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Influence of the Coanda Effect on Color
Doppler Jet Area and Color Encoding
In Vitro Studies Using Color Doppler Flow Mapping

Kung Chao, MD; Valdir A. Moises, MD; Robin Shandas, MS; Taher Elkadi, MD;

David J. Sahn, MD; and Robert Weintraub, MBBS

We studied surface adherence and its effects on color Doppler jet areas and color encoding in
an in vitro model with a noncompliant receiving chamber into which a steady flow jet was

directed parallel to either a straight or a curved surface adjacent to and 4 mm away from the
inflow orifice (1.50 mm2) with the control condition being a free jet matched for flow rates and
driving pressures. Jets were imaged perpendicular to the plane of the surface, the plane in
which most clinical images of jet-surface interactions are obtained. Ten different flow rates
ranging from 0.13 to 0.30 1/min were used. Surface-adherent jet areas were smaller than control
jets for every driving pressure-volume combination (paired t test, p<0.01). Computer analysis
of color Doppler images showed more green and blue (reverse flow) pixels on the surface side
of the adherent jets than the control jets (p<0.05), suggesting that viscous energy loss and flow
deceleration and reversal play a role in the jet-surface interaction. Analysis of variance
demonstrated that linear regression slopes of flow rate versus jet area for surface jets were
lower (slopes, 11-21 cm2/l/min; r=0.95-0.97) than those for the control (slope, 33 cm2/llmin;
r=0.97) (p <0.0001). Surface adherence (Coanda effect) influences jet size and color encoding,
causing smaller color Doppler jet areas and greater variance and reverse velocity encoding.
(Circulation 1992;85:333-341)

C olor Doppler echocardiography has become
an important and widely used diagnostic
technique for definition of intracardiac

blood flow patterns, especially in valvular heart dis-
ease. Efforts by investigators have recently been
directed to relating information from echo Doppler
and color flow mapping studies to hemodynamics,
blood flow volume, and flow physics to aid develop-
ment of more rational and quantitative methods for
applying this technology. A number of previous stud-
ies have attempted to quantitate regurgitant jet flow
area by color Doppler flow mapping as an estimate of
the clinical severity of both mitral and aortic regur-
gitation.12 Many factors, however, have been demon-
strated to influence the jet area in color Doppler flow
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mapping, such as instrument settings (pulse repeti-
tion frequency, frame rate, color gain, and Nyquist
limit) and "physiological" variables (receiving cham-
ber size, chamber compliance, regurgitant orifice
diameter, and driving pressure of regurgitation).3-1"
Different color Doppler systems used on the same
patient may also produce a variety of jet areas.812
Recently, it has been noted that eccentric regurgitant
jets flowing close to the atrial wall or the ventricular
septum appear smaller on color Doppler than un-
bounded jets issuing into the center of the ventricle
or atrium.13
The Coanda effect is a hydrodynamic phenomenon

describing the surface adherence of jets wherein a jet
flow near a surface results in asymmetric expansion
of the jet because of reduced mass entrainment on
the side of the jet close to the surface.14 Increased
shearing forces caused by higher spatial velocity
differentials in the transverse direction cause the jet
stream to deviate toward and adhere to the surface,
keeping the jet stream from expanding farther down-
stream on the affected side.15"16 Jet growth by en-
trainment can proceed only on the side opposite the
surface. Intracardiac surfaces such as the ventricular
septum, the mitral leaflets, and the left atrial wall
adjacent to an eccentric aortic insufficiency or mitral
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FIGURE 1. Color Doppler image showing an in
vivo example of jet deviation and adherence to a
physiological surface. Panel A: Apicalfour-chamber
view of a patient with mitral insufficiency (MI) and
a free regurgitant jet that enlarges in width symmet-
rically by entrainment as it penetrates the left atrium.
LV, left ventricle. Panel B: Transesophageal view
demonstrating deviation of mosaic pattemed MI
regurgitant jet first adhering along the posterior
surface of the posterior mitral leaflet and then in the
left atrium (LA) as it hugs the left atrial wall. Note
that the jet remains quite narrow.

regurgitation jet can potentially produce a Coanda-
like effect. The unique hydrodynamics associated
with surface-adherent jets may affect how a color
Doppler scanner computes and displays the informa-
tion obtained from such flows and therefore influ-
ence the quantification and color encoding of valvu-
lar regurgitation by color Doppler in certain patients
(Figure 1). Because two-dimensional color jet size is
still used as a qualitative measure of valvular disease
severity and because computer off-line pixel analysis
of color Doppler images to calculate momentum,
kinetic energy, variance, and so on is increasing in
popularity, we modeled the Coanda effect in vitro to
evaluate the influence of an adjacent surface on both
regurgitant jet size and Doppler color pixel encoding.

Methods
In Vitro Model
The model consisted of a noncompliant receiving

chamber: a 10x 10x4-cm rigid plastic box with 1.5-
mm2 cross-sectional area inflow orifice and an unre-
strictive outflow orifice. A continuous-flow pump was

connected to both orifices to make a closed circuit.
The model was filled with a 0.2% (by weight) corn-
starch-in-water suspension to produce physiological
ultrasound reflections. A window for the echo trans-
ducer was constructed on the side opposite the inflow
orifice so that jets were imaged going toward the
transducer. One of a family of smooth aluminum
surfaces was inserted alongside the inflow orifice
adjacent to or 4 mm away from the side of the inlet
orifice. The surfaces were 6 cm in length along the
direction of flow and 2 cm wide and were modeled in
two shapes: one straight and the other curved and
convex away from the jet. We chose not to use a
concave surface, which would naturally confine the
jet by intercepting its trajectory, an impingement
effect resulting in flow hydrodynamics that are differ-
ent from the physics for a surface-adherent flow and
would not allow separate determination of surface
adherence per se. Although many physiological sur-
faces are concave to flow, instances also exist where
the flow stream encounters a convex surface, such as
in mitral regurgitation, where the jet stream may
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FIGURE 2. Graphs of curved and straight lines stand for the surfaces: curved and straight. The surface was placed almost 0 mm

(conditions 3 and 4) and 4 mm (conditions 1 and 2) away from the inflow orifice. An identical model with the same chamber and
flow rate but without the surface was used as the control condition.

adhere to the back of the mitral valve and travel
along the atrial septum. In order to evaluate surface
effects on jet size, we combined the two different
surface shapes and two different distances at which
the surface was offset to the side of the orifice
(Figure 2): condition 1, a straight surface offset 4 mm
to the side of the inflow orifice; condition 2, a

smoothly curved surface convex to the jet and offset
4 mm away; condition 3, a straight surface placed
adjacent to the origin of the jet; and condition 4, a

smoothly curved surface also adjacent to the origin of
the jet. A control condition without the surface (free
jet) was used as the fifth condition.

Flow rates were calculated by measuring flow
velocity by continuous-wave Doppler (in centimeters
per second) combined with the known cross-sectional
area of the inflow orifice (in square centimeters) and
were cross-checked against measurements using a

stopwatch and graduated cylinder to ensure that vena
contracta effects were minimal. Ten different contin-
uous flow rates ranging from 0.13 to 0.30 1/min were
studied in this model with jet velocities from 1.44 to
3.78 m/sec and Reynolds numbers from 1990 to 5225.

Two-dimensional Color Flow Mapping Study
For imaging the flow jets, we used a Toshiba

SSH65A color Doppler scanner with a 3.75-MHz
phased array transducer placed on the window op-

posite the inflow orifice. The echo sector was aimed
at the inflow orifice to image the central plane of the
flow jet and to optimize jet size in the plane perpen-
dicular to the jet surface, because this is the most
common clinical echo plane in which these interac-
tions are observed (Figure 1). Images were obtained
at a color gain setting just below that which produced

noise in the color Doppler image, and this setting was
kept constant throughout the study. A fixed pulse
repetition frequency of 4 kHz was used, yielding a

Nyquist limit of 0.54 m/sec. Images were recorded on
a 3/4-in. videotape for further analysis.

Data Measurements
Resultant jet flow areas (Figure 3) and color

encoding were measured with a Sony RGB color
analyzing computer with appropriate software for
planimetry. Jet area values were expressed as

mean±SD (in square centimeters), and flow rates
were expressed in liters per minute. Four frames
from each flow rate in each condition were measured
and averaged for jet size. For jet area measurement,
we chose those frames with the largest color Doppler
jet area as imaged in the velocity-variance mode.
None of the jet images showed color overlap beyond
the ultrasound scan sector, and jet area was defined
as all contiguous color within the ultrasound sector.
To determine how the ultrasound system computed
the relative flow changes on the surface side of the
surface-adherent jets as opposed to the same side for
the free jets, selected imaged frames and the jet areas

defined within them were digitized, and a histogram
analysis was performed on the blue, red, and green
pixels for the two sides of each jet. Each horizontal
row of pixels corresponding to the intensities of the
red, green, and blue components was divided along a

line determined from the image to be the center of
the jet for both curved and free jets, and the number
of pixels and the intensities of each color component
were measured for each side. This was performed for
the entire length of the jet, and the numbers were

averaged to provide mean red, green, and blue
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surface jet free jet
FIGURE 3. Color Doppler image showing how an adjacent surface reduces color Doppler jet areas. Panel A is an example firom
condition 4, where a curved surface was placed adjacent to (0 mm from) and to the right of the jet onfice. Note that compared with the
control condition, that is, a free jet at identical flow rate, orifice size, and machine settings (panel B), the surface jet area is much smaller.

intensities and mean pixel numbers for each color on
either side of the jet's centerline axis. Data were also
analyzed for the entire identified area of free jets and
surface jets for histogram analysis of blue, red, and
green pixels. This general histogram analysis has
been described previously.1748

Interobserver and Intraobserver Variability
Images were reviewed frame by frame by one

observer on two different occasions (intraobserver
variability). A second observer independently per-
formed the same measurements at another time
(interobserver variability). The two observers were
blinded to each other's results.

Data Analysis
Flow rates and jet flow areas were correlated by

simple linear regression analysis. One-way analysis of

variance (ANOVA) and regular paired and Bonfer-
roni t tests were used for the statistical analysis. The
free jet condition was used as the control against
which the other conditions were compared. A value
of p<z0.05 was considered statistically significant.

Results
For 10 flow rates ranging from 0.13 to 0.30 1/min,

the corresponding jet areas, correlation coefficients,
linear regression relations, and ANOVA and t test
results for each experimental condition are illus-
trated in Table 1 and Figure 4.

Relation of Jet Area to
Flow Rate-Regression Analysis

For each condition relating to the position of the
surface in the receiving chamber, jet area showed an
excellent correlation with flow rate, as has been shown

TABLE 1. Results of Jet Area Measurements

Flow rate
(I/min)
0.13

0.15
0.17

0.18

0.20
0.21

0.22

0.24

0.28
0.30

Condition 1
(cm2)

2.51 ±0.15

3.31±0.22
3.19+0.12
3.65±0.24

3.86±0.26

4.34+0.08
4.26+0.13
4.42±0.15

4.90±0.09

5.30±0.17

p-0.001

r=0.97
n = 10

Condition 2
(cM2)

2.70±0.12
3.29+0.13
4.00±0.16
4.51 ±0.35

4.27±+0.34
4.67±0.23

4.51 +0.18

4.76+0.26

6.20+0.15

6.36±0.15

p=0.001

r=0.97

n=10

Condition 3
(cm2)

2.37+0.16
2.81 0.18
2.97±0.21
2.65-+0.30
3.04+0.11

3.38+0.10
3.11+-0.11

3.72+0.1 1
3.89+-0.08
4.47+.O19

p=0.006
r=0.95
n=10

Condition 4
(cm2)

1.42±0.13
2.26±0.06

2.23 ±0.13
2.50±0.33
2.45-+0.08

3.26±0.28
3.85±0.09

3.82 +-0. 13
4.66±0.27

5.17±0.16

p=0.002
r=0.97
n=10

Control
(cm2)

3.42 +0.04
3.27±0. 13
4.26±0.05
4.65 ±0.07

5.17 +0. 17

5.13+±0.10
6.02-+0.12

7.58+0.27
7.99+0.1 1

8.17±0.26

Analysis
of variance

P<0.0001
P.C0.0001

PC0.0001

PC0.0001

PC0.0001

PC0.0001

PC0.0001

PC0.0001

PC0.0001

PC0.0001

r-0.97

n=10

Values are mean+SD.
Probability values from paired t test; a value of p<0.05 was considered significant.
Regression values are comparisons of jet area vs. flow rate.
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FIGURE 4. Graph showing the relation between flow rate
and jet area for each condition; correlation coefficients for
each condition ranged from 0.95 to 0.97. The control condi-
tion has the highest slope of all the conditions. In conditions 1
and 2 the surface was placed 4 mm away from the inflow
orifice, resulting in a largerjet area than conditions 3 and 4, in
which the surface was placed adjacent to the inflow orifice.

in most in vitro studies where all other conditions are
constant (r=0.95-0.97) (Figure 4). The control condi-
tion (jet flow without a surface) had the largest jet
area for each flow rate and the highest slope (33
cm2/l/min) for the relation between jet area and flow
rate (ANOVA,p<0.0001). t Test analysis showed that
the linear regression relations between jet area and
flow rate for conditions 2 and 4 (curved surface) had
higher slopes, 20 and 21 cmV/l/min, respectively
(p<0.0001) than the slopes for conditions 1 and 3
(straight surface) (15 and 11 cm2/1/min, respectively).

Comparison of Jet Area at Each Flow Rate for
Surface Jets Compared With Control Jets

Paired t tests showed that the control flow jet area
was larger than the jet area of each surface condition
at each flow rate (p<0.01) (Figure 3). Those condi-
tions with the surface adjacent to the inflow orifice
either with straight (condition 3) or with curved
shape (condition 4) showed jets with smaller areas
for the same flow rates than the corresponding
conditions (1 and 2) with the surface placed 4 mm
away (p<0.05).

Comparison of Color Encoding
Our observations on color encoding demonstrated

that the surface does affect the color Doppler imag-
ing of the jets. We consistently observed a greater
number of blue and green pixels on the surface side
of the jet. For the surface jets, when the surface side
of each jet was compared with the free side of the
same jet, the number of blue pixels as a percentage of
total pixels (4.8-+ 0.03% [mean±SD]) and the num-
ber of green pixels as a percentage of total pixels
(30.8±11%) were higher on the surface side than on
the free side, although the values for percent green
intensity were not statistically significant (1.8+0.02%
for blue, p=0.017; 24.0+0.09% for green, p=NS).
When free jets were compared with surface jets, the
percentages of blue and green pixels on the surface
side of the surface jets, 4.8±0.03% for blue and
31 ± 11% for green, were significantly higher than the
percentages of blue and green pixels on the same side
of the free jets, 1.3+±0.7% blue and 20.9±4% green,
respectively, both p<0.05 using flow rate as the
pairing factor (Figure 5). Data for the whole jet area,
not divided into segments, including complete pixel
counts for paired free jet and surface jets, showed
1.9±0.02% blue pixels and 21.3±0.09% green pixels
in free jets compared with 3.6±0.03% blue pixels and
34+0.9% green pixels in the surface jets at the same
flow rate, bothp<0.05. As such, the surface jets as a

FIGURE 5. Color Doppler image showing more veloc-
ity variance (turquoise, orange, and white) and reverse

(blue) velocity encoded pixels on the surface side of the
jets, where a curved surface, at the right of the jet, was

placed 4 mm away from the jet origin. The color
disturbances are in accordance with the greater flow
disturbances in the shear layer between the surface and
the jet.
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whole had more evidence of velocity variation and
variance encoding.

Intraobserver and Interobserver Variability
Intraobserver variability for jet area measure-

ments was within 5%, while the interobserver vari-
ability was less than 8%.

Discussion
Jets have been studied extensively in engineering,

primarily as free turbulent shear flows.19-31 Although
it has been known for decades that jets occur in the
heart during abnormal conditions, only recently has
there been a concerted approach toward studying the
relations between the fundamental nature of such
flows and the corresponding cardiac pathologies.32-35
Many of these in vitro studies were designed to
evaluate the use of color Doppler flow mapping to
image flows modeled after those occurring in valvular
diseases.36-38 Very few experiments, however, dealt
with the more realistic situation of jets flowing and
interacting within the confines of a receiving cham-
ber.39 In this experiment we used color Doppler flow
mapping to study one such specific case: a jet inter-
acting with an adjacent solid surface inside the
receiving chamber.

This phenomenon of jet flow being attracted to an
adjacent surface was first described in the engineer-
ing literature by Henri Coanda in 1910.14,40 Five
decades later, the Coanda effect was offered as an
explanation for unequal systolic blood pressure in the
upper extremities for cases of supravalvular aortic
stenosis.15 In this study, French and Guntheroth
proposed that aortic narrowing at the location of the
supravalvular stenosis creates a Coanda effect
whereby the jet of blood adheres to one side of the
aortic wall, creating unequal flow distribution and
pressures in the brachial and carotid arteries.15

In our experiment, we focused on the differences in
color Doppler imaging of free and surface-adherent
jets. From engineering studies, we know that as a free
jet leaves a nozzle into a receiving chamber, a turbu-
lent shear layer develops between the receiving cham-
ber fluid and the inflow jet stream boundary.21-28 The
shear layer will eventually consume the core of the jet,
from which point the jet becomes fully developed or
freely turbulent.19,22,29-31 All sides of the jet are
equally affected, and although the width of the jet
experiences instantaneous changes, the jet expands
symmetrically and mean jet width will also grow over
time in a balanced fashion, resulting in a symmetrical
jet flow.1921 It is also known that as the jet intrudes
into the receiving chamber, vortex motion entrains
surrounding fluid.30,31 These vortices envelop and drag
in pockets of stagnant fluid, increasing jet mass and
decreasing flow velocity, and jet kinetic energy trans-
forms into jet stream expansion.1',17'2'-28
When a surface is placed beside the nozzle, stag-

nant flow entrainment through the jet's large-scale
vortex structures is inhibited on the surface side of the
jet, creating an asymmetric shear layer between the jet

stream and the surface.41-43 Viscous (drag) forces
acting from the surface in the direction opposite to the
jet flow retard the flow adjacent to the surface.4445
Because mass entrainment is retarded on the surface
side and because flow momentum must be conserved
throughout the jet, flow velocities on the surface side
of the jet will be higher than the velocities on the free
side.46 However, since flow velocity at the surface must
be zero because of viscosity and the no-slip condition,
spatial transverse velocity gradients will be significant,
leading to high shearing forces and increased viscous
effects that "pull" the jet flow toward the surface.47'48
Although it is well understood that jet area mea-

surement is not a good quantitative indicator of flow
volume and valvular disease severity, it is still widely
used as an immediate qualitative index for evaluating
valvular disease.49-51 Furthermore, the advent of
sophisticated computer image processing systems has
made it possible for investigators to extract parame-
ters such as momentum, spatial acceleration, vari-
ance intensity, and kinetic energy from the color
Doppler images, and these have been correlated with
greater success to flow hydrodynamics.18'33'52 For
these reasons, we decided to perform this in vitro
study to observe how fundamental changes in jet flow
dynamics caused by the proximity of an adjacent
surface could influence color Doppler imaging of
such flows and thereby affect currently used proce-
dures for evaluation of color Doppler images.
We have demonstrated that the Coanda effect may

influence jet size and color encoding in color Doppler
imaging. All the jet flows with an adjacent surface
present had smaller jet areas and more variance and
reverse flow pixels than the free jets, especially on the
surface side. The distance between the surface and the
inflow orifice was also a major determinant of the jet
size. We chose 4 mm as an appropriate surface-to-
orifice distance from observations in previous studies
involving parallel dual jet flow, which is hydrodynam-
ically similar to surface jet flow.53 In these studies we
observed the strongest jet deviation when the dual jets
were between 0 and 4 mm.53 Because we have also
observed that a solid surface affects jet interaction
more strongly than an adjacent jet flow, we decided to
place the surface at a distance that could still be
resolved on the ultrasound scanner and that would
provide strong viscous interaction.54 For this present
study, we again observed that if the surface was moved
farther than 4 mm away from the inflow orifice, very
little jet deviation occurred. As has previously been
observed, the shearing force of the jet stream against
the surface is greater when the surface comes closer to
the orifice of the inflow jet, causing stronger attraction
of the flow by the surface.41
The proximity of the surface also seems to be more

important than the surface shape (convex or
straight). We observed larger areas for jets with
surfaces 4 mm away from the orifice than for jets with
surfaces adjacent to it but did not see any differences
in jet areas caused purely by surface shape. This
could be explained by the fact that even the curved
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surface is, in effect, still relatively straight in the
vicinity of the proximal or core portion of the jet,
which contains high-velocity forward flow compo-
nents and less shear stress at the boundary. By the
time the surface curves away from the jet, velocity has
fallen, the jet is adherent, and the outer jet velocities
eventually have decayed below the color Doppler
threshold and so will not be displayed. This lack of
difference in jet area for surfaces with different
shapes cannot be generalized for surfaces concave to
the flow because of the fundamental differences
between the two situations. For our studies with
straight and convex surfaces, flow adherence is purely
a result of surface attraction, where the vicinity of a
surface creates a change in the nature of the flow,
which in turn affects flow behavior in the form of jet
stream diversion onto the surface.41-46 For jet flow
encountering a concave surface, the jet is cradled by
the surface, and flow changes caused entirely by
surface adherence become secondary to the impinge-
ment-type effect of the concave surface.

In addition to changes in jet flow area, we also
observed marked differences in how the color Dopp-
ler scanner displayed the jet. The pixels within the
jets along the surface showed greater numbers of
green (variance) and blue (reverse velocity) pixels
encoded along the surface side than on the free side
of jet, indicating reverse flow and greater disorgani-
zation of flow velocities along the surface side. The
larger amount of green on the surface side is consis-
tent with the fact that the surface side of the jet, the
shear layer, contains high spatial velocity gradients as
a result of the greater shear stresses at this boundary
creating large and varying frequency shifts in the
returned Doppler frequencies. Although there were
significantly higher numbers of green pixels on the
surface side of the surface jets than the surface side
for free jets, the numbers of green pixels on the
surface side of the surface jets were different from
those on the free side of the surface jets, but not
significantly so. We believe that this is because of the
relatively small size of these jets and because the
complex hydrodynamics associated with the entrain-
ment zone may cause the ultrasound scanner to
encode green even on the nonsurface side of the jet.
The further degradation of the images caused by
limited bandwidth of the composite video format in
which the images were recorded may cause further
diffusion of green color throughout the relatively
small area that represents the color Doppler jet. The
increased blue on the surface side also agrees with
engineering observations of flows along a surface
curving away from the flow. An adverse (negative)
pressure gradient similar to that at the origin of a
wake exists at the location where the surface curves
away from the jet, creating opposing forces that
generate secondary flow and vortex motion.55 Sec-
ondary flow caused by adverse pressure gradients has
also been shown to exist along straight surfaces,
although to a lesser extent than with curved surfac-
es.39 Since secondary flow contains reverse velocities,

it is no surprise that the color Doppler flow maps
show blue along the surface side of the jet images.
There are several important limitations to our

study. We did not study high flow rates, because jet
size, increasing with flow rate, showed color spread-
ing beyond the image sector for high flow rates and
could not be measured. For higher flow rates and
velocities, the shape of the surface and especially the
position and angle of a curved surface may play
important roles in affecting color Doppler imaging of
surface-adherent jets. In addition, the jet stream is
spatially three dimensional, and we measured only
one plane and so could not see changes of the jet
width in the plane at right angles to the one we used
along the surface. The orthogonal plane showing the
jet "on" the surface,56 however, would be an unusual
view on an echo exam. Most planes used in clinical
echocardiography are not angled onto the surfaces
but rather are perpendicular to them. Furthermore,
we did not use concave surfaces to compare differ-
ences among jet area measurements using convex,
straight, and concave surfaces. In fact, the initial
adherence of the jet coming through the mitral
commissures in mitral regurgitation and especially in
mitral prolapse is to the back of the mitral leaflets,
and hence, the jet is directed to the atrial wall. The
initial adherence and energy loss are therefore oc-
curring on the convex surface of the back side of the
mitral valve (Figure 1B). The same convex surface
adherence occurs on the septal surface relevant to
adherent aortic regurgitation jets. The events of
viscous energy loss and surface adherence that occur
on convex surfaces are more commonly observed in
clinical imaging and may be more fundamentally
interesting than the impingement and confining of
jets on concave surfaces, which limits jet spread by
constraint and a ricochet of secondary flow velocities
back toward the direction of their origin.
When color Doppler flow mapping was first clinically

applied, measurement of abnormal flow jet areas, such
as regurgitant flow jets, was widely used as a basis for
grading the severity of valvular regurgitation, because
the assumption that a larger regurgitant jet area indi-
cates a larger regurgitant volume appeared to be sup-
ported by several in vivo studies using angiographic
grading of the severity of aortic and mitral regurgita-
tion.36-38 Subsequent studies failed to validate these
results, however, and flow jet area is now no longer
considered to be a reliable indicator of flow volume.57,58
Other investigators have demonstrated that flow jet
area is dependent on flow velocity and kinetic ener-
gy,1117 and we now understand that the jet area
mapped with color flow mapping reflects not only the
velocity and mass of the original flow jet itself but also
the entrained and displaced parajet fluid flow. For an
eccentric regurgitant jet close to the left atrial wall or
the ventricular septum, the regurgitant jet will almost
always adhere to the wall or septum, which may cause
jet stream flattening, making the jet appear smaller,
with consequent underestimation of the measured se-
verity of valvular regurgitation in color flow mapping.
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In addition to surface interactions, other receiving
chamber factors such as compliance and ambient
pressure may also change jet area (color encoded jets
appear smaller in a high-pressure, low-compliance
receiving chamber).39 For this reason as well as
others, we believe that an approach to transvalvular
regurgitant flow quantitation based on a study of a
more organized and laminar zone, such as the prox-
imal flow convergence within the source chamber of
a jet, for instance, the left ventricle in mitral insuffi-
ciency,35 may be a more fruitful and rational ap-
proach to quantitation of color flow Doppler than
attempting to quantitate the disorganized flow areas
within the receiving chamber.
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