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   Abstract
 
Background Although Doppler color flow mapping is widely used to assess the severity of
mitral regurgitation (MR), a simple, accurate, and quantitative marker of MR by color flow
mapping remains elusive. We hypothesized that vena contracta width by color flow mapping
would accurately predict the severity of MR.

Methods and Results We studied 80 patients with MR. Vena contracta width was measured in
multiple views with zoom mode and nonstandard angulation to optimize its visualization. Flow volumes across
the left ventricular outflow tract and mitral annulus were calculated by pulsed-Doppler technique to determine
regurgitant volume. Effective regurgitant orifice area was calculated by dividing the regurgitant volume by the
continuous-wave Doppler velocity-time integral of the MR jet. The cause of MR was ischemia in 24, dilated
cardiomyopathy in 34, mitral valve prolapse in 12, endocarditis in 2, rheumatic disease in 2, mitral annular
calcification in 1, and uncertain in 5. Regurgitant volumes ranged from 2 to 191 mL. Regurgitant orifice area
ranged from 0.01 to 1.47 cm2. Single-plane vena contracta width from the parasternal long-axis view correlated
well with regurgitant volume (r=.85, SEE=20 mL) and regurgitant orifice area (r=.86, SEE=0.15 cm2). Biplane
vena contracta width from apical views correlated well with regurgitant volume (r=.85, SEE=19 mL) and
regurgitant orifice area (r=.88, SEE=0.14 cm2). A biplane vena contracta width 0.5 cm was always associated
with a regurgitant volume >60 mL and a regurgitant orifice area >0.4 cm2. A biplane vena contracta width 0.3
cm predicted a regurgitant volume <60 mL and a regurgitant orifice area <0.4 cm2 in 24 of 29 patients. No other
parameter, including jet area, left atrial size, pulmonary flow reversal, or semiquantitative MR grade, correlated
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significantly with regurgitant volume or regurgitant orifice area in a multivariate analysis.

Conclusions Our results demonstrate that careful color flow mapping of the vena contracta of the MR jet
provides a simple quantitative assessment of MR that correlates well with quantitative Doppler techniques.

Key Words: echocardiography • regurgitation • mapping

   Introduction
 
Doppler color flow mapping is widely used in clinical practice to assess the severity of mitral
regurgitation (MR), usually by the area of the jet projecting into the left atrium.1 2 3 4 However,
jet area is limited by a variety of hemodynamic and technical factors and may markedly
underestimate the severity of MR in eccentric wall jets.5 6 7 8 Regurgitant volume can be
calculated by quantitative Doppler, flow-convergence, or jet momentum methods,9 10 11 12 13 14
15 but these also have limitations. Quantitative Doppler is time-consuming and cannot distinguish the severity of
MR from that of aortic regurgitation in patients with both lesions. The flow-convergence method is complicated
by geometrical assumptions regarding the shape of the proximal flow-convergence zone as well as the difficulty
of precisely measuring its radius.12 13 Jet momentum works well in axisymmetric free jets but is cumbersome
and may not work well in eccentric jets.16 17 Thus, these methods are limited for practical assessment of MR in
terms familiar to most clinicians: mild, moderate, or severe.

Regurgitant orifice area has been proposed as a marker of lesion severity in valvular regurgitation.18 19

Although direct visualization of the mitral regurgitant orifice area by transthoracic echocardiography is difficult,
it can be closely approximated by measurement of the width of the vena contracta, defined as the narrowest
cross-sectional area of a jet.20 In vitro studies suggest that vena contracta width is relatively independent of
hemodynamic variables and instrument settings.21 Studies in animal models have shown that vena contracta
measurement by color flow mapping is simple and accurately reflects regurgitant flow.22 23 Fehske et al,24 using
transthoracic color flow mapping, showed that vena contracta width predicts angiographic severity of MR in 78
patients and correlates well with catheterization-derived regurgitant volume in a small subset of 23 patients.
Similar findings were also reported for transesophageal color flow mapping.25 This study was performed to (1)
assess the accuracy of vena contracta width in evaluating the severity of MR compared with quantitative
Doppler measures of regurgitant volume and regurgitant orifice area and (2) compare vena contracta width with
other more traditional echocardiographic markers of MR severity.

   Methods
 
Patient Population
This study was performed prospectively in 80 patients referred for transthoracic
echocardiography at Parkland Memorial Hospital (n=55) or the Dallas VA Medical Center
(n=35). Patients were included in the study if they had at least mild MR by two-dimensional
Doppler color flow imaging and if none of the following exclusion criteria were present: (1)
aortic regurgitation or stenosis, (2) significant mitral stenosis, (3) acute myocardial infarction, (4) rhythms other
than normal sinus, or (5) a prosthetic valve. Of 90 patients initially enrolled, 10 (11%) were excluded because of
technically difficult echocardiograms. Specific reasons for this included inability to measure the diameter of the
mitral annulus or left ventricular outflow tract (n=5), failure to visualize the vena contracta (n=3), or inability to
obtain a continuous-wave Doppler profile of the mitral regurgitant jet (n=2).



Echocardiography
All patients underwent a complete two-dimensional echocardiographic and Doppler study in the left lateral
decubitus position from multiple windows. Studies were performed with either a Vingmed CFM 750 or a
Hewlett-Packard 2500 and were recorded on 0.5-in VHS tape. Chamber dimensions and wall motion score
indexes were measured by standard methods.26 Qualitative grade of the severity of MR was obtained from the
clinical echocardiography report and was based on a visual impression combining the variables of jet area, jet
direction, proximal jet width, left atrial size, pulmonary venous flow, and mitral valve morphology.

Color flow imaging was performed from the parasternal long-axis, apical four-chamber, apical two-chamber,
and apical long-axis views. We did not evaluate short-axis views because in our experience, it is very difficult
to identify the vena contracta from the parasternal short-axis plane. Color gain was adjusted downward to the
point at which background noise just disappeared. The narrowest sector angle that allowed visualization of the
MR vena contracta was used to maximize color flow imaging frame rate. Nyquist velocity ranged from 39 to 70
cm/s, and the low-velocity cutoff ranged from 8 to 16 cm/s. Both instruments use a tissue priority algorithm. On
the Hewlett-Packard instrument, we used a red-blue map without variance (map A), which displays the highest
detectable velocities as yellow toward and light blue away from the transducer. Since the vena contracta is part
of the high-velocity core of the jet, it usually appeared as a discrete yellow or light blue area with this map. A
red-blue color map with variance was used on the Vingmed instrument, which displays the vena contracta in
bright green.24

In each patient, transducer angulation out of the standard echocardiographic planes was used to optimize
visualization of the area of proximal flow acceleration, the vena contracta, and the downstream expansion of the
jet (Fig 1 ). For each echocardiographic window, zoom mode was used to optimize visualization and
measurement of the vena contracta. Vena contracta width was measured in each view from the systolic frame
showing the largest diameter of a clearly defined vena contracta. For each view, an average of three beats was
taken. To account for the possibility of nonsymmetrical orifices, a biplane vena contracta width was calculated
from the measurements made in two roughly orthogonal apical views (Fig 2 ). The jet direction was classified
by use of the initial direction of the jet immediately behind the point of mitral leaflet coaptation. Thus, eccentric
jets were in close contact with a mitral leaflet behind the regurgitant orifice, whereas central jets were initially
directed into the center of the left atrium. To determine maximal regurgitant jet area in any view, the transducer
was carefully panned to achieve the largest jet area. The outline of this jet was traced manually, and the area was
calculated by use of software programming already incorporated into the equipment.
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Figure 1. Left, Schematic of a parasternal long-axis view of a mitral
regurgitation (MR) jet. Right, Zoom mode showing the vena
contracta as the narrowest portion of the jet just downstream from the
orifice (arrows). PFC indicates proximal flow convergence.

Figure 2. Color flow images from a patient in this study showing
vena contracta width in the apical four-chamber (left) and two-
chamber (right) views. A nonvarianced map is used in which the
vena contracta appears as a bright yellow area just downstream from
the orifice (arrows). Biplane vena contracta was calculated by
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averaging the vena contracta widths in these two views.

Quantitative Doppler assessment was performed as previously described.27 28 The diameter of the aortic annulus
was measured in the parasternal long-axis view at the point of insertion of the aortic leaflets in systole. The
diameter of the mitral annulus at the base of the leaflets at the time of maximal opening was measured in the
parasternal long-axis and apical four-chamber views. The pulsed-wave Doppler signals at the mitral annulus
and the aortic annulus were also taken from the apical window. The pulsed-wave Doppler data were measured
on the brightest line (modal velocity). No angle corrections were used. At least three measurements of each
variable were averaged. The cross-sectional area of the aortic annulus was calculated by the r2 formula,
assuming a circular shape. Mitral annulus area was measured assuming an elliptical orifice as 
(DLAX/2)(DAP/2), where DLAX

 is the mitral annulus diameter in the long-axis view and DAP
 is in the apical

four-chamber view. Continuous-wave Doppler, guided by color flow mapping, was used to measure the time-
velocity integral of the mitral regurgitant jet.

The mitral and aortic stroke volumes were determined by multiplication of the cross-sectional area by the
respective time-velocity integral. The regurgitant volume was calculated as the difference between the mitral and
aortic stroke volumes. The regurgitant fraction was calculated as the regurgitant volume divided by the mitral
stroke volume. The effective regurgitant orifice area was calculated as the regurgitant volume divided by the
regurgitant time-velocity integral.29

Pulmonary vein flows were sampled by pulsed-Doppler technique. Images were obtained in the apical four-
chamber view with transducer angulation to optimally visualize the pulmonary veins as they entered the left
atrium. The pulsed-Doppler beam was then placed as far into the right and left pulmonary veins as possible, and
flows were recorded. Pulmonary venous systolic flow reversal was considered an index of severe MR.30

Observer Agreement
In 20 randomly selected studies, two observers independently measured the vena contracta, and interobserver
agreement was assessed by linear regression with Bland-Altman analysis.31 These same studies were also
reexamined by one observer at a separate time to determine intraobserver agreement.

Statistical Analysis
All values are reported as the mean±SD. Simple linear regression was used to compare vena contracta width and
maximal jet area with regurgitant volume, regurgitant fraction, and effective regurgitant orifice area. These
analyses were performed separately for eccentric jets and the entire group. ANOVA was used to compare the
qualitative echocardiographic grading of MR with regurgitant volume, regurgitant fraction, and effective
regurgitant orifice area. Stepwise multiple logistic regression was used to determine which variables were
related to the severity of MR.

   Results
 
Patient Characteristics
The patients ranged in age from 23 to 78 years (mean, 56±13 years). There were 21 women
and 59 men. The cause of MR was dilated cardiomyopathy in 34, ischemic heart disease in 24,
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mitral valve prolapse in 12, endocarditis in 2, rheumatic disease in 2, mitral annular
calcification in 1, and undetermined in 5. By qualitative grading, 43 patients had mild MR, 21
moderate, and 16 severe. Six patients had a flail leaflet. Twenty-three patients had an eccentric jet, 19 of which
were posteriorly directed, and the remaining 57 had a central jet. In 69 patients, a discrete zone of proximal flow
convergence was visualized. Pulmonary vein flow was successfully measured in 69 patients and demonstrated
flow reversal in 15. The Table  summarizes the variables measured in this study.
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Table 1. Echocardiographic Variables

Relation Between Vena Contracta Width and Quantitative MR Severity
Vena contracta width could be identified and measured in the parasternal long-axis view in 75 patients (94%),
the apical four-chamber view in 79 (99%), the apical two-chamber view in 65 (81%), and the apical long-axis
view in 78 (98%). A single-plane vena contracta width measured in the parasternal long-axis view correlated
well with regurgitant volume (r=.85, SEE=20 mL) and regurgitant orifice area (r=.86, SEE=0.15 cm2) (Fig 3 ).
The correlation was not changed when only eccentric jets (solid circles in Fig 3 ) were analyzed (r=.84 for
regurgitant volume and r=.90 for regurgitant orifice area). A vena contracta width 0.5 cm in the parasternal
long-axis view was always associated with a regurgitant volume >60 mL and a regurgitant orifice area >0.4
cm2. A vena contracta width 0.3 cm predicted a regurgitant volume <60 mL and a regurgitant orifice area <0.4
cm2 in 24 of 29 patients. Vena contracta width in the parasternal long-axis view also correlated with regurgitant
fraction (r=.68, SEE=13%).
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Figure 3. Linear regression plots showing good correlation between
vena contracta width in the parasternal long-axis view and
regurgitant volume (left) and regurgitant orifice area (right). Solid
circles represent eccentric mitral regurgitation jets; open circles,
central jets.

Fig 4  shows the relation between biplane vena contracta width and regurgitant volume and regurgitant orifice
area for all the patients who had measurable vena contracta width in at least two apical views (78 of 80 study
patients, 97%). Biplane vena contracta width correlated well with regurgitant volume (r=.85, SEE=19 mL) and
regurgitant orifice area (r=.88, SEE=0.14 cm2). Similar correlation coefficients were present when only
eccentric jets (solid circles in Fig 4 ) were analyzed (r=.87 for regurgitant volume and r=.91 for regurgitant
orifice area). A biplane vena contracta width 0.5 cm was always associated with a regurgitant volume >60 mL
and a regurgitant orifice area >0.4 cm2. A biplane vena contracta width 0.3 cm predicted a regurgitant volume
<60 mL and a regurgitant orifice area <0.4 cm2 in 24 of 29 patients. Although the relation between biplane vena
contracta width and regurgitant fraction was also statistically significant, the correlation was only modest
(r=.68, SEE=14%).

Figure 4. Linear regression plots showing good correlation between
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biplane vena contracta width and regurgitant volume (left) and
regurgitant orifice area (right). Solid circles represent eccentric mitral
regurgitation jets; open circles, central jets.

Fig 5  shows the regurgitant orifice area calculated from biplane vena contracta widths assuming circular
geometry compared with volumetric regurgitant orifice area by quantitative Doppler. Although a good
correlation was present (r=.86, SEE=0.15 cm2), vena contracta–determined regurgitant orifice area
systematically underestimated the regurgitant orifice area by quantitative Doppler, as manifested by Bland-
Altman analysis showing a mean difference between the two measurements of -0.23±0.18 cm2.
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Figure 5. Linear regression plot showing regurgitant orifice area
calculated from biplane apical vena contracta measurements (y axis)
versus volumetric regurgitant orifice area by quantitative Doppler (x
axis). Although a good correlation is present, regurgitant orifice area
by vena contracta method systematically underestimates volumetric
regurgitant orifice area.

Relation to Maximal Jet Area and Qualitative MR Severity
Fig 6  relates maximal jet area to regurgitant volume and regurgitant orifice area. Although statistically
significant, the correlation is poor (r=.63 and r=.60 for regurgitant volume and regurgitant orifice area,
respectively), with wide scatter in individual patients.

View larger version (17K):
[in this window]

[in a new window]
 

Figure 6. Linear regression plot showing only modest correlation
between maximal jet area and regurgitant volume (left) and
regurgitant orifice area (right).

Fig 7  relates qualitative grade of MR by Doppler color flow mapping to the quantitative measures of
regurgitant volume and regurgitant orifice area. Although highly significant group differences between mild,
moderate, and severe grades of MR are present for both regurgitant volume (F=30.9, P<.0001) and regurgitant
orifice area (F=37.1, P<.0001), there is considerable scatter among individual patients.
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Figure 7. Values of regurgitant volume (left) and regurgitant orifice
area (right) for the various qualitative color flow grades of mitral
regurgitation (MR) (x axis). Although the mean values were
statistically significantly different among grades (see text),
considerable overlap is present.

Variables Related to the Severity of MR
When stepwise multiple logistic regression was applied to the variables analyzed in this study, only the average
vena contracta width was a strong predictor of mitral regurgitant volume (F=12.4, P=.001). Average vena
contracta width (F=19.62, P=.0001) and to a much lesser extent, pathogenesis (F=2.42, P=.04) significantly
predicted regurgitant orifice area by multiple logistic regression. Traditionally accepted markers of the severity
of MR, such as pulmonary venous flow reversal, maximal jet area, and left atrial size, did not demonstrate
significant correlation in the multivariate analysis.

Observer Agreement
Interobserver and intraobserver measurements of the average vena contracta width correlated closely (r=.97,
SEE=0.04 cm and r=.94, SEE=0.07 cm, respectively). By Bland-Altman analysis, the mean difference in vena
contracta measurements between two different observers was 0.02±0.08 cm. Similarly, the mean intraobserver
difference in vena contracta measurements was within 0.01±0.09 cm.

   Discussion
 
Previous studies have shown the feasibility of vena contracta width as a marker of MR severity
in humans. Fehske et al24 studied 78 patients with vena contracta imaging by transthoracic
color flow mapping. Vena contracta width correlated well with angiographic grading. In a
subset of 23 patients with sinus rhythm, vena contracta width correlated with catheterization-
derived regurgitant volume. Similar findings were reported by Grayburn et al,25 who used
multiplane transesophageal echocardiography in 80 patients, 35 of whom had regurgitant volume determined at
catheterization. To the best of our knowledge, no clinical studies have assessed the relation of vena contracta
width to effective regurgitant orifice area. This prospective study shows that careful measurement of the vena
contracta of a mitral regurgitant jet by Doppler color flow mapping accurately predicts regurgitant volume and
regurgitant orifice area. Compared with multiple traditional echocardiographic findings in patients with MR,
vena contracta width emerged as the only independent predictor of MR severity by multivariate analysis.

Comparison With Other Methods
Jet area
Jet area is the most commonly used parameter for assessing the severity of MR by Doppler color flow mapping.
Although jet area has been shown to correlate with angiographic grading of MR,1 2 3 4 the latter is a poor gold
standard that does not accurately reflect regurgitant volume. This study confirms the findings of previous studies
showing a weak correlation between jet area and quantitative measures of the severity of MR, such as
regurgitant volume and regurgitant fraction.2 4 Technical factors that affect jet area include inappropriate gain
settings, transducer carrier frequency, and pulse repetition frequency, among others.5 6 Conversely, vena
contracta width is not nearly as affected by gain settings or carrier frequencies as jet area.5 6 21 Moreover, there
is also significant interobserver variability in measuring jet area6 ; this study demonstrates very low
interobserver variability in measuring the vena contracta. Another major limitation of jet area has been its
tendency to markedly underestimate MR severity in eccentric jets.7 8 In this study, vena contracta width



accurately predicted regurgitant volume and regurgitant orifice area in patients with eccentric jets (r=.85 and
r=.86, respectively).

Proximal jet width
Because of the many limitations of jet area, several investigators have suggested that proximal jet width is a
better marker of the severity of MR.32 33 As shown in Fig 8 , proximal jet width may differ significantly from
vena contracta width. Careful transducer angulation, zoom mode, and high frame rates (>15 s-1) are helpful to
properly identify the vena contracta.
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Figure 8. Color flow images using variance mode from a patient with
a dilated cardiomyopathy and 2+ mitral regurgitation (MR) by
angiography. Left, Standard parasternal long-axis view in which the
proximal MR jet width appears large (1.1 cm). Right, With fine
angulation of the transducer, the vena contracta is much narrower (0.4
cm). Regurgitant volume was 56 mL, with a regurgitant orifice area
of 0.43 cm2.

Flow-convergence method
Assessment of regurgitant flow rates by the flow-convergence method is based on sound physical principles.9 10
11 12 13 14 15 However, in the clinical setting, this method has significant limitations.13 It is subject to geometric
complexities of the regurgitant orifice that require correction factors. For example, when the angle subtended by
the surface of the hemispheric flow regions is not 180°, the flow equation must be modified. In addition, the
hemispheric assumption does not hold true when proximity to the orifice causes the isovelocity surfaces to
flatten out. This can be improved by lowering the color aliasing velocities (if the echocardiographic machine has
such capability) to increase the measured radius. The importance of accurately depicting the radius cannot be
overemphasized, because any errors in its measurement are squared in the flow equation. These pitfalls of the
flow-convergence method, namely nonoptimal visualization of a flow-convergence region, are more common
with severe regurgitation, mitral valve prolapse, and eccentric jets. Thus, whereas the flow-convergence method
requires prolonged imaging time, technical expertise, and avoidance of the above-mentioned pitfalls,
measurement of the vena contracta width is relatively simple and quick, and in vitro data suggest that it is
independent of hemodynamics and orifice geometry.21

Momentum analysis
Thomas et al16 have shown that jet momentum can be calculated from the velocities encoded in the color flow
map. When combined with orifice velocity, momentum estimates orifice flow rates and effective orifice areas in
in vitro models. However, this technique is fairly complicated and not readily accessible to the average
clinician. In addition, this model has not been validated for pulsatile flow, exhibits wide velocity variation with
turbulent jets, and may not work well with eccentric jets because of momentum transference to adjacent
structures.17

Quantitative Doppler
In this study, quantitative Doppler was used as the reference standard for regurgitant volume and regurgitant
orifice area. This method has been validated for patients with and without regurgitant valvular lesions, and its
early pitfalls, mainly overestimation of the mitral annular time-velocity integral, have been identified and
corrected.27 However, it is fundamentally limited by its inability to distinguish individual valvular regurgitation



severity in patients with combined aortic and mitral regurgitation. Therefore, we excluded patients with
significant aortic regurgitation from this study. The measurement of vena contracta width offers some advantage
over quantitative Doppler in that it is less technically demanding, provides more immediate assessment of MR
severity, and may be less dependent on loading conditions than regurgitant volume.

Regurgitant orifice area
Recently, measurement of regurgitant orifice area by division of the regurgitant volume by the regurgitant time-
velocity integral has been shown to be strongly predictive of the severity of MR.29 However, direct visualization
of the mitral regurgitant orifice area is difficult by transthoracic echocardiography. Vena contracta width
provides a good approximation of regurgitant orifice area, as evidenced by this study.

Clinical Implications
Quantitative assessment of MR has proved to be problematic and yet necessary for decisions on medical
management and surgical intervention. Since this assessment often needs to be made quickly (ie,
intraoperatively), vena contracta width offers several advantages over previous techniques. First, it is simpler to
use than proximal flow convergence, jet momentum, or quantitative Doppler. Second, it roughly approximates
the regurgitant orifice area and appears to be relatively unaffected by hemodynamics, unlike jet area. Third, our
study demonstrates that it is quantitative and predicts MR severity, with vena contracta widths >0.5 cm always
associated with severe MR and those <0.3 cm usually associated with mild MR. Thus, only in patients with
intermediate-size vena contracta widths, 0.3 to 0.5 cm, would additional methods such as quantitative Doppler
be necessary to further clarify the valvular lesion severity.

Study Limitations
The pulsed-Doppler technique of calculating regurgitant volume and orifice area has technical limitations and is
therefore an imperfect reference standard. It requires careful and precise measurement of the diameters of the
left ventricular outflow tract and mitral annulus. Any error in these measurements will be squared in calculation
of the cross-sectional area of the left ventricular outflow tract or multiplied in calculation of the cross-sectional
area of mitral annulus. In addition, velocity measurements are angle dependent and can be difficult to obtain at
the mitral annulus in patients with low cardiac outputs. To the best of our knowledge, there are no published
studies validating the pulsed-Doppler technique against an independent reference standard. However, we have
recently compared pulsed-Doppler measurements of regurgitant volume to simultaneous cardiac catheterization
and found a good correlation (r=.84, SEE=23 mL) (unpublished data). Moreover, we have shown that MR vena
contracta width by multiplane TEE correlates well with regurgitant volume calculated in the catheterization
laboratory as the difference between angiographic and thermodilution stroke volumes.25

We studied only patients in normal sinus rhythm and thus cannot extrapolate these results to patients with atrial
fibrillation, commonly seen in patients with MR. We did not analyze patients with both aortic and mitral
regurgitation because of the limitations of quantitative Doppler. However, regurgitant orifice area and hence
vena contracta width should not be affected by aortic regurgitation.

We did not measure vena contracta width in every frame throughout systole. Because of the motion of the
mitral valve relative to the imaging plane, we did not find such an approach to be feasible. Instead, we measured
the largest systolic vena contracta in each view. Given the dynamic nature of the mitral regurgitant orifice,34 35
36 it is possible that the correlation would have been even better had we been able to measure mean systolic
vena contracta width.

Finally, vena contracta width cannot be used to precisely calculate regurgitant orifice area by assuming either
circular or elliptical geometry. The reason for this is schematically depicted in Fig 9 , which shows a
regurgitant orifice along the mitral coaptation plane. As can be seen, neither of the apical views is parallel to the
leaflet coaptation plane. Therefore, multiplying any two biplane radii to calculate regurgitant orifice area results
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in underestimation of the volumetric regurgitant orifice area, as shown in this study (Fig 5 ). However, since
worsening of MR tends to occur by anteroposterior separation of the cusps (except in unusual circumstances
such as an abscess), vena contracta width should correlate linearly with severity of MR, as demonstrated in this
study. In this study, a single parasternal long-axis view of the vena contracta correlated as well as orthogonal
apical views with regurgitant volume and orifice area. This may be because the long-axis view is oriented
anteroposterior to the mitral coaptation plane and because axial rather than lateral resolution was used to
measure the vena contracta. Further studies would be helpful to determine whether the regurgitant orifice area
could be reconstructed by sweeping the long-axis plane across the entire coaptation line from medial to lateral.
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Figure 9. Schematic showing a short-axis view of left ventricle at
papillary muscle level and mitral valve level superimposed. Mitral
regurgitant orifice along coaptation line of mitral valve is shaded
black. Lines intersecting regurgitant orifice represent image planes
from apical four-chamber, two-chamber, and long-axis views. None
of these views are aligned parallel to mitral coaptation. Therefore,
calculation of mitral regurgitant orifice area from biplane apical
views with the formula for area of an ellipse will underestimate true
orifice area.

Conclusions
This study demonstrates that careful color flow mapping of the vena contracta of the MR jet provides a simple
quantitative assessment of MR that correlates well with regurgitant volume and orifice, even in patients with
eccentric jets.

Received June 24, 1996; revision received September 9, 1996; accepted September 12, 1996.
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