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The role of transesophageal echocardiography in the diagnosis and
management of children and young adults with valvar diseases of

the left heart
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Summary The role of transesophageal echocardiography in the diagnosis and management of left-sided cardiac
valvar disease in children and young adults was assessed in terms of whether additional information (over
transthoracic echocardiography) could be obtained, and whether the added information contributed to the better
management of the patients. Between January 1991 to August 1992, 27 consecutive patients were studied. Their
age ranged from 2.5 to 20 years (mean 12.7), with body weights ranging between 12 and 60 kg (mean 35.6). Twelve
of the children suffered from atrioventricular valvar disease, 13 had predominant aortic valvar lesions and two had
mixed valvar pathologies. Additional information was obtained by transesophageal over that of transthoracic
echocardiography in 18 children (67%). Transesophageal echocardiography clarified the etiologies or mechanism of
valvar regurgitation in eight and seven children with atrioventricular and aortic pathologies, respectively. The
technique correctly diagnosed severe mitral regurgitation underestimated by conventional technique, detected a
missed eccentric aortic regurgitant jet and convincingly excluded bacterial vegetations in one case each. The
investigation contributed to the better management of three children (11%) by providing information that allowed
the appropriate choice of therapy. Transesophageal echocardiography, therefore, is a useful technique for the
diagnosis and management of valvar disease of the left heart in children and young adults.
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' HE DIAGNOSIS AND EVALUATION OF VALVAR DISEASES
have, in the past, largely depended on cardiac
catheterization and angiography.'? Recently,

transthoracic echocardiography has provided a non-
invasive and definitive assessment for these valvar ab-
normalities.** Theintroduction of transesophageal echo-
cardiography now produces an acoustic window in
close proximity to the heart which results in better
definition of the pathology. The technique is now
widely applied to study the mitral and aortic valves in
adults.”® The examination is also used to study various
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congenital heart diseases in children.”?! Tn this study,
we evaluate the role of transesophageal echocardiography
in the diagnosis and management of children and young
adults suffering from valvar diseases of the left heart.

Materials and methods

Between January 1991 to August 1992, 27 consecutive
patients who had clinical evidence for valvar diseases of
the left heart were assessed and judged to require furcher
evaluation of their valvar pathology and disturbed he-

" modynamics. They formed the study group. Their ages

ranged from 2.5-20 years (mean 12.7) with body weights
ranging between 12 and 60 kg (mean 35.6). Twelve
children suffered from predominantly functional left-
sided atrioventricular valvar diseases, 13 had predomi-
nant aortic valvar lesions and two had mixed aortic and

mitral valvar pathologies (T'able 1).
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Table. Etology of the valvar discases of the children studied.

Pathology n

Actrioventricular valve (n = 12)
Regurgitation
Prolapse
Cleft
Congenitally corrected transposition
Rheumatic
Regurgiration (postoperative)
Mitral valve replacement
Mitral valve replacement (Fontan)
Plasty + ring
Primum atrioventricular sepral defect + “cleft”
Aortic valve (n = 13)
Stenosis
Isolated valvar
With supravalvar ridge
Regurgitation
With ventricular septal defect
Prolapse
Perforated leaflet
Post-resection of subaortic membrane

—— b

— — et

Tt m o O\

Mixed mitral and aortic valves (n = 2)
Regurgitation
Rheumatic 2

Except for the initial four patients in whom we
utilized the Siemens Sonoline 2000 for the
transesophageal study, both precordial and transesoph-
ageal echocardiograms were performed with the Hewlett-
Packard Sonos 1000 Instrument. Precordial echocardio-
grams were studied (by YTC & CB) either immediately
or 24 hours prior to the transesophageal examination. A
combination of standard views with multiple planes
were utilized for the transthoracic approach. Settings of
the instrument, such as color gain, depth transmit
power and color flow map were individualized to yield
optimal images. The studies were recorded on video-
tapes and the findings were analyzed. Consensus on the
information from the transthoracic echocardiography
were documented prior to the transesophageal echocar-
diographic study.

Informed consent on the transesophageal echocardi-
ography was obtained for cach patient. All children
were fasted for a minimum of six hours. A total of 27
procedures were performed, of which two were con-
ducted under general anesthesia during diagnostic cath-
eterization. The other 25 studies were performed after
the patient had received local anesthetic spray and an
intravenous sedation (midazolam 1-2 mg/kg. A few
needed additional ketamine 0.5-1 mg/kg). An adule
sized biplane 5 MHz transesophageal transducer was
utilized for the study. The transducer of the Siemens
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Sonoline 2000 was limited to single plane (horizontal).

The mitral valve and its tension apparatus were
imaged by the four-chamber view, transgastric short-
axis cut (horizontal plane) and the two-chamber view of
the left ventricle (vertical plane).'? The aortic valve was
assessed by the five-chamber and short-axis views of the
aortic root (horizontal planc), and the ventricular out-
flow tract cuts (vertical plane).” Other views were
obtained, as warranted by clinical circumstances, by
advancement and rotation but without any angulation
of the transducer. The transmit power and color flow
map were carefully maintained throughout all the stud-
ies. Color flow gain was set to immediately below the
Jevel where artifacts appealed. All cransesophageal stud-
ies were performed with a prior knowledge of the
information obtained by precordial echocardiography.
The investigatory results were recorded on video-tapes
for both on- and off-line analysis.

Analysis

The role of transesophageal echocardiography in the
diagnosis and management of left-sided cardiac valvar
diseases in children was assessed in terms of whether
additional information (over transthoracic echocardi-
ography) could be obtained, and whether the added
information contributed to the better management of
the patients studied. Cineangiograms for the confirma-
tion of the echocardiographic findings were performed
in 20 patients. Of these, 15 angiograms were performed
within seven days of the ultrasonic investigations. Fur-
ther verification of the valvar morphology during sur-
gery was possible in six patients.

Results

The 27 transesophageal procedures were successfully
performed without any complications. Nine children,
cach with left-sided atrioventricular and aortic valvar
diseases, had additional information obtained over that
of transthoracic echocardiography (18 of 30, 60%).
The other relevant or added information acquired by
transesophageal echocardiography contributed to the
better management of 10 patients (33%).

Additional information obtained by transesophageal
echocardiography over transthoracic echocardiography

ATRIOVENTRICULAR VALVAR DISEASE

Severe mitral regurgitation was correctly diagnosed by
transesophageal echocardiography but underestimated
by conventional technique in a patient with rheumatic
heartdisease (Figure 1). In the other eight patients, their
etiologies or mechanisms of valvar regurgitation were

clarified. An elongated cord with a hypoplastic papillary
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Figure 1. Underestimation of mitral
regugitation by conventional echocardiography
and color flow mapping in a patient with
rbeumatic valvar disease. (A) Using precordial
long-axis cut of the left ventricle, only mild
regurgitation. is detected (black arrow). (B)
Four-chamber view from transesophageal
€L‘770€dl‘[/f0g7‘dp/]}1 demonstrates severe valpar
regurgitation (black arrow). The grossly
deformed valve with severe leakage was
replaced at surgery. Ao: aorta; LA: left atrium;
LV: left ventricle; RA: right atvium; RV: right

ventricle.

muscle (transgastric short axis cut of left ventricle) view) (Figure 2). In another, an isolated eccentric cleft
which resulted in a redundant prolapsing aortic leaflet as initially diagnosed was excluded and the mitral
was clearly visualized in one patient (four-chamber - “regurgitation was clarified as relating to a prolapsed
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Figure 2. Transesophageal echocardiography clearly visualizes (A) the elongated chordae (white arrows, Jour-chamber view) with
(B) hypoplastic papillary muscle (bluck arrow, rransgastric short-axis cut) as the canse of (C) a redundant mitral valve leaflet
resulting in (D) significant regurgitation (black arrow). P: papillary muscle; others as i, Figure 1.
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Figure 3. The cause of mitral regurgitation is clarified by
transesophageal cchocardiography. (A) Precordial short-axis
cut of the left ventricle suggests the diagnosis of an isolated
eccentric cleft (white arrow) of the mitral valve (MV). (B)
Four-chamber view of transesophageal echocardiography
shows-buckling of the aortic leaflet of the mitral valve (large
white arrow) as the cause of (C) moderate mitral :
regurgitation (black arrow). Abbreviations as in Figure 1.

aortic leaflet (Figure 3). In three patients who had either
mitral valvar replacement or valvar ring annuloplasty, the
high ultrasonic reflection from the metallic prosthesis
could be avoided and perivalvar leak at multiple sites (n=2)
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Figure 4. The missed dortic regurgitation jet is only diagnosed
by transesophageal echocardiography. (A) Precordial apical long-
axis cut of the lefi ventricle shows the prolapsing aortic leafless
(white arrows) without any obvious regurgitation jet. (B) Long-
axis cut of the left ventricle with the prolapsed aortic valve (white
arrow) as imaged by the vertical plane of transesophageal
echocardiography clearly demonstrates (C) the eccentric
regurgitation jer (black arrow). Abbreviations as in Figure I.

or leakage due to residual valvar prolapse (n=1) was clearly
appreciated. In all three patients, the valvar or perivalvar
leakages were assessed to be mild. One last patient had
undergone repair of a primum atrioventricular septal
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- defect. There was moderate degree of residual leakage at
two commissures (instead of oné) of the tri-leaflet left

atrioventricular valve (vertical plane of left ventricle). He
required modest dosage of diuretics on follow-up.

AORTIC VALVE

Aortic regurgitation relating to an extremely eccentric
jetwas missed in a patient with a stenoticand prolapsing
valve and only diagnosed by transesophageal study
(Figure 4). Vegetations were safely excluded by clear
imaging of the thickened leaflets (and other atrioven-
tricular valves) in another patient who had prolonged
fever and chronic aortic regurgitation from previous
rheumatic carditis. In seven other children with aortic
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regurgitation, the mechanism of valvar leakage was
clarified. Of these, six children had an associated ven-
tricular septal defect. The herniation of the right coro-
nary leaflet through the defect at systole was clearly
visualized. During diastole, the protruded leaflet sagged
onto the crest of the ventricular septum, producing
incomplete coaptation of the valve and severe regurgi-
tation (Figure 5). Although transthoracic echocardiog-
raphy could also visualize the herniation of the right
coronary leaflet in two of these six patients, the inter-
relationship of the herniated leaflet to that of the septal
defect, incomplete coaptation of the leaflet and the
resultant aortic regurgitation could only be delineated
by transesophageal echocardiography. One last patient

Figure 5. Transesophageal
echocardiography clearly demonstrates the
inter-relationship of subarterial ventricular
septal defect, herniation of the right coronary
leaflet and aortic regurgitation. (A) Normal
outflow tracts of both ventricles (vertical
plane). (B) At systole, the right coronary
leaflet (R) of the aortic valve herniates
through the subarterial ventricular septal
defect (white arrow) into the right
ventricular outflow tract (RVOT). (C)
Shunting occurs (black arrow) through the
partially occluded defect. (D) At diastole, the
herniated leaflet (white arvow) sags onto the
crest of the ventricular septum (S),
completely occluding the septal defect and
results in incomplete coaptation of the aovtic
valve with (E) severe regurgitation (black

arvow).
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had rheumatic heart disease. The thickened and de-
formed non-coronary leaflet which prolapsed down the
left ventricular outflow tract causing severe valvar in-
competence (Figure 6) was appreciated by transesoph-
ageal echocardiography.

Contribution by transesophageal echocardiography to the
better management of patients

The management of three patients (11%) was drasti-
cally altered after transesophageal echocardiography.
The scheduled valvoplasty in one patient was cancelled

after the initial diagnosis of a cleft mitral valve was -

excluded. Tn another, when severe instead of mild mitral
regurgitation was detected, valvar replacement was
undertaken. As bacterial endocarditis was safely ex-
cluded in the last patient with prolonged fever and
previous rheumatic carditis, response to trearment was
achieved when anti-inflammatory in place of antibiotic
therapy was instituted.
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Figure 6. Clarification of the mechanism of dortic
regurgitation by transesophageal echocardiography. (A)
Precordial apical long-axis cut of the left ventricle
identifies severe regurgitation relating to failure of
coaptation of the aortic valve. (B) and (C) Long-axis cut of
the left ventricle by transesophageal echocardiography
shows prolapse of the non-coronary leaflet (lower arrow)
down the left ventricular outflow tract causing severe
regurgitation (black arrows). The prolapsed leaflet was
confirmed at surgery and the valve was replaced.
Abbreviations as in Figure I.

Confirmation of the transesophageal echocardiographic
findings

The echocardiographic findings were confirmed by
reviewing the 20 angiograms available. The only missed
diagnosis by both echocardiographic techniques was
the supravalvar ridge in a patient with concomitant
aortic valvar stenosis (1/30=3%) (Figure 7). The pa-
thology of a cleft mitral valve (n=2), the protrusion of
the right coronary aortic leaflet through a doubly com-
mitted and subarterial ventricular septal defect (n=2),
severe prolapse of the non-coronary aortic leaflet down
the left ventricular outflow tract, and the grossly de-
formed mitral valve resulting in severe valvar regurgita-
tion in two patients with rheumatic heart diseases were
farther verified by surgery. A decision on valvar replace-
ment in the latter two patients was based on trans-
esophageal echocardiographic findings without cardiac
catheterization.
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Discussion

Structural valvar abnormalities of the left heart can
result in major hemodynamic discurbances. Accurate
assessment of the morphology and severity of the valvar
lesions can allow optimal timing and appropriate choice
of therapy for these patients. The growing interest of
valvoplasty by reconstructive surgery'*'S or balloon
dilation'®" further stimulates the pursuir for precise
anatomical delineation prior to intervention. In many
instances, conventional echocardiography with color
flow mapping can define the abnormal valvar anatomy
and quantify the severity of lesions.*!* In this study, we
explored and demonstrated that the superior images
acquired by the high frequency transducer placed in
close proximity of the heart via the esophagus could
trequently (67%) provide additional information over
and above that gained through precordial studies. We
have insisted thar transesophageal investigation in chil-
dren and young adults should only be performed after
thorough physical and conventional ultrasonic exami-
nations. Prior knowledge on the transthoracic echocar-
diographic ﬁndings allowed acquisition of maximal
information in the shortest time posmble In addition,
because we were applying an adult size transducer to
children, we avoided totally any angulation of the
transducer tip but limited our manipulation to rotation
and advancement of the transducer only. In this way we
minimized discomfort or complications from the inves-
tigation. The youngest patients in whom we could
perform the examination under general and local anes-
thesia were 2.5 and six years old, weighing 12 and 13.5
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Figare 7. In a patient who had valvar
dortic stenosis, the concomitant
supravalvar ridge was missed by both
echocardiographic technique. (A) The
ridge (black arrow) is well demonstrated
by ventriculogram. (B) Retrospective
review of the left ventricular outflow
tract cut by transesophageal
echocardiography (vertical plane) shows
that the ridge (white arrow) was béing
overlpoked.

kg, respectively.

On many occasions, transesophageal echocardiogra-
phy conslstently clarified the exact pathophysiology of
valvar regurgitation. The simultaneous visualization of
the outflow tract of both ventricles (vertical plane) is of
particular interest to the group of patients with doubly
committed and subarterial ventricular defect who de-
veloped aortic regurgitation. Although precordial ex-
amination could demonstrate the septal defect with or
without herniation of the right coronary aortic leaflet
and aortic regurgitation,*? the relative thick chest wall
in these older children and young adults precluded clear
imaging of the right ventricular outflow tract or the
achievement of precise anatomical details of the aortic
valve, especially when color Doppler mapping was
superimposed. The interrclation between the defect,
and through it the herniation of the aortic leaflet into
the right ventricular outflow which resulted in incom-
plete coaptation of the aortic valve during diastole,
could be appreciated only by transesophageal studies.
Similarly, biplane studies with superior imaging of the
mitral valvar tension apparatus helped to exclude confi-
dently an isolated cleft and diagnosed cordal elongation
with hypoplastic papillary muscle as the causes for
mitral regurgitation, as well as detecting regurgitation
through the two commissures of a left-sided trileaflet
atrioventricular valve in the setting of primum atrioven-
tricular septal defect. In addition, as reported in adult
patients with valvar replacement,” interference from
the metallic mitral valve ring was avoided and detection
of residual valvar prolapse or paravalvar leakage was
then possible.
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We have further demonstrated that transesophageal
echocardiography contributed significantly to the bet-
ter management of children suffering from’valvar dis-
eases of the left heart (11%). The technique is most
useful for valvoplasty at surgery. Preoperative studies
provided clear definition of the morphology, surgical
anatomy and severity of the malformed valve which
helped to formulate a better choice of surgery. The
scheduled valvar repair was implemented in four (cleft
mitral valve, n=2, prolapsed aortic leaflet through the
subarterial ventricular septal defect, n=2), cancelled in
one (when cleft mitral valve was excluded) and the valve
was replaced in another (instead of the proposed
annuloplasty) as severe mitral regurgitation was de-
tected. Moreover, in two of our patients, decisions on
valvar replacement were based on the transesophageal
echocardiographic findings without catheterization.
Furthermore, confirmation or exclusion of bacterial
endocarditis was able to alter the policy for medical
treatment. We conclude that transesophageal echocardi-
ography is a useful examination for the diagnosis and
management of valvar disease of the left heart in children.
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