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Abstract Objective." The aim of 
this study was to evaluate the accu- 
racy of cardiac output measurement 
with transesophageal echocar- 
diography (TEE) using a trans- 
gastric, pulsed Doppler method in 
acutely ill patients. 
Design: Cardiac output was simul- 
taneously measured by thermodilu- 
tion (TD) and a transgastric, pulsed 
Doppler method. 
Setting." The study was carried out 
in a surgical intensive care unit as 
part of  the management protocol 
of the patients. 
Patients." Thirty consecutive acutely 
ill patients with a Swan-Ganz cath- 
eter, mechanically ventilated, sedat- 
ed and with a stable hemodynamic 
condition were included. 
Measurements." Pulsed Doppler 
TEE was performed using a trans- 
gastric approach in order to obtain 
a long axis view of  the left ventri- 
cle. Cardiac output was calculated 
from the left ventricular outflow 
tract diameter, the velocity time in- 

tegral of the blood flow profile and 
heart rate. 
Results: One patient was excluded 
because of the presence of aortic 
regurgitation and another, because 
of the impossibility of obtaining a 
transgastric view. Twenty-eight si- 
multaneous measurements were per- 
formed in 28 patients. A clinically 
acceptable correlation and agree- 
ment were found between the two 
methods (Doppler cardiac out- 
put = 0.889 thermodilution cardiac 
output +0.741/min, r = 0.975, 
p < 0.0001). 
Conclusion: Transgastric pulsed 
Doppler measurement across the 
left ventricular outflow tract with 
TEE is a very feasible and clinically 
acceptable method for cardiac out- 
put measurement in acutely ill pa- 
tients. 
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Introduction 

Transesophageal echocardiography (TEE) is now fre- 
quently used in intensive care units for hemodynamic 
monitoring of acutely ill patients. However, the standard 
for cardiac output measurement remains thermodilution 
(TD). 

The feasability of cardiac output measurement by 
TEE has recently improved with the description of  a long 

axis view of  the heart using a transgastric approach [1] 
and with the availability of biplane probes permitting an 
easier visualization of the left ventricular outflow tract 
and/or  a more accurate measurement of the mitral annu- 
lus area. 

Recently, published studies using single plane or 
biplane probe and pulsed or continuous wave Doppler 
methods for cardiac output measurement have obtained 
similar good agreement with the thermodilution method 
[2-6] .  However, biplane probes and single plane probes 
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wi th  c o n t i n u o u s  D o p p l e r  are  n o t  ava i lab le  in al l  ins t i tu -  

t ions  in France .  
T h e  a i m  o f  this  s tudy  was to eva lua te  the  c o r r e l a t i o n  

b e t w e e n  pu l sed  D o p p l e r  T E E  ca rd i ac  o u t p u t  m e a s u r e -  
m e n t  us ing  a s ing le -p l ane  p r o b e  a n d  T D  s i m u l t a n e o u s  
m e a s u r e m e n t  in acu te ly  ill pa t i en t s .  

Materials and methods 

Thirty consecutive acutely ill patients (26 men and 4 women, mean 
age 46 years, range 23-73  years) were studied. The inclusion crite- 
ria were the presence of a Swan-Ganz catheter, controlled ventila- 
tion, sedation and a stable hemodynamic condition. The exclusion 
criteria were aortic or tricuspid insufficiency, left ventricular out- 
flow tract obstruction arrhythmia and esophageal abnormality. The 
study was approved by the institutional ethics committee. 

Simultaneous cardiac output measurement with TEE and ther- 
modilution were performed by two investigators. The same investi- 
gator always measured cardiac output with TEE and was blind to 
the hemodynamic data obtained by thermodilution. The ther- 
modilution measurement of cardiac output was performed by an- 
other investigator in triplicate in each patient using 10 ml of iced sa- 
line solution. Cardiac output was computed as the average of three 
values with a difference of < 10%. If the difference between the 
lowest and highest values of the first three measurements was 
> 10%, two additional cardiac output measurements were per- 
formed and the extreme values were discarded before averaging. A 
5 MHz single plane transesophageal transducer (Hewlett Packard, 
was used with a Hewlett Packard Sonos 1000 ultrasound system. 
After a classical examination, the sequences were recorded on a vid- 
eotape. From a five chamber view of the left ventricle, the left ven- 
tricular outflow tract was displayed several times for further deter- 
mination of its diameter. Then the probe was inserted further into 
the gastric cavity and, after anterolateral flexion of its tip, was 
withdrawn until the transgastric long axis view of the left ventricle 
was obtained. This position allowed for visualization of the left ven- 
tricular outflow tract, the aortic valves and the ascending aorta 
(Fig. 1). The left ventricular outflow tract and the ascending aorta 

were generally in good alignment for Doppler examination. In some 
cases, slight manipulations of the probe, such as rotation, lateral 
flexion or withdrawal, were necessary to obtain good alignment. 
Pulsed Doppler measurements were obtained by placing the sam- 
pling volume in the left ventricular outflow tract just below the aor- 
tic annulus (Fig. 2). Several Doppler waves were recorded during at 
least two respiratory cycles. The respiratory wave was visualized on 
the screen of the echocardiograph and recorded on videotape with 
the Doppler wave. Cardiac output was calculated off line by an in- 
vestigator unaware of the results obtained by thermodilution, using 
the video analysis software program already incorporated into the 
echocardiograph. The diameter of the left ventricular outflow tract 
was measured at several views at the maximum opening of the aor- 
tic valves, just below the insertion of the valve leaflets and at the 
same site as the velocity measurements, using an inner edge-to-inner 
edge technique. The largest diameter was used for the calculations. 
The leading edge of the consecutive Doppler velocity curves during 
an entire respiratory cycle [4 -6  measurements) were manually 
traced with the trackball of the echographic system, and the average 
velocity time integral was calculated. The Doppler cardiac output 
was calculated using the formula: cardiac output (1/min) = cross- 
sectional area (cm2)• velocity integral (cm)• rate 
(beats/min). The area was calculated from the left ventricular out- 
flow tract diameter, assuming that just below the aortic annulus the 
left ventricular outflow is circular, and using the formula: area 
(cm 2) = [diameter (cm)] 2 • n/4. 

In five randomly selected patients, measurement of the diameter 
of the left ventricular outflow tract and measurement of the veloci- 
ty time integral were repeated from the videotape recording. Inter- 
observer variability was expressed as a percentage error for each 
measurement and was determined as the difference between the two 
observers divided by the mean value of the two observations. 

Statistical analysis 

The statistical analysis involved linear regression analysis and the 
use of Bland and Altman's method [7] to correlate the Doppler with 
the thermodilution cardiac output values. The slope and intercept 
of the regression line were compared to the slope and intercept of 
the identity line using Student's t-test. The bias of the difference be- 

Fig. 1 The transgastric approach for transesophageal echocar- 
diography allows visualization on the left ventricular outflow tract, 
the aortic valves and the ascending aorta 

Fig. 2 The pulsed Doppler signal was measured by placing the 
sampling volume in the left ventricular outflow tract just below the 
aortic annulus 
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Fig. 3 The diameter of the left ventricular outflow was measured 
on a truncated five-cavity view of the left ventricle, which provides 
a good view of the left ventricular outflow tract 

tween TEE and TD was also assessed using Student's t-test. All the 
data are expressed as mean values + SD. Statistical significance was 
determined as p < 0.05. 

Results 

One patient was excluded from the study because of the 
presence of  moderate aortic regurgitation, and in another 
patient the transgastric view was impossible to obtain. 
Twenty-eight simultaneous, pulsed-wave Doppler and 
thermodilution cardiac output measurements were per- 
formed in 28 patients. The mean left ventricular outflow 
tract diameter was 2.38_+0.22 cm (range 1.9-2.72 cm), 
the mean calculated area was 4 .48+0.82cm 2 (range 
2.83-5.81 cm2), and the mean pulsed Doppler time ve- 
locity integral was 17.01 + 3.25 cm (range 10.56- 26.2 cm). 
The mean heart rate was 103+16min  -1 (range 
70 -136  min-1), the mean Doppler cardiac output was 
7.85+2.41 1/min (range 3.99-14.2 1/min) and the mean 
thermodilution cardiac output was 8.27_+2.731/min 
(range 3.82_+15.81/min). Good correlation and agree- 
ment were found between the two methods with Doppler 
cardiac output = 0.889 thermodilution cardiac output 
+0.741/min, r = 0.975, p <0.0001 (Fig. 4). However the 
slope of the regression line was significantly different 
from the identity line (p < 0.0001) and the intercept was 
significantly different from zero (p < 0.001). The plot of  
T E E - T D  versus (TEE+TD) /2  according to the Bland 
and Altman method showed a mean bias_+2 SD of the 
mean bias of  - 0 . 4 2 +  1.31 1/min (Fig. 5). The mean dura- 
tion of a Doppler cardiac output measurement was 
18+5 min. 

The mean percentage error between the two observers 
for the diameter of  the left ventricular outflow tract was 
6~ The mean percentage error between the two observ- 
ers for the velocity time integral was 5~ 
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Fig. 4 Correlation between cardiac output obtained by the ther- 
modilution and Doppler techniques 
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Fig. 5 Comparison of the difference in cardiac output derived by 
the thermodilution and Doppler techniques with left ventricular 
outflow, and the mean cardiac output values obtained with the two 
methods 

Discussion 

This study demonstrates the feasibility of  cardiac output 
measurement by transesophageal echocardiography with 
a pulsed Doppler method across the left ventricular out- 
flow tract using a transgastric approach, and the clinically 
acceptable correlation between this method and standard 
thermodilution. Previous studies have already demon- 
strated the accuracy of transthoracic Doppler echocar- 
diography for measuring cardiac output [7-131. With 
this method, a cross-sectional area of  a particular cardiac 
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or major vessel level is derived from a two-dimensional 
echocardiographic measurement of the area, and the 
Doppler velocity, which is obtained at the same site, is in- 
tegrated with respect to the time for the calculation of a 
flow-velocity integral. These two values are multiplied by 
each other in order to determine the stroke volume, 
which, multiplied by heart rate, yields the cardiac output. 
TEE has also more recently been proposed to assess car- 
diac output by measuring the velocity at the mitral annu- 
lus level or at the main pulmonary artery level [5, 13 - 15]. 

At the mitral level, the annulus area measurement is 
theoretically not accurate, since the mitral orifice is ellip- 
tical and its shape and size change throughout diastole. 
With a transthoracic approach, some authors, using mod- 
ified procedures for mitral annulus area evaluation, found 
a high reliability for cardiac output measurement [10, 11, 
13]. Using TEE, the reliability of cardiac output measure- 
ment at the mitral orifice was found to be poor by Muhiu- 
deen et al., who used a pulsed Doppler method at the 
mitral leaflets level [14], and good by Hozumi et al., 
who used also a pulsed Doppler method but at the mitral 
annulus level [5]. However, in Hozumi's  study, the good 
correlation seen with a single-plane probe and a four- 
chamber view was much higher when a biplane probe was 
used (r = 0.81 vs. 0.93), which permitted a more accurate 
evaluation of the elliptical area of the mitral orifice using 
the annulus mitral diameter measured with a four- and 
two-chamber view. 

At the pulmonary artery level, Muhiudeen [14] found 
a poor correlation with thermodilution, while Savino [15] 
and Gorcsan [16] found a good correlation but were fre- 
quently unable to measure the pulmonary artery diameter 
(13 -24~ 

Several recent studies have proposed using the aortic 
annulus or the left ventricular outflow tract and a trans- 
gastric approach in performing TEE cardiac output mea- 
surements [2-5] .  All these studies found a good correla- 
tion between cardiac output measured with TEE and 
thermodilution. Two of these studies [3, 4] used a contin- 
uous-wave Doppler method. The other two used a pulsed- 
wave Doppler method [2, 5]. 

The pulsed Doppler method for cardiac output mea- 
surement is theoretically more accurate than the continu- 
ous Doppler method, since the velocity is measured at the 
precise site of the area measurement. However, both 
methods have been reported as reliable for cardiac output 
measurement. We used a single-plane probe with a pulsed 
Doppler, which is the most common equipment in inten- 

sive care units in France. The velocity waves we obtained 
were pure and similar at all the different positions along 
the chosen diameter. This suggests that the velocity pro- 
file could be assumed to be flat at that level, allowing for 
the measurement of the volume flow. Our pulsed Doppler 
method has an upper limit for velocity measurement 
(Nyquist limit). However, when measuring flow just be- 
low the aortic annulus using a transgastric approach, we 
found a distance of nearly 6 cm between the transductor 
and this site, which allows for velocity measurements of 
up to 126 cm/s. Since aortic flow is rarely higher than this 
value at this site, the Nyquist limit is in fact theoretical if 
the septum is not asymmetric and/or  hxpertrophic. The 
real impact of aortic stenosis is not known because we did 
not have such cases in our study. An adequate trans- 
gastric window was impossible to obtain in one patient, 
and aortic insufficiency in another patient did not allow 
for an accurate measurement of flow using the pulsed 
Doppler method. 

The real difficulty with out method lies in the exact 
measurement of the subaortic diameter. This diameter, 
which is easily visualized with the transgastric approach 
cannot be measured by this method because of the dis- 
tance and the poor lateral resolution. We therefore used 
a classic five-chamber view, truncated to obtain the best 
view of the left ventricular outflow tract, which appeared 
as a cylinder, permitting several measurements and using 
the highest value to determine the diameter. 

Another limitation in our study was the use of ther- 
modilution, which is not the best reference standard for 
cardiac output measurement. Nevertheless, this method is 
for the moment the standard technique for monitoring 
critically ill patients and has been widely used as an ade- 
quate reference standard in previous studies. 

We conclude that the transgastric, pulsed Doppler 
method across the left ventricular outflow tract using 
TEE is a feasible and clinically reliable method for cardi- 
ac output measurement in mechanically ventilated, acute- 
ly ill patients. In these patients under controlled ventila- 
tion, TEE is now frequently used for hemodynamic mon- 
itoring. Therefore, the use of TEE for the measurement 
of cardiac output avoids the use of a pulmonary artery 
Swan-Ganz catheter. 
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