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Abstract
Liver transplantation (LT) has become the standard 
of care for patients with end stage liver disease. The 
allocation of organs, which prioritizes the sickest 
patients, has made the management of liver trans
plant candidates more complex both as regards their 
comorbidities and their higher risk of perioperative 
complications. Patients undergoing LT frequently display 
considerable physiological changes during the pro
cedures as a result of both the disease process and the 
surgery. Transoesophageal echocardiography (TEE), 
which visualizes dynamic cardiac function and overall 
contractility, has become essential for perioperative 
LT management and can optimize the anaesthetic 
management of these highly complex patients. More
over, TEE can provide useful information on volume 
status and the adequacy of therapeutic interventions 
and can diagnose early intraoperative complications, 
such as the embolization of large vessels or development 
of pulmonary hypertension. In this review, directed at 
clinicians who manage TEE during LT, we show why 
the procedure merits a place in challenging anaesthetic 
environment and how it can provide essential information 
in the perioperative management of compromised 
patients undergoing this very complex surgical procedure.
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Core tip: The allocation of organs to the sickest liver 
transplant candidates has made their management 
more complex and anaesthesia for perioperative liver 
transplantation (LT) more challenging. Transoesophageal 
echocardiography, which can visualize dynamic cardiac 
function and overall contractility and provide realtime 
feedback on the adequacy of therapeutic interventions, 
has gained an irreplaceable role in the perioperative 
management of LT. We believe that echocardiography 
can play a key role in the care of and decision making 
for compromised liver transplant candidates undergoing 
this complex surgical procedure.

De Pietri L, Mocchegiani F, Leuzzi C, Montalti R, Vivarelli 
M, Agnoletti V. Transoesophageal echocardiography during 
liver transplantation. World J Hepatol 2015; 7(23): 2432-2448  
Available from: URL: http://www.wjgnet.com/1948-5182/full/
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INTRODUCTION
Liver transplantation (LT) is a life-saving procedure for 
patients with end-stage liver disease not responsive 
to other medical treatment. Unfortunately, many trans-
plant candidates will die on the waiting list because of 
the marked shortage of donor organs[1]. In an effort to 
reduce waiting list mortality, organ allocation is based 
on the Model of End-Stage Liver Disease (MELD). This 
score prioritizes allocation to the sickest patients, and 
for this reason, patients undergoing LT today have 
more severe end stage liver disease (ESLD), are older 
(> 60 years), and are more complex regard both their 
comorbidity burden and their risk for perioperative com-
plications[2]. The patient’s first examination will confirm 
his status as a LT candidate, and intraoperative trans-
oesophageal echocardiography (TEE) will help optimize 
the anaesthetic management of these highly complex 
patients. 

Patients with cirrhosis requiring LT have an increased 
cardiac output and a decreased peripheral vascular 
resistance and arterial pressure but a compromised 
ventricular response to stressors, such as haemorrhage, 
vasoactive drugs, vascular clamping, volume overload, 
and reperfusion. This condition is defined as cirrhotic 
cardiomyopathy[3,4] and is associated with increased left 
ventricular wall thickness and cardiac chamber enlar-
gement. Assessing the optimal volaemia and excluding 
left or right ventricular dysfunction in the perioperative 
course of LT is a challenge for the anaesthesiologist. 
TEE, by providing a rapid visualization of dynamic 
cardiac function, volume status, overall contractility, 
regional wall motion, embolization of large vessels, and 
pericardial effusion, can provide irreplaceable help[5].

PReOPeRaTIve Tee assessmeNT IN 
lIveR TRaNsPlaNT CaNDIDaTes
Liver transplant candidates usually have cardiac changes 

associated with their advanced age and the presence 
of several comorbidities that increase the potential 
for cardiovascular complications, particularly during 
the haemodynamic stresses that characterize the 
perioperative period. The preoperative cardiac evaluation 
usually includes a trans thoracic echocardiography 
which is essential to assess cardiac function and to look 
for the effects on the heart of the two main pulmonary 
syndromes caused by the end-stage liver disease: 
Hepatopulmonary syndrome and portopulmonary hyper-
tension (POPH).

Echocardiography with agitated saline contrast is 
commonly used to detect intrapulmonary arteriovenous 
shunts, which are common in patients with ESLD. 
Microbubbles that appear late (after a time delay of 4 
to 8 cardiac cycles) in the left side of the heart after 
agitated saline injection into the venous system are 
consistent with the diagnosis of hepatopulmonary 
syndrome. Immediate or early shunting (1-2 cardiac 
cycles) is more consistent with an atrial septal defect or 
patent foramen ovale[6]. 

If diagnostic questions remain after a transthoracic 
study, a TEE can provide increased sensitivity and can 
directly visualize bubbles entering the left atrium from 
the pulmonary veins rather than crossing the interatrial 
septum[7]. TEE is believed to be the test of choice for 
the diagnosis of patent foramen ovale or interatrial 
shunts[8].

For a preoperative patent foramen ovale (PFO) 
diagnosis, it is important to assess the severity of the 
problem and decide whether preoperative correction 
is needed to avoid significant amounts of venous air 
entering the systemic circulation at the time of reper-
fusion. 

PFO 
PFO, usually a benign and silent lesion (present in 
approximately 25% of adults in the general population), 
can cause hypoxemia and paradoxical embolic pheno-
mena under circumstances when right atrial pressure 
exceeds left atrial pressure[9]. These circumstances may 
occur perioperatively as a result of mechanical ventilation, 
changes in intra-abdominal pressure, hypotension, 
and/or severe reperfusion syndromes. Numerous 
case reports implicate PFO as a cause of perioperative 
hypoxemia and systemic thromboembolism in LT[10]. Air 
from the right atrium can embolize the coronary arteries, 
particularly the right coronary artery, resulting in acute 
myocardial ischaemia, ventricular fibrillation, and severe 
right ventricular hypokinesis. Even in the absence of 
systematic study, screening for PFO before surgery has 
been suggested for high-risk patients to reduce the risk 
of paradoxical embolization[10,11].

Other authors, in contrast, state that LT can be 
performed safely in patients with a PFO and other types 
of intra-cardiac shunts because the overall incidence 
of this complication appears to be quite low (isolated 
case reports)[12]. They argue that although TEE offers 
the best sensitivity and specificity for PFO diagnosis, it 
is semi-invasive and expensive and that most patients 
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with portal hypertension and oesophageal varices are 
at higher risk of oesophageal bleeding provoked by 
the TEE probe. Therefore, these authors argue that 
a TEE should be reserved for LT patients with specific 
indications[13]. Although a PFO is not a contraindication 
to LT, extra care should be taken to prevent thrombus 
formation and air entry into the venous system during 
surgery. Further studies are needed to determine 
impact of a PFO on LT morbidity and the potential role, 
if any, for percutaneous PFO closure in liver transplant 
candidates. 

Contraindication to TEE 
The value of a TEE must of course be balanced against 
the risk of performing the procedure. The insertion and 
manipulation of a transoesophageal echocardiographic 
probe may, even if infrequently, cause arrhythmias, 
respiratory distress, hemodynamic effects, provoke 
dental injuries, pharyngeal and/or laryngeal, esophageal 
and/or gastric trauma, and of course bleeding, that can 
be more severe and dangerous in cirrhotic patients with 
gastric varices or coagulopathy. Gastro-oesophageal 
varices are very common in patients listed for LT, 
and their presence is indicated by worse laboratory 
parameters and MELD scores. Varices are present 
in 73% of patients with ESLD awaiting LT[14,15], and 
5% will develop new varices; moreover, up to 28% 
of patients will have oesophageal varices in the three 
years following a diagnosis of cirrhosis[16]. Preoperative 
endoscopy to evaluate the grade of the varices, oroph-
aryngeal examination, limited probe manipulation and 
exam performance by an experienced operator is, 
recommended for patients with ESLD prior to TEE[17,18]. 

Patients with oesophageal stricture, cancer, diver-
ticulum, and recent oesophageal surgery are generally 
considered to have near absolute contraindications for 
TEE.

Gastro-oesophageal varices are considered a relative 
contraindication to TEE, and the transgastric view is 
sometimes avoided to prevent damaging gastro-oeso-
phageal varices in the distal oesophagus[19]; however, 
concerns over damage to these varices have been shown 
to be largely unfounded[20]. On the other hand, the right 
message should be that TEE is not completely safe in 
patients with oesophageal varices because their presence 
still remains a relative contraindication for TEE. 

There is a paucity of data related to the manipulation 
of the TEE probe in patients with gastro-oesophageal 
varices, but a recent retrospective analysis by Spier et 
al[17] specifically analysed this cohort and found no major 
bleeding complications, even in higher-risk patients. 
No bleeding episodes were reported in a small study 
of 23 patients with oesophageal varices undergoing 
intraoperative TEE during LT[21].

An editorial by Spencer[22] accompanying Spier’s 
study provides some recommendations to aid decision-
making regarding the use of TEE in patients with gastro-
oesophageal varices and concludes by saying that “if a 
patient has an important indication for TEE, which cannot 

be answered first with TTE or any other noninvasive 
technique, then TEE should not be contraindicated by 
the presence of oesophageal varices”. 

Physicians who perform TEE need to make individual 
decisions on the risk/benefit ratio of performing TEE 
in patients with known or suspected varices. Burger-
Klepp et al[14] agreed, suggesting that TEE is a relatively 
safe method for monitoring cardiac performance of LT 
patients with a moderate MELD score and documented 
gastro-oesophageal varices but a low risk of major 
haemorrhagic complications. Markin et al[23], based 
on their retrospective study, state that intraoperative 
TEE is a relatively safe method for monitoring cardiac 
performance in liver transplant patients, with a major 
complication rate of 0.86%. Although not without 
risk, TEE provided valuable information that would not 
otherwise be detected, such as pulmonary thromboem-
bolism occurring at the time of graft reperfusion, uniden-
tified PFO and the presence of ventricular dysfunction 
after graft reperfusion[23].

INTRaOPeRaTIve Tee assessmeNT IN 
lIveR TRaNsPlaNT PaTIeNTs
Intraoperative TEE use during LT has been increasing 
because of its unique ability to rapidly visualize the 
dimensions and function of the heart chambers; to detect 
intra-cardiac air or thrombus, myocardial ischaemia, or 
pulmonary thromboembolism[24]; and for its invaluable 
role in intraoperative haemodynamic management[25]. It 
is an invasive medical procedure that is focused on intra-
operative monitoring rather than specific diagnosis. It 
carries rare but potentially life threatening complications 
and therefore must be performed by only qualified 
physicians. 

Training and certification
Although TEE is reported to be routine in 40%-72% of 
high-volume liver transplant centres[13,26], formal TEE 
certification is the exception. A thorough understanding 
of anatomy, physiology, and the surgical procedure is 
critical to its proper use. The intraoperative use of TEE is 
limited by the need for advanced training and the lack of 
credentialed anaesthesiologists. Most anaesthesiologists 
learn to use TEE in LT in an informal manner after com-
pleting training[26]. A significantly smaller proportion 
of anaesthesiologists who work in low volume liver 
transplant centres do not use perioperative TEE because 
they are unfamiliar with the procedure and the data it 
provides[27]. The American Society of Anesthesiology, in 
cooperation with the National Board of Echocardiography 
(NBE), defined the components of basic perioperative 
TEE training as including independent clinical experience, 
supervision, and continuing education requirements. 
The NBE’s Basic perioperative TEE training pathways 
require an extensive training, at least 150 basic intrao-
perative procedures, and a written exam to obtain 
certification[28,29].
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from the anhepatic to the reperfusion phases of LT, and 
rapid fluid assessments and adjustments are needed 
to optimize the outcome. TEE analysis based on the 
close approximation of the papillary muscles in the 
transgastric mid papillary view (TG Mid SAX) allows for a 
rapid qualitative assessment of ventricular filling so that 
fluids can be adjusted for the desired preload. 

Cirrhotic patients have an increased risk for right 
ventricular failure, so aggressive fluid repletion or blood 
transfusion or the increased blood flow to the right 
heart at reperfusion can cause volume overload and 
precipitate pulmonary oedema due to occult cardiac 
disease[3]. In these circumstances, TEE allows the right 
heart chambers to be visualized, allowing for a real-time 
diagnosis of right ventricle failure (due to pulmonary 
embolism or overload), pulmonary hypertension, or 
even a reduced preload. Right and left ventricular 
dysfunction can be exacerbated during the transplant 
by the clamping and unclamping of major vessels, such 
as the inferior vena cava or portal vein, and the sudden 
fluid shifts associated with such manoeuvres can be 
assessed during surgery by TEE. 

TEE can be useful not only in assessing the patient’s 
volume status and intraoperative fluid management but 
also when evaluating any left ventricular hypertrophy 
or hyperdynamic systolic function typical of ESLD, 
which may result in haemodynamically significant left 
ventricular outflow tract obstruction (LVOTO) during 
LT. TEE makes the diagnosis of an haemodynamically 
significant LVOTO possible intraoperatively together 
with the recognition and management of refractory 
hypotension through inotropic agents and careful 
volume administration[34]. 

Monitoring cardiac output (CO) during LT is parti-
cularly important because it is considered, despite its 
limitations, one of the main determinants of oxygen 
transport and wrongly considered to be a surrogate 
for left ventricular function. TEE seems to be a valid 
alternative to standard methods for measuring CO, 
providing both a numerical value for CO and separate 
qualitative determinations of right and left ventricular 
function and ejection fraction.

Because a normal CO value does not always imply 
an adequate peripheral perfusion, it may be more 
useful to monitor CO variations over time, especially 
under conditions of haemodynamic instability or after 
therapeutic interventions rather than considering a single 
numerical value.

Comparison of cardiac output measurements by TEE or 
pulmonary artery catheter
The thermodilution method is the most common techni-
que used at the bedside to monitor CO during LT; this 
method uses a pulmonary artery catheter (PAC), which 
is considered a gold standard due to its extensive past 
use[35]. PAC measurements are based on changes in 
the temperature of the blood surrounding the catheter, 
but the large core body temperature shifts that are 
frequently witnessed before and after revascularization 

The American Society of Echocardiography (ASE) 
and the Society of Cardiovascular Anesthesiologists 
(SCA) state that because of the risks, technical 
complexity, and potential impact of TEE on perioperative 
management, the basic TEE echocardiographer must be 
a licensed physician[28]. 

Although a basic perioperative TEE echocardio-
grapher should be familiar with the 20 classical views 
necessary to obtain a comprehensive intraoperative 
transoesophageal echocardiogram[30], recent ASE and 
SCA guidelines state that it is more realistic to expect 
an anaesthesiologist to be familiar with the 11 most 
relevant TEE views (Figure 1), which can provide 
him with the necessary information for an aetiologic 
diagnosis of haemodynamic instability during surgery[28].

The basic perioperative TEE examination should be 
performed using three primary positions of the probe 
within the gastrointestinal tract: The mid-oesophageal 
level, the transgastric level, and the upper oesophageal 
level.

TEE assessment of haemodynamic alterations during LT
The haemodynamic instability typical of LT can result 
from heart failure, real hypovolaemia, or reduced 
peripheral vascular resistance[31]. 

Hemodynamic instability and rapid changes in 
volume status, mainly due to acute blood loss or vascular 
clamping, are the most serious complications and 
challenges that the anaesthetist has to manage during 
LT. 

TEE allows the intraoperative causes of hypotension 
to be identified and can help optimize volaemia and avoid 
impaired organ perfusion and ischaemia. Identifying 
the cause of hypotension is the key to treatment. It is 
the inability of the cirrhotic patient to respond to cardiac 
stress together with their hypovolaemia and the massive 
fluid shifts that accompany clamping of the inferior vena 
cava and subsequent reperfusion of the liver graft that 
make intraoperative fluid management so difficult[32,33]. 
Unique haemodynamic changes occur in the transition 

ME four chamber   ME two chamber          ME LAX        ME Asc Aortic LAX 

ME Asc Aortic SAX      ME AV SAX     ME RV inflowoutflow     ME bicaval

TG Mid SAX       Desc Aortic SAX      Desc Aortic LAX

A B C D

E F G H

I J K

Figure 1  List of the 11 views suggested by the American Society of Echo
cardiography and Society of Cardiovascular Anesthesiologists guidelines 
on basic perioperative transoesophageal echocardiography. Modified from 
Reeves et al[28]. ME: Mid esophageal; LAX: Long axis view.
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of the new graft can affect the reliability of both con-
tinuous and bolus determination of CO with PAC[36,37]. 
Massive peripheral or central venous infusion of fluids 
or unheated blood from a veno-venous by-pass (VVB) 
may affect the accuracy of thermodilution by increasing 
thermal noise and lead to erroneous measures of 
CO as well[38]. Using right-heart catheterization for 
volumetric left ventricular preload assessment highlights 
some limitations. Right ventricular function differs 
considerably from left ventricular one. The major deter-
minant of left ventricular function is myocardial wall 
tension, whereas for the right it is ventricular afterload. 
Therefore, the relationship between right ventricular 
preload assessment and cardiac output readings may 
be weak[39]. Another underlined PAC limitation comes 
from a possible delayed reactivity to rapid changes in 
cardiac output and intravascular volume detection. CO 
monitored continuously by the thermodilution technique 
yields values averaged over a period of time (3-6 min 
or longer)[36], so changes in the left ventricular stroke 
volume (SV) or CO cannot be assessed with a high time 
resolution[36]. TEE cardiac output monitoring instead 
seems to detect changes in output during LT, as can 
occur during acute haemodynamic changes, more rapidly 
than thermodilution[40]. Other authors argue instead that 
a sudden change in filling pressures or SvO2, as indirect 
indicator of cardiac output, is an extremely valuable 
information provided by PAC, that allows the proper 
detection and identification of certain intraoperative 
events that TEE cannot detect[41]. TEE application does 
not guarantee a continuous monitoring and it’s not 
good at trending information (especially preload): No 
quantitative online evaluation of right ventricular function 
is available, and only sporadic right ventricular ejection 
fraction values can be obtained[42]. On the other hand 
TEE, unlike PAC, is not affected by blood temperature 
changes and provides a calculated numerical value for 
left ventricular volume and cardiac output (e.g., by 
Simpson’s rule) as well as a qualitative determination of 
right and left ventricular filling and ejection fraction.

In experienced hands, the correlation between 
echocardiographic and thermodilution measurements 
of cardiac output is generally acceptable[43,44] even if 
there is no general agreement on this subject. Other 
authors have declared that CO measurements by 
TEE are not interchangeable with PAC thermodilution 
because of limited agreement and a large percentage 
of errors[45]. Unlike PAC, TEE provides volumetric rather 
than pressure data, which can be misleading in the 
setting of pulmonary hypertension, valvular dysfunction 
or ventricular failure. The unique shape and function of 
the right ventricle may delay changes in PAC readings 
until the right ventricle is significantly dilated as central 
venous pressure readings do not necessarily correlate 
with right ventricular preload or ejection[21].

Despite PAC limits, transoesophageal echocar-
diography for monitoring left ventricular preload has 
some limitations which should be emphasized as well.

Determination of the left ventricular end diastolic area 

(LVEDA) index provides a measure of left ventricular 
filling that has been shown to correlate with changes in 
SV during volume therapy[46] only if, the compliance and 
contractility of the left ventricle remain unchanged[47]. 
Quantitative assessment of LVEDA may be altered by 
dislocation of the probe from the midpapillary level as 
well[47]. The technical complexity of TEE performance 
can be increased by the difficulty in obtaining short-
axis visualization of the left ventricle which is limited 
due to the common posterior retraction of the stomach 
during LT[48]. The apparent reduced invasiveness of 
TEE compared to PAC, is however offset by a greater 
complexity of the technique. TEE users should be 
qualified in displaying standardized cross-sections, and 
skilled to interpret findings in order to avoid potential 
serious misinterpretation of the images[49]. Beside this 
technical difficulty this method is either not practicable in 
a perioperative setting or cannot be routinely performed 
for logistic and economic reasons.

In summary PAC allows for the nearly continuous 
measurement of CO, right ventricle ejection fraction, and 
right ventricle end diastolic volume showing some great 
advantages like its continuous nature and the relative 
lack of user input. TEE, besides aiding in the estimation 
of preload, is very valuable in the overall assessment of 
cardiac function, detection of air embolism or intracardiac 
clot formation, diagnosis of hepatopulmonary syndrome, 
and management of pulmonary hypertension[50]. Both 
methods have several limitations which make the actual 
available literature inconclusive about how to best 
monitor the hemodynamics during LT and whether a 
single monitoring device is absolutely superior to the 
others in terms of accuracy, validity and reproducibility 
of data. Nowadays a complete, accurate, non-invasive 
device, suitable for instantaneously detecting hemody-
namic alterations typical of LT is still unavailable, and 
the integration of various data from different monitoring 
systems probably remains the only way to properly 
manage haemodynamic instability. 

How to measure CO with TEE
In the clinical setting, SV is an important parameter of 
cardiac performance. Assessment of CO is an important 
measure of responses to medical and surgical therapies, 
such as administration of inotropic agents to treat right 
and left heart failure[51]. SV and CO are most reliably 
and easily measured at the left ventricular outflow tract 
(LVOT) or at the level of the aortic valve. SV and CO 
can also be measured at the level of the mitral valve or 
the pulmonary artery, but this is less commonly done 
because, unlike the mitral or pulmonary valves, the 
cross sectional area of the LVOT and ascending aorta 
(because they are circular structures) change very little 
throughout the cardiac cycle. 

SV and CO measurement at LVOT: The TEE-derived 
CO can be calculated as the product of SV and heart 
rate, where left ventricular SV is calculated by multiplying 
the time-velocity integral at the left ventricular outflow 
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tract by the LVOT area. It is important to remember 
that area and flow measurements must be made at the 
same anatomical site. This calculation assumes that flow 
is laminar (i.e., not turbulent) and that the conduit being 
measured is an unchanging circular orifice such that it 
has the area of πr2.

Stroke volume measured at LVOT level is simplified 
by the following equations: 

                               SV = VTI × CSALVOT

CSA: Cross-sectional area; VTI: Velocity-time 
integral.

The CSA (LVOT) is calculated from the LVOT 
diameter as follows:
  
                        CSALVOT = 0.785 × diameter2

The CSA of the LVOT is usually obtained from the 
mid-oesophageal long axis (ME LAX) view at 110°-140° 
(Figure 2). Errors in diameter measurements are 
quadrupled because the formula requires squaring the 
diameter. Therefore, very small errors in measurement 
make a dramatic difference to the calculation.

The diameter should be measured multiple (usually 
three) times at mid-systole in the mid oesophageal 
aortic valve long axis (ME AV LAX) view, using the inner 
edge to inner edge technique, and then averaged. This 
measurement assumes that the annular size does not 
vary much throughout the cardiac cycle, so the timing 
of this measurement is not crucial.

VTI measured at the level of the LVOT using 
pulse wave Doppler requires the sample volume to 
be positioned in the LVOT just proximal to the aortic 
valve. Because the blood flow is nearly parallel to the 
ultrasound beam, the best transoesophageal views for 
this measurement are the transgastric long axis (TG 
LAX) and the deep transgastric long axis (deep TG LAX) 
views with PW Doppler sample volume placed in the 
LVOT (Figure 3)[45,52].

When aortic stenosis is present, the CW Doppler 
signal shows a characteristic flow image with two 
densities[53]. The most intense part of the time velocity 
integral is the SV, whereas the outer contour shows 
the speed of the peak that allows the pressure gradient 
at the level of aortic valve to be calculated using the 
modified Bernoulli equation. This technique cannot be 
used when there is a significant aortic regurgitation. 

SV and CO measurement at aortic valve: If 
measuring at the level of the aortic valve, the CSA of 
the valve can be measured using planimetry of a short 
axis view of the aortic valve in mid systole (Figure 4). 
VTI is measured using continuous wave Doppler with 
the Doppler beam directed through the valve orifice; 
the TG LAX view or the deep TG LAX view are the most 
helpful views for this purpose. 

The stroke volume measured at aortic valve is 
simplified by the following equation:

                     SV = VTI × aortic valve area

It is important to remember that if significant aortic 
stenosis is present, flow distal to the valve is not laminar 
and SV measurements will therefore be inaccurate. 

ME AV LAX

LA

LV

RV

Figure 2  Transoesophageal echocardiography view (mid esophageal long 
axis view) used to measure left ventricular outflow tract diameter usually 
best imaged at a multiplane angle of 110°140°. AV: Aortic valve; LA: Left 
atrium; LV: Left ventricle; RV: Right ventricle; ME AV LAX: Mid esophageal aortic 
valve long axis view. Modified by Møller-Sørensen et al[45]. 

Deep TG LAX

LV

AV LA

aA

Figure 3  Transoesophageal echocardiography view (deep transgastric 
long axis view), used to measure velocity time integral. AV: Aortic valve; LA: 
Left atrium; LV: Left ventricle; aA: Ascending aorta; TG LAX: Transgastric long 
axis view. Modified by Møller-Sørensen et al[45].

Figure 4  Transesophageal measurement of aortic valve planimetry from 
mid esophageal aortic valve SAX, usually best imaged at a multiplane angle 
of 40°60°.
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Volume status assessment and volume therapy
Volume status assessments are a challenge in peri-
operative haemodynamic management of LT and the 
most common haemodynamic changes are secondary to 
changes in volume status and cardiac function. 

The filling pressures (i.e., central venous pressure 
and pulmonary artery occlusion pressure), as indirect 
indicators of filling volumes, have been the “standard” 
methods for decades but, following significant criticism, 
volumetric measurements are now preferred[5,54]. The 
most commonly used parameters for left ventricular 
preload assessment are the left ventricular end-diastolic 
diameter (LVEDD) and the LVEDA, both obtained in 
the TG Mid SAX view[28]. It is important to remember 
that retractor placement during LT may, unfortunately, 
obstruct the transgastric view required to obtain these 
parameters[20,55]. Additionally, some authors recommend 
avoiding this view so as not to disrupt gastro-oeso-
phageal varices in the distal oesophagus[19].

Left ventricular internal end diastolic diameter: 
Volume status or trends can be rapidly estimated 
by measuring LVEDD. A small left ventricular (LV) 
internal diameter at end-diastole can be indicative 
of hypovolemia, whereas the LV internal diameter 
at end systole (LVESD) is a less specific indicator of 
hypovolemia because a low value may be caused by a 
decreased systemic vascular resistance, an increased 
inotropic state, or by decreased ventricular filling. Both 
LVEDD and LVESD are decreased in hypovolemia, 
whereas LVEDD is normal and LVESD is decreased 
when systemic vascular resistance is decreased[52]. 
Serial measurements of both diameters can be useful 
to monitor a patient’s response to administered fluids. 
The LV diameters can be measured by the TEE mid 
oesophageal two chamber (ME 2C) view at the mitral 
valve leaflet tips and by the TG Mid SAX view using 
M-mode imaging at the mid-papillary level[52]; however, 
the TG LAX view has been recommended because it is 
easier to align. LV diameters are measured from the 
endocardium of the anterior wall to the endocardium of 
the inferior wall in a line perpendicular to the long-axis 

of the ventricle at the junction of the basal and middle 
thirds of the long-axis (Figure 5).  

Reference ranges for un-indexed LVEDD are 3.9 to 
5.3 cm in women and 4.2 to 5.9 cm in men[56].

LVEDA: Compared with baseline imaging, measure-
ments of LVEDA can be used as an indirect measurement 
of LV preload[57] and can be used to monitor the response 
to fluid therapy[58]. 

Variations of LVEDA, measured by definition at 
end-diastole at the mid-papillary muscle level, closely 
reflect changes in left ventricular end diastolic volume 
(LVEDV)[59]. The LVEDA index provides a measure of 
LV filling, which correlates with changes in the stroke 
volume index during volume replacement[60].

LVEDA can be calculated most easily in the TG Mid 
SAX view. The endocardium should be traced at the 
mid-papillary muscle level in end-diastole where the 
LV area is maximal (Figure 6)[61]. By convention, the 
papillary muscles are excluded from the tracing. Once 
traced, ultrasound software can calculate the LVEDA, 
which normally ranges from 8 to 14 cm2[56].  

TEE provides a better index of LV preload in patients 
with normal LV function than filling pressure values 
obtained by the more invasive PA catheterization appro-
ach[62].

Intraoperative TEE monitoring offers an indirect 
assessment of preload, but the validity of LVEDA as a 
preload index is still under discussion because it only 
correlates with changes in stroke volume index during 
volume therapy if the compliance and contractility of 
the left ventricle remain unchanged[47]. An index LVEDA 
< 5.5 cm2/m2 is very suggestive of low filling of the left 
ventricle[63].

Left and right ventricular function assessment 
Although PAC study parameters provide an index of global 
myocardial function, they do not provide information on 
specific areas of myocardial performance. Assessments 
of left and right ventricular performance during surgery 
are advantages that TEE offers. TEE can detect areas of 
regional wall dysfunction that would otherwise remain 

Figure 5  Transesophageal measurements of left ventricular length and minor left ventricular diameter from the ME 2C, usually best imaged at a multiplane 
angle of approximately 60°90° and from  the transgastric twochamber view of the left ventricle, usually best imaged at an angle of approximately 
90°110°. L: Length; LVD: Left ventricular diameter.
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undiagnosed. Clearly, time consuming methods requiring 
multiple equations or measurements are not helpful in an 
acute setting, such as with the hemodynamic instability 
of LT. So, despite many published quantitative measures 
of global left ventricular function[28,64], most basic 
echocardiographers rely on qualitative, visual estimations 
of systolic function. This approach is far from precise but 
allows a basic echocardiographer to differentiate those 
patients who might benefit from inotropic therapies from 
those who simply need more fluid volume.

Left ventricular function: The American Society of 
Echocardiography and by the Society of Cardiovascular 
Anaesthesiologists[28] has recommended that ventricular 
function is assessed by a regional wall motion analysis 
based on a 17-segment wall motion score, as described 
in the ASE guidelines[64]. This approach suggests that 
a physician trained in basic transoesophageal echocar-
diography obtains mid oesophageal four-chamber (ME 
4C), ME 2C and ME LAX views for a more comprehensive 
evaluation and to monitor global and regional LV function. 
However, visualization of 6 mid-papillary segments from 
the TG Mid SAX view may suffice and is important for 
prognosis[65].

The TG Mid SAX view provides significant diagnostic 
information regarding regional and global ventricular 
function to allow for efficient patient care and to minimize 
any distraction under intraoperative conditions while the 
patient is haemodynamically unstable.

Quantitative measurements of left ventricular func-
tion can also be obtained by measuring the Fractional 
Shortening, fractional area change and Ejection Fraction. 

Fractional shortening: Fractional shortening (FS) 
expresses the percentage change between the LVEDD 
and the LVESD according to the following formula: 

     FS (%) = (LVEDD - LVESD)/LVEDD × 100

The LV internal diameters are measured at the ends 
of diastole and systole on an M-mode tracing of a TG 
Mid SAX view taken just above the papillary muscles 

and sometimes from an M-mode tracing of a TG LAX 
view from the inner edge to the inner edge of the 
endocardial borders (Figure 7).  

Fractional shortening can be used to determine 
ventricular function, with normal values ranging from 
25% to 45%[56]. 

Although FS gives a rapid and simple estimate of 
LV systolic function, it is not representative of global 
ventricular function if there are ventricular regional wall 
abnormalities or aneurysmal deformities[56]. It assesses 
only the selected cross section of the left ventricle, so 
there should be no alterations in regional LV contractility 
either at the apex or at the base if FS is to reflect global 
LV function accurately. 

Fractional area change: Fractional area change 
(FAC) is a two-dimensional measurement that is easily 
obtained from the TG Mid SAX view. It expresses the 
percentage change between the LVEDA and the left 
ventricular end-systolic area (LVESA) according to the 
following formula:

      FAC (%) = (LVEDA - LVESA)/LVEDA × 100

Normal values range from approximately 55% to 
65%[56].

This approach requires both the LVEDA and LVESA 
measurements, tracing the left ventricular endo-
cardium during the end of diastole and systole. The 
measurements are usually made in the TG Mid SAX 
view, but when this view is suboptimal, long axis views 
can also be used. The endocardium can be traced 
manually traced around the LV cavity, ignoring the 
papillary muscles, or the endocardial borders can be 
detected automatically (Figure 6)[61].

FAC can provide a reasonable global estimate of 
LV function but, like the FS, it has its limitations. It 
may represent global LV function poorly in cases of 
myocardial infarction or aneurysmal dilatation in areas 
of the ventricle other than the mid papillary level, where 
FAC is evaluated. Changes in loading condition may also 
influence the FAC. 

A B

Figure 6  Transesophageal measurements of fractional area change. Transgastric Mid SAX view of the left ventricle showing measurement of left ventricular end 
diastolic area (A) and left ventricular end-systolic area (B). The bidimensional image is usually best imaged at a multiplane angle of 0°. Modified by Guarracino Fabio 
et al[61].
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Ejection fraction: This measure requires the appli-
cation of algorithms that can approximate the left 
ventricle to a conventional solid. The ejection fraction 
(EF) is the most widely used index in clinical practice 
to describe left ventricular function, even if it measures 
ejection ability rather than the contractility of the 
left ventricle. The B-mode evaluation is most widely 
used to study systolic function because it is reliable 
even in the presence of geometric distortion or wall 
motion abnormalities and because it correlates well 
with radionuclide ventriculography and scintigraphy 
measurements[66]. In contrast to fractional shortening, 
which depends on a single cavity dimension in systole 
and diastole, the ejection fraction examines the entirety 
of myocardial contraction by expressing stroke volume 
as a percentage of LV end-diastolic volume:

     LVEF% = (LVEDV - LVESV)/LVEDV × 100

Where LVEF is the left ventricle ejection fraction, 
LVEDV is the LV end-diastolic volume, and LV end-
systolic volume (LVESV).

The LVEF represents a composite of cardiac per-
formance involving preload, contractility, and afterload. 
It is widely regarded to be a predictor of outcome and 
survival. Normal EF values range from 55% to 70%. 

The area-length and the Simpson’s methods are 
among the commonest used to calculate the EF. The 
previously used Teichholz method of calculating LV 
ejection fraction from LV linear dimensions is not 
recommended for clinic practice because inaccuracies 
can arise from the geometric assumptions required to 
convert a linear measurement to a 3-D volume[67].

The area-length method is an alternative method 
to calculate LV volumes when the apical endocardial 
definition precludes an accurate tracing. This method 
assumes that the LV is bullet shaped[68], and the volumes 
are obtained by measuring LV areas and lengths at 
both end-diastole and end-systole. The measurements 
require a long-axis view of the chamber without 
foreshortening of the LV. This view may be difficult 

to obtain from the standard ME 4C view, and some 
retroflexion of the probe may be required to visualize 
the true apex and prevent any foreshortening of the LV.

The Simpson method is the most widespread EF 
calculation method and consists of 2-D measurements 
of volume with the biplane method of discs (modified 
Simpson’s rule). The EF is calculated from the summation 
of a series (20) of overlapping slices from apex to base, 
each of which is assumed to be an elliptical disc. This 
is the currently recommended method of choice of the 
American Society of Echocardiography and the European 
Association of Echocardiography[56]. Modern ultrasound is 
equipped with software to calculate the EF by using the 
area of the LV and its diameter measured from the apex 
to the mitral floor in the two phases of the cardiac cycle. 
The EF is calculated from projections of the ME 4C and 
2C views (Figure 8).

Right ventricular function 
A normal right ventricle (RV) has an oblong shape and a 
complex architecture and, in the ME 4C and TG Mid SAX 
views, it is approximately two-thirds the size of the LV. 
In the ME 4C view, the RV extends more than half way 
to but does not normally share the LV apex.

The RV cavity on the short axis has a half-moon 
shape with the concave side of the interventricular 
septum towards the VS. A first echocardiographic sight 
provides information regarding RV function because, at 
the onset of right ventricular dysfunction, the ventricular 
chamber enlarges and the usually convex septal wall 
of the RV, facing the crescent shaped RV cavity, loses 
its classical shape and anatomical relationships with 
VS. An increase in RV pressure or volume overload can 
cause flattening or leftward deviation of the septal wall, 
producing an elliptical or circular short-axis shape of the 
RV cavity. The normal right ventricle is accustomed to 
a low pulmonary resistance and hence low afterload; 
thus, normal RV pressure is low and right ventricular 
compliance is high. Elevations in RV afterload result 
acutely in RV dilatation, whereas chronic elevations 
cause RV hypertrophy. Right ventricular size is best 

Figure 7  Transesophageal measurements of fractional shortening. A: TG Mid SAX view of the left ventricle showing M-mode measurement of LVEDD and LVESD 
normalized for LVEDD. The bidimensional image is usually best imaged at a multiplane angle of 0°; B: TG LAX view of left ventricle showing M-Mode measurement of 
LVEDD and LVESD normalized for LVEDD usually best imaged at an angle of approximately 80°-110°. LAX: Long axis view; TG: Transgastric; LVEDD: Left ventricle 
end diastolic diameter; LVESD: Left ventricle end systolic diameter. Modified by Guarracino Fabio et al[61].
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estimated by TEE from a right ventricle focused ME 4C 
view, with the multiplane angle adjusted to maximize 
the tricuspid annulus diameter, usually between 10° 
and 20°[56]. Care should be taken to obtain the image 
of the maximal right ventricular diameter without 
foreshortening[69].

Many techniques have been described to obtain 
quantitative measurements of the overall function of the 
right ventricle, but in most cases, the physician relies on 
qualitative measures, and on visual estimates of systolic 
right ventricular function. 

Assessments of right ventricular function are re-
quired whenever a patient presents with unexplained 
or refractory hypotension. Patients undergoing LT, for 
example, can present with hypotension secondary to right 
ventricular failure[70]. If their RV dysfunction is related 
to acute changes in pulmonary pressures associated 
with lung volume shifts or acid-base changes during 
the transplant, they can also be at risk for pulmonary 
hypertension[21]. 

TEE has the significant advantage that right ven-
tricular failure can be identified by dynamic rather than 
the pressure changes, which can be easily missed in 
PAC measurements. Because right ventricular failure 
is an important complication during the reperfusion 
phase of LT, TEE monitoring confers very significant 
advantages at this stage.

When the evaluation is based on a quantitative 
assessment, a number of echocardiographic techniques 
may be used to assess RV function.

Tricuspidal annular plane systolic excursion: In 
systole, the tricuspid annulus will normally descend 
towards the apex 1.6-2.0 cm. A tricuspidal annular 
plane systolic excursion (TAPSE) of less than 1.6 cm 
has been associated with a poor prognosis in a variety 
of cardiovascular diseases; it is highly specific for RV 
dysfunction and can be used to monitor RV systolic 
function serially. It is important to place the cursor at 
the annulus side and to apply the M-Mode. Once the 
image is frozen, the TAPSE is the difference between the 
lowest and highest excursion points of the tricuspidal 

annulus. It has the advantage of easy reproducibility, 
speed of measurement and less dependence on optimal-
quality images. There are some disadvantages: The 
measurement is angle dependent, and the displacement 
in the ME 4C view is representative of the function of 
the entire right ventricle only if there are no regional RV 
wall motion abnormalities. The TAPSE may also be load-
dependent, even if less preload-dependent than other 
markers of RV function[69].

Right ventricular fractional area change: The FAC 
provides an estimate of the systolic function of the right 
ventricle. Usually measured in the ME 4C view, it is a 
simple method to assess RV function that correlates 
with RV ejection fractions measured by magnetic 
resonance imaging and has been related to outcome in 
a number of diseases[56,71]. It is important to verify that 
the entire right ventricle is in the view, including the 
apex and the lateral wall, in both systole and diastole. 
Care must be taken to exclude trabeculations while 
tracing the RV area. The normal range is 35%-60% 
and a two-dimensional FAC < 35% indicates RV systolic 
dysfunction[69].

UTIlITy OF Tee eXamINaTION aND 
sURGICal PHases OF lT
In addition to all the pathophysiological processes that 
characterize ESLD, the three major stages of LT (pre-
anhepatic, anhepatic and reperfusion phases) pose 
particular challenges in terms of anaesthetic mana-
gement. TEE permits accurate monitoring of these clinical 
phases with rapid anaesthetic management during 
complicated procedures, maximizing the opportunities 
for a successful outcome. 

Pre-anhepatic phase
The pre-anhepatic phase begins with surgical incision 
and concludes with cross clamping of the vascular 
inflow to the liver. The conventional technique involves 
clamping of the portal vein, the suprahepatic inferior 

A B

EDV (BP)        81 mL
ESV (A4C)        55 mL

Figure 8  Calculation of ejection fraction using the disc method (Simpson's rule). Transoesophageal echocardiography ME 4C view in diastole (A) and systole 
(B). The bidimensional image is usually best imaged at a multiplane angle of 0°. Modified by Guarracino Fabio et al[61]. EDV: End diastolic volume; ESV: End-systolic 
volume.
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vena cava, the infrahepatic inferior vena cava, and 
the hepatic artery. The piggyback technique requires 
temporary clamping of portal flow only and tangential 
clamping of the retrohepatic inferior vena cava, which 
allows venous return to the heart.

Surgical bleeding, when present, could be the 
main issue during the pre-anhepatic phase. Dissection 
may be complicated by steady and sometimes rapid 
haemorrhage from varices in the abdominal wall or 
adhesions within the abdominal cavity. Fluid shifts and 
third space fluid losses may result from the drainage 
of ascitic fluid and from venous congestion. Bleeding 
during this phase of surgery is related to the degree of 
pre-existing coagulopathy, the presence and severity of 
portal hypertension, and the duration and complexity of 
the surgical procedure[72,73].

Vascular clamping and manipulation of the liver, 
together with an inadequate volume resuscitation, 
result in decreased venous return and reduced cardiac 
output, resulting in critical organ hypoperfusion[74]. 

Sudden haemodynamic variations and a reduced 
preload are the most serious complications and chall-
enges that the anaesthetist has to manage during LT. 

TEE allows circulatory volumes to be optimized, 
avoiding impaired organ perfusion, ischaemia and, at 
the same time, volume overload. Identifying the cause 
of any hypotension is critical for successful treatment 
and aggressive fluid repletion leading to overload must 
be avoided to prevent pulmonary oedema or right 
ventricular failure due to unrecognized preoperative 
cardiac disease[3,75].

Close approximation of the papillary muscles and 
decreases in LVEDA and LVEDD in the TG Mid SAX 
view signal a reduced preload due to haemorrhage or 
vascular clamping: After a fluid challenge; TEE allows the 
anaesthetist to assess the adequacy the interventions 
rapidly. Signs of RV and right atrial dilation together 
with RV hypokinesis[76] or atypical regional wall motion 
abnormalities of the RV free wall[77] can draw attention 
to right ventricular failure.

If the conventional surgical technique with inferior 
vena cava and portal vein clamping is poorly tolerated, 
the VVB might be warranted to guarantee venous return 
to right atrium and to decompress the portal venous 
system, reducing bleeding, vascular congestion to the 
intestines, and injury to the bowel capillary bed[78].

In this case, TEE can assist in the placement of 
transcutaneous VVB lines, confirm the correct location of 
guide wires in the venous system, and detect the tip of 
the cannula in the superior vena cava[79]. Air embolism, 
thromboembolism, and inadvertent decannulation are 
among the reported and feared complications of VVB 
and can increase its morbidity[80]. 

Anhepatic phase
The anhepatic phase starts after complete occlusion 
of vascular inflow to the liver; includes the removal 
of the native liver and the completion of the vascular 
anastomoses; and ends with the reperfusion of the 

newly grafted liver. This phase is mainly characterized by 
hemodynamic changes induced by the cross-clamping 
of the inferior vena cava and portal vein, which reduce 
venous return, cardiac output and renal perfusion 
pressure while increasing the splanchnic and lower caval 
pressures[25]. VVB is used routinely in some centres to 
facilitate return of blood from the portal system and 
lower body to the heart via a centrifugal pump to the 
axillary vein[78]. The TG Mid SAX view or ME 4C view can 
be ideal for monitoring ventricular function and volume 
status continuously during this phase. If preload is 
diminished or systemic vascular resistance is reduced, 
the left ventricular papillary muscles will approximate 
each other during systole and LVEDA will be reduced.

Reperfusion phase
LT represents a special case of acute right ventricular 
stress. Cardiac output increases acutely at the time of 
reperfusion (up to 3-fold in 15 min) and this increased 
blood flow to the right heart can result in volume 
overload and pulmonary oedema due to occult cardiac 
disease[3].

This phase extends from the period immediately 
after the reperfusion of the graft to the end of surgery 
and includes the arterial anastomosis and biliary tract 
reconstruction. Cardiovascular instability is greatest 
during this phase of the operation, and it is as accom-
panied by a decrease in mean arterial pressure of 30% 
or more from baseline for at least 1 min’s duration, and 
occurring within 5 min of reperfusion[81,82].

The reperfusion syndrome is typically characterized 
by severe hypotension, decreased heart rate, a signi-
ficant reduction in systemic vascular resistance, and 
increases in pulmonary arterial pressure and wedge 
pressure. All these changes are thought to result from 
the sudden release of cold, acidotic and hyperkalaemic 
preservation fluid into the circulation while myocardial 
dysfunction, often observed after reperfusion, is caused 
by several vasoactive mediators released into the 
circulation by the re-perfused graft[83].

The characteristic echocardiographic features of the 
reperfusion phase may include acute right ventricular 
systolic dysfunction, left ventricular systolic dysfunction 
or both; new global or focal wall motion abnormalities; 
decreased FAC; and because of rapid cardiac influx 
after vascular unclamping, increases in ventricular end-
diastolic volume and LVEDA are common. Selecting 
and maintaining TEE, typically either in the ME 4C or 
TG Mid SAX views, allows for real time monitoring 
of all the effects of reperfusion on the heart. During 
transition from the anhepatic to the reperfusion phase, 
TEE views can also be useful for detecting intracardiac 
air, thrombosis, mitral or tricuspid valve regurgitation; 
severe diastolic dysfunction; or a previously undia-
gnosed outflow obstruction that can occur during 
reperfusion.

Following reperfusion TEE may be useful to detect 
the temporary opening of a foramen ovale[84] or elevation 
of pulmonary arterial pressures, facilitating prompt 
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management of these complications.
Unique haemodynamic changes occur from the 

anhepatic to the reperfusion phases, and a real time 
TEE allows for a rapid assessment and adjustment of 
fluid shifts and an optimal outcome.

UseFUlNess OF Tee IN THe 
DIFFeReNTIal DIaGNOsIs OF RaRe 
CaRDIOvasCUlaR CONDITIONs OFTeN 
assOCIaTeD WITH HaemODyNamIC 
INsTaBIlITy
Pulmonary embolism 
Although patients with liver disease were long assumed 
to have a natural bleeding tendency and to be pro-
tected from thrombosis, the real coagulation state of 
the cirrhotic patients combines changes in both pro- 
and anti-haemostatic pathways in a new haemostatic 
balance[85]. However, the occurrence of both bleeding and 
thrombotic complications in a significant proportion of 
patients shows that this haemostatic balance is relatively 
unstable[86]. Although LT is associated with increased 
bleeding and altered coagulation, a prothrombotic 
state may also occur. Intravascular thrombus formation 
and subsequent embolization is a potentially fatal 
complication that most often occurs after reperfusion. 
Both surgery (vascular clamping) and trauma pose an 
increased risk for pulmonary embolism (PE) and an 
incidental cardiac thrombosis, in particular, may lead 
to serious complications in LT, including intraoperative 
death[87]. Thus, anaesthesiologists may be responsible 
for both PE diagnosis and treatment, even if the 
diagnostic sensitivity of TEE for PE by direct visualization 
of a thrombus in the pulmonary artery is actually quite 
low[88]. Although TEE is not the gold standard for PE 
diagnosis, it can compare with the sensitivity of a TC 
scan when the PE is acute, central and characterized 
by severe haemodynamic instability[89,90]. Notably, 
only 30% obstruction is needed for RV dysfunction 
to be recognized on TEE[91] but the echocardiographic 
diagnosis of a PE using direct evidence often requires 
advanced TEE skills.

The Consensus Statement of the American Society 
of Echocardiography and the Society of Cardiovascular 
Anesthesiologists recommends that “a physician trained 
in basic perioperative TEE at least should be able to use 
ME 4C, ME AV SAX, and ME RV inflow-outflow views to 
identify indirect echocardiographic findings consistent 
with a PE”[28]. Before initiating any specific treatment, the 
presence of thrombus and/or signs of RV dysfunction, 
typically due to elevated right-sided pressures, should 
be identified. The direct visualization of intracardiac 
thrombus or emboli in the main pulmonary artery or its 
right or left branches by TEE allows for diagnosis, though 
it is important to remember that the left pulmonary 
artery is not completely visualized with TEE due to the 

interposition of the left bronchus.
Echocardiographic findings consistent with acute PE 

include: Signs of RV dilation, RV hypokinesis[76], atypical 
regional wall motion abnormalities in the RV free wall[77], 
and decreased TAPSE.

Another typical sign of elevated right-sided pressures 
is the leftward shift of the interatrial septum or 
interventricular septum, which is easily seen in the ME 
4C view. Although the RV is dysfunctional, the LV may 
appear hyperkinetic and underfilled, due to a leftward 
shift of the interventricular septum[92].

LVOTO 
Cirrhosis is associated with increased left ventricular 
wall thickness, cardiac chamber enlargement, and a 
significantly impaired systolic and diastolic response 
to stress, especially in the setting of volume overload. 
The hypertrophic cardiomyopathy, which characterizes 
the cirrhotic patient, makes these patients particularly 
susceptible to LVOTO especially when hypovolemia, 
tachycardia, and increased ventricular contraction can 
cause apposition of the mitral valve anterior leaflet and 
the septal wall during systole[93]. The pre-anhepatic 
and anhepatic phases of LT are usually associated with 
decreases in the left ventricular preload secondary 
to intraoperative surgical or medical bleeding and 
to vascular clamping, whereas the post-reperfusion 
phase is usually associated with a marked decrease in 
systemic vascular resistance. Therefore, the patients 
undergoing LT often have several risk factors for 
dynamic LVOTO[94]. TEE, by virtue of its unique features, 
guarantees a continuous monitoring of cardiac function 
and structures, especially during the anhepatic and 
reperfusion phases[34] when the occurrence of dynamic 
LVOTO is more common, and can facilitate appropriate 
management and therapeutic interventions[95].

Dynamic LVOTO can be assessed readily in the 
ME LAX view at an approximately 120° angle. The 
characteristic features to look for are turbulence through 
the left ventricular outflow tract, hypercontractility 
of the left ventricle, systolic anterior leaflet motion 
of the mitral valve, and some degree of late mitral 
regurgitation[96]. A severe mitral regurgitation due to 
the systolic anterior leaflet motion represents a rapid 
qualitative method to quantify the degree of LVOTO. The 
degree of mitral regurgitation is a qualitative method 
to determine the severity of LVOTO because it usually 
correlates with the degree of outflow tract obstruction. 
Another rapid qualitative measure of LVOTO can be 
obtained by Colour-Doppler, where a mosaic pattern 
indicates turbulence associated with an elevated LVOT 
gradient. A quantitative assessment of the obstruction is 
otherwise obtained by a Doppler quantification of blood 
flow velocities through the LVOT, using the TG LAX view 
or the deep TG LAX view. Blood flow velocity in the 
LVOT is measured by positioning the continuous wave 
Doppler sample volume in the centre of the LVOT just 
proximal to the AV. Normal LVOT and AV flow velocities 
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are less than 1.5 m/s[97]. Colour flow Doppler imaging of 
the LVOT and AV is useful in directing the Doppler beam 
through the area of maximum flow when these velocity 
measurements are made.
 
Portopulmonary hypertension 
Liver disease and portal hypertension can be associated 
with pulmonary vascular complications, such as 
POPH, which is characterized by the presence of portal 
hypertension, a mean pulmonary artery pressure > 
25 mmHg at rest, a mean pulmonary capillary wedge 
pressure < 15 mmHg, and a pulmonary vascular 
resistance > 240 dynxsxcm-5[98]. The prevalence of POPH 
in liver transplant candidates is reported to be 6.3%[99] 
and 8.5%[100]

Severe pulmonary hypertension and elevated right 
ventricular systolic pressure predicted a high risk of 
morbidity and mortality from fulminant right ventricular 
failure among patients undergoing LT[101]. Patients 
presenting for liver transplantation with pulmonary 
hypertension have an additional risk for RV dysfunction 
secondary to acute changes in pulmonary pressures 
associated with the volume shifts and acid base distur-
bances that characterize LT.

For this reason, most transplant centres consider 
severe POPH an absolute contraindication to trans-
plantation[102]. On the other hand, a number of reports 
have confirmed that LT can be performed safely if the 
patient haemodynamic state is suitably controlled[102].

The most important test to screen for POPH is the 
two dimensional TTE, which is a routine part of an LT 
evaluation[103].

Unfortunately, the TTE cannot fully discriminate 
between increased PVR due to true vaso-occlusive 
arteriopathy, a hyperdynamic state, or fluid overload, 
with normal/low PVR. Therefore, right heart catheteri-
zation is the gold standard for the diagnosis of POPH[104]. 

For this reason, POPH may be missed by pre-
operative echocardiography and may be recognized only 
during right heart catheterization in the intraoperative 
phase. 

The diagnosis of unexpected POPH on the operating 
table may still be best handled through TEE. Continuous 
intraoperative transoesophageal echocardiography has 
been recommended for following right heart function, 
and in the event of a pulmonary hypertensive crisis, 
the anaesthetist has to be ready to address acute 
pulmonary hypertension with effective agents such as 
inhaled or intravenous vasodilators[102,105].

The echocardiographic intraoperative findings of 
severe pulmonary hypertension include right ventricular 
hypertrophy, dilatation and dysfunction, as well as right 
atrial enlargement. A paradoxical septal movement can 
be seen as well. 

The best views to visualize the right heart chambers 
are ME 4C and ME RV inflow-outflow.

CONClUsION
TEE has evolved as an important diagnostic tool outside 

the field of cardiac anaesthesia and it has gained 
increasing importance as a monitoring tool in liver anae-
sthesia. One of the most advantageous features of the 
TEE over PAC is the direct visualization of the heart in 
real time, which allows for instantaneous assessment 
of the state of the cardiovascular system, changes in 
global and regional contractility, and the rapid diagnosis 
of ventricular dilatation and failure. TEE can overcome 
the limitations of PAC measurements arising from the 
large core body temperature shifts typical of massive 
fluid infusion or revascularization of the new graft during 
LT. 

TEE allows the intraoperative causes of hypotensive 
episodes during LT to be identified and can help rapidly 
optimize volaemia, avoiding organ perfusion impairment 
and ischaemia. TEE also allows for the intraoperative 
diagnosis and management of specific cardiovascular 
conditions that like portopulmonary hypertension, air 
embolism and thromboembolism, can complicate LT 
and the management of patients with hypertrophic 
cardiomyopathy, who may experience LVOTO. 

Notwithstanding the published guidelines that define 
the basic and advanced competency requirements 
for TEE users, transoesophageal echocardiography is 
being used to monitor haemodynamics and for direct 
therapy in liver transplant patients, and clinically useful 
interpretations are possible even during the skill-
acquisition phase of TEE training. 

The value of TEE must of course be balanced 
against the risk of performing the procedure. Gastro-
oesophageal varices are very common in patients 
listed for LT; thus, patients with ESLD should have a 
preoperative endoscopic surveillance and oropharyngeal 
examination, and probe manipulation should be limited 
to experienced operators.

Despite these limitations, the intraoperative TEE 
is a relatively safe method for monitoring cardiac 
performance in liver transplant patients and should 
not be contraindicated by the presence of oesophageal 
varices if the indications for the exam are important.

Although the interpretation of TEE remains mostly 
subjective, TEE has been helpful for assessing haemo-
dynamic alterations, guiding fluid replacement and 
inotropic therapy, and identifying potential complications 
during LT, allowing for better management of patients.
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