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Over the past 15 years transesophageal echocardi-
ography (TEE) has assumed an integral role in the
diagnosis and management of patients with acquired
pediatric cardiovascular disorders and congenital
heart disease (CHD). It is particularly suited to
define complex anatomical structures, functional
abnormalities, and flow disturbances that may_not
always be obtainable from transthoracic echecardi:
ography (TTE) alone. TEE has become a Standard
imaging technology for patients with CHD undergo-
ing intervention in the catheterizationdaboratoty, or
in the operating room."” As miniafurized®probes,
novel technologies, and new methodologiesqde-
velop, the applications of TEEfin)the patient with
CHD continue to expand.'’? The American Society
of Echocardiography (ASE)“and the Society of Car-
diovascular Anesthesiologists.  have established
guidelines and standards for,performing a compre-
hensive TEE in th&adult withhheart disease.'* Rec-
ognizing the unique“aspects /and growing applica-
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tions of TEE imythe pediatric patient with acquired or
congenital, cardiovascular disease (henceforth re-
ferred tofas “the patient with CHD”), the Pediatric
Coungil of thé American Society of Echocardiogra-
phy seleeted a task force to create a position state-
mentspecifically for the performance of TEE in this
select category of patient. This statement serves as
an apdate of a previous statement published in
1992'> and reviews current indications, contraindi-
cations, safety issues, and training guidelines for TEE
in the pediatric patient with CHD.

I. INDICATIONS FOR TEE IN THE PATIENT
WITH CHD

Intraoperative TEE

The most common indication for TEE in patients
with CHD is for assessment during cardiac surgery.
Intraoperative TEE requires considerable preopera-
tive preparation. The task force recommends that a
preoperative TTE be performed in every patient
undergoing TEE during congenital heart surgery and
that the findings be reviewed by the echocardiogra-
pher before the intraoperative TEE is performed.
The intraoperative TEE should not stand alone as the
sole diagnostic study since there are inherent limi-
tations in imaging certain important structures that
are otherwise identified best by TTE (ie, transverse
aortic arch, aortic isthmus, distal left pulmonary
artery, and collateral pulmonary vessels). Additional
constraints specific to intraoperative TEE include
limited potential for optimal Doppler alignment,
limited time to perform a complete study, and
suboptimal ambient lighting. While the preoperative
TTE provides information unobtainable by intraop-
erative TEE, the intraoperative TEE performed just
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before surgical intervention can provide additional
information and may be of benefit. It may confirm or
exclude preoperative TTE findings and assess the
immediate preoperative hemodynamics and ventric-
ular function of the patient. In addition, the findings
can be directly demonstrated to the surgeon and
anesthesiologist for immediate review just prior to
commencement of the operation. Preoperative TEE
may also facilitate the placement of central venous
catheters, selection of anesthetic agents, and use of
preoperative inotropic support by demonstrating
ventricular systolic function and size.'®'”

Previous authors have addressed the utility and
importance of intraoperative TEE in patients with
congenital cardiac abnormalities."*'®'  Perfor-
mance of TEE in the patient with CHD immediately
after surgery, but before chest closure, has been a
contributor to the overall excellence in outcome for
congenital heart surgery achieved in the past de-
cade. Based upon the TEE and clinical findings, the
surgeon, in conjunction with the TEE echocardiog-
rapher and anesthesiologist, determines whether
the surgical repair is acceptable. TEE provides the
opportunity to detect significant and potentially
treatable disease before disconnection of bypass
cannulae, sternal closure, and return to the ICU. In
addition, it assesses cardiac function, presence of
intracardiac air, and may aid in the diagnosis of
cardiac rhythm abnormalities. TEE has beendused to
monitor ventricular function and loading conditions
following cardiac transplantation.”® ‘FEE assists in
evaluating the intracardiac results offminimally inva-
sive cardiac surgical procedures, in whic¢h there is
limited direct visualization ofsithe heart. In the
critically ill postoperative patient with limitéd trans-
thoracic views, TEE permits assessment of ventricu-
lar function and assists‘in, detéfmining appropriate
timing and hemodynamic effect of sternal closure or
discontinuation of@entricular assist device or extra-
corporeal membrane oxygenation. When postoper-
ative TTE is not feasible; FEEdnay be used to monitor
hemodynamic chafiges as inotropic drugs or venti-
lator settings'afe adjusted.’’

Intraoperative, TEE in high risk CHD patients
undergoing noncardiac procedures enhances mon-
itoring of myocardial function and intravascular vol-
ume status. High risk patients who would benefit
from intraoperative TEE monitoring may include
those with complex CHD and significant residual
anatomic defects, as well as patients with myocar-
dial dysfunction, cardiomyopathies, or pulmonary
hypertension.

TEE in the Cardiac Catheterization Laboratory

TEE is instrumental during many interventional con-
genital cardiac catheterization procedures and it has
been shown to reduce fluoroscopy time and con-
trast load. In addition, it allows for continuous
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assessment of results and detection of potential
complications.?**> TEE has become a standard im-
aging modality during atrial septal defect (ASD)
closure in the catheterization laboratory. TEE pro-
vides precise identification of the location, geome-
try, and number of atrial septal defects as well as the
extent of surrounding atrial septal tissue and loca-
tion of adjacent structures, information that aids the
interventionist’s strategy for device closure. Newer
imaging modalities, multiplane and 3-dimensional
TEE have been found to further enhance visualiza-
tion of the atrial septum and positioning of the ASD
device.?*>! TEE has also béen used to guide cathe-
ter-directed ventricularyseptal defect closure.®® It
may also facilitate manipulation of catheters used for
radiofrequency ablation, /balloon: valvuloplasty, or
laser perforation of ‘walvar atreSia, since immediate
effects of treatmeént may,bedemonstrated.*?

TEE OQutside of the Operating Room or
Catheterization Laboratory

TEE“ifi the pediatric patient may be performed
outside of the operating room in the intensive care
ufit, a specialized monitored procedure room, en-
doscopy suite, or in the echocardiographic labora-
tory with appropriate monitoring and support per-
sonnel.>> Table 1 lists common indications for
performance of TEE in the pediatric patient outside
of the setting of an intervention. Patients with
suspected CHD, but who have a nondiagnostic TTE,
may benefit from a TEE.>® The patient with intracar-
diac or extracardiac baffles or conduits (ie, Fontan,
Senning, Mustard, or Rastelli operation) may have
pathways that are particularly difficult to image with
TTE.>*3® In patients after Fontan operation, TEE is
very useful in assessing baffle leak or dehiscence,
thrombus, or obstruction.®® Patients with atrial baf-
fles are often at risk for atrial tachycardia and
intracardiac thrombi. TEE is helpful in excluding the
presence of thrombus prior to cardioversion in
these patients. %!

When endocarditis is suspected, TEE may not
always be necessary in infants and younger children
who have clear TTE windows; however it should be
considered for diagnostic evaluation when the TTE
is suboptimal. Conversely, when endocarditis has
been diagnosed, TEE can be more helpful than TTE
in clearly identifying the site of infection and the
hemodynamic consequences thereof. Patients with
suspected prosthetic valve dysfunction and subopti-
mal TTE should have TEE to exclude valvar dysfunc-
tion. TEE can be helpful in identifying patency of the
foramen ovale in the young patient (with or without
CHD) and a stroke of unknown etiology, when the
TTE examination is inconclusive.
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Table 1 Some current indications for TEE in the patient
with CHD

Diagnostic indications
Patient with suspected CHD and nondiagnostic TTE
Presence of PFO and direction of shunting as possible
etiology for stroke
PFO evaluation with agitated saline contrast to determine
possible right-to-left shunt, prior to transvenous pacemaker
insertion
Evaluation of intra or extracardiac baftles following the
Fontan, Senning, or Mustard procedure
Aortic dissection (Marfan syndrome)
Intracardiac evaluation for vegetation or suspected abscess
Pericardial effusion or cardiac function evaluation and
monitoring postoperative patient with open sternum or
poor acoustic windows
Evaluation for intracardiac thrombus prior to cardioversion
for atrial flutter/fibrillation
Evaluating status of prosthetic valve
Perioperative indications
Immediate preoperative definition of cardiac anatomy and
function
Postoperative surgical results and function
TEE guided interventions
Guidance for placement of ASD or VSD occlusion device
Guidance for blade or balloon atrial septostomy
Catheter tip placement for valve perforation and dilation in
catheterization laboratory
Guidance during radiofrequency ablation procedure
Results of minimally invasive surgical incision or video
assisted cardiac procedure

ASD, Atrial septal defect; CHD, congenital heart disease; PFO, patent
foramen ovale; TTE, transthoracic echocardiography; VSD, ventricular sep-
tal defect.

II. SAFETY ISSUES

Patient Safety

When conducted properly, TEE is‘€onsidered a safe
procedure in the pediatric patient. Several large series
have reporteda@™1% to 3% incidence of complications
during performance-of TEE in the pediatric popula-
tion.**? patientsfas small as 1.4 kg have successfully
and safely undergone/intraoperative TEE,** however
additional caution’is'to be exercised when inserting a
probe in a neonate weighing =3 kg.

Although complications are rare, those most fre-
quently encountered relate to oropharyngeal and
esophageal traumas including hoarseness and dyspha-
gia after the procedure. Rare cases demonstrating
serious or fatal complications associated with TEE have
been reported in the adult population.** Esophageal
perforation has been reported in a neonate.*” Studies
have evaluated the integrity of esophageal mucosa by
either direct endoscopy in pediatric patients, or patho-
logic inspection in small animals following a prolonged
intraoperative TEE.**%7 These studies demonstrate that
TEE can be safely performed in pediatric patients and
in anticoagulated small animals with minimal or no
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mucosal injury. Probe related injuries include thermal
pressure trauma, mechanical problems resulting in
laceration and/or perforation of the oropharynx, hypo-
pharynx, esophagus, and stomach.*®>! Complications
can also include arrhythmias, pulmonary complica-
tions (bronchospasm, hypoxemia, laryngospasm), and
circulatory derangement.

Ventilatory compromise in the pediatric patient
undergoing operative TEE has been reported.’*>® A
study of intraoperative TEE and postoperative esopha-
goscopy in 50 children (weights of 3.0 to 39.8 kg)
demonstrated hypotension andmairway obstruction
with probe insertion in twodpatients,’a 2.6 kg infant
with tetralogy of Fallot and"a 3.0 kg infant with totally
anomalous pulmonary yénous return.*® Another study
evaluated changes i hemoedynamic¢ and ventilatory
status of small infdnts undergoing intraoperative TEE
for cardiac surgery and'found 10 significant hemody-
namic changé attributable,to the TEE. In this series,
compromi$ed ventilation occurred in only one patient
with massively dilated pulmonary arteries in whom the
TEE probe was withdrawn due to concern for possible
aifWway cefpression.”*>> To avoid airway compres-
sion, positioning the probe in the hypopharynx while
not activelydmaging has been recommended in small
infants who display compromised ventilation.>® Hemo-
dynamic compromise has also been reported during
TEE4dn a small neonate with totally anomalous pulmo-
nary venous drainage where the direct pressure of the
TEE probe compressed the posterior venous conflu-
ence.”” TEE risks also include compression of struc-
tures adjacent to the esophagus, such as the trachea,
bronchus, descending aorta or atrium. In cases of
anomalous origin of the subclavian artery from the
descending aorta, compression of the anomalous sub-
clavian artery by the TEE probe can occur.”®>®

Probe Safety

In order to ensure patient safety during TEE, it is
important that the integrity of the insulating layers
of the transducer be intact. Before each use, the
probe should be inspected visually and then manu-
ally with a gloved hand to detect defects in the
probe encasement with close attention to the re-
gions of mechanical deflection. Small cracks or
breaks may occur at the deflection region of the TEE
probe. Thus, careful inspection of the deflection
region is recommended with the distal tip maneu-
vered in all rotational positions. After a TEE study
has been performed, reinspection of the probe
integrity is recommended to exclude probe damage
during the procedure. Probe cleaning technique and
specific brands of disinfectants are recommended by
the probe manufacturers. Standards for inspection,
cleansing, and disinfection of TEE probes is recom-
mended for each echocardiographic laboratory.
Manufacturers’ specifications for disinfection soak-
ing time should be followed. Damage to the probe
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encasement can also occur with use of a wrong
disinfectant or excessive immersion time in the
recommended disinfectant. It is recommended by
each manufacturer that the probe be intermittently
tested for electrical safety. The probe is placed in a
saline bath and connected to a leakage current
analyzer that measures leakage, with guidelines es-
tablished by the various manufacturers.

Endocarditis Prophylaxis During the
Procedure

The risk of endocarditis with a direct endoscopic
procedure is small. Transient bacteremia may occur
during or immediately following endoscopy; how-
ever infective endocarditis attributable to endos-
copy has been noted in only rare cases.®® There is a
2% to 5% risk of bacteremia during most gastrointes-
tinal endoscopic procedures, and the organisms
identified are unlikely to result in endocarditis.®®
However, positive blood cultures have been docu-
mented in the first 10 minutes following transesoph-
ageal intubation in 7% to 17% of adult patients
tested.®>%* We agree with the AHA recommenda-
tions that endocarditis antibiotic prophylaxis is not
recommended for standard TEE, but may be consid-
ered optional in high risk patients with prosthetic or
homograft valves, previous history of endocarditis,
cyanotic CHD or surgically })laced systemic t0 pul-
monary shunts or conduits.®”

Contraindications to TEE in the Patient with
CHD

Table 2 lists the absolute and relative ¢ontraindica-
tions for performing a TEE examinationdin the
patient with CHD. The risk of theé TEE procedure
and benefits must be catefully,weighed in patients
with cervical and thoracie spinabhabnormalities that
may distort the nogmal orientation of the esophagus.
Patients with Downhsyndrome have intrinsic nar-
rowing of thedhypopharyngedl region in addition to
having incréased incidence of cervical spine anom-
alies that maygfesult|in difficult, or failed, probe
insertion.? Previous €sophageal surgery, history of
dysphagia, or significant coagulopathy are associ-
ated with higher risk and are considered relative
contraindications to TEE.*®

III. KNOWLEDGE BASE, SKILLS, AND
TRAINING NECESSARY TO PERFORM A TEE
EXAMINATION IN THE PATIENT WITH CHD

Performance of the TEE examination in the pediatric
patient requires skills, knowledge, and training,
which differ from those needed to perform TEE in
the adult. Specific requirements include a thorough
knowledge and understanding of congenital heart
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Table 2 Contraindications for transesophageal
echocardiography

Relative

Absolute contraindications contraindications

Unrepaired tracheoesophageal History prior esophageal
fistula surgery

Esophageal obstruction or Esophageal varices or
stricture diverticulum

Gastric or esophageal
bleeding

Vascular ring, aortic arch
anomaly with or
without airway
compromise

Oropharyngeal
pathology

Severe coagulopathy

Cervical spine injury or
anomaly

Perforated hollow viscus

Poor airway control

Severe respiratory depression

Uncooperative, unsedated
patient

defécts, skill intmanipulation of the TEE probe in
younger!patients, the ability to perform the study
efficiently with the time constraints that are often
related “todintraoperative studies, and the skill in
imparting information clearly and accurately to sur-
geons or interventionists during therapeutic proce-
dures. The following skills, experience, and training
are recommended in order to achieve and maintain
competency in performing TEE in the patient with
CHD.

Cognitive Skills, Technical Skills, and
Training Guidelines

One should have a thorough knowledge of the
spectrum of congenital heart defects and a rich
experience in 2-dimensional, pulsed, continuous
wave, and color Doppler echocardiography of CHD.
Experience can only be obtained by performing and
interpreting many TTE studies on patients with a
wide variety of cardiac abnormalities. The physician
should be able to diagnose a variety of structural
defects by TTE before attempting to perform super-
vised TEE with its associated potential risks and time
constraints. For these reasons, general pediatric
echocardiography skills at Level 2 are recommended
for physicians who wish to perform TEE indepen-
dently on pediatric patients with CHD (Table 3).¢

In order to perform TEE on pediatric patients with
CHD, the echocardiographer should understand oro-
pharyngeal anatomy, the technique of endoscopy,
potential risks of TEE, and contraindications for the
procedure. Prior recommendations regarding train-
ing for esophageal intubation have been pub-
lished.'*'*%® patients with CHD may have associ-
ated congenital abnormalities of the esophagus—
repaired or unrepaired—that may make esophageal
intubation difficult or impossible. In these cases the
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Table 3 Guidelines for training and maintenance of competence

Component Objective

Duration No. cases

Echocardiography (Level 2)*

Prior experience in perform/interpreting TTE

6 mo or equivalent 400: =200 <1y

Esophageal intubation TEE probe insertion Variable 25 cases (12 <2vy)

TEE exam Perform and interpret with supervision Variable 50 cases

Ongoing TEE experience Maintenance of competency Annual 50 cases; or achievement of
(Level 3)* laboratory-established

outcomes variables

TEE, Transesophageal echocardiography; TTE, transthoracic echocardiography.

*From references 15, 67, and 68.

risks and benefits of TEE should be assessed before
the procedure is attempted. Significant supervised
experience in esophageal intubation in small chil-
dren is necessary in order to select proper probe
size and intubate the esophagus safely and
correctly.’” In the patient weighing =3 kg, esopha-
geal intubation may be particularly challenging. We
therefore recommend that probe placement be per-
formed on at least 25 patients with CHD under the
direct supervision of an experienced pediatric echo-
cardiographer, gastrointestinal endoscopist, or anes-
thesiologist before the TEE probe is placed unsuper-
vised. At least half of the patients should be less than
2 years of age with special emphasis placed on the
practical aspects of esophageal intubation in_the
neonate.

Technical skills necessary for TEE of CHDot only
include competence in esophageal intubation,sbut
also probe manipulation in order tofachieve ‘stan-
dard views and optimize image and Doppler pro-
files. During interventions the echoecafdiographer
must communicate findings tofthe surgeon of inter-
ventionist quickly, lucidlyg and accurately. Opti-
mally, these skills are obtained through training in
an active, accredited echecardiography laboratory
under the supervision of echocardiographers expe-
rienced in TEE in the pediatric patient. Experience is
necessary in avariety of clinical settings where the
indications for study andspatient hemodynamics
differ. These sitesfinclude the operating room, inten-
sive care unit, outpatient setting, and cardiac cathe-
terization laboratesy: It is recommended that super-
vised performance and interpretation of TEE
examination be performed in a minimum of 50
patients before TEE studies of CHD are performed
independently.

Recommendations for Physicians Not
Formally Trained in TEE Performance in
Patients with CHD

The aforementioned skills are best achieved by
completing a formal fellowship training program in
pediatric cardiology with emphasized training in
TEE. Physicians who have not trained in pediatric
cardiology or those who trained without emphasis
in TEE must acquire similar knowledge of congenital

heart disease, general echocardiography, and skills
in TEE in order to perform TEE independently. The
intent of the task fore€ is not toyexclude physicians
from performing TEE in_pediatri¢ patients, but to
clarify the necessary components, skills, and extent
of supervisedgtraining and €xperience necessary.
The goal isfto promote ‘patient safety and quality
of care sinee TEE evaluation of the patient with
CHD s" more, complex, and procedures on the
youfig may, be more risky than in the adult without
Cp.! ,42469-71

The'physician without formal pediatric cardiology
training must undertake an intensive training period
il an accredited pediatric/congenital echocardiogra-
phy laboratory. The task force recommends that
phySicians acquire knowledge in cardiac anatomy,
congenital cardiac pathology, pathophysiology, dif-
ferential diagnosis, and alternative diagnostic modal-
ities as they would during a pediatric cardiology
fellowship. Physicians must achieve the equivalent
experience of a Level 2 pediatric echocardiographer
with a strong knowledge base in congenital heart
disease before they begin to learn how to perform
and interpret TEE in pediatric patients.®” For this, a
training program to learn esophageal intubation,
probe manipulation, and image interpretation under
the supervision of an experienced Level 3 pediatric
echocardiographer is recommended.

Many pediatric cardiovascular anesthesiologists
have received appropriate training and experience
in TEE in the pediatric patient and provide interpre-
tation in the operating room. Often the intraopera-
tive TEE is used to monitor cardiac function and
intravascular volume status by observation of LV
systolic function and cardiac chamber dimension. In
these cases, we recommend that a second trained
person in TEE or congenital cardiovascular anesthe-
siology be available in order to ensure that undi-
vided attention is paid to the postoperative/interven-
tional findings on TEE, as well as the anesthetic care
and hemodynamics of the patient.

Maintenance of Skills

Once the skills and knowledge base are achieved, it
is recommended that 50 TEE examinations in pedi-
atric patients be performed annually to maintain
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proficiency. In a large program in which duties may
be shared among many TEE competent physicians, it
is conceivable that fewer than 50 studies per TEE
competent physician per year may be performed. In
these cases, maintenance of proficiency can be
alternatively achieved based on outcomes variables,
as established by the individual laboratory director.
In such cases, laboratory guidelines and outcomes
variables should be established with annual review
of the physician’s TEE performance and interpreta-
tive accuracy by identification of complications as
well as correlation with other imaging modalities,
operative findings, and patient clinical outcome.

IV. PERFORMANCE OF THE TEE
EXAMINATION IN A PEDIATRIC PATIENT

A systematic and complete approach to TEE in the
pediatric patient ensures that unexpected and clin-
ically significant findings are recognized. Compre-
hensive studies enable one to readily recognize
normal anatomy and normal variants from patho-
logic states. The methods used for performance of
the TEE examination have been extensively de-
scribed elsewhere. Standardized imaging planes
have been established for the comprehensive adult
TEE examination, and were published in a p@sition
paper by the ASE/SCA in 1999.'* These viéws and
planes may be applied to the pediatrig, patient as
well. Currently, there is no uniform€onsensus)on
standardized views and planes to bedised fof'the TEE
examination in the pediatric patienthAdnumber of
centers have established excéllent algorithms for
performance of TEE examihation/for a“variety of
types of CHD. It is currently ot the intention of this
task force to endorse any particular form of imaging
algorithm or method of image display for the pedi-
atric patient, but rather to encourage the use of a
careful, detailed, and, consiStent systematic ap-
proach to gach and every’ TEE examination per-
formed. ReviewOf techniques used and methods
applied is encouraged on a regular basis in order to
provide for continudl quality improvement.

SUMMARY

TEE in the pediatric patient is a unique procedure
that requires a special fund of knowledge and skills
base that differs from that which is necessary for the
performance of TEE in the adult. We have outlined
the indications, safety issues, and training and pro-
ficiency guidelines for performance of TEE in the
pediatric patient. TEE has had a substantial positive
impact on the care and management of the patient
with CHD in all age groups, from the infant to the
adult. In the future, high quality TEE in CHD will
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continue to be in great demand as the need for
imaging of complex cardiovascular structures, both
before and after intervention, continues to expand.
It is hoped that these guidelines will act as a
benchmark of quality for the performance of this
important procedure.
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