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Practical Value of Echo Doppler Evaluation of Aortic and Mitral 
Stenosis: A Comparative Study with Cardiac Catheterization 

Jihad Bitar, MD,* Lori Douthat, RN,* Mohsin Alam, MD,* Howard S. Rosman, MD,* 
Mark Lebeis, MD,§ Sidney Goldstein, MD,* and Fareed Khaja, MD* 

This retrospective analysis compares data derived by echocardiography and cardiac catheterization 
in the evaluation of aortic and mitral valve stenosis. Sixty-seven patients, aged 69 ± 12 years, 
underwent 76 catheterization procedures. In all studies the Doppler recording was technically 
adequate. In 64 studies of patients with aortic stenosis, correlation was good hetween the gradient 
obtained at catheterization (peak 51 ± 28 mm Hg, mean 48 ± 24 mm Hg) and the Doppler gradient 
(peak 73 ± 29 mm Hg, mean 41 ±17 mm Hg) (R = 0.78 peak, 0.77 mean). In 15 studies the aortic 
valve area, 0.8 ± 0.2 cn?, calculated by the simplified continuity equation, correlated well with the 
catheterization valve area, 0.7 + 0.3 cn?, calculated by the Gorlin equation (R = 0.80). In 14 studies 
in mitral stenosis patients, the mean gradient at catheterization was 11 ±5 mmHg compared to the 
Doppler gradient of 8 ±4 mmHg(R = 0.58). The mitral valve area was 1.1 ± 0.3 cm^ hy the Gorlin 
equation and 1.2 ± 0.3 cm^ by echo Doppler, using pressure half-time. When cardiac rhythm, the 
presence and severity of regurgitation, and the cardiac index were analyzed, none was shown to have 
demonstrable influence cm the accuracy ofthe Doppler study. Doppler echocardiography can be 
used reliably to assess valvular stenosis in a clinical, noninvasive laboratory where routine tests are 
performed and interpreted by more than one individual. (Henry Ford Hosp Med J1990:38:87-90) 

T he assessment of the severity of valvular heart disease on 
the basis of symptoms and clinical findings atone is some

times difficult. Noninvasive studies using M-mode and two-di
mensional echocardiography are helpful in assessing the func
fional significance of heart murmurs but have variable relia
bility (1,2). In 1980, Hatle et at (3) reported that esrimarion of 
transaortic and mitral pressure gradient is possibte by Doppler 
ultrasound using a simplified Bernoulli equafion, Yeager et al 
(4) reported good correlation between pressure gradients deter
mined by Doppler ultrasound and those obtained by cardiac 
catheterization. Echocardiographic mitral vatve area derived 
from Doppler pressure half-rime has been emptoyed routinely 
to quanrify the degree of stenosis (5). Recenfiy, aorric vatve 
area has been calculated direcfly by Doppler echocardiogra
phy through the use of a simplified confinuity equafion which 
is considered to be uninfluenced by the presence of aorfic re-
gurgitafion (6,7). 

In this study of methods to evaluate the severity of vatve ste
nosis, we compared data derived by echocardiography with 
those obtained by cardiac catheterization. The purpose was to 
assess the accuracy of Doppler echo studies (in determining the 
degree of stenosis) when performed in a laboratory setring in
votving many technicians and physicians. 

Study Group 
In 15 months, 67 pafients underwent cardiac catheterizarion 

for clinically suspected aortic and/or mitral valve disease. All 
pafients also had a technically adequate Doppler study. Sixty-
seven pafients underwent 76 catheterization procedures. Seven 

patients had repeat study following balloon dilatation of the 
aorric vatve (six pafients) or mitral valve (one patient). Cath
eterization was repeated in two additionat patients because of 
suspected clinical progression of the stenosis. Thus, there were 
62 aortic, 12 mitral, and two combined valvular disease studies. 

The study group consisted of 40 males and 27 females with a 
mean age of 69 ± 12 years. The Doppler study was carried out 12 
± 20 days prior to the catheterization, except for two cases where 
it antedated the catheterization by six months. 

Methods 
Atl Doppler studies were performed by four technicians, us

ing a Hewlett-Packard ultrasound imaging system and 2.5 MHz 
transducer. They were read by four echocardiographers who 
were unaware of the catheterizarion data. Five views were at
tempted in att Doppler studies (left parasternal, right paraster
nal, suprasternal, apical, and subcostal), and the optimal, maxi
mal velocity signal was used to determine the gradient. Angle of 
incidence conection was not utilized. The peak maximal instan-
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Table 1 
Correlation Between Echo Doppler Findings 

and Catheterization Measurements in 
Both Aortic and Mitral Stenosis Groups 

N Doppler Cath R P-Value 

Aortic Stenosis: 
Peak gradient (mm Hg) 64 73 ±29 51 ±28 0.78 0.0001 
Mean gradient (mm Hg) 64 41 ± 17 48 ±24 0.77 0.0002 
Aortic valve area (cm )̂ 
(using continuity equation) 15 0.85 ±0.2 0.7 ±0.3 0.80 0.003 

Mitral Stenosis: 
Mean gradient (mm Hg) 
Mitral valve area (cm-) 

14 8 ± 4 11 ±5 0.58 0.01 Mean gradient (mm Hg) 
Mitral valve area (cm-) 14 1.2 ±0.3 1.1 ±0.3 0.58 0.02 

Fig 1—Correlation between aortic Echo Doppler maximal in
stantaneous gradient and catheterization peak-to-peak gradi
ent. 
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Fig 2—Correlation between mitral Echo Doppler mean gradi
ent and catheterization mean gradient. 

taneous pressure gradient was calculated by means of a simpli
fied Bernoulli equation and compared to the peak-to-peak pres
sure gradient across the aortic valve obtained during cardiac 
catheterization. In addition, the mean pressure gradient by Dop
pler ultrasound was calculated by means of Hewlert-Packard 
digitized computer from the area under the velocity curve. This 
vatue was compared with the mean pressure gradient measured 
by the standard method during cardiac catheterization. 

Five consecutive cycles were averaged for patients with sinus 
rhythm (63 cases) and ten cycles for patients with atrial fibrilla-
rion (13 cases). Doppler-derived mitral valve area using pres
sure half-time was compared with catheterizarion-determined 
valve area using the Gorlin formula, tn 15 patients with aortic 
stenosis, the vatve area using the Doppler simplified continuity 
equation was avaitable and was compared with the conespond
ing area calculated by the Goriin formula (8,9). Aortic regurgita
tion and mitral regurgitation were determined by aortography 

and left ventriculography or by Doppler echocardiography. This 
was graded in severity from 0 to 44- (14- mild, 24- moderate, 34-
moderatety severe, and 44- severe) (10,11). The cardiac output 
was calculated by the standard thermodilution method. The 
catheterization, angiographic, and hemodynamic data were ana
lyzed without knowledge of echocardiographic data. 

Statistical Analysis 
The data were analyzed using simple regression analysis to 

determine the conelation coefficient R for att study groups, and 
the Student t test was used to calculate a P value. The following 
were compared; 

1. Peak instantaneous pressure gradient by the Doppler tech
nique and peak-to-peak gradient by catheterization for aortic 
stenosis. 

2. Mean pressure gradient by Doppler ultrasound and cardiac 
catheterization for both aortic and mitral stenosis. 

3. Mitral vatve area by Doppler using the pressure half-time 
and by catheterization using the Gorlin formula. 

4. The subgroup with Doppler-derived aorric vatve area by 
the conrinuity equation and the conesponding catheterization 
vatve area by the Gorlin formula. 

5. Influences of rhythm, presence and severity of regurgita-
fion, and the cardiac index on invasive versus noninvasive mea
surements were also analyzed. 

Att values are expressed in mean ± standard deviation, A P-
value of tess than 0,05 is considered stafisficatty significant. 

Results 
Aortic stenosis 

The mean maximal instantaneous pressure gradient by Dop
pler of 73 ± 29 mm Hg compared welt with the catheterization 
peak gradient of 51 ± 28 mm Hg (R = 0,78) (Fig 1), Similar com
parability was atso found for the mean gradients (R = 0.77) (Ta
ble t). 

In 15 cases in which confinuity-equation Doppler valve area 
was available, correlation with catheterizafion vatve area was 
very good (R = 0.80). 

The effects of cardiac rhythm, presence of moderate or severe 
regurgitation, and tow cardiac index are shown in Table 2. In pa
tients with aortic stenosis, none of these factors influenced the 
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Table 2 
Effect of Cardiac Rhythm, Regurgitation, and Cardiac Index on the 

Correlation of Aortic Valve Peak and Mean and Mitral Valve Mean Gradients 

Peak Gradient (mm Hg) Mean Gradient (mm Hg) 

N Doppler Cath R Doppler Cath R 

Aortic Stenosis: 
Sinus rhythm 58 51 ±30 74 ± 30 0,78 41 ± 18 48 ±25 0.77 
Atrial fibrillation 6 68± I I 52± 12 0.75 40±6 48± 17 0.69 
<2-l-AR 33 76 ±31 57 ±33 0.82 43 ±19 52 ±26 0.79 
>3+AR 4 89± 18 59 ± 2 0.77 46 ±10 60 ±9 0.85 
Cardiac index < 2.5 37 70 ±29 46 ±26 0.81 40 ±19 45 ±24 0.78 
Cardiac index > 2,5 27 78 ±28 58 ±30 0.77 42 ±15 54 ±24 0.78 

Mitral Stenosis: 
Sinus rhythm 6 10 + 4 11 ±3 0.22 
Atrial fibrillation 8 7 ± 4 12±6 0.84 
< 2-1-MR 11 8 ± 4 I I ±4 0.60 
>3-l- MR 3 11 ±3 13±7 0.97 
Cardiac index < 2,5 7 9 ± 4 12±6 0.58 
Cardiac index > 2,5 7 7 ± 3 11 ±4 0.57 

Note: AR - aortic regurgitation, and MR = mitral regurgitation. 

good correlation between catheterization and Doppler gradi
ents. 

Mitral stenosis 
The mean vatue of the mean pressure gradients across the mi

tral vatve was 8 ± 4 mm Hg by Doppler and 11 ± 5 mm Hg by 
catheterizafion, resulfing in a conetafion coefficient of R = 0,58 
(P < 0,01) (Fig 2). The mitral vatve area calculated by Doppler 
pressure half-time correlated wett with catheterization vatve 
area calculated by the Goriin formula (R = 0.58; P = 0.02). 

In patients with mitral stenosis and sinus rhythm, mean gradi
ents were not significantly correlated despite simitar average 
values obtained by the two methods. This is attributed to the 
small number of patients. Moreover, in one of these patients 
there was an unexplained large difference in the two observed 
gradients. 

The presence of moderate or severe mitral regurgitafion or 
low cardiac index did not influence the good correlation be
tween catheterization and Doppler mean gradients. 

Discussion 
Over the last three decades cardiac catheterizafion has been 

the diagnostic procedure of choice for determining the severity 
of valvular stenosis. Recent studies, however, have demon
strated that aortic and mitral pressure gradients can be deter
mined reliably by Doppler echocardiography (1-7). These stud
ies have generally been performed and scrutinized rigorously as 
part of a research protocol. In our study we tested the validity of 
Doppler echo evaluations of valvular areas in the routine, non
invasive laboratory where four technicians and four physicians 
were invotved. 

In the evaluation of aortic stenosis we found good conelation 
between the catheterization mean and peak-to-peak gradient and 
the Doppler mean and maximal instantaneous gradient, respec
tivety. Accurate measurement of the maximal instantaneous 
pressure gradient is not obtained routinely during cardiac 
catheterization whereas peak-to-peak and mean gradients are re
corded routinely. The latter are usually slightly lower than the 
maximal instantaneous pressure gradient. However, peak pres
sure gradients by the two methods are closely conelated. Cone
lation was not influenced by atrial fibrillation, aortic or mitral 
regurgitation, or cardiac index of tess than 2.5 L/min. 

In mitral stenosis, the mean gradient by Doppler echo cone
lated reasonably well with the catheterization mean gradient. 
Conelation was good even when significant mitral regurgitation 
was present. Mitral vatve area calculated by Doppler pressure 
half-time conelated welt with catheterization-calcutated vatve 
area using the Gorlin formula. The accuracy and validity of 
valve area estimation by pressure half-time has been questioned 
recentty (12-16) but our data confirm its value. 

tn 15 patients where echocardiographic aortic valve area was 
calculated using the Doppler simplified continuity equation, 
there was excellent correlation with the aortic valve area calcu
lated by the Gorlin formula in the catheterizafion laboratory (R 
= 0.71). Furthermore, when the Gortin-derived vatve area was 
conected for the degree of aortic regurgitation, the correlation 
improved (R = 0.80). Doppler-derived aortic vatve areas were 
within 0.3 cm^ of the conesponding catheterization valve area in 
att but two cases. Thus, when technically feasible, Doppler-de
rived aortic vatve area by the continuity equation is very relia
ble. Unlike catheterization-derived vatve area, where conection 
for aortic regurgitation needs to be incorporated, the Doppler 
continuity equation aortic vatve area calculation is not influ
enced by the presence of aortic regurgitation. 
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Our data permit the following conctusions; 
1. Doppler echocardiography is a practical, reliable, noninva

sive method that can guide the clinician in estimating the sever
ity of aortic and/or mitral stenosis. The procedure is valuable not 
only in the research laboratory but also in the routine office set
ting. 

2. Doppler echocardiography allows accurate estimation of 
the pressure gradients across the aortic and mitral valves. 

3. Mitral valve area estimation using Doppler pressure half-
time conelates well with the catheterization valve area. 

4. Doppler continuity equation aortic valve area is very relia
ble and is not influenced by the presence of aortic regurgitation. 
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