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• Completely satisfactory standards for assessing the severity of aortic regurgitation have not yet been 
formulated. Invasive and noninvasive methodologies have inherent limitations that prevent any single 
procedure being considered as a gold standard. Nevertheless, Doppler echocardiography, using the full 
range of imaging modalities, including pulsed-wave and continuous-wave Doppler and Doppler color-
flow mapping, may detect and semiquantify the severity of aortic regurgitation with a high degree of 
accuracy. This article describes the application, methodology, and limitations of the Doppler indices 
currently used to assess aortic regurgitation. 
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QUANTITATIVE assessment of the severity 
of aortic regurgitation—a turbulent, high-
velocity flow disturbance in the left 
ventricular outflow tract (LVOT)— 

remains an important clinical challenge, a fact high-
lighted by the lack of a satisfactory "gold standard."1,2 

Invasive assessment techniques include either 
qualitative (1+ to 4+) grading of regurgitation made at 
the time of aortic root angiography or quantitative 
calculation of the regurgitant fraction (using left 
ventriculography and Fick cardiac output).3,4 Unfor-
tunately, the invasive nature of these techniques 
makes serial evaluations difficult, and accuracy may be 
adversely affected by technical factors such as catheter 
position and premature ventricular contractions. 
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Among noninvasive methodologies, radionuclide 
angiography is limited by its use of ionizing radiation 
and by technical factors such as the overlap of cardiac 
structures.5,6 M-mode and two-dimensional echocar-
diography provide useful assessments of left ventricular 
size and function and can also define the mechanism of 
the aortic regurgitation; however, these techniques 
permit only indirect assessment of the severity of aortic 
regurgitation.7 Pulsed-wave and continuous-wave 
Doppler echocardiography complement M-mode and 
two-dimensional echocardiography by providing data 
on direction and velocity of blood flow.8 

In recent years, several new and exciting Doppler 
echocardiographic techniques have been developed 
that permit semiquantitation of aortic regurgitation. 
These include Doppler color-flow mapping,9"14 calcula-
tion of the continuous-wave pressure half-time 
index,15-20 detection of reverse diastolic flow in the 
descending aorta,21-26 and calculation of regurgitant 
volumetric flow.4,27,28 The overall sensitivity and 
specificity of Doppler echocardiography in the detec-
tion of aortic regurgitation is between 90% and 100%, 
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T A B L E 
D O P P L E R E C H O D A R D I O G R A P H I C A S S E S S M E N T O F 
A O R T I C R E G U R G I T A T I O N 

Q u a l i t a t i v e Regurg i tant ve loc i ty waveform intensity 
a n d wave form. 

S e m i q u a n t i t a t i v e Pulsed-wave Doppler mapping 
C o l o r flow imaging 
C o n t i n u o u s - w a v e Doppler pressure ha l f - t ime index 
F low reversal in t h o r a c i c and descending aorta 
Left ventr icular inflow indices 

Q u a n t i t a t i v e Regurg i tant f ract ion 

N e w e r methods Transesophageal echocardiography 
Hydrodynamic properties ( m o m e n t u m ) 

and the technique is now considered by some to be a 
new standard in the diagnosis of aortic regurgita-
tion.10,14 In this article, we describe the value and 
limitations of Doppler echocardiography in the assess-
ment of aortic regurgitation. 

Q U A L I T A T I V E D O P P L E R A S S E S S M E N T 

F I G U R E 1 . A o r t i c r e g u r g i t a t i o n ( p a r a s t e r n a l l o n g - a x i s v i e w ) is 
g r a d e d b y c o m p a r i n g t h e h e i g h t o f t h e a o r t i c r e g u r g i t a n t j e t 
( J e t ) t o t h e h e i g h t o f t h e lef t v e n t r i c u l a r o u t f l o w t r a c t ( L V O T ) 
in m i l d , m o d e r a t e , m o d e r a t e l y s e v e r e , a n d s e v e r e a o r t i c r e g u r -
g i t a t i o n . A O i n d i c a t e s t h e a o r t a ; L A , l e f t a t r i u m ; L V , lef t 
v e n t r i c l e ; R V , r i g h t v e n t r i c l e . 

Moderate ly severe 

Modera te 

Severe 

Qualitatively, there are certain important features of 
the aortic regurgitation Doppler profile. T h e typical 
"square-wave" pattern of aortic regurgitation can be 
detected using pulsed-wave Doppler, with the sample 
volume beneath the aortic valve. Features that indicate 
aortic regurgitation include diastolic flow commencing 
from aortic valve closure and high-velocity flow result-
ing from the high gradient between aortic diastolic and 
left ventricular diastolic pressures. T h e intensity of the 
spectral signal is directly proportional to the severity of 
regurgitation. Increased systolic forward flow is ob-
served as the severity of aortic regurgitation increases, 
and the spectral envelope shape demonstrates a shorter 
pressure ha l f - t ime due to an earl ier rise in left 
ventricular diastolic pressure.29 

S E M I Q U A N T I T A T I V E D O P P L E R A S S E S S M E N T 

Several Doppler echocardiographic techniques can 
semiquantitatively assess aortic regurgitation. These 
include pulsed-wave Doppler mapping, Doppler color-
flow mapping, calculation of the pressure half-time 
index, analysis of left ventricular diastolic inflow pat-
terns, and identification of flow reversal in the des-
cending thoracic and abdominal aortas (Table). 

Pulsed-wave Doppler mapping 
In 1982, Ciobanu et al assessed aortic regurgitation 

semiquantitatively by determining the longitudinal ex-

tent of the diastolic flow disturbance within the L V O T 
and the left ventricle. Using pulsed-wave Doppler in 
the parasternal long-axis view, they devised a 1+ to 3 + 
(mild to severe) grading system which correlated sig-
nificantly with aortic root cine-angiography.30 

Current mapping techniques use the apical five-
chamber and apical long-axis views. T h e sample 
volume is placed at the level of the L V O T and is 
moved progressively into the body of the left ventricle, 
mapping the area of flow disturbance. T h e degree of 
aortic regurgitation is determined when the regur-
gitant jet is detected. Regurgitation is rated as trivial if 
seen below the aortic valve, mild if in the LVOT, 
moderate if at the mitral valve leaflet tips, or severe if 
in the body of the left ventricle.414,29 

W h e n using aortic root angiography as the com-
parative gold standard, pulsed-wave Doppler has a sen-
sitivity of 95%, a specificity of 96%, a positive predic-
tive value of 9 9 % , and a negative predictive value of 
89%.1 3 T h e high sensitivity of this technique is evident 
in its ability to detect aortic regurgitation in the 2 5 % 
of cases which are clinically silent.31 

Pulsed-wave Doppler mapping has several limita-
tions, however. Aortic regurgitation may be obscured 
by coexistent diastolic flow disturbances related to 
mitral stenosis or mitral valve prostheses. Eccentric 
regurgitant jets directed towards the anterior mitral 
leaflet or ventricular septum are difficult to interrogate, 
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which can lead to underes-
timation of the severity of 
aortic regurgitation. O n 
the other hand, high sys-
temic afterload may lead to 
overest imation of the 
severity, as the jet will ap-
pear to extend further into 
the left ventricle. Pulsed-
wave Doppler may also 
detect flow in an adjacent 
chamber, since the sample 
volume is three-dimen-
sional, whereas the guiding 
echocardiogram is two-
dimensional.11,13,14 
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SYSTOLE 
Color-flow mapping 

Doppler color-flow map-
ping is a recently developed 
technique that uses simul-
taneous pulsed-wave Dop-
pler sampling of an array of 
multiple points in a given 
plane. T h e various flow 
velocities are encoded as 
different colors, providing a 
rapid and precise two-
dimensional map of 
physiologic and pathologic 
flow velocities (Figures I— 
3).9"14 Multiple orthogonal 
views, including the para-
sternal long- and short-axis 
and apical f ive-chamber 
views, are necessary to 
define the three-dimensional distribution of the regur-
gitant jet. 

The regurgitant orifice itself can be defined in cross 
section. Eccentric jets, which are difficult to assess 
with pulsed-wave Doppler mapping, are more readily 
assessed with Doppler color-flow mapping. Coexistent 
mitral valve stenosis or mitral valve prosthesis poses 
fewer problems with color-flow mapping than with 
pulsed-wave Doppler, since anterograde mitral and 
regurgitant aortic flow can be visually distinguished.12 

Initial studies detected a good correlation between 
angiographic grading and Doppler color-flow imaging 
when the maximal length of the regurgitant jet was 
assessed.9 More recently, the width of the jet and the 
cross-sectional area of the jet, relative to the area of the 

DIASTOLE 

JET. ^ 

F I G U R E 2 . Color-flow imaging provided these two views of mild aortic regurgitation in the 
same patient. In A, the parasternal long-axis view, the aortic regurgitant jet (JET, arrow) is nar-
row in relation to the left ventricular outflow tract, and color-flow M-mode imaging records the 
narrow regurgitant signal (arrowhead). In B, the short-axis view of the aorta in systole (left) 
and diastole (right), a regurgitant jet area (arrow) is small in relation to the left ventricular out-
flow tract. RVO indicates the right ventricular outflow tract. 

LVOT, correlate best with angiographic grading of 
regurgitation.12 Color M-mode Doppler echocardio-
graphic imaging is useful in measuring the jet 
diameter,'2,3' especially during tachycardia, when stand-
ard color Doppler imaging proves more difficult to as-
sess. 

Pitfalls of this technique include the subjective na-
ture of the assessment and associated interobserver 
variability. The color image is influenced by gain set-
tings and built-in color map encoding parameters that 
may vary from machine to machine. O n some 
machines, filter settings are adjustable, and the pulse 
repetition frequency which influences the color flow 
map is variable. 

Recent studies have found a poor correlation be-
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F I G U R E 3 . Three different views of color-
flow imaging. In A, a parasternal short-axis 
view in a patient with moderate aortic regur-
gitation shows an aortic regurgitant jet (JET, 
arrowhead) which is broad in relation to the 
left ventricular outflow tract (left). In B, an 
apical five-chamber view of a broad aortic 
regurgitant jet (arrowhead). In C , a paraster-
nal long-axis view in a patient with severe aor-
tic regurgitation shows a very broad regur-
gitant jet (arrow) occupying most of the left 
ventricular outflow tract (left). Ao indicates 
the aorta; LA, left atrium; LV, left ventricle. 

tween actual regurgitant volume and Doppler color jet 
length, width, and area, since these parameters are 
more dependent on flow rate or velocity than on actual 
volume.34-36 Also, the apparent proximal width of the 
regurgitant jet may mislead the interpreter to overes-
timate the size of the regurgitant orifice because of 
"entrainment" of blood outside the jet.14 Finally, the 
size of the regurgitant jet depicted on color Doppler is 
influenced not only by the size of the regurgitant 
orifice, but also by the aortic diastolic pressure and left 
ventricular compliance.36 

Continuous-wave Doppler pressure 
half-time index 

Another method of assessing the severity of aortic 
regurgitation is to measure the aortic regurgitant pres-
sure half-time by using continuous-wave Doppler15-20 

(Figure 4). T h e pressure half-time index represents the 
time for the pressure difference between aortic dias-
tolic and left ventricular diastolic pressures to fall to 
2 9 % of its peak (since the velocity is related to the 

square root of pressure).18 In patients with mild aortic 
regurgitation, the pressure half-time is long because of 
the slow decline in the pressure gradient between 
aorta and left ventricle during diastole. On the other 
hand, in patients with severe regurgitation, aortic 
diastolic pressure falls dramatically and left 
ventricular diastolic pressure rises rapidly with earlier 
equalization. This is reflected in a relatively rapid rate 
of decline of the diastolic aortic/left ventricular pres-
sure gradient, and thus, a markedly shortened pressure 
half-time.15-20 

Initial investigation suggested a linear relationship 
between pressure half-time and the severity of aortic 
regurgitation. However, experience has shown this to 
be incorrect. It is currently felt that the best applica-
tion of the pressure half-time index is in distinguishing 
severe regurgitation from other grades of severity.37 

Published reports differ as to the specific cut-off point, 
although a pressure half-time of less than 250 mil-
liseconds is the point below which regurgitation is 
considered severe.20 
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Measurement of the pressure half-time index has 
limitations. For instance, it may be difficult to obtain 
a complete cont inuous-wave Doppler envelope, 
without which measurement of the pressure half-time 
index may be flawed. Also, the method is sensitive to 
loading conditions, compliance of the ventricle, and 
associated valvular condit ions (such as mitral 
stenosis).14'15-20 

Flow reversal in thoracic and descending aorta 
In aortic regurgitation, forward systolic flow is 

proportional to the left ventricular stroke volume, 
while diastolic flow reversal is proportional to the 
regurgitant volume and aortic compliance.13 Bough-
ner initially described the forward and reverse flow 
patterns in the proximal descending aorta in patients 
with aortic regurgitation using continuous-wave Dop-
pler.21 Others using pulsed-wave Doppler have found a 
good correlation between flow reversal in the des-
cending aorta and angiographic grading (Figure 5).22-26 

Recently, color-flow imaging of the proximal thoracic 
descending aorta has been used to semiquantitatively 
assess the severity of aortic regurgitation (Figure 6).14 

The degree of diastolic flow reversal in the aorta can 
be used to differentiate mild aortic regurgitation from 
moderate and severe aortic regurgitation. However, 
this assessment has several l imitat ions . Normal 
patients have a small degree of flow reversal in the 
aorta secondary to compliance of the proximal aorta. 
Arteriovenous connections, aortopulmonary window, 
patent ductus arteriosus, or Blalock-Taussig anas-
tomosis may produce findings similar to aortic regur-
gitation. Also, inaccuracies may occur because this 
method does not account for loss of forward flow 
within the aorta related to flow into the arch vessels 
and coronary arteries.21"26 

Left ventricular inflow indices 
Recently, Doppler indices of left ventricular dias-

tolic filling have been used to detect abnormal dias-
tolic function.'8 Left ventricular (transmitral) inflow, 
constituting the early (E) and late ( A ) filling waves, 
represents the pressure gradient from the left atrium to 
the left ventricle during diastole.39 In severe aortic 
regurgitation, there is a rapid rise in left ventricular 
diastolic pressure which is reflected by an increased left 
ventricular E and decreased A velocity, an increased 
E/A ratio, and a short E-wave deceleration time (Figure 
7).40,41 Diastolic mitral regurgitation may also occur in 
severe aortic regurgitation and is a better indicator of 
severity than is premature mitral valve closure.40 

F I G U R E 4 . Continuous-wave Doppler echocardiography. In 
A, a recording of the aortic regurgitant signal in a patient with 
mild aortic regurgitation shows a mildly decreased pressure 
half-time index ( P l / 2 ) of 5 2 0 milliseconds. In B, a patient with 
severe aortic regurgitation, the pressure half-time index is 
markedly decreased ( 2 0 0 milliseconds). 

Q U A N T I T A T I V E A S S E S S M E N T 

Doppler-derived volumetric flow at various cardiac 
sites has been used to calculate a Doppler aortic regur-
gitant fraction (Figure 8) by means similar to those 
used at cardiac catheterization. This technique uses 
Doppler-derived volumetric flow and two-dimensional 
echocardiographic measurements.42 Lewis et al showed 
that Doppler-derived volumetric flow across the LVOT 
and mitral valve are equal.42 Calculation of the regur-
gitant fraction proceeds as follows: 

T h e regurgitant stroke volume ( R S V ) is equal to the 

' ' . Aortic Regurgitation ' ', ' ' ' , ' 

Aortic Regurgitation 

Pl/2=200msec 
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F I G U R E 5 . Pulsed-wave Doppler recordings. In A, the proximal descending aorta in a patient with mild aortic regurgitation; note 
the small and early diastolic retrograde flow (RF) relative to forward flow (FF) . In B, the proximal descending aorta in a patient 
with severe aortic regurgitation; retrograde flow is increased and holodiastolic. 

SYSTOLE 

F I G U R E 6 . Color-flow imaging of the aortic arch (Ao A R C H ) 
from the suprasternal long-axis view. A regurgitant jet is evi-
dent in systole (upper right), in diastole (lower left), and in 
color M-mode (lower right). The increased retrograde flow 
(RF) is represented by the orange color in diastole and color M-
mode. 

total angiographically determined left ventricular 
stroke volume ( T S V ) minus the forward stroke volume 
( F S V ) as determined by the Fick or indicator-dilution 

method.13 Therefore, as shown in Figure 8, R S V equals 
T S V minus FSV (equation 1), and the regurgitant 
fraction (RF) equals R S V divided by T S V (equation 
2). Using Doppler, one can planimetrically measure 
the time/velocity integral ( T V I ) profile obtained from 
the LVOT. T h e L V O T diameter is measured by two-
dimensional echocardiography and the cross-sectional 
area is calculated (equation 3). T h e T S V is then calcu-
lated as the product of these two parameters (equation 
4) . F S V is calculated by planimetry of the Doppler T V I 
profile of a competent valve—ie, pulmonic, tricuspid, 
or mitral (equation 5). Measurement of the orifice 
diameter is again performed by two-dimensional 
echocardiography and a cross-sectional area is calcu-
lated.14 Thus, R S V equals SVLVOT minus SVM V (equa-
tion 6). Finally, RF equals SVLVOT minus SVM V divided 
by S V 

LVOT (equation 7). 
Kitabatake et al27 calculated an aortic regurgitant 

fraction derived from Doppler-determined aortic and 
pulmonary flows. They found that the Doppler-derived 
regurgitant fraction was proportional to angiographic 
grading. In comparing this t e c h n i q u e with left 
ventriculography, an excellent correlation was found 
when aortic regurgitation occurred without mitral 
regurgitation; however, concomitant mitral regurgita-
tion produced inaccuracies.27 This discrepancy occurs 
because the regurgitant f ract ion calculated by 
ventriculography is actually the total regurgitant frac-
tion for both aortic and mitral regurgitant flows, 
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* * A • 
< V f f ; 

DT 7 0 m s 
F I G U R E 7. A pulsed-Doppler recording of the left ventricular 
inflow velocities in a patient with severe aortic regurgitation. 
The left ventricular inflow demonstrates a pattern of "restric-
tive physiology," with an increased early (E ) - to - la te ( A ) filling 
wave ratio of 4 . 0 and a short deceleration time ( D T ) of 7 0 mil-
liseconds. 

whereas the Doppler technique allows for calculation 
of individual regurgitant fractions and volumes, as long 
as a competent valve is used to measure forward stroke 
volume.4 Similarly, Rokey et al, using mitral and aortic 
flows, found an excellent correlation between the 
Doppler regurgitant fraction and left ventriculography 
and thermodilution cardiac output, but the correlation 
was less strong between the Doppler regurgitant frac-
tion and angiographic grading.4 

A percentage of regurgitation, or regurgitant frac-
tion, can be calculated by planimetry of the areas under 
the Doppler-derived diastolic and systolic time/velocity 
profiles, which correlate well with regurgitant fraction 
as determined by ventriculography (Figure 9, equations 
8 and 9) . A good correlation has been found between 
the regurgitant fraction calculated by Doppler echocar-
diography of the descending aorta and the regurgitant 

A o r t i c v a l v e M i t r a l v a l v e 
L V O T > Aorta LA > L V 

F S V + R S V R S V F S V (Mv) 
( T S V L V O T ) 

U s i n g a o r t i c a n d m i t r a l v a l v e f l o w : 
Equation 

1. RSV = TSV - FSV 

2. RF = RSV 
TSV 

3. SV = TVI x CSA, where CSA = 

4. TSV = T V I x C S A L V O T 

5. FSV = T V I x C S A M V 

6. RSV = S V L V O T - S V M V 

7. RF = S V L V O T - S V M V 

S V L V O T 

F I G U R E 8 . Calculating the regurgitant fraction ( R F ) . Equa-
tions 1 through 7 calculate the R F based on Doppler measure-
ments of blood flow at the aortic and mitral valves. T h e regur-
gitant stroke volume ( R S V ) is equal to the total left ventricular 
stroke volume ( T S V ) minus the forward stroke volume ( F S V ) 
(equation 1), and R F = RSVATSV (equation 2 ) . Stroke volume 
(SV) is the product of the time/velocity integral profile ( T V I ) 
and the cross-sectional area of the orifice ( C S A ) (equation 3 ) . 
To calculate TSV, the T V I obtained from the L V O T by Dop-
pler echocardiography is measured by planimetry, and the 
L V O T diameter is measured by two-dimensional echocardiog-
raphy and the cross-sectional area is calculated as the square of 
the diameter divided by 4 . T S V is the product of these two 
parameters (equations 3 and 4 ) . Similarly, F S V can be calcu-
lated by planimetry of the T V I of a competent valve and by 
measuring the diameter of the orifice (equation 5 ) . Thus, R S V 
= S V L V O T — S V M V ( e q u a t i o n 6 ) , a n d t h e c r o s s - s e c t i o n a l a r e a is 
c a l c u l a t e d a s R F = S V L V O T - S V M V / S V L V O T ( e q u a t i o n 7 ) . 

fraction as determined in cardiac catheterization.24 

Calculation of the regurgitant fraction by Doppler 
has several limitations. There is a high false-positive 
rate in normal patients, ranging from 9 % to 18%. 
(This is also true of angiographically derived regur-
gi tant f ract ions . ) Error may be introduced when 
measuring the aortic, pulmonary, tricuspid, and mitral 
cross-sectional areas by two-dimensional echocardiog-
raphy. Concomitant aortic stenosis and regurgitation 
results in higher velocities across the stenotic area and 
interferes with planimetry of the T S V . Intracardiac or 
extracardiac shunts affect the calculation of regur-
gitant fractions, as do arrhythmias such as atrial fibril-
lation with beat-to-beat variability.4,13,27'28 
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U s i n g t h e p rox ima l d e s c e n d i n g aor ta : 
E q u a t i o n 
8. Regurgitant fraction = Regurgitant flow 

Forward Flow 
_ T V I R X C S A R 

T V I R X C S A F 
_ TVIR 

TVIF 
9. Since D changes in systole (s) and diastole (d) 

_ TVIR x 7 t (Pd ) 2 _ TVIR X ( D d ) 2 

TVIF x JI(DS)2 T V I F x ( D s ) 2 

FIGURE 9. Equations 8 and 9 calculate the regurgitant frac-
tion using the ratio of retrograde flow to forward flow in the 
proximal descending aorta. D, diameter. 

TRANSESOPHAGEAL ECHOCARDIOGRAPHY 

Transesophageal echocardiography is increasingly 
used to provide diagnostic information, particularly in 
patients with prosthetic valves or whenever 
transthoracic imaging is suboptimal.43 Semiquantita-
tive assessment of aortic regurgitation is possible using 
Doppler color-flow mapping in combination with 
pulsed-wave and, most recently, continuous-wave 
Doppler modalities. This assessment is usually made 
from the transesophageal five-chamber view. The 
diameter of the regurgitant jet on Doppler color-flow 
mapping, relative to the diameter of the LVOT, is the 
most frequently used means of semiquantitative assess-
ment (Figure 10). Color M-mode echocardiography is 
particularly useful in this setting, especially during 
tachycardia when visual differentiation between sys-
tolic and diastolic flow within the LVOT is difficult. 
The length of the regurgitant jet seen on Doppler 
color-flow mapping may also be assessed from the five-
chamber view or by using various short-axis views at 
the base, mid-ventricle, and apex.43,45 Recently, biplane 

transesophageal echocardiography has shown promise 
in improving assessment of the severity of aortic regur-
gitation: the additional longitudinal plane provides an 
excellent image of the long and short axes of the aortic 
valve and LVOT.46'47 

Perhaps more important than assessing severity of 
regurgitation, the high-definition images obtained 
with this modality may permit precise definition of the 
mechanism of regurgitation (Figure 9). In many cases, 
this may expedite medical or surgical therapy. Prolaps-
ing aortic valve cusps, aortic root dilatation, aortic 
dissection, prosthetic paravalvar regurgitation, and 
aortic valve endocarditis are pathologies frequently im-
plicated by transesophageal echocardiography as caus-
ing aortic regurgitation.43,48 In the operating room, 
transesophageal echocardiography can also facilitate 
aortic valvuloplasty for prolapsing aortic valve cusps, 
since it permits localization of the regurgitant orifice 
and determination of the mechanism of regurgitation. 
Furthermore, the relative competency of the valve fol-
lowing surgery can be determined immediately upon 
cessation of cardiopulmonary bypass. If an unsatisfac-
tory result is found, additional surgery may therefore be 
undertaken during the same operation.49 

TESTING NEW TECHNIQUES 

A number of promising quantitative Doppler tech-
niques developed during in vitro testing may be of use 
in quantitatively determining the area of regurgitant 
and stenotic orifices and the instantaneous volumetric 
flow through them.50,51 These techniques use measure-
ments of momentum (the orifice velocity time multi-
plied by the jet flow rate) and the kinetic energy of 
stenotic or regurgitant jets.52 Whether these techni-
ques will be applicable in the clinical setting awaits 
further study. 

CONCLUSION 

The severity of aortic regurgitation can be accurately 
assessed noninvasively by a variety of Doppler echocar-
diographic techniques. Each technique provides impor-
tant information, and none should be used alone. The 
final determination of aortic regurgitation severity 
should involve a combination of the various Doppler 
techniques and the indices derived from them. 
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