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introduction

Transesophageal echocardiography (TEE) is an important 
cardiac imaging modality with unique advantages over 
conventional transthoracic echocardiography (TTE). Given 
the close proximity of esophagus to the heart with minimum 
intervening structures, TEE generally provides excellent 
quality images, especially of the structures situated posteriorly, 
such as atria, pulmonary veins, mitral valve (MV), and left 
atrial appendage (LAA). Accordingly, TEE is routinely 
utilized for better delineation of pathologies related to these 
structures. Additionally, TEE offers a useful alternative to 
TTE in patients in whom transthoracic acoustic windows 
are suboptimal, a scenario commonly encountered in the 
intensive care units (ICU). Finally, TEE is the most suited 
imaging modality for use in the operating rooms and 
cardiac catheterization labs for guiding cardiac surgical or 
interventional procedures.

aim of thE documEnt

TEE requires specific skillset for obtaining diagnostic quality 
images as the probe manipulation and echocardiographic-anatomic 
orientation are vastly different from TTE. Furthermore, TEE is 
a semi-invasive test and is associated with patient discomfort 
as well as a small risk of minor and major complications. For 
these reasons, dedicated training in TEE is required to gain 
competency in performing this test successfully, smoothly, safely 
and with minimum patient discomfort. This document describes 
the following aspects of performance of TEE-
• Basic principles,
• Patient selection and preparation,
• Periprocedural monitoring,
• Probe handling and maneuvers,
• Commonly recommended views and the techniques to 

obtain these views,
• Evaluation of certain specific cardiac structures/

pathologies,
• Role of TEE in certain specific clinical settings.

tEchnical and cognitivE skills rEquirEmEnt

Performance of adult TEE examination requires adequate 
training and competence.[1] Following are the necessary 
cognitive skills-
• Thorough knowledge and understanding of TTE,
• Understanding appropriate indications and absolute 

contraindications for TEE and the risks of the procedure,
• Knowledge of the procedure of conscious sedation and 

cardio-respiratory monitoring during the procedure.
• Thorough knowledge of all TEE views and their 

echocardiographic-anatomic correlation,
• Knowledge of various disease processes with resultant 

alterations in cardiac structure and function,
• Thorough understanding of cardiac hemodynamics,
• Competence in distinguishing adequate from inadequate 

TEE examination,

• Basic knowledge of other cardiac imaging modalities 
such as computed tomography (CT) and cardiac magnetic 
resonance imaging, which can complement the TEE 
examination, and

• Competence in preparing a detailed report of a TEE 
examination.

In addition to above, following are the mandatory technical 
skills-
• Competence in performing complete TTE,
• Dexterity to use all the controls of the TEE probe with one 

hand and simultaneously maneuvering the probe with the 
other hand, with good hand-eye coordination,

• Ability to use local anesthesia effectively in the oropharynx 
and judging its adequacy with gag reflex,

• Competence in using safe and effective conscious 
sedation,

• Ability to pass the TEE transducer safely into esophagus 
and stomach and adjusting various probe angulations to 
get best images and Doppler data,

• Ability to recognize the abnormalities in cardiac structure 
and function in multiple views,

• Ability to recognize various artifacts,
• Proficiency in performing qualitative and quantitative 

analysis of the acquired data in a manner that can help 
the clinician, and

• Ability to safely sterilize the TEE probe.

The 2015 Core Cardiology Training Statement (COCATS) 
4 Task Force 5 recommends that minimum training for 
independent performance and interpretation of TEE should 
include performance of 25 esophageal intubations and 
50 supervised complete multiplanar diagnostic studies.[2] This 
should be further supplemented by continued instruction under 
the supervision of an experienced operator for an additional 
50 studies. The recommended duration of training is six 
months. The 2019 American College of Cardiology/American 
Heart Association/American Society of Echocardiography 
document mentions that more advanced (i.e., Level III) 
training in TEE requires the performance and interpretation 
of a minimum of 150 TEEs, which represents an additional 
100 studies beyond Level II.[3]

Three-dimensional (3D) TEE requires additional skills and 
knowledge about 3D basics, image formation, image format, 
incremental information available and how this can be used 
in the diagnosis and management of various pathologies, 
including structural heart interventions.

probE hardwarE

A TEE probe is a modified flexible gastroscope with remotely 
controlled ultrasound transducer at the distal tip. Although the 
exact hardware design varies for different vendors, a typical 
TEE probe consists of the following parts[4] [Figure 1].
a. Distal tip (transducer lens): It has a round face-plate behind 

which reside the acoustic lens and an array of packed 
piezoelectric crystals [two-dimensional (2D) TEE- 128 
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crystals, 3D TEE- 2500 crystals], resting on the backing 
material. The piezoelectric crystals when stimulated 
by electric field emit ultrasonic waves and conversely, 
upon receiving returning echoes, they generate electrical 
signals. The frequency of the TEE transducer is between 
3.5-7.5MHz for adult probes and 5-10MHz for pediatric 
probes. The distal tip portion of the probe can be remotely 
flexed in anteroposterior and side- by-side direction by 
two control knobs at the handle. Additionally, the phased 
array of the piezoelectric crystals can be electronically 
rotated from 0° to 180° to generate multi-angle imaging 
planes

b. Flexible shaft: It contains the cables carrying electrical 
impulses and mechanical commands, encased in a synthetic 
housing providing electrical and water insulation. Any 
damage to this insulation by bite marks or wear and tear 
should be inspected periodically. The adult TEE probe has 
a diameter of 5-6 mm at the shaft and 12 mm at the tip, 
while the pediatric TEE probe has a diameter of 5-6 mm 
at the shaft and 10 mm at the tip. These sizes can generally 
be easily accommodated in the esophagus of adult and 
pediatric patients, respectively. The probe has markings 
at 10 cm intervals from the tip, which indicate the depth 
of insertion. For storage, it is preferable to hang the probe 
by handle mount in an airy wooden cupboard, just like 
gastroscopes, rather than winding it up in a suitcase. 

c. Handle (controls housing): This is the fusiform and bulky 
part of the TEE probe with one large wheel to control 
anteflexion and retroflexion of the tip and one small wheel 
to control side-by-side flexion. A locking mechanism is 
available at the inner end of the wheel to fix the position 
of the tip as desired. It is suggested to always keep the 
lock in neutral position while inserting, removing, or 
manipulating the probe in-vivo to avoid internal injury by 
the flexed probe. The handle also has two closely spaced 
buttons for ‘forward’ or ‘backward’ electronic rotation 
of the imaging plane from 0° to 180°. Some of the recent 
probes a have a third button in the middle which can be 
customized for image acquisition, orthogonal imaging or 
initiating color Doppler

d. Cable and the connector: They connect the TEE 
probe to the probe connector socket present on the 
echocardiography machine.

The absorption and scattering of ultrasound energy by the 
biological tissues causes thermal bioeffects raising the local 
temperature at the site of contact between the probe tip and 
the esophageal wall. The echocardiography machine monitors 
probe tip temperature and provides a warning when the 
temperature is elevated beyond safe limits. In such cases, it is 
advisable to press ‘freeze’ button to stop imaging for a short 
period of time to allow the tip to cool down. Ignoring and 
overriding this waring must be avoided to prevent thermal 
injury to the esophageal wall. Similarly, in the operating room, 
when TEE probe is left in-situ during the surgery and is not in 
use, the imaging should be ‘frozen’ to avoid esophageal burns. 
It is even better to switchover to TTE probe during such periods 
and keep it frozen.

clEaning, disinfEction, and maintEnancE of thE 
probE

The TEE probe, especially the 3D TEE probe, is a sophisticated, 
expensive equipment which is flexible, delicate, heat sensitive 
and reusable that needs extra care in maintenance. The 
procedure for cleaning, low-level disinfection, high-level 
disinfection, storage and carriage should be clearly established 
and followed by medical and paramedical personnel.[5-7] 
Patients’ oral cavity, esophagus and stomach contain pathogens, 
which should not be transmitted to other patients and personnel. 
Moreover, injury to the mucous membrane may result in 
bleeding which may contaminate the probe with blood borne 
pathogens. The commonly involved pathogens include bacteria 
like helicobacter pylori, pseudomonas aeruginosa, salmonella 
group and mycobacterium group; and viruses like hepatitis B, 
hepatitis C, human immunodeficiency virus, and severe acute 
respiratory syndrome coronavirus 2.

The exact incidence of transmission of infection during the 
TEE procedure is not known, but with upper gastrointestinal 
endoscopy, it is 1 in 1.8 million procedures.[8] The hospital 
infection control team and biomedical engineers from the 
equipment company should be consulted in selecting the 
required substances for cleaning the probe and for high-level 
disinfection. Various leading vendors also provide probe 
disinfection recommendations on their websites.[9,10] The aim 
is to prevent cross infection of patients and medical workers.

Ten steps for cleaning, disinfection and storage of the 
probe
Following are the recommended steps for cleaning, disinfection 
and storage of a TEE probe[11]

• Step 1: After the probe is removed from the patient, it 
should immediately be wiped with lint free gauze. It is then 
rinsed with running water for 1 minute to remove the body 
fluids. Do not allow the body fluids to dry which happens 
when the probe is left unattended after a procedure

Figure 1: Different parts of a transesophageal echocardiography probe
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• Step 2: The probe is then immersed for 5 minutes in a tray 
containing a combination of enzymes (e.g., Cidezyme® 
Xtra from Johnson and Johnson) to completely remove any 
proteinaceous and lipid materials present. These solutions 
have cellulase, lipase, protease, amylase, and proprietary 
enzymes with advanced proteolytic action. Hence, 
overexposure may degrade the outer covering of the probe 
shaft. It is preferable that the person doing the sterilization 
should wear protective clothing in the form of a disposable 
cap, glove, plastic apron, eye protection and mask

• Step 3: The probe is then rinsed again with clean running 
water and wiped dry using lint free gauze. This is to 
remove the water which may dilute the concentration of 
the disinfectant and to also remove any debris

• Step 4: The connector can be plugged into an electrical 
leakage testing unit before high-level disinfection

• Step 5: The probe is left inside the high-level disinfectant 
solution of recommended concentration. Glutaraldehyde 
2% solution, which is available as Cidex®, is the commonly 
used disinfectant solution. It kills all the bacteria, 
viruses and spores in 20 minutes. In United Kingdom, 
this substance is banned. Ortho-phthalaldehide 0.55% 
solution (HOSPAL-OPA®) is alternatively used, and the 
probe is kept immersed for 12 minutes. The minimum 
required concentration can be checked by using test strips. 
The solution is usually changed once in 14 days and earlier 
if it fails during the test

• Step 6: The disinfected probe should be rinsed with clean 
water thrice, for one minute duration each time, to remove 
any disinfectant

• Step 7: The probe is then wiped dry and kept inside a 
disposable sterile cover ready for use in the next patient

• Step 8: The probe is then stored in a cabinet hanging 
vertically down [Figure 2], the cabinet should be dry and 
in a high-efficiency particulate absorbing (HEPA) filter 
clean space

• Step 9: The probe must be carefully transported 
inside and outside the hospital by keeping it in a carrying 
case

• Step 10: The metallic part of the probe and connector’s 
external surface may be sprayed and wiped clean with 
70% isopropyl alcohol or using sanitary wipes soaked 
in alcohol. Care should be taken to ensure that no liquid 
enters any unsealed joints near the control knobs. Entry 
of liquids may produce corrosion and electrical damage.

Steps 4, 5, and 6 may be undertaken in a microprocessor 
controlled automated endoscope reprocessor system which 
checks the probe for electrical leakage, does high-level 
disinfection and rinses the probe with filtered water. This offers 
some advantages in terms of reducing manual labor and reduces 
the time to complete the process. It also reduces human error 
and human exposure to the disinfectant. A printout of the results 
of disinfection process can be obtained and stored for auditing.

The bite guard also should be cleaned and sterilized in the 
same manner as described for the probe.

Tips for proper handling
The TEE probe should be transported without re-contaminating 
i t  and without dropping or impacting the probe 
(scan head and connector) against any hard surface or sharp 
objects which could result in damage. The tip should not be 
moved manually, and it should be done only by rotating the 
control knobs. The flexible portion of the shaft should not be 
bent too much and the diameter of the circle should be more than 
12 inches when kept inside the disinfectant tray. The probe should 
not be left inside the carrying case for more than 48 hours, as this 
will affect the flexibility. The tip of the probe which contains the 
crystals and lens should always be covered with a protective cap. 

patiEnt sElEction

Ind icat ions  for  per forming t ransesophageal 
echocardiography
TEE has several advantages over TTE and other cardiovascular 
imaging modalities. Due to the close proximity of the TEE probe 
to heart from esophagus and upper gastric region, TEE has 
virtually no challenge of limited access window or poor acoustic 
window, encountered frequently during TTE.[12] Furthermore, 
TEE can utilize high frequency ultrasound beam (5-8 MHz) to 
generate high resolution images with high signal-to-noise ratio 
and with least reverberation or shadowing artefacts. Also, TEE 
can achieve 180° scanning via electronic plane rotation due 
to least acoustic impedance from soft tissue around the probe.

For these reasons, TEE invariably yields high diagnostic 
quality images of posterior cardiac structures such as left 
atrium (LA), right atrium (RA), opening of the pulmonary and 
systemic veins into atria, interatrial septum, atrial appendages, 
aortic root, descending thoracic aorta and aortic arch, and right 
pulmonary artery to specify. The greatest advantage of TEE 
is however, in the comprehensive and real-time evaluation 
of MV structure and function by 2D and 3D imaging modes, 
which is not possible by any other cardiac imaging modality.[13]

Being real time, portable and far from the operating field or 
vascular access sites, TEE is also the imaging modality of choice 

Figure 2: Probe storage cabinet
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for cardiac surgery or catheter interventions. It can leverage the 
advantages of all the different cardiac ultrasound modalities 
like color Doppler, spectral Doppler, tissue Doppler imaging, 
speckle tracking, ultrasound contrast and 3D echocardiography.

Following are the common indications for performing TEE[14]

1. If TTE is non-diagnostic due to poor acoustic window 
despite the use of ultrasound contrast, or when more 
critical information is required about posterior cardiac 
structures

2. Infective endocarditis-
a. In patients with clinical suspicion of infective 

endocarditis, especially when TTE is negative. TEE 
has higher resolution to diagnose smaller vegetations. 
There is generally a low threshold to perform TEE in 
cases of clinically suspected prosthetic valve/conduit 
or pacemaker endocarditis

b. In acutely ill patients with infective endocarditis, 
there is a low threshold to perform TEE to pick up 
early para-valvular abscesses, valve perforations, 
prosthetic valve dehiscence or other structural 
damage caused by the infection

c. Surveillance TEE is indicated in infective endocarditis 
if there is no response to treatment or deterioration in 
clinical condition.

3. To exclude LA/LAA clot in patients with atrial 
fibrillation (AF) who are scheduled to undergo electrical 
cardioversion or radiofrequency (RF) ablation

4. Valve lesions-
a. In mitral or aortic valve regurgitation, to assess the 

mechanism of regurgitation and feasibility of repair
b. In mitral stenosis (MS), to diagnose LAA clot before 

balloon mitral valvotomy or when the patient presents 
with a cardioembolic event

c. In aortic stenosis (AS), TEE may be useful for diagnosis 
of subaortic membrane, direct planimetry of aortic valve 
area, accurate measurement of left ventricular (LV) 
outflow tract (LVOT) diameter or cross-sectional area, 
and the size of aortic sinuses or ascending aorta

d. In patients with prosthetic valve dysfunction, 
especially in case of mitral prosthetic valve, TEE 
invariably provides incremental information over 
TTE and fluoroscopy by improved visualization of 
thrombus, pannus, paravalvular regurgitation.

5. In cryptogenic stroke, TEE is essential to exclude 
right-to-left shunt across patent foramen ovale (PFO) 
(aided by saline bubble contrast with Valsalva maneuver), 
to visualize mobile atheromas in the arch of aorta and to 
detect other unsuspected cardiac sources of embolism[15]

6. Congenital heart diseases-
a. TEE is useful in adults with TTE evidence of 

unexplained RA and right ventricular (RV) dilatation 
with or without pulmonary hypertension (PH). In such 
cases, TEE helps to diagnose pre-tricuspid shunts 
such as sinus venosus atrial septal defect (ASD) and 
partial anomalous connection of pulmonary veins. 

In adult patients with TTE diagnosis of ostium 
secundum ASD, TEE is frequently performed for 
assessing suitability for device closure. Similarly, 
in case of suspected primary PH, TEE is frequently 
performed before planning cardiac catheterization

b. TEE is often useful for evaluation of RV outflow 
tract/LVOT stenosis, sub-valvular and valvular 
pulmonary stenosis/ AS, and the function of conduits 
in adult patients with congenital heart disease.

7. In cases of cardiac masses, TEE is frequently performed 
if TTE is unable to delineate the attachment, infiltration, 
spatial extension, and hemodynamic impact of the mass

8. TEE is immensely useful in the cardiac catheterization 
lab for guiding various interventional procedures such as 
device closures (ASD, ventricular septal defect, ruptured 
sinus of Valsalva aneurysm, paravalvular regurgitation, 
etc.), percutaneous valve implantation or repair, interatrial 
septal puncture, RF ablation of pulmonary veins, LAA 
closure, and insertion of ventricular assist devices (VAD) 
and extracorporeal membrane oxygenation cannulas

9. Role in the operating room-
a. TEE has an important role in the cardiac operating 

room, especially during the surgery for valvular or 
congenital heart diseases.[16-18] After induction, a quick 
TEE examination re-confirms the diagnostic findings 
and often provides additional information to guide the 
surgical planning. After release of the cross-clamp, 
once the ventricles start ejecting and the weaning from 
the cardiopulmonary bypass starts, a quick assessment 
of LV preload, ventricular recovery and intracardiac air 
bubbles can be performed with TEE. After achieving 
adequate systemic blood pressure (BP), adequacy of 
structural repair or functioning of the implanted valves 
can be thoroughly assessed. The crucial decision at 
this moment regarding the need for a second run of 
cardiopulmonary bypass for inadequate repair heavily 
depends on meticulously gathered semi-quantitative 
TEE data[16]

b. Even during the non-cardiac surgeries, TEE may 
be required in case of unexplained hypotension, 
hypoxia, or hemodynamic instability. In such 
circumstances, TEE can provide a quick assessment 
of ventricular function, volume status and intracardiac 
hemodynamics.

10. In hemodynamically unstable, post myocardial infarction 
or post-operative patients in cardiac ICU, TEE is indicated 
when the cardiac cause of deterioration is suspected 
and TTE is either non-diagnostic or not feasible due 
to the presence of chest dressings and drainage tubes 
and/or unfavorable patient position because of mechanical 
ventilation. TEE is useful in recognizing new-onset or 
worsening LV systolic dysfunction, aortic dissection, LA 
thrombus, ruptured papillary muscle, cardiac-aortic source 
of embolism, intracardiac vegetation, acute native or 
prosthetic valve dysfunction, which are frequently missed 
during TTE in such patients[19,20]
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11. In patients with severe chest pain with normal cardiac 
biomarkers and non-diagnostic electrocardiogram (ECG), 
and with suspected acute aortic syndrome, TEE may be 
considered if cardiac CT is not immediately available

12. TEE is more sensitive in detecting intrapulmonary shunt 
in patients with cirrhosis of liver. The detection rate for 
intrapulmonary shunt in patients with PaO2 <80 mmHg 
or dyspnea is 56% and 50%, respectively, with TEE and 
33% and 25% with TTE.[21]

Appropriate use criteria
The clinical use of TEE as a first or supplemental test is deemed 
appropriate in the following clinical situations[22]

1. Non-diagnostic TTE
2. Surveillance of LA thrombus or valvular vegetation for 

resolution on optimal treatment, and for modifying or 
stopping therapy

3. For guiding transcatheter device therapy
4. Acute aortic syndrome
5. Evaluation for valve repair surgery
6. Diagnosis of infective endocarditis when pre-test 

probability is moderate to high
7. Evaluation of cryptogenic or suspected cardioembolic 

stroke
8. Patients with AF scheduled to undergo electrical 

cardioversion or RF ablation.

Conversely, the use of TEE as a first or supplemental test is 
deemed inappropriate in the following clinical situations[22]

1. After good quality TTE with diagnostic information 
optimal for therapeutic decision-making

2. Surveillance of LA clot or valvular vegetation on optimal 
treatment when no change in treatment is anticipated

3. Asymptomatic patient after pulmonary vein isolation by 
RF ablation

4. Diagnosis of infective endocarditis when pre-test 
probability is low

5. Evaluation of cardioembolic stroke with known source 
on TTE

6. AF patients on anticoagulation not considered for 
electrical cardioversion.

Contraindications
Definite contraindications for TEE are few and are clinically 
obvious-
1. Recent oropharyngeal or esophageal surgery
2. Obstructive pathology of pharynx or esophagus like 

neoplasm or stricture
3. Suspected esophageal perforation or traumatic injury
4. Diverticulum of esophagus
5. Active bleeding from esophageal ulcer or varices.

The relative contraindications are as follows-
1. Loose teeth or gum injury
2. Agitated and uncooperative or delirious patient
3. Inability to open mouth widely
4. History of radiation to head, neck, or mediastinum
5. History of Barrett’s esophagus

6. Non-bleeding ulcers or grade 1 or 2 esophageal varices 
with no recent variceal bleeding- TEE can be performed 
safely, avoiding lower esophageal and transgastric 
views[23]

7. Hiatus hernia
8. History of odynophagia or dysphagia
9. Cervical spine arthritis or instability
10. Prolonged partial thromboplastin time or thrombocytopenia
11. Bleeding diatheses but no active bleeding
12. Obstructive sleep apnea/airway compromise during 

intravenous (IV) sedation.

patiEnt sEt‑up, anEsthEsia, intra‑procEdurE 
monitoring considErations

Patient preparation
The patient scheduled for TEE should be instructed to come 
fasting for at least 4-6 hours. If the patient is on warfarin 
and the prothrombin time/international normalized ratio is 
in therapeutic range, there is no need to stop warfarin. The 
patient should bring all relevant medical records, including 
previous TTE report. A consent form is required to be signed 
before the procedure.

To reduce the patient’s anxiety, the physician or the assistant 
should explain the TEE procedure in simple terms. A detailed 
history about potential contraindications to TEE should be 
obtained. History of allergies, current use of alcohol or drug 
addictions should be reviewed. Any removable dentures should 
be taken out, and the oral cavity and oropharynx examined for 
any pathology and to assess the Mallampatti score.[24]

The baseline saturation, heart rate and BP are measured and 
recorded. A cardiac monitor would be helpful. An IV line is 
preferred, especially if the need for IV sedation is anticipated. 
The IV line should be placed in the left arm if saline bubble 
contrast study is planned for PFO, considering that persistent 
left superior vena cava (SVC) has been reported in roughly 
4% patients referred for cardiac evaluation.[25]

The patient lies down on the examination couch in left lateral 
or right lateral position to reduce the chances of aspiration 
during the procedure. It should be noted that the pulmonary 
venous (systolic flow) return from the corresponding dependent 
lung increases in the lateral position.[26] Disposable chest 
electrodes are applied and connected to the echocardiography 
machine’s ECG cable. A finger probe pulse oximeter is also 
connected. For patients needing supplemental oxygen or 
IV sedation, a nasal cannula is set up and connected to the 
oxygen source. It is optional to place a non-invasive BP cuff 
for automatic periodic BP monitoring. The availability of a 
trained or knowledgeable assistant makes the procedure safer 
and more efficient.

Local anesthesia and sedation for out‑patients
Pharyngeal anesthesia
Pharyngeal anesthesia is used to suppress the gag reflex during 
TEE and the pain associated with esophageal intubation. 
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Aerosol spray or viscous gargles of benzocaine or lidocaine 
are commonly used to anaesthetize the pharynx. The patient 
is asked to open the mouth wide, saying "ahh", and the 
anesthetic agent is sprayed aiming at the soft palate and 
posterior pharyngeal wall. About 3-4 puffs of lidocaine local 
anesthetic spray should result in numbness and heaviness 
in the pharyngeal region. The spray may get inadvertently 
inhaled leading to stressful coughing or laryngeal anesthesia 
and increased risk for aspiration. This should be avoided but 
if it happens, delaying the procedure for some time may be 
needed. The anesthetic effect lasts for 30 minutes to 1 hour.[27] 
Excess spraying of lidocaine may cause toxicity in a very 
small percentage of patients. There are reports of benzocaine 
induced methemoglobinemia and therefore, benzocaine should 
be avoided in patients with a history of methemoglobinemia 
or known glucose-6-phosphate dehydrogenase deficiency.

Intravenous sedation
IV sedation is uncommonly required for TEE, either in the 
young, uncooperative patients or if the patient is agitated. 
Pre-sedation assessment of Mallampati score is performed by 
the anesthetist for judging the difficulty in intubation if required 
in case of emergency. The modified Mallampati classification 
is a simple scoring system that relates the amount of mouth 
opening to the size of the tongue and provides an estimate of 
space available for oral intubation by direct laryngoscopy.[24,28] 
According to this system, class I is assigned when the soft 
palate, uvula, and pillars are visible; class II when the soft 
palate and the uvula are visible; class III when only the soft 
palate and base of the uvula are visible; and class IV when only 
the hard palate is visible. Most patients will need either minimal 
sedation (anxiolysis, normal response to verbal commands) or 
moderate sedation (conscious sedation, purposeful response to 
verbal commands or tactile stimulation) which does not require 
maintenance of patent airway or ventilation or does not cause 
cardiovascular depression.[29] However, oxygen supply, oral 
suction, an emergency crash cart, oral airways, and Ambu bag 
must be available in the echocardiography lab. Nasal oxygen 
supplementation maybe prophylactically needed in case of 
mild desaturation during TEE.

Sedation for TEE is achieved with IV benzodiazepines 
(preferably midazolam), alone or in combination with opiates 
(Fentanyl), as is done during gastrointestinal endoscopic 
procedures.[30] Midazolam has good sedative, amnestic, 
anxiolytic but non-analgesic properties and its effect is easily 
reversed with flumazenil. Midazolam is administered as IV 
bolus of 0.02 to 0.03 mg/kg (1 to 2 mg) over 2-3 minutes 
and its effect starts within 1-2 minutes and may last up to 
15-80 minutes. Fentanyl has good sedative and analgesic 
but non-amnestic properties with rapid onset of action 
and clearance and is reversed with naloxone. Fentanyl is 
administered as IV bolus of 0.5 to 1 mcg/kg over 3-4 minutes 
and its effect starts within 2-3 minutes and may last up to 
30-60 minutes.[29] The patients receiving IV sedatives require 
an extended monitoring after the procedure.

Monitoring
Since most patients undergoing TEE have significant 
cardiovascular disease, their oxygen saturation and hemodynamics 
should be closely monitoring during the TEE examination.
• Non-sedated and lightly sedated patients will not be able 

to communicate verbally during TEE examination due to 
esophageal intubation. Therefore, the patients should be 
instructed in advance to use hand gestures to communicate 
the level of discomfort (tolerable or intolerable)

• The operator and the assistant should remain vigilant 
about obvious warning signs such as facial expression 
of discomfort, cyanosis of lips and fingers, cold clammy 
extremities, fast and thready pulse or changes in breathing 
rate and pattern

• The pulse oximeter should be closely watched for any 
desaturation. Supplemental oxygen should immediately 
be provided through nasal cannula in case of fall in the 
saturation or hypoventilation in a deeply sedated patient. 
The test should be terminated if the saturation does not 
improve or worsens

• The heart rate and rhythm are automatically monitored by 
the echocardiography machine (provided ECG cable is 
connected) and are displayed on the monitor. One should 
watch for significant sinus tachycardia, bradycardia or 
arrhythmias which may result in hemodynamic instability

• For ICU patients or those receiving IV sedation, 
non-invasive BP monitoring with cuff inflation time 
set at every 5 minutes at least is mandatory. Those on 
naso-gastric tube should have it aspirated and preferably, 
removed before the TEE probe is inserted

• Frequent suctioning of the oropharyngeal secretions should 
be performed if TEE is being performed under IV sedation.

Postprocedure instructions
Procedure performed under local pharyngeal anesthesia
After removal of the TEE probe and the bite guard, the probe 
should be checked for any blood streaks. The patient should 
be asked to expectorate the throat secretions in the kidney tray 
and any fresh blood streaks suggestive of oropharyngeal or 
esophageal mucosal injury should be watched for. The patient 
should rinse the mouth and gargle the throat with lukewarm 
water at the wash basin inside the echocardiography room. 
The patient should be instructed to take fluids (but avoid 
cold or hot beverages) orally after at least half an hour and 
soft food after one hour. The patient should also be informed 
that the dysphagia and sore throat feeling may persist for 
12-24 hours and should not cause worry. However, if there 
is persistent dysphagia for longer duration or hemoptysis, 
hematemesis, breathing difficulty or persistent cough during 
the first 24 hours, this should be immediately reported to the 
echocardiography lab.

Procedure performed with intravenous sedation
A through suction of throat secretions should be performed 
through the bite guard. Oxygen saturation on pulse oximeter 
should be checked, and if satisfactory, the bite guard can be 
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removed. The anesthesiologist should examine the patient and 
decide whether the sedation effect has completely reversed 
and if it is safe to allow the patient to get off the bed and do 
throat gargles. The IV line should be removed after half an 
hour. The patient should be instructed as above but disallowed 
to self-drive home.

Complications
The complications of TEE examination in the hands of 
trained physicians are rare, if the test is performed diligently 
and patiently. A single-center study of 10,000 consecutive 
patients undergoing TEE demonstrated a very low risk of 
esophagogastric trauma (hypopharyngeal perforation 0.01%, 
cervical esophageal perforation 0.02%, and gastric perforation 
0%), when the test was performed by an experienced 
operator.[31] The very low risk of complications was also 
confirmed in a multicenter study from 15 European centers 
with 10,419 TEE examinations, carried out by 54 physicians.[32] 
Only one mortality (mortality rate, 0.0098%) was reported, 
which occurred due to esophageal bleeding from a malignant 
lung tumor with esophageal infiltration. In only 90 (0.88%) 
of 10,218 TEE studies, the examination had to be interrupted 
because of the patient’s intolerance of the TEE probe (65 cases); 
or pulmonary (8 cases), cardiac (8 cases), or bleeding 
complications (2 cases); or for other reasons (7 cases). TEE 
has also been shown to be safe as a bedside procedure even in 
critically ill patients in the ICU.[19] Some illnesses may affect 
esophageal tissue, such as previous thoracic radiation, achalasia 
cardia and systemic illnesses like scleroderma with esophageal 
involvement. In such cases, there is an increased risk for 
perforation during TEE, which should be kept in consideration.

The major and minor side effects of TEE are summarized 
below;[33] these should be closely watched for once the test 
is over.

Major complications:
1. Lung aspiration
2. Tooth (native or implanted) dislocation and displacement 

into airway
3. Pharyngeal hematoma causing upper airway compromise[34]

4. Laryngeal injury due to probe entering the trachea
5. Esophageal perforation or Mallory-Weiss tear
6. Mediastinitis due to unsuspected perforation at 

cricopharyngeal junction or in the esophagus
7. Bleeding from upper gastroesophageal ulcers or varices
8. Methemoglobinemia- The incidence of methemoglobinemia 

due to the local anesthetic spray is low (1 case per 1499) 
and has a good outcome if promptly recognized (cyanosis, 
fall in saturation with normal PaO2) and treated with 
IV methylene blue (1% solution, 1 to 2 mg/kg IV 
slowly over 5 min). Clinical factors associated with the 
development of methemoglobinemia are sepsis, anemia, 
and hospitalization.[35]

Minor complications:
1. Mucosal laceration with streaky bleeding while coughing 

or spitting

2. Dysphagia, odynophagia
3. Sore throat
4. Vomiting
5. Bronchospasm, laryngospasm
6. Transient ventricular arrhythmia, AF
7. Heart failure
8. Dislodgement of endotracheal tube in patients on 

mechanical ventilation
9. Dental injury.

There is virtually no risk of transient bacteremia from 
pathogenic oral flora after non-traumatic TEE.[36] Hence, 
infective endocarditis prophylaxis is not indicated before 
TEE.[37]

When used for guiding the interventional procedures, the 
incidence of TEE-related complications is less during 
transcatheter aortic valve replacement (overall 0.9%, major 
0.6%) compared to MitraClip implantation or para-valvar leak 
closure (overall 6.1%, major 2.8%). Procedural time requiring 
TEE-manipulation is an independent predictor of major 
complications. The patient related factors associated with 
increased risk are lower body weight, history of gastrointestinal 
bleeding and the use of chronic steroids/immunosuppressive 
medications.[38]

tEchniquE of probE insErtion

To be able to insert the TEE probe smoothly and safely into 
the patient’s esophagus, the operator must be familiar with the 
basic anatomy of the oropharynx, esophagus, and stomach. 
Beyond the base of the tongue and the soft palatal arch, 
the oropharyngeal cavity makes a 90° downward turn into 
thyropharyngeal and cricopharyngeal cavity. In this portion, 
the epiglottis and the larynx are situated anteriorly, whereas the 
cricopharyngeal muscle (upper esophageal sphincter) is situated 
posterior to the vocal cords. There are 2 different techniques for 
introducing the TEE probe blindly. The probe should never be 
advanced with excessive force. The operator should withdraw 
the probe if resistance is felt and reinsert it with another attempt.

In the first technique, the patient is asked to hold the bite guard 
in between the teeth. The operator holds the handle of the TEE 
probe in the left hand with the knobs facing the patient and 
holds the distal end of the lubricated TEE shaft in the right 
hand. The patient is asked to flex the head forward. With the 
right hand, the probe is glided through the bite guard over the 
tongue till it reaches the soft palate of the pharynx, which the 
operator can easily make out as it usually induces a gag (in 
well-anesthetized patients, the experienced operators can judge 
it by the tactile feeling). During this process, care should be 
taken to keep the probe exactly in the centre of the oral cavity 
to avoid deflecting it into the recesses of the pharyngeal cavity. 
Subsequently, the probe is anteflexed by operating the flexion 
wheel at the handle with left hand and is advanced slightly. 
The patient is asked to make a swallowing attempt to open the 
cricopharyngeal sphincter, which produces a tug on the TEE 
probe. At that moment, the probe tip should be brought back to 
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neutral position (i.e. remove anteflexion) and gently advanced 
into the esophagus. Once the probe tip enters the esophagus, 
further advancing the probe to lower esophagus is usually easy 
and occurs without any resistance.

In the second technique, the bite guard is slid up the lubricated 
TEE probe shaft. The patient is asked to open the mouth and 
flex the neck. The physician puts 2 fingers (middle and index) 
of left hand over the patient’s tongue and glides to reach the 
posterior wall of the anesthetized pharyngeal cavity and then 
bends them down by 90°. With the right hand holding the distal 
end of the TEE probe, the physician glides the probe into the 
patient’s mouth till the tip reaches and is caught between the 
distal end of 2 fingers in the pharyngeal cavity. This ensures 
the probe remains in the centre of the oropharynx and the two 
fingers catching the probe tip can guide it further towards the 
cricopharyngeal sphincter. The patient is then asked to make 
a swallowing attempt to open the cricopharyngeal sphincter 
and with gentle firmness the probe is pushed forward in the 
upper esophagus. Once the physician removes the fingers, the 
bite guard is positioned between the patient’s teeth.

Esophageal intubation of TEE probe requires a different 
technique for ICU patients on mechanical ventilation through 
endotracheal tube. It is a recommended practice to remove the 
nasogastric tube, increase the depth of sedation and administer 
skeletal muscle relaxing agent. The patient’s neck is extended, 
and the TEE probe introduced under direct vision using a 
laryngoscope. Rarely, deflation of the endotracheal cuff may 
be required for easy passage of the TEE probe through the 
cricopharyngeal region.[39] Support of the anesthesiologist or 
the critical care specialist will facilitate the procedure.

In the aforementioned European multi-centre survey of 
10,419 TEE examinations, insertion of the TEE probe was 
unsuccessful in 201 cases (1.9%), either because of the lack 
of patient cooperation and/or operator inexperience (98.5%) 
or because of anatomical reasons (1.5%).[32]

tEchnical aspEcts of probE manipulation and 
imagE display

The basic principles of the imaging plane orientation and its 
display on the echocardiography monitor are described below-

Horizontal planes: The horizontally oriented imaging planes are 
displayed on the monitor in such a way that the left-sided and 
right-sided cardiac structures are shown on the right-hand and 
left-hand side of the imaging display, respectively [Figure 3].

Vertical planes: The vertically oriented imaging planes are 
displayed on the monitor in such a way that the cranial and 
caudal structures are shown on the right-hand and left-hand 
side of the imaging display, respectively [Figure 3].

The TEE probe can be manipulated in the following different 
ways during the examination-
A. Advancing and withdrawing the probe (‘in’ and ‘out’ 

motion)

 The TEE probe can be gently ‘advanced’ or ‘pushed in’ 
or can be gradually ‘withdrawn’ or ‘pulled out’. If the 
imaging plane is in horizontal orientation, advancing or 
withdrawing the probe will transect the heart at different 
levels in craniocaudal direction [Figure 4]. Conversely, 
with vertically oriented imaging planes, this movement 
will result in greater visualization of more caudal or cranial 
structures [Figure 4]. If a more cranial structure (displayed 
towards the right margin of the image sector) needs to be 
visualized, then the probe should be gently withdrawn. In 
contrast, if the structures at the left margin of the image 
sector (i.e., more caudal structures) need to be evaluated, 
then the probe should be gently advanced

B. Clockwise and anticlockwise torque
 The TEE probe can be gently and gradually rotated (torqued) 

either clockwise or anticlockwise (assuming the patient’s 
face to represent the clock face). Small degrees of torque 
adjustment can be done with the hand holding the shaft of 
the probe. However, large angle of torquing is achieved 
more easily by rotating the handle of the TEE probe

 The clockwise torque of the TEE probe turns the imaging 
plane towards right-sided cardiac structures, while the 
anticlockwise torque turns the imaging plane towards 
the left-sided structures. If the imaging plane is oriented 
vertically, then torquing the probe will move the imaging 
plane sideways, transecting the heart vertically at different 
positions [Figure 5]. However, if the imaging plane is 
horizontal, then anticlockwise torque of the probe brings 
the left-sided structures (i.e., those displayed towards the 
right margin of the image sector) towards the center of the 
display [Figure 5]. Conversely, a clockwise torque results 
in the right-sided cardiac structures (those displayed 
towards the left margin of the image sector) coming 
towards the center of the image display

C. Electronic rotation of the imaging plane
 The TEE imaging plane can be electronically rotated, using 

the buttons on the probe handle (and in some machines, 
using the controls on the monitor), around an imaginary 

Figure 3: Orientation of cardiac structures in relation to image display 
on the monitor. (a) Imaging plane horizontal, (b) Imaging plane vertical

b

a
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anteroposterior axis (with respect to the patient’s chest). 
The plane rotates by each degree unit, in anti-clockwise 
direction (when viewed from the front of the chest), starting 
from 0° (horizontal or axial plane) all the way through 
30°-60º [short-axis (SAX) plane], 90º (vertical or sagittal 
plane), 120°-135º (long-axis plane) to 180º (horizontal, 
mirror image) [Figure 6]. The rotation angle and location 
of the plane are shown on the monitor in the form of a dial 
displayed at the left or right upper corner of the image display

D. Flexion of the distal tip
 Two separate wheel-like knobs are situated on the control 

handle using which the distal end of the TEE probe can be 
flexed antero-posteriorly (bigger wheel) or rightward or 
leftward (smaller wheel) [Figure 7]. The operator should 
be aware that excessive movements can cause discomfort 
to the patients

 Anteflexion: Anterior flexion of the TEE probe bends the 
tip forwards, tilting the transducer lens cranially. If there 

are air bubbles trapped in front of the transducer lens, the 
gentle anteflexion helps in achieving good contact between 
transducer lens and anterior esophageal wall, thereby 
improving the image quality. For transgastric views, 
anteflexion is a rule, to achieve good contact between the 
transducer lens and the roof of the fundus to get adequate 
trans-diaphragmatic views. The horizontal imaging plane 
gets tilted cranially by anteflexion. This maneuver is 
particularly useful for obtaining outflow tract view, from 
transgastric SAX views. This outflow tract view allows 
parallel alignment of the Doppler beam with the blood 
flow and is ideal for measuring gradients

 Retroflexion: Retroflexion of the TEE probe bends the 
tip backwards and tilts the transducer lens caudally. The 
horizontal imaging plane gets tilted caudally by retroflexion. 
This maneuver is particularly useful for imaging LV apex 
in the mid-esophageal (ME) 4-chamber view. In the lower 
esophageal view, the inferior vena cava (IVC) margin of ASD 

Figure 4: The effect of advancing or withdrawing the probe on the image display. (a) Horizonal imaging plane, (b) vertical imaging plane. AV: Aortic 
valve, CS: Coronary sinus, IVC: Inferior vena cava, SVC: Superior vena cava

ba

Figure 5: The effect of clockwise and anticlockwise rotation or torque of the probe on the image display. (a) Horizonal imaging plane, (b) Vertical 
imaging plane. LAA: Left atrial appendage, LV: Left ventricle, RV: Right ventricle

ba
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invariably falls in the apical clutter of the image sector. The 
retroflexion maneuver is useful to move gastroesophageal 
junction away from the base of the heart, thereby moving 
the IVC margin of the ASD out of the apical clutter

 Side-by-side flexion: This maneuver used to be helpful in 
the era of monoplane and biplane TEE to get intermediate 
angulations from horizontal or vertical imaging planes. 
Currently, with the availability of multiplane TEE, use 
of sideways flexion is limited but may sometimes be 
necessary during transgastric imaging, especially when 
right or left side structures are being imaged.

imaging windows

Most of the TEE examination is performed from the following 
four imaging windows [Figure 8]
A. ME window: The ME view is at the level of cardiac 

chambers. It is the most utilized view with maximum 
information. This view is useful for detailed evaluation 
of the following structures- LA cavity, LAA, interatrial 
septum, all the four pulmonary veins, multiplanar imaging 
of MV apparatus, multiplanar imaging of aortic valve and 
aortic root, LV in all the three long-axis views, RV inflow 
and outflow tract, RA cavity, in-flow portions of SVC and 
IVC, tricuspid valve (TV), ascending aorta up to the level 
of posterior crossing of right pulmonary artery

B. Lower esophageal window: The lower esophageal view 
is at the level of gastroesophageal junction. This view is 
useful for following structures- additional evaluation of the 
TV (especially for acquisition of 3D data set of the TV), 
evaluation of coronary sinus, visualization of upper hepatic 
portion of IVC and hepatic vein tributary, IVC margin of the 

ASD, Eustachian valve, distal part of descending thoracic 
aorta, and the evaluation of pleural spaces for any effusion

C. Transgastric window: The transgastric views are acquired 
by gradually advancing the probe from gastroesophageal 
junction to the distal part of the fundus and intermittently 
ante-flexing the tip at different levels (care should be taken 
to avoid advancing or withdrawing the probe with its tip 
anteflexed to avoid mucosal injury). This window provides 
three SAX images of the LV from base to apex. These 
SAX images are helpful in wall motion analysis of all the 
16 segments of the LV. The basal SAX view also shows 
en face view of the MV orifice. Anteflexion from apical 
position allows visualization of LVOT and measurement 
of LV outflow velocity and gradient. The long-axis views 
from transgastric window are useful for assessing LV 
inflow and outflow tract. The long-axis views are also 
useful for evaluation of RV inflow and outflow tracts

D. Upper esophageal window: The upper esophageal 
view is useful for detailed evaluation of following 
structures- main pulmonary artery, right pulmonary artery, 
SVC, right superior pulmonary vein, descending thoracic 
aorta, entire arch of aorta and origins of the arch branches.

The approximate distance of TEE probe tip from the incisors 
for different TEE windows is as follows-
• Upper esophageal window- 20 to 22 cm
• ME window- 28 to 30 cm
• Lower esophageal (gastroesophageal junction) window- 38 

to 40 cm
• Deep transgastric (fundus) window- 42 to 45 cm.

gEnEral principlEs of imaging

Based on the clinical query and the information derived from 
TTE, the operator should develop an idea about the additional 
information sought or likely to be obtained from the planned 
TEE study. This helps in tailoring the examination for the 
specific clinical requirements of the patient to ensure maximum 
yield from the study. It also helps in salvaging the study in 
case a full comprehensive TEE imaging is not feasible for 
some reason. The sequence of imaging should be planned 
beforehand, based on the following principles-
• The study goal should be to increase the diagnostic yield 

in a time-efficient manner, with least discomfort and risk 
to the patient

Figure 6: Orientation of the imaging plane at different multi‑plane angles

Figure 7: Anteflexion, retroflexion and sideways flexion of the probe
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• Minimum manipulation of TEE probe by sequential 
selection of TEE views and TEE windows. The TEE 
probe ‘in and out’ or ‘torquing’ movements should be 
done gently and in gradual increments

• Visualize the expected pathological structure first and 
perform less important imaging later. This can salvage 
the study in case of premature termination of the test due 
to patient discomfort or instability

• Focus on one structure of interest at a time to avoid missing 
inconspicuous pathologies

• The transgastric views need extreme anteflexion and are 
prone to cause discomfort to the conscious patients. These 
views should be obtained in conscious patients only if 
additional information, not available on TTE or from 
esophageal TEE windows, is required

• The Valsalva maneuver, used for detecting right-to-left 
shunt across PFO using saline bubble contrast, requires 
patient’s effort and cooperation. It should be performed 
as the penultimate step

• High esophageal arch imaging should be performed at 
the last as it causes patient discomfort and often leads to 
termination of the test.

A comprehensive TEE imaging of any cardiac structure of 
interest should include the following[15]

• Positioning the structure of interest in the centre of the 
imaging sector,

• Careful setting of probe frequency, focus position, gain 
and compression,

• A thorough multiplanar electronic sweep of imaging plane 
from 0°-120° at gradual (5°-10°) increment to evaluate 
the pathology found,

• To image the structure thoroughly, perform a gentle 
“clockwise-anticlockwise torque” and a gentle 
“inward-outward push-pull” of TEE probe at every 

imaging plane (at approximately 0°, 30°, 60°, 90°, 
and 120°),

• Color flow mapping and pulsed-wave (PW) or 
continuous-wave (CW) Doppler interrogation at 
appropriate locations, and

• Use of tissue Doppler imaging and 3D echocardiography 
whenever required.

gEnEral workflow of comprEhEnsivE imaging 
and main viEws

This section describes in detail the technique of acquisition of 
all the important TEE views with their advantages in different 
clinical situations. Each described view is represented in an 
accompanying anatomical figure and illustrated TEE image. 
As described earlier in general principles of TEE imaging, 
one should formulate the strategy to choose appropriate views 
as per the clinical requirement. In each patient, these views 
will require further optimization, which can be achieved by 
constant manipulation of the probe and the imaging plane 
using the controls described above. These manipulations 
should be gentle and in small increments to minimize 
discomfort to the patient and to avoid causing sudden shift 
in the imaging plane.

The main TEE views are summarized in Table 1.[1] The usual 
transducer location from incisor level as well as various 
maneuvers and probe manipulations required to obtain each 
view are also described. However, final adjustments of the 
transducer angle and probe position in each view will have to 
be guided by the adequacy of the visualization of the desired 
anatomic structure(s).

principlEs of thrEE‑dimEnsional data sEt 
acquisition

The 3D dataset is always acquired in zoomed and multi-beat format 
to improve spatial resolution and to maintain temporal resolution 
(except during real time guidance for transcatheter procedures). 
One should ensure that the entire 3D extent of the structure 
is captured inside the 3D pyramidal dataset. It is imperative 
to have anatomical landmarks included in the acquired 3D 
dataset to permit spatial orientation and to allow displaying 
the structures in the guidelines-directed manner.[40] Following 
are the general recommendations for 3D dataset acquisition 
during TEE-
1. While planning the zoomed capture of a structure, select the 

best TEE imaging plane showing the structure, pathological 
highlight, and an adjacent important anatomical landmark. 
For example, for MV 3D capture, 120º is a good plane 
to begin with, with the addition of aortic root as an 
anatomical landmark. Thereafter, adjust the zoom window 
in multiplane mode or simultaneous biplane to ensure 
that the entire structure is included in the 3D dataset. 
A real-time multi-slice mode at this juncture to ensure that 
full circumferential extent is included may help

Figure 8: Standard imaging windows. Reproduced with permission 
from: Hahn RT, Abraham T, Adams MS, Bruce CJ, Glas KE, Lang RM, 
et al. Guidelines for performing a comprehensive transesophageal 
echocardiographic examination: recommendations from the American 
Society of Echocardiography and the Society of Cardiovascular 
Anesthesiologists. J Am Soc Echocardiogr 2013;26:921‑64
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Table 1: Recommended transesophageal echocardiographic views, cardiac structures visualized and the techniques for 
obtaining those views

View Maneuver Visualized structures Doppler Clinical utility Figure/Video 
number

ME 0° 
five-chamber

TEE probe advanced to 
approximately 28-30 cm 
from incisor level

Aortic valve, LVOT, LA, 
LV, IVS, LV anterolateral 
wall, RV, AML (A2-A1), 
PML (P1)

Color flow 
mapping for MV 
and LVOT

To evaluate MR and AR 
jets, mitral vegetations, 
aorto-mitral intervalvular 
fibrosa abscess, good 
view for diagnosing 
sigmoid septum and for 
evaluating basal septum in 
patients with hypertrophic 
cardiomyopathy

[Figure 9 and 
Video 1]

ME 0° 
four-chamber

From view 1, gradually 
advance the probe further to 
get the four-chamber view

LA, RA, LV, RV, AML 
(A3-A2), PML (P2), TV, 
IAS, IVS, inferior septum, 
LV anterolateral wall, RV 
free wall

Color flow 
mapping of MV 
and TV, PW/CW 
Doppler for mitral 
flow, MR and TR, 
mitral annular TDI

To evaluate MV pathologies 
and MR, TR, mitral inflow 
and annular velocities, PASP 
by TR jet, LV RWMA, RV 
TAPSE, pericardial effusion, 
tamponade, MV and TV 
vegetations, ASD device 
relation with atrioventricular 
valves

[Figure 10 
and Video 2]

ME LV 
bi-commissural 
view

From view 2, keep LV in 
the centre, rotate the plane 
electronically to 45°-75° 
approximately, slight 
withdrawal may be needed

LA, LV, MV (P3-A2-P1), 
both commissures and 
corresponding chordae and 
papillary muscles, coronary 
sinus

Color flow 
mapping of MV

To evaluate commissural MR 
and other pathologies

[Figure 11 
and Video 3]

ME LV 
two-chamber

From view 3, rotate the plane 
electronically to 70°-90° 
approximately

LA, LV, inferior and 
anterior walls of LV, LAA, 
coronary sinus, MV (P2/P3 
junction-A2, A1)

Color flow 
mapping of MV

To evaluate MR jets, LV 
RWMA, LAA clot

[Figure 12 
and Video 4]

ME LV LAX 
(three-chamber)

From view 4, rotate the plane 
electronically to 120°-135° 
approximately

LA, LV, MV (P2-A2), 
LVOT, AV, aortic sinuses, 
proximal ascending aorta, 
RVOT SAX, anterior 
septum, inferolateral wall

Color flow 
mapping of MV, 
LVOT, AV

To evaluate MV and AV 
pathologies (especially MR, 
AR jets), systolic anterior 
motion of MV, dynamic 
LVOT obstruction, LV 
RWMA

[Figure 13 
and Video 5]

ME LAX Zoom 
LV inflow- 
Outflow

In view 5, slightly withdraw 
the probe and zoom the 
area encompassing LV 
inflow-outflow

LA, LV inflow, MV (P2-A2), 
LVOT, AV, aortic sinuses, 
proximal ascending aorta

Color flow 
mapping of MV, 
LVOT, AV

To evaluate mechanism 
of AR, MR, vegetation 
on AV, MV, aorto-mitral 
intervalvular fibrosa abscess

[Figure 14]

ME ascending 
aorta LAX with 
RPA SAX

From view 5, gradually 
withdraw the probe and 
rotate the plane electronically 
to 100°-110° approximately

Ascending aorta LAX and 
RPA SAX

Color flow 
mapping of 
ascending aorta

To evaluate ascending 
aorta size, dissection flap, 
ascending aorta atheroma

[Figure 15 
and Video 6]

UE 0° MPA and 
RPA LAX

From view 1 (0° plane), 
gradually withdraw the probe 
until RPA LAX is seen

MPA LAX, ascending aorta 
SAX, RPA LAX, SVC SAX

Color flow 
mapping of MPA, 
ascending aorta

To evaluate pulmonary 
emboli in MPA, RPA; 
ascending aorta atheroma

[Figure 16 
and Video 7]

UE 0° RSPV 
LAX, SVC 
SAX

From view 8, gently advance 
the probe until RSPV is seen 
entering LA

RSPV entering LA behind 
SVC (seen in SAX), 
ascending aorta SAX

Color flow 
mapping of RSPV

To evaluate anomalous 
drainage of RSPV to SVC

[Figure 17 
and Video 8]

UE 30°-60° 
RSPV-RIPV

From view 9, rotate the plane 
electronically to 30°-60° and 
torque the probe clockwise 
(rightwards)

RSPV and RIPV entering 
LA with carina between the 
two ostia

Color flow 
mapping of 
RSPV-RIPV

To evaluate anomalous 
drainage of RIPV and 
pulmonary venous stenosis

[Figure 18 
and Video 9]

Contd...
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Figure 9: Mid‑esophageal 0° five‑chamber view. LA: Left atrium, LV: Left 
ventricle, RV: Right ventricle

Figure 10: Mid‑esophageal 0° four‑chamber view. LA: Left atrium, LV: 
Left ventricle, RV: Right ventricle

Figure 11: Mid‑esophageal bi‑commissural view. LA: Left atrium, LV: 
Left ventricle

Figure 12: Mid‑esophageal two‑chamber view. LA: Left atrium, LV: Left ventricle

Figure 13: Mid‑esophageal long‑axis view. LA: Left atrium, LV: Left ventricle
Figure 14: Mid‑esophageal zoomed left ventricular inflow‑outflow view. 
LA: Left atrium, LV: Left ventricle

Figure 15: Mid‑esophageal ascending aor ta long‑axis with right 
pulmonary artery short‑axis view. LA: Left atrium, RPA: Right pulmonary 
artery

Figure 16: Upper‑esophageal 0° main and right pulmonary ar tery 
long‑axis view. Ao: Ascending aorta, MPA: Main pulmonary artery, RPA: 
Right pulmonary artery

Figure 17: Upper‑esophageal 0° right superior pulmonary vein long‑axis 
and superior vena cava short‑axis view. Ao: Ascending aorta, LA: Left 
atrium, RSPV: Right superior pulmonary vein, SVC: Superior vena cava

Figure 18: Upper‑esophageal 30°–60° right superior and inferior 
pulmonary vein view. RIPV: Right inferior pulmonary vein, RSPV: Right 
superior pulmonary vein
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Table 1: Contd...

View Maneuver Visualized structures Doppler Clinical utility Figure/Video 
number

UE 0° RAA, 
SVC, ascending 
aorta

From view 9, gently advance 
the probe further; SVC will 
be seen merging with RA

RAA, ascending aorta SAX, 
SVC SAX merging into RA

Color flow 
mapping of SVC

To detect SVC type sinus 
venosus ASD

[Figure 19 
and Video 10]

ME 45°-60° 
SAX AV 
and RV 
inflow-outflow

From view 1, keeping the 
aortic root in the centre, 
advance the probe and rotate 
the plane electronically to 
45°-60° with mild clockwise 
torque

LA, RA, IAS, AV in SAX 
with 3 cusps and sinuses, 
TV, RV inflow, RVOT, 
PV, ostia of both coronary 
arteries

Color flow 
mapping of 
TV, RVOT, 
perimembranous 
septum, PV, AV

To evaluate aortic cuspal 
pathology, AV planimetry, 
RSOV, TR, VSD, ASD, 
RVOT stenosis, PV stenosis

[Figure 20 
and Video 11]

ME 70°-90° 
IVC-RA 
junction

From view 12, torque the 
probe clockwise, rotate 
the plane electronically to 
70°-90° approximately, 
gently advance the probe to 
visualize IVC opening into 
RA

LA, RA, IAS, IVC opening, 
hepatic segment of IVC and 
first hepatic vein opening, 
Eustachian valve

Color flow 
mapping of IVC, 
ASD

To evaluate IVC rim of 
ASD; to follow the catheters 
entering through IVC. Also, 
a good view for assessing TR 
and TR gradient (will require 
slight withdrawal of the 
probe to bring TV in center)

[Figure 21 
and Video 12]

ME 90°-110° 
degree SVC-RA 
junction

From view 13, rotate the 
plane electronically to 
70°-90° approximately, 
gently withdraw the probe to 
see SVC opening into RA

LA, RA, IAS, SVC opening, 
RAA, with more clockwise 
torque RSPV

Color flow 
mapping of SVC, 
ASD, RSPV

To evaluate for SVC 
type sinus venosus ASD, 
anomalous drainage of 
RSPV, catheters and leads 
entering through SVC

[Figure 22 
and Video 13]

ME 60° 
LAA-LSPV

From view 12, with 60° 
imaging plane, torque 
anticlockwise and gently 
advance the probe to image 
LAA

LAA, Coumadin ridge 
between LAA-LSPV, LSPV 
opening

Color flow 
mapping of LAA 
and PW Doppler 
at LAA ostium for 
LAA function

After identifying LAA 
evaluate for LAA anatomy 
or LAA clot by sweeping 
imaging plane from 0° 
to 135°, very useful for 
evaluating pulmonary vein 
flow pattern

[Figure 23 
and Video 14]

ME 120° 
LSPV-LIPV

From view 15, keep LSPV 
in center, rotate the plane 
electronically to 120°-135° 
approximately and torque the 
probe extreme anticlockwise 
to see LSPV-LIPV, a little 
retroflexion may help

LSPV and LIPV opening 
into LA with carina in 
between the two ostia

Color flow 
mapping of 
LSPV-LIPV

To evaluate anomalous 
drainage of LSPV-LIPV and 
pulmonary venous stenosis

[Figure 24 
and Video 15]

LE coronary 
sinus view

From view 2, advance the 
probe to gastroesophageal 
junction (approximately 
38-40 cm from incisors)

Coronary sinus in LAX Color flow 
mapping of 
coronary sinus

To evaluate anomalous 
drainage of pulmonary 
veins, position of retrograde 
cardioplegia cannula, 
guiding coronary sinus 
catheter placement

[Figure 25 
and Video 16]

LE pleural 
spaces

From view 17, torque the 
probe extreme clockwise 
or anti-clockwise to see 
right and left pleural spaces 
respectively

Right side liver and pleural 
space; left side lung field 
and pleural space

Nil To evaluate pleural effusions, 
lung consolidation (however, 
loculated effusions can be 
missed)

[Figure 26 
and Video 
17a and b]

Transgastric 
basal LV SAX

From view 17, with imaging 
plane at 0°, advance the 
probe into stomach and 
anteflex in fundus

Basal LV SAX, MV 
end-on view of AML-PML 
coaptation line, RV free wall

Color flow 
mapping of MV 
orifice

To evaluate LV RWMA in 
basal six segments, en face 
view of MR jet origin, MV 
orifice size (e.g., in MS, or 
before and during MitraClip 
procedure)

[Figure 27 
and Video 18]

Transgastric 
mid LV SAX

From view 19, with imaging 
plane at 0°, advance the 
probe further in the fundus, 
anteflexion needed

Mid LV SAX, both papillary 
muscles

Nil To evaluate LV RWMA 
in six mid segments, MV 
subvalvular apparatus

[Figure 28 
and Video 19]

Contd...
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Figure 19: Upper‑esophageal 0° right atrial appendage, superior vena 
cava and ascending aorta view. Ao: Ascending aorta, LA: Left atrium, 
RAA: Right atrial appendage, SVC: Superior vena cava

Figure 20: Mid‑esophageal 60° aortic valve short‑axis and right ventricular 
inflow‑outflow view. LA: Left atrium, MPA: Main pulmonary artery, RA: 
Right atrium, RV: Right ventricle

Figure 21: Mid‑esophageal 70°–90° inferior vena cava right atrial junction 
view. IVC: Inferior vena cava, LA: Left atrium, RA: Right atrium

Figure 22: Mid‑esophageal 90°‑110° superior vena cava right atrial 
junction view. LA: Left atrium, RA: Right atrium, RAA: Right atrial 
appendage, RPA: Right pulmonary artery, SVC: Superior vena cava

Figure 23: Mid‑esophageal 60° left atrial appendage left superior pulmonary vein 
view. LA: Left atrium, LAA: Left atrial appendage, LSPV: Left superior pulmonary vein

Figure 24: Mid‑esophageal 120° left superior and inferior pulmonary vein 
view. LIPV: Left inferior pulmonary vein, LSPV: Left superior pulmonary vein

Figure 25: Lower‑esophageal coronary sinus view. LV: Left ventricle, RA: 
Right atrium, RV: Right ventricle

Figure 26: Lower‑esophageal pleural spaces

Figure 27: Transgastric basal left ventricular short‑axis view. AML: 
Anterior mitral leaflet, PML: Posterior mitral leaflet Figure 28: Transgastric mid left ventricular short‑axis view
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Table 1: Contd...

View Maneuver Visualized structures Doppler Clinical utility Figure/Video 
number

Deep 
transgastric LV 
apical SAX

From view 20, with imaging 
plane at 0°, advance the 
probe further in the fundus 
(approximately 42-45 cm 
from incisors), anteflexion 
needed

Apical LV SAX Nil To evaluate LV RWMA in 
four apical segments

[Figure 29 
and Video 20]

Deep 
transgastric LV 
SAX outflow 
views

From view 20-21, with 
imaging plane at 0°, 
gradually anteflex the probe 
to see RVOT first followed 
by further anteflexion and left 
flexion to visualize LVOT

RVOT, TV end-on, PV, 
following further anteflexion 
and leftward flexion LVOT, 
AV in far field

Color flow 
mapping of RVOT, 
PV, LVOT and AV; 
in this view, CW 
Doppler cursor 
can be positioned 
parallel to 
LVOT-AV flow

To evaluate native/
prosthetic aortic valve 
gradient, paravalvular AR, 
residual RVOT gradient 
postsubvalvular resection 
and trans-annular patch

[Figure 30 
and Video 
21a and b]

Transgastric 
LV LAX 
two-chamber

From view 20, electronically 
rotate the plane to 90°, 
keeping it ante-flexed

LV, LA, MV, LAA Color flow 
mapping of MV

To evaluate LV RWMA of 
anterior and inferior wall, 
MR jet, mitral subvalvular 
apparatus

[Figure 31 
and Video 22]

Transgastric 
RV inflow LAX 
view

From view 23, torque the 
probe clockwise keeping it 
ante-flexed and electronic 
plane at 90°, (while 
clockwise torqueing from 
view 23, the RVOT gets 
scanned before reaching the 
RV inflow view)

RA, RAA, RV inflow, RV 
inferior and free wall, TV, 
Part of RVOT

Color flow 
mapping of TV

To evaluate RV free wall 
recovery (postoperative), RV 
function, TV pathologies, 
TR and residual RVOT 
obstruction

[Figure 32 
and Video 23]

Transgastric 
LV LAX 
inflow-outflow

From view 23, electronically 
rotate the plane to 110°-120°, 
keeping it ante-flexed

LA, LV MV, AML, PML, 
LVOT, AV

Color flow 
mapping of MV 
and LVOT, AV

To evaluate MR jets, systolic 
anterior motion of MV, 
dynamic LVOT obstruction, 
LV RWMA, AV gradient, 
AR jets

[Figure 33 
and Video 24]

ME descending 
aorta SAX and 
LAX

From view 2, torque the 
probe extreme anticlockwise 
to see the SAX of DTA. Pull 
out the probe gently to scan 
entire length of DTA. Rotate 
the plane electronically to see 
LAX of DTA

Entire DTA Color flow 
mapping of 
descending aorta

To evaluate DTA for 
dissection. Atheromas, 
balloon position in case of 
IABP

[Figure 34 
and Video 
25a and b]

UE aortic arch 
SAX (three 
views with 
opening of each 
arch vessel) and 
UE aortic arch 
LAX

From view 26, Keeping 
imaging plane at 90° gently 
withdraw the probe outward 
until the DTA lumen turns 
into a blind end in UE 
(20-24 cm from incisors). 
Then torque the probe 
clockwise gradually with 
mild ante-flexion. The arch 
of aorta is seen in SAX 
with ostia of arch vessels 
on right hand side of the 
image display. Following are 
visualized successively

LSA opening
LCC opening and MPA 
LAX, and finally
RIA opening and LAX of 
distal ascending aorta

Entire arch of aorta and 
ostia of arch vessels (LSA, 
LCC, RIA), Left innominate 
vein, MPA LAX, PV, distal 
ascending aorta

Color flow 
mapping of arch 
of aorta

To evaluate arch of aorta for 
dissection, mobile/ulcerated 
atheromas, atherosclerotic 
lesions of arch vessels ostia

[Figure 35 
and Video 
26a-c]

Contd...
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Figure 29: Deep transgastric left ventricular apical short‑axis view

Figure 30: Deep transgastric left ventricular short‑axis outflow views. 
Upper panel‑ right ventricular outflow view; lower panel‑ left ventricular 
outflow view. LA: Left atrium, RVOT: Right ventricular outflow tract

Figure 31: Transgastric left ventricular long‑axis two‑chamber view. LA: 
Left atrium, LV: Left ventricle

Figure 32: Transgastric right ventricular inflow long‑axis view. RA: Right 
atrium, RV: Right ventricle

Figure 33: Transgastric left ventricular long‑axis inflow‑outflow view. LA: 
Left atrium, LV: Left ventricle

Figure 34: Mid‑esophageal descending aorta short‑axis (upper panel) 
and long‑axis (lower panel) views

Figure 35: Upper esophageal aortic arch short‑ and long‑axis views with branch vessels. LCCA: Left common carotid artery, LSCA: Left subclavian artery
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Table 1: Contd...

View Maneuver Visualized structures Doppler Clinical utility Figure/Video 
number

Biplane 
imaging

In each view, biplane mode 
can be activated, as required. 
The orthogonal imaging 
plane angle can be steered as 
required

Images of two orthogonal 
planes displayed 
simultaneously

Color flow 
mapping of 
two orthogonal 
planes displayed 
simultaneously

A structure, mobile mass or 
valve scallop or tentative 
artefact seen in one plane can 
be simultaneously evaluated 
in real time by positioning 
the cursor of the steerable 
orthogonal image plane 
through the object of interest

[Figure 36 
and Video 27]

AML: Anterior mitral leaflet, AR: Aortic regurgitation, ASD: Atrial septal defect, AV: Aortic valve, CW: Continuous wave, DTA: Descending thoracic aorta, 
IABP: Intra-aortic balloon pump, IAS: Interatrial septum, IVC: Inferior vena cava, IVS: Interventricular septum, LA: Left atrium, LAA: Left atrial appendage, 
LAX: Long-axis, LCC: Left common carotid, LE: Lower esophageal, LIPV: Left inferior pulmonary vein, LSA: Left subclavian artery, LSPV: Left superior 
pulmonary vein, LV: Left ventricle, LVOT: Left ventricular outflow tract, ME: Mid esophageal, MPA: Main pulmonary artery, MR: Mitral regurgitation, 
MV: Mitral valve, PASP: Pulmonary artery systolic pressure, PML: Posterior mitral leaflet, PV: Pulmonary valve, PW: Pulsed-wave, RA: Right atrium, 
RAA: Right atrial appendage, RIA: Right innominate artery, RIPV: Right inferior pulmonary vein, RPA: Right pulmonary artery, RSOV: Ruptured sinus of 
valsalva, RSPV: Right superior pulmonary vein, RV: Right ventricle, RVOT: Right ventricular outflow tract, RWMA: Regional wall motion abnormality, 
SAX: Short-axis, SVC: Superior vena cava, TAPSE: Tricuspid annular plane systolic excursion, TDI: Tissue Doppler imaging, TR: Tricuspid regurgitation, 
TV: Tricuspid valve, UE: Upper esophageal, VSD: Ventricular septal defect, MS: Mitral stenosis

Figure 36: Simultaneous biplane imaging

Figure 37: Postprocessing of three‑dimensional echocardiographic 
dataset. (a) Auto dissection of three‑dimensional data set into 3 
orthogonal planes. The yellow, white and green dotted lines show the plane 
orientation and yellow, white and green corner square markings show the 
two‑dimensional image in the corresponding plane; (b) For viewing the 
mitral valve en face, the green plane is chosen as the viewing plane and 
the yellow and white planes are the orthogonal planes. The orthogonal 
planes are steered to dissect the mitral valve longitudinally through the 
center of the mitral orifice. The viewing plane (green) is then steered 
to be perpendicular to the crosshair formed by the orthogonal planes 
(yellow and white) so that it is perfectly parallel to the mitral valve. By 
using “flip crop” and axial “z” rotation of the viewing plane, the prescribed 
surgeon’s view can be shown

ba

2. Adjust the biplane zoom window to minimum size but 
encompassing the entire structure and accompanying 
anatomical landmark. Keep the gains setting to 60% 
and uniform throughout the field. Train the patient 
beforehand to hold breath for 6-8 seconds and to follow 
operator’s instructions for breath hold and release. With 
the operator keeping his hand holding the probe shaft 
steady and the patient (when conscious and co-operating) 
holding the breath, try to choose maximum number 
of cardiac cycles[6-7] to acquire multi-beat 3D dataset 
without stitch artefacts. The stitch artefacts can be 
examined in the image pane which is perpendicular to 
the primary view

3. Acquire multiple datasets by changing the viewing 
angle while using the same principle as described 
above.

Post-processing can be easily performed by auto-dissecting 
the 3D dataset in steerable tri-plane (XY-YZ-XZ) 2D views 
to identify various structures and to choose an appropriate 
viewing plane [Figure 37]. The viewing plane is the plane 

which provides en face visualization of the structure 
of interest. The remaining two planes are designated as 
orthogonal longitudinal planes. Both orthogonal longitudinal 
planes should be adjusted (by displacement and axial 
rotation) to dissect the structure through the center forming 
a crosshair in the viewing plane. Subsequently, the viewing 
plane is adjusted perpendicular to both the orthogonal 
longitudinal planes to get en face 3D perspective of the 
structure.

focusEd imaging of spEcific cardiac structurEs

Mitral valve
TEE has great advantage in MV imaging. The valve can 
be imaged in virtually any plane in 360º space, with high 
spatial resolution facilitated by fluid filled LA as the only 
structure between the probe and the MV. When available, 
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TEE 3D imaging of MV provides comprehensive diagnostic 
information in a format suitable for communication with 
the surgeon or the interventionist [Figure 38 and Video 28]. 
However, multiplanar 2D imaging remains the mainstay for a 
more detailed diagnostic evaluation [Figure 39].

The MV should be positioned in the center of the imaging 
sector and the sector depth and width and focus position 
are adjusted for optimal viewing of mitral leaflets, annulus, 
proximal chordae and part of adjacent aortic root and LAA. 
The step-by-step approach described below can be followed for 
comprehensive analysis of the MV apparatus[41,42] [Figure 39]. 
The MV scallops are described according to the classification 
proposed by Carpentier et al.[43]

1. At ME 0-30º viewing plane (four-chamber view), anterior 
and posterior mitral leaflets (AML and PML, respectively) 
are displayed in observer’s left to right orientation on 

the monitor. The AML is formed by A3-A2 scallops in 
base-to-free edge direction. The PML is formed by mainly 
P2 or P1-P2 scallops in base-to-free edge direction

2. From ME 0º viewing plane, if the TEE probe is gradually 
withdrawn to develop five-chamber view, A1 and P1 
scallops can be visualized and further withdrawing 
the probe brings the anterolateral commissure of the 
MV in the view [Figure 40]. This maneuver is useful 
for analyzing fusion, calcification and commissural 
regurgitation involving the anterolateral commissure. 
Conversely, advancing the transducer visualizes A3 and 
P3 scallops [Figure 40]

3. At ME 45°-75º viewing plane showing the bi-commissural 
view, the medial and lateral commissures are displayed 
in observer’s left to right orientation on the monitor. 
Three MV segments are visualized in this view viz. 
P3-A2-P1 (sometimes P3-A3A2A1-P1), displayed in 
left to right direction on the monitor. From this view, 
with clockwise torque (rightward) the imaging plane 
successfully cuts through entire AML, from free edge 
to base to aorto-mitral inter-valvular fibrosa. Similarly, 
with anti-clockwise torque (leftward), entire PML can be 
visualized from free edge to base [Figure 40]

4. At ME 90º viewing plane, PML-AML are displayed 
in observer’s left to right orientation on the monitor. 
The AML is formed by A1-A2 scallops in base-to-free 
edge direction. The PML is formed by mainly P3 
or P3-P2 junction. From this view, with clockwise 
torque (rightward), the imaging plane successively cuts 
through the posteromedial commissure. This maneuver is 
useful for analyzing fusion, calcification and commissural 
regurgitation involving the posteromedial commissure

5. At ME 120°-135º viewing plane, PML-AML are displayed 
in observer’s left to right orientation on the monitor. The 
AML is formed by A2 and PML by P2, with the imaging 
plane passing through the center of the MV orifice. With 

Figure 38: Three‑dimensional transesophageal echocardiographic 
v isual izat ion of  the mitra l  valve f rom the lef t  atr ia l  s ide 
(i.e., the “surgeon’s view”). A1, A2, A3, P1, P2, and P3 are scallops of 
anterior and posterior mitral valve leaflets, respectively

Figure 39: Two‑dimensional transesophageal echocardiographic visualization of the mitral valve in different views. A1, A2, A3, P1, P2, and P3 are 
scallops of anterior and posterior mitral valve leaflets, respectively. Ao: Aorta, LC: Lateral commissure, MC: Medial commissure, ME: Mid‑esophageal
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clockwise (rightward) and anti-clockwise (leftward) 
torque, the imaging plane moves sideways, cutting through 
remaining parts of the leaflets and the medial and lateral 
commissures, respectively

6. At every viewing plane, color Doppler interrogation 
(and if needed PW or CW Doppler) can be performed to 
visualize the mitral regurgitation (MR) jets. The MR jets 
due to AML pathology are generally directed posteriorly, 
whereas jets due to PML pathology are directed anteriorly. 
The regurgitant jets due to lateral commissural pathology 
are directed medially towards interatrial septum and 
those due to medial commissural pathology are directed 
laterally towards LAA. In case of non-coaptation of the 
central part of the MV leaflets or PML clefts, the MR jets 
are generally directed centrally towards the LA roof.

Guiding transcatheter edge‑to‑edge repair of mitral 
valve
TEE plays central role in patient selection, procedural planning 
and performance of trans-catheter edge-to-edge repair (TEER) 
of MV using the commercially available MitraClip®.

Patient selection
TEER is performed for surgically very high-risk patients with-
1. Carpentier type II (A2/P2 prolapse/flail) MR, or
2. Secondary MR

The ideal MV anatomy identified by TEE for the choice of 
TEER is as follows[44]

• Non-rheumatic valve/no infective endocarditis
• Leak at A2-P2
• Grade III/IV MR
• Single/dominant central jet

• No calcium at the grasping site
• In case of secondary MR: leaflet coaptation depth <11 mm, 

coaptation length >2 mm [Figure 41]
• In case of Carpentier type II (A2/P2 prolapse/flail) MR: 

nontethered PML >10 mm, flail width <15 mm, flail 
gap <10 mm [Figure 42]

• MV area (MVA) >4 cm2 on 3D TEE
• Baseline MV mean gradient <3 mmHg
• LV cavity size <65 mm
• Trans-septal crossing height from mitral annulus >4 cm.

The above parameters indicate ideal anatomy for TEER but 
with increasing experience, properly selected patients with 
less favorable anatomy can also undergo successful TEER.

Contraindications for TEER are as follows-
• Carpentier IIIA abnormality (i.e., rheumatic heart 

disease)
• Infective endocarditis
• LA/LAA clot
• Calcification of leaflets at grasping area
• MV mean gradient >5 mmHg
• MVA < 3 cm2 on 3D TEE
• Severe RV dysfunction and PH unrelated to MR
• ASD closure device
• IVC thrombosis.

Procedural details
Following are the steps involved in TEE-guidance of MV 
TEER procedure[44,45]

• Define the leaflet target,
• Trans-septal puncture and safe steering of steerable guiding 

catheter (SGC) and clip delivery system (CDS) in the LA,
• Proper clip alignment,
• Grasping the leaflets,
• Assessment of MR reduction, and
• Exclusion of significant MS and assessment of interatrial 

shunt.

Trans‑septal puncture and safe steering of the guide 
catheter and the clip delivery system
The TEE views/steps typically used for guiding trans-septal 
puncture are-
• The trans-septal puncture should be performed through 

Figure 40: Upper panel shows mitral valve structures visualized as the 
transesophageal echocardiography probe is advanced or withdrawn 
from the mid‑esophageal 0° four‑chamber view. The lower panel shows 
the effect of clockwise and counterclockwise rotation of the probe 
in bi‑commissural view. Reproduced from: Chen C, Okoh A, Garg A, 
Russo M. Catheter‑based mitral intervention imaging and procedural 
TEE; November 2020. Available from: https://www.ctsnet.org/article/
catheter‑based‑mitral‑intervention‑imaging‑and‑procedural‑tee. [Last 
accessed on 2021 Jul 09]

Figure 41: Preferred anatomic criteria for transcatheter mitral valve 
edge‑to‑edge repair in secondary mitral regurgitation
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the posterior-mid aspect of the fossa. This is confirmed 
by simultaneous biplane imaging at approximately 45° 
for anteroposterior orientation (puncture site posteriorly) 
and 90° for superior-inferior orientation (puncture site in 
mid-fossa) [Figure 43 and Video 29]

• At the same time, the puncture height should be at least 
4-4.5 cm above the mitral annulus; this is confirmed in 
2D 4-chamber view (0°-20°) [Figure 43]. Less than 4 cm 
may be acceptable when coaptation is deeper in the LV, 
whereas >4.5 cm is often necessary when flail leaflet is 
the underlying pathology

• Sharp tenting of the interatrial septum should be seen in 
both 45° and 90° views before puncturing the septum

• Following septal puncture, a guidewire is positioned in 
the left upper pulmonary vein

• SGC is introduced into the LA, under fluoroscopy and 
TEE guidance in 45° SAX view and live 3D imaging. 
CDS is introduced subsequently in the same manner. It is 
important to ensure that the SGC and CDS tips are away 
from the surrounding tissues

• The CDS is flexed towards the MV, while the device tip 
is followed in the 45° SAX view and four-chamber view.

Proper clip alignment
For guiding proper clip alignment, following views are used-
• Simultaneous biplane imaging with bi-commissural 

view (60°) for medial-lateral orientation and the LVOT 
view (135°-150°) for anteroposterior orientation [Figure 44 
and Video 30], and

• 3D TEE LA aspect en face MV view [Figure 44 and Video 
31] or the transgastric basal SAX view for aligning the 
clip perpendicular to the coaptation line.

First, the clip is positioned centrally over the valve with respect 
to anterior-posterior and medial-lateral directions. The distal 
tip of the clip should be at least 1 cm above the leaflets.

The clip arms are then opened and meticulously aligned. 
The goal is to ensure that the clip splits the MR jet in both 
antero-posterior and medial-lateral directions. In addition, 
the clip arms should be exactly perpendicular to the mitral 
coaptation line.

Grasping the leaflets
After verifying proper clip orientation multiple times, the clip 
arms are closed to 60° and the clip is then advanced into the 
LV, approximately 2 cm below the valve leaflets.

The clip arms are opened to 180°, and proper orientation is 
confirmed once again and readjustment done as needed, in the 
same views as above [Figure 45 and Video 32]. Lowering of 
gain in 3D en face view is needed to visualize the clip arms 
through the MV leaflets to ensure perpendicularity to the 
coaptation line.

The clip arms angle is reduced to 120° (grasping angle) 
and the clip is retracted towards the valve to grasp the 
leaflets. This is performed under TEE guidance in the LVOT 
view [Figure 46].

Figure 42: Selection criteria for transcatheter mitral valve edge‑to‑edge 
repair in degenerative mitral regurgitation

Figure 43: Transseptal puncture for transcatheter mitral valve edge‑to‑edge 
repair. (a) Biplane imaging to ensure that the puncture is done in 
mid‑fossa (left image) and away from the aortic valve (right image). 
(b) The puncture height (orange arrow) should be 4–4.5 cm above the 
mitral annular plane. Yellow arrows point to the site of septal tenting just 
prior to the puncture. IVC: Inferior vena cava, SVC: Superior vena cava

ba

Figure 44: Aligning the clip in relation to the mitral valve. (a) Biplane 
imaging is used to simultaneously orient the clip in medial‑lateral 
direction (bi‑commissural view, left image) as well as anteroposterior 
direction (LVOT view). (b) Three‑dimensional en face view is used 
for orientating the clip perpendicular to the coaptation line. LVOT‑ left 
ventricular outflow tract

ba

The clip is closed to 60° and proper grasp is confirmed in 
multiple views (bi-commissural view, LVOT views, 3D en 
face, four-chamber). It should be ensured that-
• Both leaflets are captured and are fully inserted to the base 

of ‘V’ between gripper and arms,
• There is non-existent or limited leaflet motion relative to 

the clip arms,
• On the medial and lateral sides of the clip, the leaflets 

enter at the same level,
• Clip arms are perpendicular to the line of coaptation, and 

the clip is not biased towards the anterior or posterior 
leaflet, and

• There is satisfactory reduction of MR.
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of ASD, to accurately measure the size of the defect, to assess 
the rims and to identify additional defects missed by TTE. 
In case of an ostium secundum ASD, 2D multiplanar TEE 
examination should systematically evaluate the entire margin 
of the defect, as described below. Careful attention should 
be given to the gain, dynamic range and compression setting 
and operational frequency so that the softer echoes of the thin 
septal margins are adequately recorded. Any additional echo 
dropout in the septum should be interrogated with color flow 
mapping at low Nyquist limit to confirm the presence of a true 
defect or cribriform septum.

The edges of the ASD margins may appear bulbous due to 
blooming effect. The IVC margin of ASD invariably falls 
into apical clutter artefact and switching to harmonics and 
retro-flexion of the probe may improve its visualization. The 
size of the margins should be carefully measured at multiple 
locations from the edge of the defect to the relevant anatomic 
landmark such as atrial wall, mitral annulus, aortic root, or 
SVC/IVC opening. The ASD margins are divided into the 
following six rims- SVC rim, atrial or posterior rim (divided 
into posterosuperior and posteroinferior rims), IVC rim, mitral 
rim, and the aortic rim [Figures 47 and 48].[46-48]

Careful attention should be given to characterize the margins 
as either thin and floppy or thick and sturdy by visualizing 
their movement. In an Amplatzer® septal occluder (ASO) 
device, the LA disc is 5 mm longer and RA disc 4 mm 
longer radially than the waist in case of smaller devices 
(4-10 mm size devices), and 7 and 5 mm longer respectively 
in case of larger devices.[49,50] Hence, margins <5 mm in a 
contiguous arc of 450 are considered inadequate for device 
closure (except for aortic margin) and <3 mm as virtually 
absent.[48] In the presence of very thin and floppy margins, the 
distance between the sturdy rims of the defect is measured for 
judging the device size. In the presence of multiple defects, if 
the distance between two defect margins is more than 7 mm 
(more than the ASO LA disc overhang), then the defects are 
classified as widely separated needing two devices.[51]

During TEE, a systematic evaluation of ASD margins and 
pulmonary venous drainage should be performed as described 
below [Figure 48].
1. In 0º ME four-chamber view [Video 33], the imaging plane 

passes caudal to insertion of right superior pulmonary vein 

Assessment of mitral regurgitation reduction
It is essential to confirm that the procedure has resulted in 
satisfactory reduction of MR. Assessment of residual MR 
severity can be performed by looking at-

• MR jet size in 2D TEE color-flow Doppler in all the 
standard views and 3D TEE color-flow Doppler,

• Pulmonary vein flow pattern (no systolic flow reversal 
with restoration of systolic forward flow or improvement 
in systolic forward flow from baseline), and

• Increase in LVOT velocity/LV stroke volume 
(quantified from the 2D TEE transgastric view).

Formal quantitative parameters such as vena contracta and 
effective regurgitant orifice area derived using proximal 
isovelocity surface area have not been validated.

One should look for significant jet either side of the clip. 
In case of residual MR, evaluation with clip arms loosened 
and retightened should be performed. If the clip position is 
unsatisfactory and/or there is significant residual MR, the 
grasp is released, clip withdrawn into the LA and the process 
is repeated to reposition the clip. In some cases, additional clip 
may also be needed once the first clip is deployed.

Once the satisfactory clip position and MR reduction are achieved, 
the clip is deployed, and a final assessment of MR is performed.

Residual interatrial shunt and mitral stenosis
• Exclude significant MS by measuring transmitral 

gradient (2D TEE CW Doppler) and MVA (2D TEE 
transgastric basal SAX view, 3D TEE). For an optimal 
result, transmitral gradient should be <4 mmHg

• Look for residual interatrial shunt and the defect size. In 
case of a large shunt, device closure may be needed

• Confirm that there is no pericardial effusion or no increase 
in pre-existing pericardial effusion.

Interatrial septum and pulmonary veins
TEE is superior to TTE in providing high quality images of 
interatrial septum which are helpful to confirm the diagnosis 

Figure 45: Aligning the clip once it has been advanced into the left 
ventricle. The principles of imaging are same as in Figure 44. LVOT: Left 
ventricular outflow tract

Figure 46: Grasping of the mitral valve leaflets is performed in the LVOT 
view. AML: Anterior mitral leaflet, LVOT: Left ventricular outflow tract, 
PML: Posterior mitral leaflet
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and shows posterosuperior atrial rim (left side of image 
display, measured from posterior wall of LA to the edge 
of ASD) and the mitral rim (right side of image display, 
measured from hinge point of AML to the edge of ASD). 
The largest anteroposterior diameter of ASD and the total 
anteroposterior length of the septum can also be measured

2. At 0º, withdrawing the probe to SVC-RA junction level 
with clockwise (rightward) rotation of the probe, opening 
of the right superior pulmonary vein can be seen [Video 34]. 
At this level, electronic plane rotation to 30°-40º degrees 
shows both superior and inferior pulmonary veins opening 
into the LA with carina between the two openings

3. The anomalous right sided pulmonary vein draining 
into SVC, SVC-RA junction or RA free wall can be 
visualized at 0º imaging plane with the probe rotated 
extreme rightwards (clockwise) and slightly withdrawn. 
The probe is then gradually advanced deeper starting from 
the long-axis view of right pulmonary artery, carefully 
scanning entire length of SVC to SVC-RA junction to 
RA free wall

4. From 0º ME four-chamber view, gradual sweep to 
30º-60° visualizes the entire posterior atrial margin 
of the ASD on the left side of the image display 
[Videos 35 and 36]. At approximately 60° (SAX view), 
the anticlockwise (leftward) rotation of the probe shows 
the opening of the left superior pulmonary vein into LA, 
adjacent to LAA. Keeping the left superior pulmonary vein 
positioned in the center of the image and electronically 
rotating the imaging plane to 120°-130° with extreme 
anticlockwise (leftward) rotation of the probe, both left 
superior and inferior pulmonary veins opening into LA 
can be seen together, with the carina between the two 
openings

5. Left-side pulmonary veins draining anomalously into 
vertical vein can be visualized in 90° imaging plane 
with leftward rotation of TEE probe and then slowly 
withdrawing the transducer from LA level to SAX view 
of arch of aorta. With this maneuver one can trace the 
vertical vein coursing anterior to left pulmonary artery and 
draining into innominate vein anterior to aortic arch. The 
anomalously draining left pulmonary veins into coronary 
sinus can also be visualized by first identifying the SAX 
view of coronary sinus posterior to MV annulus in 90° 
imaging plane and then rotating the TEE probe to the left

6. The ME 60° view shows the aortic rim on the right side of 
the image display [Video 36]. This view (cable axial view) 
is useful during TEE guidance of ASD device closure. 
When the interventionist grounds the device delivery 
sheath in the left superior pulmonary vein, one can track 
the opening and deployment of the LA disc when it is 
hitched towards the ASD. If the aortic root margin is 
completely absent, the large LA disc may get oriented 
perpendicular to the septum with the anterior lip of the 
disc prolapsing through the ASD. This would prompt the 
interventionist to adopt a different strategy for device 
deployment

7. At 70°-90°-110°, the imaging plane sweeps the interatrial 
septum vertically with the posteroinferior atrial rim of the 
ASD seen on the left side of the image display

8. At 60°-80°, the probe can be advanced deeper 
towards gastroesophageal junction with gentle 
clockwise (rightward) rotation to image the IVC in 
its long-axis opening into the RA. The IVC rim of the 
defect is seen near the apex of the image sector and 
Eustachian valve is seen anterior to the IVC opening. 
It is usually difficult to profile the IVC rim well in this 
view, because of the proximity of the IVC to the lower 
esophagus. To overcome this, the TEE probe may be 
advanced further into the stomach and retroflexed and then 
gently withdrawn back to the gastroesophageal junction 
level. This maneuver helps in moving the probe and also 
esophagus away from the IVC, improving visualization of 
the IVC rim of the ASD in 60°-80° imaging plane.[46] The 
rim length is measured from the posteroinferior wall of the 

Figure 47: Schematic diagram showing an ostium secundum type of 
atrial septal defect and its margins, as visualized from the right atrial side. 
Different TEE multiplane angles are shown, along with the rims seen in 
those views. Green ‑ SVC rim; red ‑ aortic rim anteriorly and posteroinferior 
atrial rim posteriorly; white ‑ mitral rim anteriorly and posterosuperior atrial 
rim posteriorly; yellow ‑ IVC rim. IVC: Inferior vena cava, SVC: Superior 
vena cava, TEE: Transesophageal echocardiography, TV: Tricuspid valve

Figure 48: Two‑dimensional transesophageal echocardiographic 
visualization of an ostium secundum atrial septal defect. IVC: Inferior 
vena cava, RA: Right atrium, RSPV: Right superior pulmonary vein, SVC: 
Superior vena cava
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LA to the inferior edge of the ASD, keeping IVC opening 
in sight. The supero-inferior diameter of the ASD and the 
total supero-inferior septal length are also measured in this 
view. ASDs with the absent posteroinferior and/or IVC 
rims are usually larger and are associated with greater 
chances of failure of the device closure and device 
embolization

9. At 90°-110° imaging plane, the probe can be withdrawn 
with gentle clockwise (rightward) torque to visualize 
the SVC opening into the RA, SVC rim of the ASD 
(on the right side of the image display) and the RA 
appendage (seen anteriorly) [Video 37]. With further 
clockwise rotation, the right superior pulmonary artery 
is seen in cross-section behind the SVC. The normal 
opening of the right superior pulmonary vein into LA can 
also be seen (may need increasing the angle to 110º-120º) 
and when it is anomalously connected to SVC, the same 
can be diagnosed in this view. The SVC rim length is 
measured from the superior edge of the ASD to the 
insertion of the septum posterior to SVC opening, just 
opposite to where right pulmonary artery crosses the SVC

10. Finally, if 3D TEE is available, the same can be used to 
permit en face visualization of the entire ASD [Figure 49].

Evaluation of patients with suspected cardioembolic 
stroke
In 2018, the Indian Academy of Echocardiography had 
published a practice guideline for the performance of TEE for 
evaluation of patients with suspected cardioembolic stroke.[15] 
This document describes in detail the indications for TEE, 
systemic segmental approach for performing TEE, and TEE 
evaluation of individual pathologies which could result in an 
embolic stroke. The readers are encouraged to refer to this 
document for a more detailed discussion.

Left atrial appendage
LAA is a finger-like projection at the junction of LA and LV 
free wall. There is considerable variation in the size, shape and 

number of the lobes of the LAA.[52-54] It may have a chicken 
wing, windsock, cauliflower or cactus shape [Figure 50]. The 
ostium of LAA may be circular, elliptical, triangular, waterdrop 
like or shoe like.

LAA lies within the pericardium and acts as a decompression 
chamber during ventricular systole and when the LA pressure 
is raised. It becomes dilated when there is LA dilatation, as 
occurs in patients with MV disease, AF and cardiac failure. 
LAA also helps in maintenance of heart rate and fluid balance 
through secretion of atrial natriuretic peptide, 30% of which 
is secreted from the LAA.[52,53]

At least 15% of all strokes are cardioembolic in origin.[55] 
LAA is the commonest source of embolism in the presence 
of AF, MV disease or both [Figure 51 and Video 38]. LAA 
thrombus may also form in sinus rhythm, especially in patients 
with heart failure. Anticoagulation, surgical LAA occlusion 
during MV surgery and percutaneous LAA exclusion are used 
for minimizing cardioembolic stroke risk in appropriately 
selected patients.

There are several indications for which imaging of LA and 
LAA is required, as outlined previously. During TEE, LAA 
is commonly imaged in ME SAX view at 30°-60° and ME 
two-chamber view at 80°-90°. However, it is not enough to 
visualize the LAA in these two views alone because it has 
got a complex 3D anatomy with different shapes, size and 
lobes. Hence, the operator should scan through the entire 
LAA in complete detail to diagnose or exclude any LAA 
thrombus. This can be achieved by keeping the LAA in the 
centre of the ME SAX view and scanning from 30°-135° 
while simultaneously adjusting the probe orientation to keep 
the LAA in view [Figure 52]. This sequence cuts through the 
LAA in different angles and helps to completely visualize it.

If TEE is performed using a 3D TEE probe, multiplane 
imaging along two orthogonal planes with simultaneous 
adjustment of elevational plane should be used. A full-volume 

Figure 49: Three‑dimensional transesophageal echocardiographic 
visualization of an ostium secundum atrial septal defect from right atrial 
side

Figure 50: Upper panel ‑ Different shapes of left atrial appendage. 
(a) Windsock, (b) chicken‑wing, (c) cactus, and (d) cauliflower shape. 
Lower panel ‑ Different shapes of the ostium of left atrial appendage. 
(a) Circular, (b) elliptical, (c) triangular, (d) water drop like, (e) foot like
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image acquisition at ME 45° is recommended. 3D zoom mode 
may be used when required. 3D TEE can visualize the entire 
LAA, helping to study the shape, size and the mouth of the 
LAA along with better interrogation of pectinate muscles and 
volume quantifications. The short- and long-axis assessment 
is also more accurate, especially when multiple slice method 
is used.

The sensitivity and specificity of TEE for diagnosing LAA 
thrombus has been reported to be as high as 100% and 99%, 
respectively.[56] Pectinate muscles and spontaneous echo 
contrast may be mistaken for a thrombus [Figure 51 and 
Videos 38, 39]. Contrast opacification of LAA helps to resolve 
this and improves the diagnostic accuracy. Apart from the 
anatomic assessment, complete imaging of LAA should also 
include color flow imaging and PW Doppler assessment of 
the emptying velocity.[57]

TEE is indispensable in the planning and guiding percutaneous 
device closure of the LAA.[58,59] Pre-procedure, TEE is 
performed for assessment of LAA anatomy and size 
and to exclude LA/LAA thrombus, which is an absolute 
contraindication to the procedure. Specific set of measurements 
need to be obtained, depending on the type of device being 
used. The actual procedure is performed under complete TEE 
guidance, which is used for guiding the trans-septal puncture, 
verifying position of the delivery sheath, aiding delivery and 
deployment of the device at the LAA ostium, confirming 
successful deployment and stability of the device, and to rule 
out any procedural complications [Figure 53].

Patients undergoing transcatheter aortic valve implantation
Accurate sizing of the aortic annulus is a very important 
measure for a successful outcome of transcatheter aortic valve 
implantation (TAVI). Conventionally, cardiac CT is used for 
this purpose because of its greater accuracy. Routine 2D TEE 
is unreliable since a single linear measurement in one view 
cannot accurately reflect the annulus which frequently is 
oval in shape. When compared to cardiac CT, it consistently 
underestimates the annulus size. In comparison, 3D TEE 
fares better, but again undersizes the annulus.[60] Though the 
difference in values is about 9.6%, the absolute value is small 
and has a reasonable correlation. 3D underestimates because 
of its lower resolution, with the difference more for area 
than perimeter. However, 3D TEE can be a useful alternative 
whenever cardiac CT is not possible for some reason (e.g. renal 
dysfunction). There have been some studies reporting good 
correlation of 3D TEE with cardiac CT. Additionally, 3D TEE 
can measure the length of the aortic leaflet and the distance 
of the left main ostium from the aortic annulus, which is not 
possible with 2D TEE. However, dropouts due to significant 
calcification are a frequent problem.

Fo l lowing  i s  t he  r ecommended  t echn ique  fo r 
TAVI-specific aortic valve assessment using 3D TEE[61] 
[Figures 54-56 and Video 40a, b].
• Optimize 2D image in the 3-chamber long-axis view
• Use 3D zoom

Figure 51: (a) A large left atrial thrombus (arrow). (b) Comb‑like parallelly 
arranged pectinate muscles (arrow)

ba

Figure 52: Visualization of the left atrial appendage in different imaging 
planes

Figure 53: A Watchman® left atrial appendage occlusion device in 
place (arrow). The right‑side image shows color Doppler evaluation to 
rule out any residual peri‑device leak

• Include LVOT and the aortic root till the sinotubular 
junction completely

• Acquire in 3D mode
• Align the sagittal and coronal lines to get the long-axis of 

the LVOT and aorta
• Then align the transverse line below the hinge point 

perpendicular to the above 2 lines
• Measure aortic annulus area or diameter
• Distance of left and right coronary arteries from the 

annulus can also be measured
• Leaflet length can be measured.

[Downloaded free from http://www.jiaecho.org on Friday, October 22, 2021, IP: 223.30.5.13]



Burkule, et al.: IAE guidelines for adult TEE

Journal of the Indian Academy of Echocardiography & Cardiovascular Imaging ¦ Volume 5 ¦ Issue 2 ¦ May-August 2021116

valve disease, especially the MV disease, and procedural 
complications such as pericardial effusion.

Tricuspid valve and interventions
Ideally, imaging of the TV for transcatheter or surgical 
interventions requires both 2D and 3D TEE for better 
understanding of the valve. TTE is superior in many patients, 
but TEE is more flexible and provides for more viewing planes 
at mid- and lower-esophageal plus transgastric levels. During 
the intervention, TEE is preferred because imaging can be 
done without any restrictions or limitations to the operator 
while guiding the interventionist.

Challenges in TEE evaluation of TV when compared to MV 
are:
• TV is a more distant structure
• Lower-esophageal view is less clear due to the curve of 

the esophagus
• TV has thin leaflets and hence more dropouts
• Limited imaging windows available for TV visualization.
• TV is more prone for artifacts originating from other 

structures like atrial septum

2D TEE imaging of TV starts at the level of ME 0° 
four-chamber view [Figure 57] with focus on septal leaflet 
(which is a constant structure).[62] Anterior or posterior leaflets 
vary depending on the level and angle at which imaging is 
done. The anterior tricuspid leaflet (ATL) is seen when the 
transducer is withdrawn slightly and the aortic valve which 
is at a higher level comes into view, while a lower level will 
show the posterior tricuspid leaflet (PTL). A biplane on a 
3D TEE transducer in ME 0° four-chamber view provides 
for accurate identification of these two leaflets, where the 
ATL can be identified due to its proximity to the aorta in the 
orthogonal view with the opposite leaflet being the PTL.[63] 
Additional views are at SAX [Figure 58] and bicaval views 
[Figures 59 and 60]. Lower-esophageal level just before 
the gastro-esophageal junction is the preferred view for an 
uninterrupted view of the annulus, its sizing and leaflet imaging 
(structural and color Doppler). The PTL is seen close to the 
coronary sinus and the opposite leaflet is the ATL. Next is 
the upper transgastric view with all three leaflets [Figure 61] 
and commissures seen in a transverse cut, seen between 0° 
to 30°, with the posterior annulus in the near field. It is then 
followed by a deep transgastric view with rightward and 
anterior flexion in which all three leaflets with 2 commissures 
can be seen [Figure 62]. The septal leaflet is close to the 
atrial septum, the ATL in the middle and PTL being the other. 
Off-axis views [Figure 63] are encouraged so that maximum 
information is obtained at all levels with varying angles and 
rotations.

3D TEE has become a highly accurate and reliable imaging 
approach for TV evaluation [Figures 64-66].[64] The axial 
resolution is generally better than the lateral and elevation 
resolution, hence the ideal imaging plane should be first 
identified and thereafter multiple datasets should be 
acquired. It is important to include adjacent structures 

Figure 54: Use of three‑dimensional echocardiography with multiplanar 
reconstruction for selecting appropriate image plane for obtaining various 
aortic measurements

Figure 56: Three‑dimensional transesophageal echocardiography for the 
measurement of coronary ostial height from the aortic annulus. (a) Right 
coronary ostial height, (b) Left coronary ostial height

ba

Intraprocedural fusion imaging, combining fluoroscopy 
with 3D TEE has been reported to be feasible for valve 
deployment and successful outcome. Although the use of 
intraprocedural TEE in TAVI is now limited, it does have 
its advantages when used. It has been shown to reduce 
procedure times and lower outcomes of kidney injury. An 
added advantage TEE provides compared to fluoroscopy 
is its ability to assess ventricular function, associated 

Figure 55: Three‑dimensional transesophageal echocardiographic 
measurement of aor tic root dimensions. (a) Diameter measurement 
of aor tic root at the sinus of valsalva, sinotubular junction and 
ascending aor ta, (b) Measurement of aor tic annular area and 
perimeter

a b
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Figure 57: Two‑dimensional mid‑esophageal four‑chamber view of 
tricuspid valve at a higher level with ATL viewed (a), and at a lower level 
with PTL viewed (b). (c and d) Three‑dimensional image of tricuspid valve 
with arrows showing the angles it has been imaged to obtain STL, ATL 
and PTL. ATL: Anterior tricuspid leaflet, PTL: Posterior tricuspid leaflet, 
STL: Septal tricuspid leaflet

ba

dc

Figure 58: (a) Two‑dimensional mid‑esophageal short‑axis view of 
tricuspid valve. (b and c) Three‑dimensional image of tricuspid valve with 
arrows showing the angles it is to be imaged to obtain STL, ATL and PTL. 
ATL: Anterior tricuspid leaflet, AV: Aortic valve, IAS: Interatrial septum, 
PTL: Posterior tricuspid leaflet, STL: Septal tricuspid leaflet

cb

a

Figure 59: (a) Two‑dimensional mid‑esophageal bicaval view of tricuspid 
valve in left image, with corresponding orthogonal view in the right 
image. (b) Three‑dimensional image of tricuspid valve with arrow showing 
the angle it has been imaged to obtain ATL and PTL. ATL: Anterior tricuspid 
leaflet, PTL: Posterior tricuspid leaflet

ba

Figure 61: Two‑dimensional transgastric biplane view. All three leaflets 
of tricuspid valve are seen in the left image, while the corresponding 
image on right shows PTL and ATL. ATL: Anterior tricuspid leaflet, 
PTL: Posterior tricuspid leaflet, STL: Septal tricuspid leaflet

Figure 60: (a) Two‑dimensional mid‑esophageal bicaval view of tricuspid 
valve showing ATL and PTL. (b) Mild tricuspid regurgitation. ATL: Anterior 
tricuspid leaflet, PTL: Posterior tricuspid leaflet

ba

Figure 62: Two‑dimensional deep transgastric view of all three leaflets 
of tricuspid valve. ATL: Anterior tricuspid leaflet, PTL: Posterior tricuspid 
leaflet, STL: Septal tricuspid leaflet

[Figures 67 and 68] during acquisition for better anatomic 
understanding of the TV anatomy (aorta for ATL and atrial 

septum for septal leaflet). The coronary sinus entry is 
usually located near the commissure between the posterior 
and septal leaflets from the atrial side. When acquired from 
lower-esophageal four-chamber view, from the atrial side, the 
septal, posterior and anterior leaflets can be identified along 
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Figure 63: Two‑dimensional deep transgastric view of tricuspid valve in 
systole (a) and diastole (b). Four‑chamber view is seen in the left image 
and two‑chamber view in the right image. ATL: Anterior tricuspid leaflet, 
PTL: Posterior tricuspid leaflet, STL: Septal tricuspid leaflet

ba

Figure 64: Initial scout three‑dimensional view of tricuspid valve. Left 
image is at 0º mid‑esophageal view with corresponding bicaval view in 
the right image

Figure 67: Three‑dimensional view of all the valves, coronary arteries and 
coronary sinus. AV: Aortic valve, CS: Coronary sinus, LCA: Left coronary 
artery, MV: Mitral valve, PV: Pulmonary valve, RCA: Right coronary artery, 
TV: Tricuspid valve

Figure 65: Three‑dimensional view of tricuspid valve, from atrial (a) and 
ventricular (b) sides

ba

Figure 66: Three‑dimensional view of tricuspid valve in systole (a) and 
diastole (b)

ba

Figure 68: Three‑dimensional view of TV, showing various 
adjacent structures from atrial and ventricular sides. (a) AV and 
MV, (b) PV and MV, (c) RCC and NCC of AV, AML, CS, RAA and RCA. 
AML: Anterior mitral leaflet, AV: Aortic valve, CS: Coronary sinus, 
MV: Mitral valve, NCC: Noncoronary cusps, PV: Pulmonary valve, 
RAA: Right atrial appendage, RCA: Right coronary ar tery, RCC: Right 
coronary cusps, TV: Tricuspid valve

ba

c Figure 69: Three‑dimensional view of tricuspid valve, from atrial (a) and 
ventricular (b) sides showing the three leaflets. ATL: Anterior tricuspid 
leaflet, PTL: Posterior tricuspid leaflet, STL: Septal tricuspid leaflet

ba

with their corresponding commissures [Figures 69 and 70]. 
The valve should be imaged from both atrial and ventricular 
sides [Figure 71]. Alternative approach is to acquire TV 3D 
dataset from the bicaval view.
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Pre procedural imaging for interventions includes assessing the 
annulus, its size, its shape, leaflet morphology, leaflet function, 
amount of calcification, coaptation, commissures, severity of 
tricuspid regurgitation (TR) and anatomical relation of TV to 
adjacent structures.

MitraClip®, and more recently TriClip®, by trans-jugular 
approach have been employed for TV edge-to-edge repair in 
patients with severe TR.[65] It is important to align the annular 
plane as perpendicular as possible to the ultrasound beam. 
Lower-esophageal four-chamber view with simultaneous 
biplane imaging is ideal for imaging the TR, optimizing device 
placement and grasping of leaflets. This same view in 2D 
TEE can be used for measuring gradients. Deep transgastric 
views are best to assess for clip positioning. 3D TEE provides 
for better imaging structurally and for assessing TR. Avoid 
deep transgastric view for TR after clip is in place due to the 
shadowing from the device.

Forma® and Trialign® are the other repair devices. In the Forma® 
device implantation, the landing zone is identified, the route of 
the anchor is monitored in RV and TR severity is assessed.[66] 
During implantation, TEE is crucial in guiding the catheter, 
tracing path of device catheter, anchor deployment at the RV wall 
for stabilizing the device and for confirming optimal position of 
the device. In Trialign®, pledgeted sutures are used across the 
posterior annulus and 3D TEE provides for accurate placing of 
pledgets. The Cardioband® is a system that is employed along 
the annulus and 3D TEE is invaluable for providing en face view 
of the annulus and its size. This can be obtained from the ME RV 
inflow-outflow view at 50° to 70°. Supplementary views are ME 
four-chamber view and transgastric views.

rolE in spEcial sEttings

Point‑of‑care ultrasound
The use of point-of-care ultrasound (POCUS) as a diagnostic 
assist in many scenarios is rapidly rising. It is now increasingly 

being used by anesthesiologists, critical care teams and in 
emergency rooms. Its utility lies in quick diagnostics and 
monitoring in the care of cardiac and non-cardiac patients. 
Transthoracic POCUS is now routinely applied in many areas 
but use of TEE for this purpose is still a slowly progressing 
field. The scope of practice and application of PCOUS TEE 
are still not defined clearly, but the requirement is very much 
there. Paradoxically, the success rate of good images obtained 
is more in TEE than TTE.[67,68]

POCUS TEE is broadly based on 5 essential views for easy, 
quick and practical application-
• ME four-chamber view at 0°,
• ME SAX view of aortic valve at 45°-60°,
• ME LV two-chamber view at 90°,
• ME LV long-axis view at 110°,
• ME bicaval view at 90°.

Additionally, transgastric SAX views of LV and aortic views 
are also being evaluated.

TTE images can be suboptimal in about 50 percent of patients 
due to trauma, ventilatory support, body habitus, surgical 
bandages and due to lung diseases. POCUS TEE can be 
invaluable in such situations targeting ventricular size and 
function, volume status, status of pericardial effusion and 
guiding pacemakers, cannulations, and other procedures. 
POCUS TEE has also been demonstrated to be of much utility 
in cardiopulmonary resuscitation,[69] as discussed subsequently.

Presently, the interest is on how quickly TEE can be integrated 
into POCUS for improved patient management with a 
simplified and effective protocol.

Temporary mechanical circulatory support
Intra‑aortic balloon pump
Before insertion of an intra-aortic balloon pump (IABP), TTE 
or TEE is done to exclude significant aortic regurgitation (AR), 

Figure 70: Three‑dimensional view of tricuspid valve, from atrial side 
showing the three commissures. APC: Anteroposterior commissure, ASC: 
Anteroseptal commissure, PSC: Posteroseptal commissure

Figure 71: Three‑dimensional view of tricuspid annulus, from atrial side. 
Yellow line is the high point, while the red line is the low point of the saddle 
shaped annulus. AL: Anterolateral, AS: Anteroseptal, PL: Posterolateral, 
PS: Posteroseptal
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aortic dissection, or aneurysm, which are contraindications 
to IABP insertion. Though not regularly used, TEE can be 
helpful in certain situations. In hemodynamically unstable 
patients with poor acoustic window, TEE may be needed to 
obtain adequate images. Moreover, TEE is generally superior 
to TTE for assessment of aortic valve and aortic pathologies. 
TEE may also demonstrate mobile aortic atheroma, which may 
be relevant for IABP insertion. ME aortic valve and ascending 
aorta long-axis views provide good visualization of aortic root 
and ascending aorta, whereas ME descending aorta long- and 
short-axis views permit visualization of entire descending 
thoracic aorta [Table 1]. At upper esophageal level, aortic 
arch short- and long-axis views can show openings of all the 
three arch vessels.

During IABP insertion, position of the guidewire is confirmed 
in the descending aorta. The balloon is then inserted and 
advanced till the tip is about 2-5 cm below the left subclavian 
artery [Video 41a and b]. In unusual situations like aortic 
dissection or a graft, IABP will have to be positioned at 
different sites. Monitoring includes LV function assessment, 
severity of AR, changes in location of atheroma or an 
appearance of dissection.

Ventricular assist device
The main purpose of TEE is to guide implantation and to detect 
immediate post-procedural complications. Though there are 
different types of VAD, the overall concept is same when it comes 
to the use of TEE in pre-, intra- and post-procedural imaging.

Before the procedure, TEE can be used for confirming the need 
for VAD and to evaluate for contraindications like significant 
aortic valve disease, MS, intracardiac thrombus, aortic dissection, 
pulmonary stenosis or intracardiac shunt.[70] The required TEE 
views include ME four-chamber view, ME short- and long-axis 
views for aortic valve along with deep transgastric views and 
views for ascending and descending aorta imaging.

At the time of insertion, TEE can guide positioning of the 
inflow cannula at the LV apex [Figures 72-74] or in the LA, 
while the outflow cannula is placed in the ascending aorta.[71-74] 
Depending on the device used, atrial septum is assessed for 
septal puncture. Once the device is in place, it is evaluated 
for its flow and functioning of aortic, tricuspid, and mitral 
valves, presence of air, shift of interventricular septum, RV 
and LV dilatation, size and function, tamponade, and flow 
problems (kinking or obstruction).

Cardiopulmonary resuscitation
TEE has emerged as a useful imaging modality during 
cardiopulmonary resuscitation (CPR). There are several ways 
in which TEE can be helpful-
1. TEE in cardiac arrest has been shown to be helpful in 

identifying presence or absence of intrinsic cardiac 
contraction and distinguishing pulseless electrical activity 
from true asystole,

2. It helps in the dynamic evaluation of effectiveness of chest 
compressions,[75]

Figure 72: Left ventricular assist device inflow cannula is seen at the 
left ventricular apex (red arrows). Color flow is seen coming from mitral 
valve and entering the inflow cannula

Figure 73: Characteristic finding of continuously closed aortic valve in a 
patient on left ventricular assist device support. The flow from the inflow 
cannula bypasses the aortic valve and directly enters the ascending aorta 
via the outflow cannula

Figure 74: Doppler sampling at the inflow cannula, with normal flow 
velocities

3. In as many as 20% of cases, it can identify the cause of 
arrest such as severe hypovolemia, cardiac tamponade, 
massive pulmonary embolism, aortic dissection, and 
myocardial rupture.

A major advantage of TEE in this setting is that it does not 
come in the way of the resuscitating team and allows the CPR 
team to continue and maintain effective CPR. At the same 
time, it provides crucial images of ventricular function and 
pericardial effusion in real time, which have great diagnostic 
and prognostic value.

Imaging protocol
CPR TEE protocol comprises of only 6 views[68]

• ME four-chamber view,
• ME two-chamber view,
• ME long-axis view,
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• ME bicaval view,
• Transgastric SAX view, and
• Descending aorta views.

In our opinion CPR TEE can be performed by anyone (cardiologist 
or non-cardiologist) who has performed 50 independent elective 
TEEs in the echocardiography lab/operating room/ICU.

Safety and contraindications
Apart from all contraindications for elective TEE, the specific 
contraindication for TEE during CPR are-
• Possibility of esophageal or gastric rupture, and
• Lack of definitive airway.

No study has been performed to address the safety of CPR 
TEE. However, in a case series,[76] TEE was shown to be safe 
without any added complication risk compared to elective TEE 
and allowed the patients to be shocked when the TEE probe 
was in place. A literature review of 55 publications involving 
277 patients undergoing TEE during CPR concluded that TEE 
during CPR was helpful in guiding resuscitation and could be 
used even by non-cardiology physicians safely.[77] It added 
valuable incremental diagnostic and prognostic information 
which in select cases could be lifesaving.

Micro‑transesophageal echocardiography
The micro-TEE probe was primarily designed for application 
in pediatric patients. But over time it has been used in adults in 
certain clinical scenarios. The overall aim has been to keep the 
probe small, not too invasive, and less injurious to the patient. 
The standard TEE probe tip generally measures approximately 
10-15 mm in thickness while the 3D probe is about 1.5 mm 
thicker. To a large extent, this thick probe is well tolerated but 
during intubation and while imaging it always carries the risk 
of injury to the mucosal lining of the oral cavity, esophagus, 
and stomach. In contrast, the micro-TEE probe measures about 
7.5 mm in thickness at its tip and about 5 mm at the shaft, 
which is half the size of the adult probe.[78,79] This ensures easy 
intubation, less mucosal injury, less hemodynamic compromise 
with lower complication rates [Table 2]. In India where most 
TEEs are done under local anesthesia, this would be a boon 
to the operator and the patient. However, the tradeoff means 
that the thin probe holds less crystals which in turn results 
in suboptimal resolution and quality of images, though not 
affecting the accuracy of the images visualized. The lower 
resolution can be a challenge when used for imaging difficult/

deeper structures, complex pathologies, and for transcatheter 
heart interventions and in peri-operative TEE. Optimal images 
are better at 6 to 7 cm depth with loss of image quality in the 
far field. Accuracy of measurements are acceptable, but with 
slight underestimation.

Micro-TEE probe has about 32 elements, phased-array, 
providing grey scale imaging, M-mode, color and spectral 
Doppler (both PW and CW) but 3D imaging is not possible. It 
has a frequency range of 3.2 to 7.4 MHz, capable of good frame 
rates, multiplane 180° imaging, angle display, antero-posterior 
movements, temperature check and a locking mechanism. 
Probe manipulation is the same as that for regular TEE probe.

The micro-TEE probe is inserted either by the nasal 
route (with a drawn mandible, either by blind introduction 
or by laryngoscope guidance) or orally, as per standard TEE 
intubation methods.[80] Epistaxis can happen occasionally 
during nasal approach, but it is usually minimal. Imaging done 
is as per routine protocol as followed with standard TEE probe. 
There are single use probes, but these are expensive.

Use of micro-TEE has been explored in transcatheter heart 
interventions where it has shown promise and feasibility for 
some select procedures (PFO closure, ASD closure, LAA 
closure, MitraClip® implantation, aortic valve implants, 
guiding septal punctures, AF ablation, and pediatric cardiac 
surgeries).[81] They were done under local anesthesia, thus 
reducing procedural time, reducing cost and causing less 
discomfort to the patient. However, suboptimal imaging was 
a frequent challenge faced, especially with deeper structures, 
along with slight undersizing of device implants. It can be used 
as an alternative in certain situations in adults. Quality of 2D 
and color Doppler images are better in neonates and children, 
especially in underweight children.[82] Larger esophagus in 
adults and older children leads to reduced stability of the thin 
transducer often requiring additional flexion for good images. 
Though it has been in clinical use for a decade, availability of 
the probe is still limited.

rolE of training on mannEquin simulator

TEE is a semi-invasive procedure and is associated with patient 
discomfort and rarely, minor and major complications. For these 
reasons, TEE is not as easily repeatable as TTE. Therefore, the 
goal of any TEE examination is to ensure maximum yield in the 

Table 2: Advantages and limitations of micro‑transesophageal echocardiography probe

Advantages Limitations
Easy intubation Lower spatial resolution
Less discomfort and better tolerated over prolonged period of time Lower acoustic coupling due to its small size in the esophagus
Less traumatic No 3D imaging
Can be done under local anesthesia
Less complications
Can be used in infants and children
Superior imaging and lower cost when compared to intracardiac echocardiography
3D: Three-dimensional
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shortest possible time and with minimum patient discomfort and 
risk. The skillset required to meet these objectives is demanding. 
Considerable amount of hands-on-training and observership are 
required to relearn the cardiac structural orientation from the 
perspective of esophageal or transgastric access and to learn TEE 
probe manipulations needed to acquire optimum images from a 
variety of imaging windows.

There are only a limited number of targeted TEE studies being 
done in most of the echocardiography labs and therefore, there 
is limited access to hands-on training for the cardiology fellows. 
Furthermore, in conscious patients or in emergency situations, 
only a limited time is available for TEE study and most often 
the study is performed by senior faculty to reduce examination 
time and increase the yield of the study. In cardiac operation 
theatre, however, the situation is ideal to learn and practice 
TEE imaging as the patient is under general anesthesia and 
there is no time-pressure, unlike in a busy echocardiography 
lab. However, quite often, there is ‘professional competition’ 
or ‘turf war’ for training and ownership between cardiovascular 
anesthesiologists and cardiology fellows, impeding learning 
opportunities for the latter.

In this context, the development of computer simulation in 
medicine has been a great boon. The availability of highly 
sophisticated TEE simulator mannequins has created an 
excellent opportunity to thoroughly learn and practice TEE 
hands-on, under expert guidance, and at one’s own pace of 
learning [Figure 75].

A typical TEE simulator has a life size mannequin torso and a 
real size dummy TEE probe with all the regular control knobs 
on the handle. The TEE probe is connected to a fast-processing 
computer with the advanced simulation software. Just like a 
real-life TEE, the probe can be inserted in the mannequin’s 
mouth and can be moved up or down, torqued and the 
imaging plane can be rotated from 0°-180° electronically. The 
computer memory has a comprehensive 3D data of human 
heart structure and function derived from 3D CT and magnetic 
resonance imaging datasets of normal hearts to create realistic, 
anatomically accurate, animated images of a human heart 
which is fully interactive.

The mannequin is mostly empty inside and has a magnetic field. 
There are tiny electromagnetic sensors embedded in the dummy 
TEE probe. The sensors track the position of the transducer lens 
of the dummy TEE probe in real time within the mannequin 

torso, just like a global positioning system that can track the 
location of a moving object. From the position of the probe 
and from the electronic feedback from the sham controls of the 
dummy probe, exact imaging plane is determined. Interaction 
between this information and the 3D anatomical model of 
the heart stored in the computer memory generates real time 
cross-sectional ‘echocardiographic’ images on the monitor. The 
operator gets an experience like that of performing real life, 
real-time imaging, with quick feedback from operating controls 
and manipulation of the probe inside the mannequin. The virtual, 
animated, 3D anatomical heart model is also displayed on the 
computer monitor next to a simulated echocardiography image. 
The side-by-side display of the actual anatomical section and the 
simulated echocardiography images allows learner to develop 
a much better spatial-anatomical orientation for all the imaging 
planes. This feature greatly helps in improving conceptual 
understating of TEE imaging as to why particular structures are 
visualized in any given view.

Certain common pathologies can also be programmed in the 
computer for practicing focused views required for better 
delineating those pathologies. Various echocardiographic 
modalities such as M-mode, color Doppler, PW Doppler and 
CW Doppler along with measurement calipers can be added to 
the software to permit quantification as well. In a small study, 
cardiology fellows, who were first trained for one month on 
mannequin simulator before joining traditional on-patient 
training, were found to be more proficient in performing 
TEE on patients than the fellows trained only by traditional 
on-patient training.[83] The mannequin trained fellows could 
obtain a greater number of TEE views on the patients without 
assistance, could perform TEE in a shorter duration of time, had 
more comfort level in handling the TEE probe and consistently 
scored higher on formal assessment.

conclusions

TEE is an immensely useful cardiac diagnostic modality. 
However, it requires technical expertise to ensure maximum 
diagnostic yield with minimum patient discomfort and 
the risk of complications. Thorough understanding of 
echocardiographic-anatomic orientation from TEE perspective 
and adequate hands-on training are essential to gain 
competency in TEE. Additionally, paying careful attention 
to patient preparation and periprocedural monitoring and 
following a systematic protocol for image acquisition are 
helpful in achieving the best outcomes with this modality.
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Video legends
Video 1: Mid-esophageal 0° five-chamber view.

Video 2: Mid-esophageal 0° four-chamber view.

Video 3: Mid-esophageal bi-commissural view.

Video 4: Mid-esophageal two-chamber view.

Video 5: Mid-esophageal long-axis view.

Video 6: Mid-esophageal ascending aorta long-axis with right 
pulmonary artery short-axis view.

Video 7: Upper-esophageal 0° main and right pulmonary 
artery long-axis view.

Video 8: Upper-esophageal 0° right superior pulmonary vein 
long-axis and superior vena cava short-axis view.

Video 9: Upper-esophageal 30°–60° right superior and inferior 
pulmonary vein view.

Video 10: Upper-esophageal 0° right atrial appendage, superior 
vena cava and ascending aorta view.

Video 11: Mid-esophageal 60° aortic valve short-axis and right 
ventricular inflow-outflow view.

Video 12: Mid-esophageal 70°–90° inferior vena cava right 
atrial junction view.

Video 13: Mid-esophageal 90°–110° superior vena cava right 
atrial junction view.

Video 14: Mid-esophageal 60° left atrial appendage left 
superior pulmonary vein view.

Video 15: Mid-esophageal 120° left superior and inferior 
pulmonary vein view.

Video 16: Lower-esophageal coronary sinus view.

Video 17: Lower-esophageal pleural spaces. (a) Right pleural 
space, (b) left pleural space.

Video 18: Transgastric basal left ventricular short-axis view.

Video 19: Transgastric mid left ventricular short-axis view.

Video 20: Deep transgastric left ventricular apical short-axis view.

Video 21: Deep transgastric left ventricular short-axis outflow 
views. (a) Right ventricular outflow view, (b) left ventricular 
outflow view.

Video 22: Transgastric left ventricular long-axis two-chamber 
view.

Video 23: Transgastric right ventricular inflow long-axis view.

Video 24: Transgastric left ventricular long-axis inflow-outflow 
view.

Video 25: Mid-esophageal descending aorta views. (a) Short-axis 
view, (b) long-axis view.

Video 26: Upper esophageal aortic arch short- and long-axis 
views with branch vessels. (a) origin of left subclavian artery, 
(b) origin of left common carotid artery, (c) origin of the 
innominate artery.

Video 27: Simultaneous biplane imaging.

Video 28: Three-dimensional zoomed transesophageal 
echocardiographic view of the mitral valve, as visualized from 
the left atrial side (i.e., the “surgeon’s view”). The A2 scallop 
of the anterior mitral leaflet appears to be flail with ruptured 
chordae seen attached to it.

Video 29: Simultaneous biplane imaging for guiding transseptal 
puncture for transcatheter mitral valve edge-to-edge repair. The left 
images shows bicaval view for superior-inferior orientation while 
the right image shows basal short-axis view for anteroposterior 
orientation. IVC: Inferior vena cava, SVC: Superior vena cava.

Video 30: Aligning the clip in relation to the mitral valve. Biplane 
imaging is used to simultaneously orient the clip in medial-lateral 
(bi-commissural view, left image) as well as anteroposterior 
(left ventricular outflow tract view, right image) directions.

Video 31: Three-dimensional en face view for orientating the 
clip perpendicular to the mitral leaflets coaptation line.

Video 32: Aligning the clip once it has been advanced into 
the left ventricle.

Video 33: Atrial septal defect as visualized in the 0° mid-
esophageal four-chamber view. Posterosuperior atrial rim is 
seen on the left side of image display, whereas the mitral rim 
is seen on the right side of image display.

Video 34: At 0°, withdrawing the probe to superior vena 
cava- right atrial junction level with clockwise rotation can 
visualize the opening of the right superior pulmonary vein 
into the left atrium.

Video 35: Atrial septal defect as visualized in the mid-
esophageal 30° view.

Video 36: Atrial septal defect in the mid-esophageal 60° view. 
Posteroinferior atrial rim is on the left side and the aortic rim 
on the right side.

Video 37: Atrial septal defect in the bicaval view.

Video 38: Left atrial appendage thrombus.

Video 39: Comb-like pectinate muscles in the left atrial 
appendage.

Video 40: The use of three-dimensional transesophageal 
echocardiography for measuring coronary ostial height. (a) Left 
main ostium, (b) right coronary ostium.

Video 41: Intra-aortic balloon pump is seen in descending aorta 
short-axis view (a) just distal to the origin of left subclavian 
artery, and in long-axis view (b).
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