
Journal of Cardiothoracic and Vascular Anesthesia 34 (2020) 1833�1835

Contents lists available at ScienceDirect

Journal of Cardiothoracic and Vascular Anesthesia

journal homepage: www.jcvaonline.com
Editorial
Time to Simplify Transeso
phageal Echocardiography
DOI of original article

https://doi.org/10.105

1053-0770/� 2020 El
for Liver Transplantation?
INTRAOPERATIVE transesophageal echocardiography

(TEE) is a valuable diagnostic and monitoring tool during liver

transplantation (LT).1 Despite concerns about bleeding risk in

patients with end-stage liver disease, multiple studies have

established the safety and utility of TEE in this patient popula-

tion.2,3 Although a majority of practicing LT anesthesiologists

find intraoperative TEE to be clinically valuable, only a small

percentage use it routinely or have obtained certification

through the National Board of Echocardiography.4 Attempts

to restrict the use of TEE to only a handful of “certified” pro-

viders seems to be counterintuitive to the provision of quality

patient care. This leads to the obvious question about the most

practical and expeditious route to prepare transplantation anes-

thesiologists for competence in intraoperative TEE. How do

we ensure that anesthesiologists acquire sufficient echocardi-

ography skills to manage the unique scenario that they will

encounter during LT?

In the current issue of the Journal of Cardiothoracic and

Vascular Anesthesia, Vanneman et al. tested a simplified TEE

protocol in 106 patients undergoing LT to assess its potential

influence on the detection of common causes of hemodynamic

instability and management changes related to the abnormal

TEE findings.5 In their retrospective cohort study, a focused 5-

view TEE protocol was able to detect 92% of prespecified

TEE diagnoses, resulting in intraoperative management

changes in 94% of those instances. It also was noted by the

investigators that new TEE diagnoses outside of the 5 prespe-

cified TEE findings were rarely associated with management

changes. The authors concluded that an abbreviated TEE pro-

tocol for an LT patient with an unstable condition, as opposed

to a more comprehensive examination, was able to identify a

majority of critical findings and guide their management.

Although one cannot make a definitive inference whether the

diagnosis and management were a direct result of the abnormal

TEE findings or from other clinical data because of the retro-

spective study design, the study supported the role of an abbre-

viated TEE protocol for LT.
: http://dx.doi.org/10.1053/j.jvca.2020.01.028.

3/j.jvca.2020.03.019

sevier Inc. All rights reserved.
The updated practice guidelines for perioperative use by the

American Society of Anesthesiologists recommend TEE as an

important tool for patients with significant comorbidities or if

hemodynamic instability is anticipated or occurs intraopera-

tively.6 Given that hemodynamic instability generally is antici-

pated because of variables such as blood loss, reduced systemic

vascular resistance, clamping of the inferior vena cava, emboli-

zation, and reperfusion of the newly transplanted liver, it is easy

to make an argument that TEE should be used routinely for all

LTs. Moreover, despite the fact that patients with end-stage liver

disease display a hyperdynamic circulation, the contractile

response of the heart in this patient population is attenuated.7

Patients with end-stage liver disease often have an abnormal

stress response and electrophysiologic repolarization changes,

prolonged QT interval, and hypertrophic ventricles. This occult

cardiac dysfunction may not be detected during routine preoper-

ative stress testing and may manifest only during the stress of

LT surgery, especially during clamping and unclamping of the

vessels. TEE allows for the detection and prompt treatment of

such cardiac dysfunction in real time during LT surgery.

Although TEE for LT is not a current standard, a growing

body of literature supports its role as a rapid diagnostic and

monitoring tool that can affect a favorable outcome.8-10 Valu-

able information can be derived in real time through direct

visualization of cardiac structures that may not be gleaned

from routine physiological monitoring used for LT surgery. A

number of case reports have illustrated favorable outcomes

with the use of TEE that led to early diagnosis and treatment

of pulmonary and intracardiac thromboembolism during

LT.11,12 In 100 TEE examinations in LT recipients, Suriani et

al. discovered unanticipated findings that led to a significant

effect on intraoperative management in 11% of the patients.9

In another study that examined the utility of TEE in 100

patients undergoing LT, the most common abnormal findings

were microemboli (44%), right ventricular dysfunction (31%),

intracardiac thrombi (27%), pulmonary emboli (24%), patent

foramen ovale (18%), biventricular dysfunction (19%), hyper-

dynamic left ventricle (15%), and hypovolemia (18%).10 In

that retrospective cohort study, Shillcutt et al. used a 9-view

protocol, and TEE images were captured during all phases of
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LT, which may have accounted for a higher rate of abnormal

findings. Of note, the greatest number of abnormal findings

were seen in the reperfusion phase, with right ventricular dys-

function, thromboemboli, and biventricular dysfunction being

the most common. The study by Vanneman et al. reported

abnormal findings on TEE in only 41% of LT patients as

opposed to 88% reported by Shillcutt et al.5,10 This may have

been a result of a comprehensive TEE examination in all

phases of the LT and the inclusion of all abnormal findings in

the study by Shillcutt et al. Given that both these studies were

retrospective in nature, a lot depends on whether images were

captured and stored, especially at the time of hemodynamic

instability when the LT anesthesiologist may be busy stabiliz-

ing the patient’s condition.

A survey conducted in 2008 of high-volume LT centers in

the United States reported only 13% routine use of TEE.13

However, a survey in 2014 reported that the routine use of TEE

for LT had increased to 38% among all US transplantation cen-

ters, with 57% using TEE for rescue situations.14 Among the

598 LT anesthesiologists who were represented in that study,

170 (28.4%) also practiced cardiac anesthesiology. Not surpris-

ingly, the only factor predictive of routine use was an overlap

between a practice’s LT and cardiac anesthesiology teams.

Moreover, that survey reported that 69.9% of the LT anesthesi-

ologists were proficient in TEE, either by practice experience

(38.3%) or through certification (31.6%) by the National Board

of Echocardiography.14 Barriers for routine use of TEE were

noted to be either lack of adequate training of LT anesthesiolo-

gists or a sense that TEE is not necessary during an LT. Based

on the survey results from the Society for the Advancement of

Transplant Anesthesia, 83.9% of the LT anesthesiologists found

intraoperative TEE to be clinically valuable.4 However, they

were evenly split in their support of “on the job training”

(58.1%) versus basic perioperative TEE certification (58.1%),

and only a minority of respondents (7.1%) believed that

Advanced Perioperative TEE Certification was a feasible train-

ing pathway. One third of the LT anesthesiologists supported

the development of a TEE course tailored toward LT.4 It is

imperative that we develop high-quality training programs and

practice guidelines and optimal credentialing standards to allow

for broader applicability. The attempt by Vanneman et al. to

simplify the use of TEE to a 5-view focused protocol for LT is

a step in the right direction.5 Perhaps the development of TEE

simulation training programs that incorporate the common sce-

narios encountered in LT may be a potential solution. Web-

based education in addition to hands-on simulation might be

another option for the maintenance of TEE skills.

There are several other barriers and limitations to consider

for TEE use in LT patients. Interpretation of TEE is highly

user-dependent and depends on the level of training and the

experience of the transplantation anesthesiologist. Because

interpretation of images occurs in real time and often during

patient management, quick decisions have to be made on the

fly, often while “eyeballing” the images. A focused and limited

TEE examination that assists in identifying the commonly

encountered abnormalities is desirable at a time when the

patient needs full attention from the LT anesthesiologist. The
study by Vanneman et al. used a highly abbreviated TEE pro-

tocol with only 5 views, and they still were able to detect 92%

of prespecified TEE diagnoses.5 Interestingly, these investiga-

tors used the midesophageal 4-chamber view for volume

assessment, which requires a greater level of expertise, as

opposed to the transgastric short-axis (TG SAX) view. These

investigators did not include the TG SAX view in their 5-view

protocol although it is the preferred view for volume status

assessment and for detection of wall motion abnormalities.

The authors suggested that the TG SAX windows often are

inadequate or difficult to obtain during the anhepatic or the

reperfusion phase. In our opinion, the TG SAX view is easy to

obtain and interpret in most LT patients and therefore should

be a part of an abbreviated TEE protocol. Another view that

these investigators included was the hepatic vein view for

detection of hepatic vein stenosis, even though this is not a

part of the routine examination for most TEE experts. Not sur-

prisingly, there were only 8 examinations that had any infor-

mation regarding inferior vena cava and hepatic vein flows.

Nevertheless, focused TEE protocols like the one developed

by Vanneman et al. deserve to be refined and validated.

In summary, additional work needs to be done to facilitate

the development of evidence-based TEE protocols that are

amenable to testing via outcomes research studies. Similar to

the current study by Vanneman et al., future studies that will

evaluate the effectiveness of a variety of simplified and expe-

ditious assessment protocols for LT are anticipated. Commer-

cially available TEE simulators with programmable scenarios

that also can provide hands-on experience now are available

for training and maintenance of TEE skills in LT. The combi-

nation of simulation and web-based education with the incor-

poration of transplantation-specific scenarios to train residents

is an excellent educational opportunity for the future.

Harendra Arora, MD, MBA, FASA

Priya A. Kumar, MD

Department of Anesthesiology, University of North Carolina School of Medi-

cine, Chapel hill, NC and Outcomes Research Consortium, Cleveland, OH
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