, valvular regurgitations involving large regurgitant
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volumes tend to show intensity similar to that of the Dop-
pler signal corresponding to the retrograde and anterograde
flows, independently of adjustments of gain in the ultra-
sound system, because both signals are represented in the
same image. The profile of the range of velocity (envelope)
of the regurgitant flow on continuous-wave Doppler is
another qualitative method that has been descfili@das-
sessing the severity of mitral valve regurgitation. In more
severe valvular regurgitations, a delay in the reduction in
the velocity of the end-systolic phase has been reported.
These techniques have a limited clinical applicability becau-
se of their qualitative character and small capacity for dif-
ferentiating the severity of regurgitation. A recent sttidy
using computed analysis of the intensity of the Doppler
signal for quantifying valvular regurgitation identified seve-
ral factors, in addition to the regurgitant volume, that could
interfere with the intensity of signal. These factors include
imperfect alignment between flow and sample directions,
such as occurs in eccentric jets, instrumental adjustments,
and hemodynamic factors. Furthermore, based on the com-
parison between the visual and the computed analysis, the
need for altering at least 20% of the intensity of the signal
was observed so that the signal could be detected in the vi-
sual analysis. Yetin regard to mitral regurgitation, the pulsed
Doppler technique coupled with identification of the pulmo-
nary vein flow through color flow mapping made possible
the documentation of the pulmonary vein flow pattern using
transesophageal or even transthoracic transducers. This
pulmonary vein flow pattern clearly adjusts when a signifi-
cantincrease in the left atrial pressure occurs. Therefore, in
severe mitral valve regurgitations, a reversion of the systolic
flow in the pulmonary veins occurs, showing a high specifi-
city for that diagnosis varying from 80% to 108%.

In aortic regurgitation, during systole, the flow betwe-
en the aorta and the left ventricle depends directly on the
dimension of the regurgitant orifice. In the same way, the
velocity with which the pressure gradient between these
two chambers decreases during diastole also varies directly
with the magnitude of the valvular reflux. Therefore, analy-
sis of the inclination of the diastolic velocity of the aortic
flow reflects the velocity of reduction in the aorta/left ventri-
cle gradient and, consequently, the dimensions of the re-
gurgitant orifice. Mild valvular regurgitations show a slow
decline in the diastolic velocity, usually lower than 1.5m/s,
but severe regurgitations show a rapid decline, with values
higher than 3m/. Even though reasonable levels of corre-
lation have been observed between these 2 indices with the
invasive measure of the regurgitant fractioa significant
overlap occurred between the diverse groups of patients
classified based on angiographic grading.

Flow in the initial portion of the descending aorta is
mainly systolic, even though a discrete retrograde flow may
be identified at the beginning of diastole. In patients with aor-
tic regurgitation, this retrograde component of the diastolic
flow becomes more intense. Several attempts to calculate the
regurgitant fraction were performed based on the quantitative
relation between these systolic and diastolic components of
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the aortic flow velocity. Difficulties related to the existence of

a small retrograde flow in healthy individuals and the

variability of the aortic dimensions during the cardiac cycle

limited the quantifying capacity of this method and, therefore,
its clinical use. A simpler variant of this technique identifies,

with the pulsed Doppler, the retrograde flow in the abdominal
aorta, which does not happen in the healthy individual.
Therefore, presence of retrograde flow during the entire
diastole allows the identification of patients with severe aortic
regurgitation, but in patients with mild to moderate lesions,
the reverse flow is only documented in the initial phase of
diastole. This technique, even though simple and only
semiquantitative shows a good correlation with the semi-
guantitative angiographic gradifig

Quantification of the volume and the
regurgitant fraction

Direct quantification of the flow and of the regurgitant
fraction may be performed with the pulsed Doppler techni-
gue. Based on the principle that the flow in a circulatory seg-
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of minimum intracardiac flow disturbances was evident. Inthe
context of valvular regurgitations, it was possible to docu-
ment in a very simple way and in real time, with acceptable
levels of temporal resolution, the extension of this disorder in
the receiving chamber without the tedious and long-lasting
processing required by the pulsed spectral method. At the
same time, it was possible to document the spatial distribution
of the flow close to the regurgitant orifice.

Dimensions of the regurgitant jets

The initially proposed techniques for estimating the
severity of valvular regurgitations involving color Doppler
echocardiography were based on the assumption that the
spatial distribution of the jet velocities would reflect the re-
gurgitant volume. The initially published studie¥related
to quantification of mitral valve regurgitation, even though
showing satisfactory levels of correlation (varying from
0.76 to 0.87) between the dimensions of the regurgitant jet
and the semiquantitative angiographic assessment,
showed a significant dispersion. On the other hand, the cor-

ment may be calculated as the product between the integral ofrelation between the measurements of the maximum jet area
the velocity documented by Doppler and the sectional area and the regurgitant volume or fraction was very limited
of this segment, the transvalvular anterograde flows may be (r=0.55 and r=0.62, respectively). In the clinical context, it

calculated. In patients with mitral regurgitation, the re-
gurgitant flow may be calculated as the difference between
the mitral diastolic flow, which is equivalent to the systemic
anterograde flow plus the regurgitant flow and the systolic
flow measured through the aortic valve. In patients with
aortic regurgitation, the regurgitant flow may be quantified
by the difference between the aortic transvalvular systolic

was observed that jets with maximum areas abovéstwn
wed sensitivity and specificity of 82% and 94%, respecti-
vely, for identifying severe mitral valve regurgitations. On
the other hand, maximum jet areas lower thart fioedicted
mild valvular regurgitation with sensitivity of 85% and
specificity of 74%, when compared with angiography. Betw-
een these 2 limits were mainly the patients with moderate

flow, which represents the sum of the systemic and regurgitant regurgitation on angiography, even though a significant

flows, and the systemic flow measured through the mitral or
pulmonary valves. The regurgitant fraction may be obtained
by dividing the regurgitant flow by the systemic anterograde
flow. Even though this technique may be considered well

superposition with other degrees of reflux was reported.
Aiming to overcome these limitations, to quantify mi-

tral regurgitation Helmcke et &lproposed the analysis of

jetdimensions using more than one plane for acquiring ima-

validated based on the consistency of published clinical and ges. They also proposed the grading of valvular reflux ac-

experimental resul&® its clinical application is extremely

limited. This is mainly due to the fact that this technique
requires an excessively long time for data collection. In
addition, some limitations of this methodology may be

cording to the relation between the areas of the regurgitant
jet and the left atrium. With this approach, these investiga-
tors reported an improvement in the indices of correlation
with contrast angiography and smaller data dispersion.

stressed as follows: 1) the multiple steps required to calculate They obtained a better distinction between patients, which

the different flows and area measurements, which involve
dimensions to the power of 2, increase the probability of

errors; 2) the variables used are not simultaneously mea-

sured; 3) avoidance of underestimation of transvalvular flow
velocities depends on a high quality Doppler signal; and
finally, 4) the impossibility of using this technique in the
presence of other associated valvular regurgitations.

Color flow mapping

The technological development allowing the ap-
pearance of Doppler color flow mapping opened new possibi-
lities for a more precise quantification of the magnitude of the
regurgitant flow. Since the beginning, the high sensitivity
demonstrated by this technique for identifying the presence

were angiographically classified into 3 levels of severity,
and reported concordance between the 2 methods in 94%
of the cases. Therefore, regurgitant jet areas smaller than
20% of the atrial area were classified as mild degree,
showing a positive predictive value, sensitivity, and
specificity of 100%, 94%, and 100%, respectively. Regurgi-
tant jet areas between 20% and 40% of the left atrial area were
consistent with moderate mitral regurgitation, with diag-
nostic power of 85%, 94%, and 95%, respectively, for positi-
ve predictive value, sensitivity, and specificity. Finally, ma-
ximum regurgitant jet areas higher than 40% of the left atrial
area were classified as severe regurgitation showing a po-
sitive predictive value, sensitivity, and specificity of 93%,
93% and 96%, respectively. In spite of these data, contro-
versy**#%in regard to effectiveness of this relation with the
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atrial area exists, because proportionality between the size regurgitant orifice. Flow disturbance also depends on blood
of the jet and the receiving chamber does not have a physio- present in the receiving chamber, which mixes with the regur-
logical base. In addition, even though the correlation impro- gitant flow during its intrusion and then becomes part of the
ves with normalization for the atrial area, this variationis not  jet on color flow mapping. This phenomenonis called jet en-
statistically significant. trainment?. At the same time, several instrumental, physi-
Another study* confirmed the improvementinthe  cal, and hemodynamic variables influencing the magnitude
correlation between jet dimension and angiographic quan- of regurgitant jets, such as documented on color Doppler
tification after normalization for the left atrial areain mitralre- ~ echocardiography, have been identified.
gurgitation and for the dimension of the left ventricular The specific characteristics of signal processing in
outflow tractin patients with aortic regurgitation. However, each ultrasound system are among the instrumental factors,
the rheumatic cause reduces the capacity of differentiating including particularities of the color algorithms, which are
between the diverse degrees of regurgitation defined by not standardized in the equipment industry. Consequently,
angiographic classification and, despite the elevated levels assessment of the regurgitant jet magnitude involving one
of correlation between the 2 methods, a significant superpo- patient studied with different pieces of equipment may result
sition was identified, especially between the mild and mode- in significant discrepanciés*. In addition, the color gain,
rate degrees of regurgitation. the frequency of pulse repetition, and the frequency of the

Perry et at? studied patients with aortic regurgitation

transducer usé@*’also influence jet dimensions (fig. 1). A

and proposed a relation between the cross area of the jetdirect relation between regurgitant jet dimensions and color

and the area of the left ventricular outflow tract as a variable
representing the severity of valvular reflux. Therefore, they
obtained better levels of correlation with the angiographic
grading and substantially reduced the superposition

gain in the ultrasound system may occur. On the other
hand, an inverse relation between jet size and the frequency
of pulse repetition or the frequency of the transducer used
occurs. Therefore, the clinical implications of these obser-

between the different degrees of valvular regurgitation. A vations are obvious: for adequate comparison between
relation between the jet area and the outflow tract area in the studies performed under diverse conditions, standardiza-
minor axis higher than 60% indicated severe aortic regurgi- tion of the equipment and constancy of the parameters of
tations, while values below 25% indicated mild regurgita- imaging acquisition are essential.
tions, when compared with angiography with iodine In addition to the regurgitant flow, a set of interrelated
contrast. This same study analyzed the value of the aortic physical and hemodynamic variables influences spatial disper-
regurgitant jet diameter close to the aortic valve in the paras- sion of the regurgitant jets, as documented by the color
ternal longitudinal view as anindex for quantifying reflux se-  Doppler technique, and includes the following: dimension of
verity. In the same way, these authors reported an improve- the regurgitant orifice, the pressure gradient through this
ment in the correlation with the angiographic grading orifice, and the pressure in the receiving chariifefhe pres-
(r=0.78 to 0.91) when they began to correct that variable sure gradient through the orifice seems to be the most
dividing it by the dimension of the outflow tract at the same  important factor for determining jet dimensiéhand it has a
place. Therefore, in patients with severe aortic regurgitati- directrelation with the jet area. Progressively higher regurgitant
ons on angiography this relation was greater than 65%, but flows are required to maintain the same degree of spatial jet
in those patients with mild regurgitation the values were lo-  distribution as dimensions of the regurgitant orifice increase.
wer than 46%. For a given orifice, a direct relation between regurgitant flow
All together, these clinical data show that the analysis and jet area may be documented. On the other hand, if the
of the spatial distribution of regurgitant flow velocities in  regurgitant flow is kept constant, an increase in orifice
the receiving chamber provides, at most, a semiquantitative dimensions is followed by a reduction in jet dimensions.
assessment of the magnitude of valvular regurgitations. At Maciel et af°studied in an in vitro experimental model
the same time, that analysis does not allow an absolute dis-the effects of pressure and volume of the receiving chamber
tinction between the groups classified on angiography with on the dimensions of the regurgitant jets and documented
iodine contrasts, which is a method that also has significant that, if the regurgitant volume and the receiving chamber vo-

intrinsic limitations.
A more precise understanding of the multiplicity of the
factors involved in determining the dimension of regurgi-

lume were kept constant, the jet area diminished with the
increase in pressure in that cavity. Therefore the pressure/
volume relation inside the receiving chamber seems to be an

tantjets, as well as of the complex relations existing between important and independent factor in determining the spatial
these factors, has been simultaneously established basedlistribution of these jets. These experimental data allow

on different animal and in vitro experimental studies, where
the conditions of investigation were standardized in order
to isolate the effect of these multiple determinants. It has
also become evident that flow disturbance in the receiving
chamber, which determines variations in blood velocity that
constitute the base for their detection on Doppler techni-
gue, did not depend only on the blood volume crossing the
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understanding the clinical observations by Harlamertet al
who have reported patients with comparable degrees of mitral
regurgitation assessed by angiography. These patients
showed jet areas on Doppler color flow imaging significantly
smaller with acute valvular regurgitation (decreased
compliant left atrium, extremely increased atrial pressure) as
compared with chronic valvular regurgitation (compliant left
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even more the potential of jet dimension for quantifying the
magnitude of valvular regurgitations. Clinical observations
have shown that in patients with mitral regurgitation the cor-

relation between the jet area and the regurgitant volume or
4. fraction becomes markedly worse when the jet is eccentric,
heading to the atrial wafl. When a fluid crosses an orifice
3 with its trajectory directed to the proximity of awall, incorpo-
, ration of the liquid located between the jet and the wall oc-
curs dueto the increase in the velocity in this area. Therefo-
. re, the shear stresses are modified, and great variability in
I 2 . 35 . 55

JetArea(cm 2)

the velocities and reduction in pressure in this area occur,
characterizing an effect of the Ventura type, which determi-
nes flow deviation in the direction of that wall, and even
adhesion of the jet to the wall (Coanda efféc¥) Experi-

9 mentaP® and clinicaf>*°studies have shown that the area of
an eccentric jet that adheres to a wall may reach a magnitu-
de equivalent to 40% of the one observed for a central re-

v gurgitant jet corresponding to the same regurgitant volume.
6- Spatial interaction between flows that maintain certain pro-
Ny ximity may also have significant clinical implications, espe-
cially in patients with aortic regurgitation, in whom the mitral
4 and aortic diastolic flows may have similar directions. In
3. vitro experimental studiéwith parallel jets have shown an
unequivocal interaction between them, mainly determined
' by the difference in velocity between the 2 jets.
: Regurgitant orifice geometry does not seem to signifi-
- 23 . 49 - 62

Transducer (MHz)

JetArea(cm ?)

N

[N

cantly change the spatial distribution of regurgitant jets, be-
cause these jets regain their symmetrical shape in a predic-

PRE table manner in the proximity of the orifice
- If all these difficulties were not enough, conditioned
by the multiplicity of the factors that may potentially inter-
10 fere with the dimensions of these jets, the methodology still

has difficulties related to the inter- and intraobserver
variability, which in some reports have reached 2655+

_ Even a day-to-day variability of 15% has been reportedin a
clinical study®.
4 -
I I Momentum flux
5.
0. . _ The hydrodynamic principle of the conservation of

10% 20% 30% - 40% 50% momentum flux has also been employed in an attempt to
Color of gain overcome the difficulties in quantification documented in
the analysis of jet dimensions. This variable that expresses
Fig.1 — Effects of the transducer frequency (higher panel), of the pulse repetition : : : e
frequency (PRF) (intermediate panel), and of color gain (lower panel) on the the !nema of the Jet may be measur.ed by the proQuct of vis
regurgitant jet area. Mean values observed in an in vitro experimental model, in COS|ty by the blood flow and Ve|0C|ty or, accordlng to the
which the injecting bomb produced isolated jets through an orifice of known  transformation of the flow into the product of the orifice area
dimensions with injection of a same blood volume at a constant velocity. by the velocity this variable may be represented by the pro-
duct of the orifice area by the square of blood velocity. The
momentum will be constant in the entire extension of the

atrial cavity, mild to moderate increase in atrial pressure). Yet central part of the noneccentric regurgitant jet beginning at
in the clinical context, variations in regurgitant jet dimensions  the orifice. Incorporation of mass (jet entrainment), which
with the use of maneuvers that increase blood pressure haveoccurs during intrusion of the jet into the receiving
been reported, with the infusion of angiotefsimisometric chamber, determines a reduction in the velocity beginning at
exercisé2% The heart rate has an inverse relation to jet size, the orifice. In experimental conditions, quantification of this
and its influence may be minimized by the increase in the variable in 2 different points of the central region of the jet,
frequency ofimage samplify starting at the orifice, allows determining the dimension of
An additional hydrodynamic factor has complicated the regurgitant orifice.

8-

o

JetArea(cm 2)
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In vitro experimental studié%®’carried out with conti-
nuous flow and with pulsed flow confirmed this methodolo-
gy, showing high correlation levels (r=0.99 and 0.98, respec-
tively) with the regurgitant flow. However, at least two
important limitations of its application have been identified:
the method cannot be applied to eccentric jets and the
measurement of velocity in different points of the jet is not
easily performed in clinical conditions, especially in jets

generated in the left side of the heart, which are associated

with very high velocities that cannot be analyzed on pulsed
Doppler. The potential of clinical applicability of the method
is, therefore, restricted to regurgitations in the right side of
the heart, which are associated with conditions of low
gradients of pressure and flow. The lack of familiarity with the
concept of momentum and, mainly, the technical difficulties
pointed out to estimate velocity in different points of the jet
has decisively limited the clinical use of this method.

\Vena contracta

A new perspective for quantifying the magnitude of
valvular regurgitations has been established with the analy-
sis of the hydrodynamic behavior of a fluid when crossing
an orifice: a progressive acceleration of the fluid heading to

the orifice has been observed, keeping the laminar pattern

and reaching its highest velocity when crossing the orifice.
Jet dimension at that moment is smaller than that of the
orifice. This region of higher velocity and smaller flow di-

mension is called vena contracta. Measurement of jet dimen-

sion immediately proximal to the regurgitant orifice may re-
present an estimation of this orifice dimension and, conse-
guently, an additional method for quantifying valvular re-
gurgitation. This possibility was initially confirmed by
Switzer et at®in an experimental model of aortic regurgita-
tion, in which the authors observed that the minimum proxi-
mal width (i.e., vena contracta) was highly correlated with
the regurgitant fraction and the diameter of the orifice. After
that, an increasing number of clinical and experimental stu-
dies®®*"has confirmed the potential of this technique, using
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simple linear measure. Even though the influence of various
physical, hemodynamic, and technical factors on the dimen-
sions of vena contracta still deserves further investigation,
initial data show that the shape of the regurgitant orifice does
not significantly influence this techniqthe

Acceleration of the flow proximal to the orifice

The physical principle of conservation of mass has
served as a base for describing another method of quantifi-
cation of the regurgitant volume by Recusani &t #hen
approaching an orifice, any fluid keeps a pattern of laminar
flow in the convergence region proximal to the orifice, with
velocities that symmetrically increase. Therefore, fluid
layers are formed disposed in concentric hemispheres with
the same velocity with which they will cross the orifice. The-
refore, the flow in each of these hemispheric layers is the sa-
me as that crossing the orifi€eand can be calculated
through the following equation: Q=r2r*V,

Where, Q corresponds to the flow (in cubic centimeters
per second), \fs the flow velocity (expressed in centimeters
per second) from an r distance (in centimeters) from the
orifice, corresponding to one of the hemispheric layers of
isovelocity and, consequently, to the flow through the orifice.

The Doppler color flow mapping technique has two
peculiarities that make it appropriate for the application of
this hemodynamic principle in quantifying valvular
regurgitations: 1) it allows spatial documentation of flow
velocities in the convergence region proximal to the orifice;
2) asitis a technique that abides by the principles of the
pulsed Doppler, when a velocity to be recorded surpasses
the Nyquist limit, the phenomenon of direction ambiguity
(aliasing) occurs. In color flow mapping, this phenomenon is
represented by a complete inversion of the color, from blue
to red, or vice-versa, depending on the flow direction. This
characteristic makes the documentation of a semicircular
image in the convergence region proximal to the orifice
possible, which occurs exactly when the velocity surpasses
that limit and the color change occurs. Thus itis possible to

either the transesophageal or transthoracic echocardiogra-measure the distance between this point of color change

phy in aortic and mitral regurgitation.
In a clinical study with patients in mitral regurgitation,

and the regurgitant orifice at the same time when the
velocity of the aliasing phenomenon is registered by the

Feshke et & compared the vena contracta measure with the ultrasound equipment. This method, popularly known as
jet area, using angiography with iodine contrast as a refe- PISA (Proximal Isovelocity Surface Area), also allows
rence. Images with quality good enough to measure vena estimation of the regurgitant orifice area. Considering that
contracta were obtained in 92% of cases. In addition, the the flow in a given site may be measured by the product
vena contracta measure had a better correlation with the an-between velocity and area, the regurgitant orifice area may
giographic classification as compared with jet dimensions, be calculated by the division of the flow through the orifice
and it showed a smaller overlap between patients in different (measured by the PISA method) by the maximum flow
degrees of regurgitation. In that study, because the sensi-velocity through the orifice (obtained by continuous
tivity was 94% and specificity 91%, the authors reported ago- Doppler).

od diagnostic value of the vena contracta measure higher A substantial number of experimental and clinical
than 0.65 cm for identifying patients with severe mitral regur-  studies®®°have shown very high levels of correlation with
gitation. Current availability of modern ultrasound equipment measures of regurgitant flow and fraction and the semi-
capable of generating color flow images with high spatial quantitative angiographic grading. These studies have also
resolution close to the regurgitant orifice increases the shown the adequacy of this methodology for calculating
potential of this methodology, which basically depends ona flows and orifice dimensions in patients with valvular
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stenoses, congenital heart diseases, and acquired atriakion, effective areas of the regurgitant orifice higher than
septal defectd® Instrumental factors, such as gain of the  30mnt have been documented with this method in patients
system, wall filters, frequency of image documentation, with severe lesions. On the other hand, those patients with
type of processing of the color flow, as well as shape of the mild regurgitation have shown areas smaller than 18fmm
orifice, do not seem to substantially influence flow quanti-

fication by this metho®. This represents a significantad-  Transesophageal echocardiography

vantage in relation to the techniques of assessment that use

the measure of jet area. Some problems, however, havealso ~ The possibility of obtaining Doppler echocardio-
been identified. One of the most difficult aspects of the graphic images through transesophageal via has brought
method is the precise determination of the regurgitant ori- up some factors that may have an influence on the quanti-
fice location, which may cause an error in the measurement fication of valvular regurgitation. At the same time, in addi-
of the r distance, a variable to the power &t Znother tion to a higher definition, it also provides significant infor-
very debated point regards the shape of the proximal flow mation for elucidating the mechanism causing the regur-
convergence region, which seems to be better representedgitation. An additional advantage of the transesophageal
by a hemiellipse than by a hemisphere. This straightening of approach relates to the greater easiness in documenting
the curves of isovelocity in the proximity of the orifice leads  the pulmonary veins, which may also be important in
to underestimation of the regurgitant flow calculated with quantifying valvular regurgitations. These qualities are
the conventional formul&-& This underestimation, even more evident when the magnitude of valvular regurgi-
however, seems to be significant only for regurgitant jets tation in patients with valvular prostheses is considered, a
generated in low pressure territories, as occurs in valvular situation where the ultrasound window is usually inadequa-
regurgitations of the right side of the heart, and, even in this te for obtaining high-definition imag&s® Studies carried
case, itis possible to foretell it and apply a correction factor. outin native® and prosthetit®valves comparing different

Modifications in equipment adjustmefitand application
of computed algorithm¥-**are alternatives proposed for
overcoming this limitation without losing the correlation

Doppler echocardiographic methods of quantification
show that the measure of the jet area, absolute or corrected
for the left atrial area, has significant limitations in allowing

with the actual flow. Use of the one-dimensional color mode an adequate separation of the different degrees of severity.
has been proposed as a way of increasing precision of the These studies also stress the greatest precision of the me-
radius measure. However, due to the possibility of displace- thods of flow convergence proximal to regurgitant orifices
ment of the cursor from the ideal position, this technique and the measurement of vena contracta. In spite of the clear
has not been extensively appli®dAnother potential advantages of the transesophageal method, one cannot
limitation regards variation in the orifice during ventricular ~ forget that the previously cited limitations for each of the
systole described by some auth®®in mitral regurgita- guantification techniques, including those related to jet
tion and, particularly, in patients with mitral valvular pro-  eccentricity, remain valid.

lapse. However, the impact of this variation in the orifice As a whole, these elements show the existence of an
dimension does not seem significant in most of the clinical extremely varied set of Doppler echocardiographic methods
situationg®. Another problem may arise when the regurgi-  available fogquantifying valvular regurgitations. Each of these
tant orifice is not located in a plane surface but in the extre- techniques has its peculiarities and may be influenced by
mity of a funneled structure, which impairs the distribution  different physical, hemodynamic, and instrumental fatttts

of the concentric layers of isovelocity. Data availd@hle Even though thessessment methods of vena contracta and
however, show that it is possible to correct this distortion of flow convergence proximal to regurgitant orifices have
taking into consideration the angle between the central axis some advantages when compared with the others, it seems
of the orifice and the wall of this funneled surface. Atany very clear that separately none of the available techniques
rate, the use of the proximal flow convergence method may meets all the necessary requirements for a precise quantifi-
have its application limited when the jets have an eccentric cation without significant limitations. Therefore, itis possible

origin, creating a zone of distorted acceleration.
Despite these limitations, the proximal flow conver-

to foresee that these methods may be concomitantly em-
ployed and, based on a conjunct analysis of information

gence method has been consolidated as a concrete alterobtained, it will be possible to define a grading score of

native for quantifying the magnitude of valvular regurgi-
tations in the clinical context. Specifically in mitral regurgita-

valvular regurgitation, which will separate more adequately
the different severity levels of these lesions.
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