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TRANSOESOPHAGEAL ECHOCARDIOGRAPHY AND THE ANAESTHETIST 
 
 
INTRODUCTION 
 
The transoesophageal echocardiograph (TOE) is an imaging modality aimed at visualizing the 
heart and great vessels from a close proximity in real time, while being relatively minimally 
invasive. Although ultrasonography itself has been around since the 1950s(1), it is only in 1980 
that the TOE started being used as an intraoperative monitoring device for left ventricular 
function(2). Since then the TOE has made its most significant contribution in the field of cardiac 
surgery, allowing intraoperative diagnoses to be made which went on to guide both surgical and 
anaesthetic therapy. In addition to its use in cardiac surgery, the TOE is now being used in 
different fields, including non-cardiac surgery and in critical care(1). This has subsequently 
expanded the involvement of the anaesthetist with this imaging tool, thus making it an important 
imaging modality to learn about and gain experience in operating.  
 
 
HISTORY 
 
Cardiac activity was first reported to have been seen using ultrasound in 1954. This was the time 
when Inge Edler, a cardiologist and director of the Cardiovacular Lab at the University of Lund in 
Sweden, was searching for a better way to assess mitral valve function before performing a closed 
mitral commissurotomy. He and Carl Hellmuth Hertz, who was at that time a physics student and 
coincidentally also related to nobel-prize winner Heinrich Hertz, used an ultrasonic reflectoscope 
borrowed from the maritime world. Using this equipment, they produced the first ultrasonic 
recording of the heart which was displayed on an oscilloscope as motion vs time. This recording 
showed the movement of the cardiac walls as well as the valves in a graphical form over time and 
soon became known as M(motion)-mode.(3) Previously to this other simpler modes of 
ultrasonography had been discovered outside of cardiac medicine. These included amplitude 
mode, also known as A-mode, which worked by plotting the amplitude of a reflected ultrasound 
wave against the distance from which the wave had been reflected to the transducer. Following 
this mode was the brightness mode, also called the B-mode. This mode took the amplitude of the 
reflected ultrasound wave and displayed it as a dot which would become brighter the higher the 
amplitude was.(4)  
In 1971, the oesophageal ultrasound was first used to measure flow through the aortic arch using 
Doppler.(5) In 1976 Frazin and colleagues developed a rudimentary oesophageal 
echocardiograph which was essentially a long cable with a single element ultrasound transducer 
connected to the tip of the cable. This was swallowed by the patient and M-mode echo scans 
would be displayed on the attached monitor. This first transoesophageal echo model was soon 
after modified. In 1977 Kohzoh Hisanaga and Asako Hisanaga produced a rotating mechanical 
scanning transducer housed in an oil-filled bag which was attached to a gastroscope. This 
transducer was able to produce a two-dimensional image of the heart. Then from the 1980s the 
modern era of the TOE began. Flexible probes that came with phased-array transducers and 
manipulable tips were introduced. Initially these were single, horizontally oriented transducers 
(monoplane), next they became two orthogonally oriented transducers with beams arranged at 
90ᵒ to each other (biplane), and then came the adjustable transducers capable of rotating 180ᵒ 
within the tip of the probe (multiplane)(6).  
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                                                                         P. Hanrath et al(7) 
 
 
THE TOE PROBE AND THE PHYSICS BEHIND IT(4, 8) 
 

The ultrasound transducer and imaging 

As practitioners using the TOE, it is expected that you be familiar with the TOE equipment and 
how it works. This includes understanding the ultrasound transducer with its system controls and 
also being able to optimize the quality of the image seen on screen. 
 
The ultrasound transducer itself is made up of four main components:  

1. A layer of piezoelectric crystals which is the functional component as it is responsible for 

both generating ultrasound waves from an electrical voltage and detecting ultrasound 

waves which are then converted back to an electrical signal (the Piezoelectric effect). 

2. A backing layer that sits behind the piezoelectric crystals. This layer is designed with a 

high impedance in order to absorb excess ultrasound waves and so decrease 

reverberation of the piezoelectric crystals. 

3. A matching layer is placed in front of the piezoelectric crystals. This layer works differently 

to the backing layer, in that it enhances the impedance matching between the crystals and 

the body of the transducer. 

4. An acoustic lens in located in front of the matching layer and its function is to focus the 

ultrasound beams leaving the probe. 

In ultrasound imaging, there are three primary modes which are used: 2D, M-mode and Doppler, 
with each mode providing important clinical information. 
 
2D imaging is the most recognizable mode as it displays an anatomical representation of the 
heart. This image is created using the piezoelectric crystals. Between 64 and 128 crystals are 
used to create a beam that sweeps across the field of interest repeatedly. The greater the number 
of crystals in the transducer, the better the image resolution. Temporal resolution which is defined 
as the ability to accurately track the movement of a structure and refers to how smoothly the 
cardiac image moves on screen is improved by using a high frame rate. Frame rate refers to the 
time given for one sweep of the ultrasound beam. Therefore the more sweeps per seconds, the 
higher the frame rate, and the better the temporal resolution. 
 
M-mode depicts the movement of the structures through which a single beam is sent along a 
narrow slice of the 2D image over time. Because such a narrow slice is sampled, the temporal 
and spatial resolution is greatly improved. When using M-mode accurate measurements of 
cardiac wall thickness as well as chamber diameters may done. Valve function can also be 
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assessed using this mode. Below is an example of M-mode echocardiography showing mitral 
valve motion, left and right ventricular diameters as well as the thickness of the interventricular 
septum. 
 

                                                      M-Mode echocardiography 
 
Doppler ultrasound is a mode based on the Doppler effect. The Doppler effect is the change in 
frequency which occurs when a sound wave moves in relation to an observer. When a wave 
source moves towards the observer, or in this case, red cells towards the ultrasound probe, the 
frequency increases and when it moves away, the frequency decreases. This change in frequency 
is displayed on 2D ultrasound as a change in amplitude over time. Doppler mode thus assesses 
flow of blood in the heart and blood vessels.  
There are three types of ultrasound Doppler:  

1. Pulsed wave Doppler(PWD) – This setting uses a single crystal from the ultrasound 

transducer to emit a signal which is reflected and returned to the probe intermittently. In 

doing so it allows the echocardiographer to assess blood flow over time at a set depth or 

point on the 2D image. The disadvantage of the PWD however is that can only measure 

lower flow velocities because it must wait for the emitted signal to return before another 

can be sent. PWD is used to measure flow through the mitral valve and aortic valve 

provided the flows are not too high. By measuring the aortic root area, the flow through the 

left ventricular outflow tract can be used to calculate cardiac output. Flow through the mitral 

valve can be used to assess diastolic function.  

2. Continuous wave Doppler (CWD) – This setting differs from PWD in that two crystals from 

the ultrasound transducer are used simultaneously with one crystal emitting a signal and 

the other receiving the signal. This means that a continuous wave is transmitted and 

received. CWD is used to measure high velocity flows such as those seen in aortic 

stenosis. The only limitation here is that depth cannot be accurately determined because 

there is no pause in the emission of waves to allow for the time taken for a signal to return 

to be determined and depth to be subsequently calculated.   

3. Colour flow Doppler (CFD) – In this setting a pulsed wave is used within a sector selected 

by the user to determine the blood flow frequency. A colour value is given to the received 

signal where red shades mean that the probe is detecting high frequency flows (flow 

towards the probe), and blue shades mean the probe is detecting low frequency flows (flow 

away from the probe). When a mix of colours are seen, this suggests that there is turbulent 

flow. CFD can be used to look for valvular pathologies within the heart as well as septal 

abnormalities such as ventricular or atrial septal defects. It can also be used to assess the 

vasculature when doing certain procedures e.g nerve blocks.  

 

 

RV – right ventricle 
IVS – Interventricular septum 
LV – left ventricle 
MV – mitral valve 
D – diastole 
S - systole 



Page 6 of 21 

Echo machine controls 

 
Understanding the ultrasound machine controls helps the user obtain the best possible image 
quality. This goes a long way in making accurate diagnoses and effective interventions. 
Transmit power is a function that determines how much ultrasound energy is delivered to a patient 
by the ultrasound. Higher power output allows for a brighter image to be displayed but at the risk 
of developing mechanical or thermal injuries to the patient. Therefore when using the ultrasound 
it is important that minimal power settings be used to achieve a clear image. 
 
Gain refers to the ability of the transducer to increase the amplitude of the returned signal and so 
increase the brightness of the image. It can be adjusted for the whole image or for only parts of 
the image. A disadvantage of this feature however is that all returned signals including noise is 
amplified.  
 
Time gain compensation (TGC) or depth compensation is a function which allows the user to 
adjust the gain of the image at different levels from the far field to the near field so the brightness 
of the image can be even. This is done using slider bars found on the ultrasound machine control 
panel.  
 
The depth setting allows the user to adjust how deep the ultrasound waves travel into the patient. 
This will determine the area that is imaged. It is important to note that when the depth is increased 
the frame rate becomes slower, meaning temporal resolution will be reduced. 
 
Sector width determines the field of view across which the ultrasound beam sweeps. This must 
be minimized to include the region of interest only. 
 
Focus is a function that can be adjusted so that the beam is focused on the region of interest and 
that region becomes clearer. 
 
Greyscale compression or dynamic range allows the user to adjust the contrast of the image. 
 
When viewing an image the overall gain and dynamic range should be adjusted initially so that 
blood within the heart appears almost black and is distinct from the tissues which appear as 

different shades of grey. Thereafter TGC may be used to create uniformity of brightness in the 
image. 

Image A shows poor visualization 
of the aortic valve.  
Gain is adjusted in Image B to 
improve visualization of the aortic 
valve. 
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Ultrasound safety 

 
It is important when performing ultrasound echocardiography to practice it as safely as possible. 
Taking cognisance of the biological effects, such as thermal and mechanical effects, that 
ultrasound waves may cause allows the echocardiographer to minimize the risks of injury to the 
patient. Thermal effects occur when ultrasound wave mechanical energy is converted to heat 
energy whilst travelling through the body. Heat is also produced by the transducer itself. To 
minimize the risk of thermal injury the ALARA (As Low As Reasonably Achievable) principle 
should be followed when it comes selection of transmit power, focus, depth and transducer 
frequency. It’s also important to keep the imaging time to a minimum and to reposition the probe 
regularly. 
Prevention of mechanical effects, where gas bubbles are created as the ultrasound waves pass 
through tissues, is also undertaken by using the lowest possible power output, and minimizing 
exposure time.  
In general M-mode and 2D echo have the lowest ultrasound intensity, colour Doppler has 
intermediate intensity and pulsed wave Doppler has the highest intensity. 
 
 
INSTRUMENTATION 
 
The TOE probe is similar to an ordinary flexible gastroscope in its appearance. It is the tip which 
differs in that the multiplane rotating phased-array ultrasound transducer is mounted onto the 
anterior aspect of the probe to produce the 2D images seen when performing the exam. 
Insertion of this probe is done under topical anaesthesia and sedation if the patient is awake, or 
else, as is usually preferred, under general anaesthesia. A bite block is recommended even if the 
patient is under general anaesthesia as neuromuscular blockers may wear off if used intra-
operatively. In theatre, the patient is usually supine and so the TOE probe is typically inserted 
from the head of the bed with slight ante flexion of the probe. Performing a jaw thrust opens the 
mouth and displaces the tongue anteriorly allowing a smoother insertion. A laryngoscope may be 
used to expedite probe insertion if difficulty is met(6). 
The probe is then advanced into the oesophagus while watching the monitor for the development 
of the cardiac image. Depth markers on the probe are not to be relied on as the desired views 
may show at different levels for each patient. The probe is able to move in four ways: 1) it can be 
advanced by pushing the probe deeper into the oesophagus or withdrawn by pulling the probe 
proximally; 2) it can be manually turned right (clockwise) and left (counterclockwise); 3) the probe 
tip can be flexed using the two control wheels on the probe handle – the large wheel flexes the 
tip anteriorly (ante flexing) and posteriorly (retro flexing), while the small wheel flexes the tip right 
and left; and 4) the imaging plane of the ultrasound beam can be electronically rotated axially 
from 0° to 180° (rotating forward) and from 180° back to 0° (rotating backward) using buttons 
located on the probe handle.  

Hahn, Abraham (5) 
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It is important, prior to using the TOE on a patient, to exclude any contraindications which will be 
mentioned further below. Informed consent also needs to be taken from the patient with full 
explanation of the procedure and possible complications. The mouth should be assessed during 
the airway exam for pre-existing injuries and loose teeth. It is crucial when inserting the TOE 
probe to avoid causing trauma of the mouth and lips. The transducer should never be forced 
through a resistance as that may cause rupture of the oesophagus, and the tip of the transducer 
should be allowed to return to the neutral position when advancing or withdrawing the probe(9). 
When the probe is not in use for a period of time whilst still within the patient, the imaging must 
be frozen so that no ultrasound waves are transmitted. This reduces the risk of thermal injury to 
the patient. 
 
USES OF THE TOE 
 
In cardiac surgery, the TOE became vogue once it was realised by cardiac anaesthetists that it 
was compatible with intraoperative use, because unlike the transthoracic echocardiograph (TTE), 
it did not require a hand held transducer on the chest wall and therefore did not compete with 
surgical space. Also, the TOE was relatively non-invasive whilst being able to provide close-up 
images even when the chest was open.  
 
In the field of cardiology the TOE is commonly used to assist in diagnosing a number of 
pathologies including: 

 aortic dissections or transections,  

 valvular pathologies and their degree of severity,  

 unconfirmed endocarditis with a high clinical index of suspicion, and  

 persistent fever in patients with intracardiac devices.  
It is also used to assist in deciding whether to anticoagulate or cardiovert a patient with atrial 
fibrillation by evaluating the heart for the presence of a thrombus. Lastly, it can be used to guide 
certain percutaneous cardiac interventions such as mitral valvuloplasty, radiofrequency ablations 
and atrial septal defect closures.(10) 
 
Other significant uses in this area also include: 
 

o A monitor for ischaemia 

In this case, regional wall motion abnormalities (RWMA) are looked for when viewing the left 
ventricle. The best view for looking at RWMAs is the transgastric short axis view as it shows 
areas of the myocardium supplied by each of the three coronary arteries. Signs of ischaemia 
include hypokinesis (reduced motion), akinesis (absent motion) or dyskinesis (opposing 
motion) of the area of the left ventricle supplied by the corresponding coronary artery. 
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Myocardial blood supply of the left ventricle by the different coronary arteries in four views.  
LAD – left anterior descending, LCx – left circumflex, RCA – right coronary artery. (9) 
 

In 1985 Smith and Cahalan et al published an article describing how 2D TOE was superior to 
electrocardiography in the intraoperative detection of myocardial ischaemia (MI)(11). They 
showed by looking at 50 patients, most of whom were at high risk for developing perioperative 
MI, that the TOE was a more sensitive indicator for MI than the transthoracic 
electrocardiogram. The ECG failed to detect 75% of the intraoperative episodes of MI. 

 
o Aortic disease 

The TOE is at the same level as CT scanning and magnetic resonance imaging (MRI) when 

it comes to accurately diagnosing acute Stanford type A aortic dissections involving the 

ascending aorta. However, TOE has become the preferred imaging modality for aortic disease 

in many institutions because of the fact that it can be done in the operating room if the patient 

is haemodynamically unstable and requires emergency surgery. The other imaging 

techniques cannot be used in a haemodynamically unstable patient. 

 
o Mitral valve repair – conservative surgery 

With the addition of colour flow Doppler and other techniques to the dynamic 2D images of 

the heart valves during TOE assessment, the abnormal leaflet can be identified as well as how 

it contributes to regurgitation prior to stopping the heart. Also, once the repair is completed, 

the valve may be reassessed using the TOE to check for adequacy of the repair, so 

corrections, if necessary, may be done prior to closing the chest.  

 
o Other cardiac uses 

TOE can be used to assess prosthetic valve function. It can also be used to diagnose the 

presence of a pericardial effusion or tamponade. Intracardiac masses and myocardial wall 

masses can also be detected using the TOE.(1) 
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The American College of Cardiology/American Heart Association/American Society of 
Echocardiography (ACC/AHA/ASE), in a report on practice guidelines for the clinical application 
of echocardiography, produced recommendations for intraoperative TOE use during cardiac 
surgery. These were extrapolated from evidence based results retrieved by a task force from the 
American Society of Anesthesiologists/Society of Cardiovascular Anesthesiologists (ASA/SCA) 
in 1997. These recommendations were updated in 2003, with more recent literature searches 
being taken into consideration(12). 
They were as follows: 
 
Class I: Conditions for which there is evidence and/or general agreement that intraoperative 

echocardiography is useful and effective  

 Evaluation of acute, persistent, and life-threatening haemodynamic disturbances in which 

ventricular function and its determinants are uncertain and have not responded to 

treatment 

 Surgical repair of valvular lesions, hypertrophic obstructive cardiomyopathy, and aortic 

dissection with possible aortic valve involvement 

 Evaluation of complex valve replacements requiring homograft or coronary reimplantation, 

such as the Ross procedure 

 Surgical repair of most congenital heart lesions that require cardiopulmonary bypass 

 Surgical intervention for endocarditis when preoperative testing was inadequate or 

extension to perivascular tissue is suspected 

 Placement of intracardiac devices and monitoring of their position during port-access and 

other cardiac surgical interventions 

 Evaluation of pericardial window procedures in patients with posterior or loculated 

pericardial effusions 

 
Class IIa: Conditions for which there is conflicting evidence and/or a divergence of opinion: weight 

of evidence/opinion is in favour of usefulness/efficacy 

 Surgical procedures in patients at increased risk of myocardial ischaemia, myocardial 

infarction, or haemodynamic disturbances 

 Evaluation of valve replacement, aortic atheromatous disease, the Maze procedure, 

cardiac aneurysm repair, removal of cardiac tumours, intracardiac thrombectomy, and 

pulmonary embolectomy 

 Detection of air emboli during cardiotomy, heart transplant operations, and upright 

neurosurgical procedures 

 
Class IIb: Usefulness/efficacy is less well established by evidence/opinion 

 Evaluation of suspected cardiac trauma, repair of acute thoracic aortic dissection without 

valvular involvement, and anatomic sites during heart and/or lung transplantation 

 Evaluation of regional myocardial function during and after off-pump coronary artery 

bypass graft procedures 

 Evaluation of pericardiectomy, pericardial effusions, and pericardial surgery 

 Evaluation of myocardial perfusion, coronary anatomy, or graft patency 

 Dobutamine stress testing to detect inducible demand ischaemia or to predict functional 

changes after myocardial revascularization 

 Assessment of residual duct flow after interruption of patent ductus arteriosus 

Class III: Conditions for which there is evidence and/or general agreement that the 
procedure/treatment is not useful/effective and in some cases may be harmful 

 Surgical repair of uncomplicated secundum atrial septal defect 
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NON-CARDIAC USES OF THE TOE(13-20) 
 
The use of TOE outside of cardiac surgery has grown significantly since anaesthesiologists have 
become more involved in acquiring echocardiographic skills. It has now spread out into the fields 
of non-cardiac surgery, trauma and critical care. The uses in these aforementioned areas are as 
follows:  

 Intraoperative haemodynamic monitoring: 

The TOE in cases of haemodynamic instability has been shown to significantly assist in 
diagnosing the cause and forming and optimizing a treatment plan. This is mainly because 
it can be placed quickly and can immediately provide information about heart pump 
function (e.g. the presence of myocardial infarction or pulmonary embolism), heart filling 
status (e.g. hypovolaemia), or obstructive flow patterns (e.g. cardiac tamponade or left 
ventricle outflow tract obstruction). 
There is no definitive recommendation for using the TOE when performing routine 
haemodynamic monitoring in non-cardiac surgery. The ACC and the AHA maintain in their 
guidelines of 2007 that there is not enough evidence to determine the cost-effectiveness 
of using the TOE as a monitor for guiding therapy during non-cardiac surgery. However, 
the American Society of Anesthesiologists does recommend that the TOE be used for non-
cardiac surgery patients if the patient has a known or suspected cardiovascular pathology 
that might result in haemodynamic, pulmonary or neurological compromise, in addition to 
during unexplained persistent hypotension. 

 The trauma patient: 

Information about pre-existing disease can be obtained (previous or acute MI, valvular 
dysfunction, or intracardiac devices). Traumatic injuries such as thoracic aortic dissection, 
cardiac tamponade, tension pneumothorax and myocardial contusion can be examined 
using TOE, and appropriate surgical decisions made. However, due to the possibility of 
cervical spine injuries and the high gastric volumes associated with trauma patients, it is 
recommended that the TOE only be considered if severe haemodynamic instability is 
present and TOE information is crucial for the medical/surgical management. 

 Unexplained hypoxaemia: 

Intraoperative hypoxaemia can be caused by 1) cardiopulmonary failure, 2) shunts, or 3) 
mediastinal/thoracic structures. Cardiopulmonary failure related to pulmonary 
hypertension can be assessed with TOE, and treatment outcomes can be directly 
observed. Intracardiac shunts such as patent foramen ovale can be observed as 
haemodynamic changes can either worsen or improve hypoxaemia related to such 
conditions. Mediastinal/thoracic causes of hypoxaemia diagnosed by TOE include cardiac 
tamponade, pericardial or pleural effusions. 

 Neuroanaesthesia: 

Patients undergoing neurosurgery are preferably operated on in the sitting position as it 
optimizes surgical conditions. However, this places patients at risk for developing venous 
air embolism, which, in the presence of a patent foramen ovale, can become paroxysmal 
air embolism and lead to severe neurological sequelae. When used following induction of 
anaesthesia, the TOE can assist in deciding whether the surgery can be performed with 
the patient sitting or whether it is safer to have the patient supine. That decision would 
depend on the presence/absence of a patent foramen ovale. The TOE is also a very 
sensitive intra-operative monitor for the detection of air in the right atrium and paradoxical 
air in the left atrium. 

 Vascular anaesthesia: 

The TOE has been used to assist in the endovascular repair of thoracic aortas. In this 

instance the TOE helps visualize the best place to deploy a proximal stent by excluding 

the presence of atheromas or calcification which could have been missed by previous 

angiograms. Placing a stent in an atheromatous area of the aorta could interfere with 

proper adhesion of the stent. 
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After stent deployment, TOE can further be used to detect the presence of endoleaks. In 
major vascular procedures involving the aorta, carotid and femoral arteries, the TOE been 
shown to be effective in detecting segmental wall motion abnormalities (SWMA) 
associated with ischaemia in high-risk patients.  

 Intensive Care: 

TOE can be used to investigate causes of unexplained hypotension in the intensive care 
unit (ICU). It can also be used to diagnose suspected endocarditis, evaluate ventricular 
function and look for cardiac sources of emboli. As previously described, the aorta can be 
assessed for any acute pathology. TOE, when performed by adequately trained intensive 
care physicians, has been shown to be a safe procedure that can be performed at the 
critically ill patient's bedside and can provide useful information for the evaluation and 
management of their conditions. However the Practice Guidelines for Perioperative 
Transoesophageal Echocardiography of 2010 recommend that in ICU patients, the TOE 
be used only if a transthoracic echo or other imaging modality cannot obtain the diagnostic 
information required to influence management in a timely manner. 

 Other uses: 

Patients with right heart disease/pulmonary hypertension – in cases of significant 
pulmonary hypertension, patients may not need pulmonary artery catheters to monitor 
perioperative pulmonary pressures if a TOE is available. The TOE can also provide 
additional information on filling status, left heart performance and tricuspid valve function. 
Renal Carcinoma with Inferior Vena Cava Thrombus (IVC) – where there is a high risk for 
embolization, the TOE can determine the presence and distance of IVC invasion by 
examinations of the IVC and right atrium. The TOE can further be used during 
thrombus/tumour removal to monitor for embolization. 
Laparoscopic surgery and Cardiomyopathy – in patients with advanced heart disease the 
TOE can be used to monitor for haemodynamic stability as monitoring right and left heart 
pressures becomes unreliable for monitoring heart volume status when intra-abdominal 
pressures are increased. 

 
 
INDICATIONS FOR USE IN NON-CARDIAC SURGERY 
 
Using TOE for perioperative management of patients undergoing non-cardiac surgery depends 
on patient-based or surgical factors for perioperative cardiovascular complications. Generally, the 
high risk group of patients would benefit the most from perioperative TOE use. 
 

 
Predictors for increased perioperative cardiovascular risk(13) 
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CONTRAINDICATIONS AND COMPLICATIONS OF TOE USE(6)  
 

Absolute contraindications 

 Patient refusal 

 Perforated viscus 

 Oesophageal atresia, stricture, tumour 

 Oesophageal perforation, laceration 

 Oesophageal diverticulum 

 Unstable cervical spine 

 Active upper gastrointestinal bleed 

Relative contraindications 

 History of radiation to neck and mediastinum 

 History of gastrointestinal surgery 

 Recent upper gastrointestinal bleed 

 Oesophageal varices 

 Barrett’s oesophagus 

 History of dysphagia 

 Hiatus hernia 

 Atlantoaxial joint disease 

 Coagulopathy, thrombocytopenia 

 Active oesophagitis 

 Active peptic ulcer disease 

Complications 

The overall complication rate has been recorded as 0.18 – 2.8% in diagnostic TOEs and 0.2% in 
intraoperative TOEs. The mortality rate is much lower at <0.01-0.02% and 0% in diagnostic and 
intraoperative TOEs respectively.  
The range of complications that may occur are as follows: 

1) Direct trauma to: 

a. Mouth: lip, dental injuries 

b. Pharynx: sore throat 

c. Larynx: recurrent laryngeal nerve injury, tracheal insertion 

d. Oesophagus: dysphagia, tear, burn 

e. Stomach: haemorrhage 

2) Indirect effects: 

a. Tachycardia, causing myocardial ischaemia 

b. Bradycardia 

c. Arrhythmias 

d. Bacteraemia 

3) Equipment damage 
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THE BASIC PERIOPERATIVE TRANSOESEPHAGEAL EXAM(6, 21) 

 
When performing a TOE exam there are a number of views which allow the user to obtain 
information about the heart and great vessels in the thoracic cavity. When TOE studies were first 
done there were 8 basic views which were used to complete the assessment. Then in 1999, 
Shanewise et al came up with 20 views which were known as the “SCA 20 standard views”. These 
views allowed for a more comprehensive examination of heart and great vessels. But it was 
acknowledged that certain views had been excluded from this subset. Subsequently, in the most 
recent 2013 ASE/SCA guidelines for a comprehensive TOE examination report, 28 views have 
been selected to make up the new standard imaging. In these guidelines, 8 views have been 
added to the previous 20 views. The following table is taken from an article by G. Hartman that 
describes the development of the comprehensive TOE exam. 
 

                 
 
 
 
 
 
 

Comprehensive TEE Examination: The 8, 20 and 28 Views: GS Hartman 
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For the purpose of this paper, these above mentioned standard views have not been further 
explored in detail. Instead, the basic perioperative TOE exam developed by the ASA as part of 
their training for TOE accreditation will be looked at. The main goal of this basic exam is to monitor 
for cardiac causes of intraoperative haemodynamic/ventilatory instability.  
This means that this exam can be used effectively on patients undergoing non-cardiac surgery. It 
should be noted though that this is not a full comprehensive exam and therefore it cannot give 
complete diagnostic information.  
 
When performing a basic PTE exam, 11 views are important to look for. These provide all the 
information required for diagnosing the cause for unstable haemodynamics in any patient 
undergoing surgery. Three primary positions within the GIT are used: the midesophageal (ME), 
transgastric (TG), and upper esophageal levels. 
 

1. ME Four-Chamber View 

Depth: 30 – 35 cm 
Multiplane angle: 10 - 20ᵒ 
Structures seen: Right atrium (RA), interatrial septum (IAS), left 
atrium (LA), mitral valve (MV), tricuspid valve (TV), left ventricle (LV), 
right ventricle (RV), and interventricular septum (IVS). 
Information obtained: This view allows the user to assess chamber 
volume and function. MV and TV are observed and their function can 
be assessed with the addition of a colour flow Doppler sector over 
the valves. Regional wall motion can be assessed in this view as well 
as overall systolic function of the LV and RV.   
 

2. ME Two-Chamber View  

Depth: 30 – 35cm (same as for ME 4-chamber view) 
Multiplane angle: 80 - 100ᵒ 
Structures seen: LA, MV, LV, and left atrial appendage 
Information obtained: This view is useful for looking at LV function 
and more specifically MV function. Colour flow Doppler can also be 
used here to look for MV pathologies. The atrial appendage can be 
assessed for the presence of a thrombus. The coronary sinus is seen 
in cross-section as a round structure immediately superior to the 
basal inferior LV segment. 
 

3. ME Long-Axis (LAX) View 

Depth: 30 – 35 cm (same as for ME 4-chamber view) 
Multiplane angle: 120 - 160ᵒ 
Structures seen: LA, MV, LV, left ventricular outflow tract (LVOT), 
aortic valve (AV), and proximal ascending aorta 
Information obtained: This view is used mainly to view the LVOT and 
look for any associated pathology such as LVOT obstruction. The AV 
can be assessed and colour flow Doppler is used to diagnose any 
pathology.  
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4. ME Ascending Aortic LAX View 

Depth: Withdraw the probe from the ME LAX view to see the LAX view 
of the ascending aorta 
Multiplane angle: 120 - 160ᵒ (same as for ME LAX view) 
Structures seen: Ascending aorta, right pulmonary artery (PA). 
Counterclockwise rotation from this image results in LAX imaging of the 
main PA and the pulmonic valve (PV). 
Information obtained: The diameter of the ascending aorta can be 
measured here. Also diagnoses of aortic dissection or the presence of 
atheromatous plaques can be made. When rotated to view the main PA and pulmonic valve, the 
RVOT can be assessed and proximal pulmonary emboli may sometimes be seen. 
 
 

5. ME Ascending Aortic SAX View 

Depth: Same level as that of the ME ascending aortic LAX view 
Multiplane angle: 20 - 40ᵒ 
Structures seen: The proximal ascending aorta, superior vena cava 
(SVC), PV, and proximal (main) PA. 
Information obtained: Presence or absence of proximal pulmonary 
emboli. The cross-sectional area of the aorta can be measured and 
used to calculate the cardiac output. 
 

6. ME AV SAX View 

Depth: Advance the probe from ME ascending aortic SAX view till 
the SAX image of the AV comes into view 
Multiplane angle: 20 – 40° 
Structures seen: AV cusps: Left coronary cusp, right coronary cusp 
and non-coronary cusp. LA, RA and IAS. 
Information obtained: The AV can be examined for adequate 
functioning by looking at the movement of the cusps. Colour flow 
Doppler can be applied over the AV to look for regurgitation. 
 

7. ME RV Inflow-Outflow View 

Depth: From the ME ascending aortic SAX, advance probe and turn 
clockwise to centre the TV 
Multiplane angle: 60 - 90ᵒ 
Structures seen: LA, RA, TV, RV, PV, and main PA 
Information obtained: This view is used to look at RV volume and 
function. The RVOT is also seen here and the PV can be assessed 
for valvular pathology. The TV is also visualized and the tip of a 
central catheter may in some cases be seen in the right atrium. TV 
and PV valvular pathology can be looked for using colour flow 
Doppler. RV systolic pressure, which equates to pulmonary artery systolic pressure, can be 
estimated from this view provided there is no outlet obstruction. 
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8. ME Bicaval View 

Depth: Same as for ME RV inflow-outflow view 
Multiplane angle: 90 - 110ᵒ and clockwise turn of the probe 
Structures seen: LA, RA, right atrial appendage, SVC, IVC and IAS.  
Information obtained: This view is useful for identifying correct 
placement of intra-atrial catheters such as the central venous 
catheter. It is also used to identify atrial septal aneurysms. Interatrial 
shunts may be identified using colour Doppler of the IAS and a lower 
Nyquist limit setting.  
 

9. TG Midpapillary SAX View 

Depth: The TOE probe must be advanced into the stomach from the 
ME 4-chamber view (at 0ᵒ) and ante flexed to come into contact with 
the gastric wall 
Multiplane angle: 0ᵒ 
Structures seen: Short axis view of the LV, posteromedial and 
anterolateral papillary muscles 
Information obtained: This view is commonly used to assess LV 
volume status by looking at whether the ventricle appears underfilled 
or overfilled. Systolic function is also determined in this view by using 
diameter changes during cardiac contraction to work out fractional shortening and ejection 
fractions. Regional wall motion abnormalities suggesting the development of myocardial 
ischaemia can be detected in this view. The area where the RWMA is seen can be used to 
determine which of the 3 main coronary arteries are affected as discussed earlier. If a pericardial 
effusion is present, it can be detected on this view as an echo-free space surrounding the 
epicardium.  
 

10. Descending Aortic SAX and LAX Views 

Depth: Level of ME 4-chamber view, turn probe to the left until the descending aorta comes into 
view 
Multiplane angle: 0ᵒ (SAX) and 90ᵒ (LAX) 
Structures seen: Descending aorta (probe can be advanced and withdrawn to view the entire 
descending aorta) 
Information obtained: This views allows for detection of any aortic pathology. When looking at the 
far field of the image, left pleural fluid may be visualized if present. Right pleural effusions may be 
seen by turning the probe clockwise to image the right chest. 
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TRAINING AND ACCREDITATION(22) 
 
The United States of America (USA) pioneered the training and accreditation process for 
perioperative TOE in the mid-1990s with the first formal examination being developed in 1998. 
The National Board of Echocardiography was established, which created two levels of 
certification. Firstly, the basic perioperative TEE exam (Basic PTEeXam) which gives 
accreditation for performing TOEs for non-diagnostic and primarily monitoring purposes; and 
secondly, the advanced perioperative TEE exam (Advanced PTEeXam) which gives accreditation 
for diagnosing conditions using TOE. In the US it is legally required for anaesthesiologists to be 
accredited with the Basic PTEeXam before they can use the TOE as a monitor. If they want to 
use the TOE to make diagnostic findings, then it is legally required for them to have an Advanced 
PTEeXam qualification. 
In the United Kingdom and Europe, accreditation is neither compulsory nor regulatory. Their first 
written exams were in 2002 and 2005 respectively. The Association of Cardiothoracic 
Anaesthetists (ACTA) and the British Society of Echocardiography (BSE) award the TEE 
accreditation after the exam is passed and a 2 year logbook has been submitted. 
South Africa as it stands, is in the process of developing its own accreditation in perioperative 
echocardiography. A subcommittee of the Cardiothoracic Anaesthesia Society of South Africa 
(CASSA) plans to develop its own accreditation for doctors with a College Fellowship or Masters 
in Medicine. This will be done by portfolio submissions of echo reports and a final examination. 
In the interim, accreditation may be achieved through the BSE by correspondence and by sitting 
an exam which is held annually in South Africa. The final exam however has to be taken in the 
UK. Also, the University of Cape Town’s department of Anaesthesia has started a Hands-On 
Perioperative Echocardiography Course which focuses on learning the theory of 
echocardiography (including TOE) and then applying it, under supervision, in a real clinical 
environment. 
 
 
ADVANCES IN TRANSOESOPHAGEAL ECHOCARDIOGRAPHY(23) 

 
Since the discovery of clinical echocardiography, there have been technological advances which 
have taken the transoesophageal echocardiograph from simple M-mode imaging to more 
comprehensive 2D imaging in the late 1970s. From the 1990s, 3D imaging then came into the 
forefront as it allowed greater accessibility and ease of interpretation by the clinician. However, it 
had the disadvantage in that it was too time-consuming to first sequentially acquire multiple 2D 
images, digitize the data and thereafter reconstruct the 3D images off-line. 
It was after this problem was noted that real-time 3D imaging was devised. This technology has 
improved to the point where it is now used in procedures such as placement of percutaneous 
mitral valve edge-to-edge repair devices. It also has helped in guiding percutaneous aortic valve 
replacement, by allowing accurate measurements of the aortic valve annulus. And the advantage 
the 3D TOE has over other imaging such as CT scans is that no ionizing radiation or contrast dye 
is required, thus reducing patient risks of harm.  
Another advance is in the field of critical care. Since establishing that the TOE is effective in 
accurately differentiating between cardiogenic shock and hypovolaemic shock, and is thus able 
to guide management in the ICU, an emerging technology is that of continuous TOE. This is done 
using a disposable probe which can remain in the patient for up to 72 hours in the ICU. Continuous 
TOE has been shown in some situations to be helpful in predicting neurological outcomes post 
cardiac arrest and in guiding management in patients with haemodynamic instability. However, 
cost efficacy has not yet been shown, and there is not enough outcome data to support its use.  
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CONCLUSION  
 
In the last four decades, the TOE has developed into an essential monitoring and diagnostic 
investigation modality, with the attractive advantage of being relatively non-invasive whilst also 
having low complication rates. As its uses expand into the non-cardiac fields, it is likely that, in 
the not so far future, this tool may become an essential component in the standard monitoring of 
high risk patients undergoing surgical operations. As anaesthetists, it is important to familiarize 
ourselves with this tool either through simple exposure or more formal training so that the ability 
to correctly diagnose and manage cardiovascular instability is no longer based on educated 
guesses, but on visualized evidence. 
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