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Transesophageal echo-
cardiographic evaluation
of left ventricular func-
tion at rest and during
dynamic exercise in
aortic insufficiency
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Summary

Transthoracic echocardiography is often of limited value for the evaluation of left ventricular
(LV) performance during dynamic exercise (E). Therefore, we studied LV function during maximal
E by supine ergometry in 10 normal subjects (N) and 15 patients of aortic regurgitation (AR) with
(8) and without (7) symptoms with transesophageal M-mode echocardiography. With this transesopha-
geal approach, where an esophageal transducer is incorporated at the tip of a commercially available
gastroscope, good continuous recordings of LV diameter were obtained without being disturbed by
respiration or thoracic movement during E. Systolic blood pressure was measured by cuff method
and echocardiographic indices such as heart rate, enddiastolic dimension (ED), and fractional shortening
(FS) were determined at rest (R) and during maximal E. In N the following significant changes were
observed during maximal E; pressure rate biproduct (13+2 mmHg-min~1.10® — 20+3 mmHg-
min1.103, p<0.001), ED (51+5 mm — 486 mm, p<0.05), and FS (37+£4% — 43+5%, p<0.001).
In AR no significant change was observed between pressure-rate products in symptomatic and asymp-
tomatic groups at R and during E, respectively. Significant changes in ED during E was observed only
in asymptomatic AR (55+4 mm — 516, p<0.05). FS was within a normal range in both groups of
AR at R. During maximal E, however, symptomatic group exhibited a decrease of FS (33+7% —
2845, p<0.05), whereas the asymptomatic group showed a significant increase (34+£5% — 37+
6%, p<0.01). Thus the present study revealed the different response of LV in symptomatic and asymp-
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tomatic AR to E in terms of ED and FS.
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Dynamic exercise echocardiography provides
important informations concerning the response
and cardiac reserve of the left ventricle against
exercise.!”® During dynamic exercise, however,

transthoracic echocardiography is often of lim-
ited value for the evaluation of left ventricular
performance due to the disturbance in obtain-
ing good quality image because of exaggerated

Fig. 1. Our newly developed transesophageal ultrasound transducer system for M-mode

echocardiograms using a gastroscope.

The internal fiber optic system is removed and replaced with an ultrasound transducer cable.
An esophageal 3.5 MHz transducer is incorporated into the tip of a commercially available gas-
troscope covered with soft plastic material. The outer diameter of the shaft of the gastroscope is 9 mm.
The angulation and rotation is possible by turning the control knob.
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respiration and chest wall motion. In order to
overcome these difficulties during dynamic
exercise the authors have developed a new
transesophageal ultrasound transducer system
using a gastroscope and applied it for the evalua-
tion of left ventricular response to dynamic
exercise in aortic regurgitation.

Materials and Methods

The study population consisted of 10 healthy
subjects (5 males and 5 females, age 38+14
years) and 15 patients of aortic regurgitation
with and without symptoms (9 males and 6
females ranging from 19 to 61 years in age with
a mean of 36+12). Eight patients who were
judged symptomatic had at least one of symp-
toms such as congestive heart failure, syncopy,
lightheadedness, exercise intolerance and angina.
Transesophageal echocardiography:

A commercially available medium focused
esophageal transducer (10 mm diameter, 3.5

Left ventricular function in aortic insufficiency

MHz) was incorporated into the tip of the shaft
of a gastroscope (Fig. 1). The manipulation of
the ultrasound transducer such as the angula-
tion, rotation and up and down movement of the
probe, was under the examiner’s control. Trans-
esophageal M-mode echocardiograms were rec-
orded with a Picker Echoview System 80 C on a
high resolution fiber-optic continuous strip
chart recorder (Honeywell visicorder Model
1856) at a paper speed of 50 and/or 100 mm/sec.
Prior to the insertion of the probe atropine
sulfate (0.5 mg) was administered intravenously
in order to prevent bradycardia and hypersaliva-
tion. Shortly before the insertion of the probe
local anesthesia of the throat was performed
with xylocaine spray. A transesophageal M-
mode echocardiogram of the left ventricle was
obtained after proceeding the probe to a depth
of about 40 cm, where the aortic valve was visu-
alized, and by further counterclockwise rotation
plus downward movement of the probe within

Fig. 2. Transesophageal echocardiographic M-mode scan from the left ventricle to the

aorta.

By advancing the transducer system to a depth of about 40 cm after insertion, the aortic root is
visualized. By a counterclokwise rotation and further downward movement of the gastroscope the
left ventricle appears at the level of mitral valve leaflets. Abbreviations: PLVW =posterior left ven-
tricular wall, LV =left ventricle, ASLVW =anteroseptal left ventricular wall, MV =mitral valve,
LA=left atrium, Ao=aorta, PCG =phonocardiogram, EKG =electrocardiogram.
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Fig. 3. The spatial relationship of the transesophageal echo probe against the left ventricle
and the transesophageal echocardiographic identification of the left ventricle.
Upper panel: This panel shows the spatial relationship of the transesophageal echo transducer

against the left ventricle during left ventriculography. Lower panel: The contrast medium injected

into the left ventricle during left ventriculography is recorded in the transesophageal echogram
of the ventricle identifying this cavity as the left ventricle. The echogram of the left ventricle exhi-

bits a mirror image of the echocardiogram recorded from the parasternal position. Abbreviations:

LVP=left ventricular pressure, LVAW =left ventricular anterior wall. Other abbreviations are as

for figure 2.

the esophagus as has previously been reported
by the present®™!V and other authors'® (Fig.
2). The echocardiographic identification of the
left ventricle and the confirmation of the spatial
relationship of the probe against the left ven-
tricle were carried out during left ventriculo-
graphy in a limited number of patients (Fig. 3).
It should be noted that transesophageal M-
mode echocardiograms of the left ventricle ex-
hibit a mirror image of the echocardiogram rec-
orded from the parasternal position as shown in
Fig. 4 since the ultrasound is emitted from be-
hind the posterior left ventricular wall.

Echocardiographic indices calculated were
enddiastolic dimension (ED), endsystolic di-
mension and fractional shortening (FS). These
indices were calculated by a digital computer
from three successive cardiac cycles before
exercise and every minute during exercise.
Bicycle exercise test:

Supine bicycle exercise was initiated at a work
load of 150 kpm/min. The load was increased
by 150 kpm/min every three minutes until either
one of angina, limiting dyspnea and fatigue was
developed.
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Fig. 4. An example of the transesophageal echocardiogram (TEE) of the left ventricle in

a case with aortic regurgitation.

TEE of the left ventricle exhibits a mirror image of the echocardiogram recorded from the para-
sternal position. High frequency oscillations on both mitral leaflets indicate the high quality of TEE

recordings. Abbreviations are as for figure 2.

Results

1. Normal control subjects:

Recordings of in-exercise transesophageal
echograms of the left ventricle were satisfac-
tory at all stages of work load as seen in Fig. 5.
The influences of dynamic exercise in 10 nor-
mal subjects are summarized in Fig. 6. In ac-
cordance with the increase in heart rate, left ven-
tricular enddiastolic diameter decreased con-
tinuously from 51 mm at rest to 48 mm under
maximal exercise (Fig. 6, middle panel). The
fractional shortening increased continuously
from 379 at rest to 439 at the end of exercise.
2. Aortic regurgitation:

The in-exercise left ventricular echograms by
the transesophageal method were also satisfac-
tory at all stages of work load in both sympto-
matic and asymptomatic groups with aortic
regurgitation (Figs. 7, 8). Echocardiograms in a
case with symptomatic aortic regurgitation at

rest and maximal exercise are shown in Fig. 7.
The left ventricular enddiastolic diameter was
markedly increased at rest to 76 mm and was
further increased to 82 mm at maximal exercise.
Fractional shortening decreased from 419 at
rest to 379% at end point of exercise. In Fig. 8
echocardiograms in a representative case of
asymptomatic aortic regurgitation at rest and
maximal exercise are shown. As before exercise
the endocardium of both posterior and antero-
lateral left ventricular walls could be clearly rec-
orded even under severe exercise. The end-
diastolic diameter decreased from 74 mm to
69 mm and the fractional shortening increased
from 369% to 38%.

The hemodynamic data of the two subsets of
patients with aortic regurgitation are shown in
Fig. 9 through 11. Mean arterial pressure and
heart rate at rest and during exercise were not
different between the two groups, and as a result
the pressure-rate product showed no significant
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3' Exercise (25 W)

9' Exercise (75 W)

Fig. 5. TEE recordings of the left ventricle at different stages of exercise in a normal sub-

ject.

In this figure TEEs of the left ventricle at rest (control), during exercise at 25, 50 and 75 Watts

are exhibited. Abbreviation are as for figure 2.
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«~Fig. 6. Effects of dynamic exercise in 10 nor-

mal subjects.

Top panel: The pressure rate product increased
from 13+2mmHg-min~'-10® to 20+3 mmHg-
min~1-10® (p<0.001) at maximal exercise.

Center panel: Enddiastolic dimension decreased
from 51+5 mm to 4846 mm (p<0.05) at maximal
exercise.

Bottom panel: Fractional shortening increased
from 37449 at rest to 43+5% (p<0.001) at maxi-
mal exercise.
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difference in these two subsets (Fig. 9). Left
ventricular enddiastolic diameter at rest in
symptomatic patients with aortic regurgitation
was 69 mm in average and was significantly
larger than that of 55 mm in asymptomatic pa-
tients. A significant decrease in the left ventri-
cular enddiastolic diameter like in the asympto-
matic group was not observed in the sympto-
matic group (Fig. 10).

Fractional shortening was within a normal
range at rest in both symptomatic and asympto-
matic groups except one symptomatic case

Left ventricular function in aortic insufficiency

10' ExercnSe (100W)

Fig. 7. Transesophageal echograms of the left ventricle at rest and maximal exercise in
a symptomatic patient with aortic regurgitation.

The enddiastolic diameter is markedly increased already at rest to 76 mm (upper panel) and is
further increased to 82 mm at maximal exercise (lower panel). The fractional shortening decreased
from 419 to 379%. Abbreviations are same as for figure 2.

(Fig. 11). During maximal exercise fractional
shortening became subnormal in four patients
and the mean value of fractional shortening fell
significantly from 33+79% to 28+5% (p<
0.05) in the symptomatic group (Fig. 11). In
contrast to the symptomatic patients a signifi-
cant increase in fractional shortening was ob-
served in the asymptomatic group (34+5% —
37+69%, p<0.01) (Fig. 11). However, the frac-
tional shortening in 3 of 7 asymptomatic pa-
tients remained unchanged.
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Fig. 8. Transesophageal echograms of the left ventricle at rest and maximal exercise in
an asymptomatic patient with aortic regurgitation.

The enddiastolic dimension is 74 mm at rest (upper panel) and is decreased to 69 mm at maximal
exerxise (lower panel). Fractional shortening increased from 369, to 389%. Abbreviations are same

as for figure 2.

Discussion

Recently several reports have been made
on exercise echocardiography to assess left ven-
tricular performance.!~® Application of echo-
cardiography to evaluate left ventricular size
and performance during exercise possesses the
advantages of noninvasiveness and repeatability.
Left ventricular diameter, wall thickness changes
and the time point of mitral valve opening and
closing can be measuresd continuously by echo-
cardiography, in contrast to left ventriculo-

graphy, before, during and after interventions
without any risk and alteration of the physiologic
response of the myocardium to the examina-
tion. However, exercise echocardiography re-
ported in the literature?~® using the parasternal
approach reveals not a few technical problems
in obtaining adequate images. This is mainly
caused by an exaggerated chest wall motion and
interposition of lung tissue in the path of ultra-
sound beam due to exercise induced hyper-
ventilation. Three different postures for exercise
have been adopted among investigators.
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Fig. 9. Pressure rate product at rest and maxi-
mal exercise in symptomatic and asymptoma-
tic patient groups of aortic regurgitation.

Left panel: In symptomatic patients pressure rate
product increased significantly from 1343 mmHg-
min~!-10% at rest to 2246 mmHg-min~!.10% at
maximal exercise (p<0.001). Right panel: In asympto-
matic patients pressure rate product increased sig-
nificantly from 12.5+2 mmHg-min™!.10% at rest to
21.5+3 mmHg-min~!-10%. No significant difference
is shown in pressure rate products between the two
groups at rest and maximal exercise, respectively.
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Fig. 10. Enddiastolic dimension at rest and
maximal exercise in symptomatic and asymp-
tomatic patient groups of aortic regurgitation.

Left panel: In the symptomatic patients group end-
diastolic dimension shows no significant change be-
tween control stage (69+10 mm) and end of exercise
(6710 mm). Right panel: In asymptomatic patients
group enddiastolic dimension shows a significant
decrease between the control stage (55+4 mm) and
end of exercise (5146 mm) (p<0.05).

Left ventricular function in aortic insufficiency
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Fig. 11. Fractional shortening at rest and
maximal exercise in symptomatic and asymp-
tomatic patient groups of aortic regurgitation.

Left panel: In the symptomatic patients group
fractional shortening fell from 33+79% at rest to
28+59% at maximal exercise (p<0.05).

Right panel: In the asymptomatic patients group
the fractional shortening increased to the contrary
from 34+59 at rest to 37+69% at maximal exercise
(p<0.01).

Since the clinical application of transeso-
phageal echocardiography by Frazin et al'®
only several studies?~1%1419 have been made
because of the uniqueness of the technique and
also the difficulty to control the transducer.
One of the present authors could sucessfully
apply this technique to the assessment of left
ventricular performance during open heart
surgery. However, in order to apply this tech-
nique further to the exercise test of the left ven-
tricle the transducer system had to be imporved
for a better control of the probe. The incorpora-
tion of the ultrasound transducer into the tip of
a gastroscope facilitated the positioning, rota-
tion and angulation of the transducer, so that
the transducer was always under the examiner’s
control.

In the present study a decrease in enddiastolic
diameter was shown at the maximal point of
dynamic exercise in normal subjects and asymp-
tomatic aortic regurgitation indicating good re-
serve of left ventricular pump function. In
symptomatic aortic regurgitation no significant
decrease was observed in the enddiastolic dia-
meter at the endpoint of exercise revealing
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a decrease in the reserve of left ventricular pump
function.

In the present study changes in fractional
shortening during maximal exercise in sympto-
matic and asymptomatic aortic regurgitation
showed the same tendency as the exercise ejec-
tion fraction reported by Borer and associates!®’.
Although exercise-induced dysfunction could be
evaluated by fractional shortening in the pre-
sent study, it should be carefully considered
whether the abnormality in exercise ejection
fraction indicates the impairment in the intrin-
sic contractile state of the myocardium. As
previously reported exercise fractional shorten-
ing is affected by alteration in preload and
afterload.'”'®., However Borer and associates
showed in their preliminary studies the presence
of an intrinsic left ventricular dysfunction and
an abnormal exercise ejection fraction in pa-
tients with aortic regurgitation based on the
fact that ejection fraction during exercise often
did not revert to normal even after the preload
and afterload were reduced or after the replace-
ment of aortic valve.l®

Even after considering the above discussion
the potential usefulness of exercise transeso-
phageal echocardiography was demonstrated
in this study. A decrease in the cardiac re-
serve was clearly been shown in symptomatic
patients. In 3 patients with asymptomatic aortic
regurgitation fractional shortening remained
unchanged during maximal exercise and this
indicates the possibility of detecting reduced
functional reserve at the early stage by the pres-
ent method. Thus the present method seems to
offer a helpful guide to the prognosis of the
present morbus.
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