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ABSTRACT

OBJECTIVES: Transesophageal echocardiography (TEE) is being increasingly utilized during orthotopic liver transplantation to guide periopera-
tive management. Obstacles of improving TEE utilization include the challenge of becoming familiar with the TEE machine, optimizing TEE
images, and translating skills acquired in didactic or simulator center-based training into clinical use.

METHODS: In an effort to expand TEE utilization and improve workflow among the liver transplantation (LT) anesthesiologists at our institution, a
LT-specific TEE guide was created to serve as a reference and educational tool during LT. A 26-question survey was distributed to all LT anesthe-
siologists before and 6 months after implementation of the LT-specific TEE guide.

RESULTS: All seven LT anesthesiologists completed the survey questions during the study period. No statistically significant difference was
detected in participant-reported confidence in optimizing targeted TEE views, performing technical aspects of the exam, navigating the knobs
on the TEE machine, or in ability to identify abnormal cardiac pathology during the study period. One participant became basic-TEE certified
during the study period.

CONCLUSIONS: Implementing a liver transplant-specific TEE guide is a strategy to expand TEE utilization, encourage longitudinal TEE education
and reinforce concepts learned from hands-on education sessions; however, we did not detect a difference in participant-reported confidence of
performing a TEE exam, ability to identify abnormal cardiac pathology or altering workflow. Further studies with larger sample sizes will be needed

to evaluate the effectiveness of a LT-specific TEE guide.
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Background
Transesophageal echocardiography (TEE) during orthotopic liver
transplantation (OLT) is increasingly utilized to guide periopera-
tive managemen’c.l’2 The Society of Cardiac Anesthesiologists
(SCA) and the American Society of Anesthesiologists recommend
the use of TEE in non-cardiac surgery when the nature of the
planned procedure or the patient’s pathology is expected to result
in severe hemodynamic instability.® Additionally, the Society for
the Advancement of Transplant Anesthesia (SATA) has empha-
sized the safety and benefit of TEE during OLT in their 2020
position patper.4

While SATA and SCA recommend that anesthesiologists
using TEE obtain formal certification by the National Board
of Echocardiography (NBE), TEE is commonly used regard-
less of certification status due to the challenges of formal certi-
fication. Board certification by the NBE involves passing an
examination to obtain testamur status and further application
to become a diplomate. Diplomates must provide documenta-
tion of 300 TEE exams with 150 exams personally performed
by the applicant to become board-certified in Advanced
perioperative transesophageal echocardiography (PTE). For

certification in Basic PTE, applicants must have documenta-
tion of 150 TEE exams, of which a minimum of 50 must be
personally performed by the applicant. Despite the challenges
of obtaining formal certification, efforts to enhance TEE util-
ization by liver transplantation (LT) anesthesiologists and crit-
ical care anesthesiologists have been successfully implemented
through didactic presentations and hands-on TEE simulator
training.5

While information learned during a TEE simulator session
can improve echocardiographer knowledge and skill, a number
of challenges may hinder the more widespread adoption of
these educational sessions and subsequent application intrao-
peratively by LT anesthesiologists.

Obstacles to improving TEE utilization among LT anesthe-
siologists include the challenge of becoming familiar with the
TEE machine, understanding ultrasound knobology and learn-
ing to optimize the target TEE image. Translating skills
acquired on a TEE simulator to a live patient TEE exam
may be hindered by the challenges of maintaining
esophageal-probe contact and navigation in the setting of a
nasogastric tube in place. In a qualitative study evaluating the
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Table 1. TEE confidence survey questions.

QUESTIONS MULTIPLE-CHOICE ANSWERS (LIKERT

SCALE OF 1-5; 1 BEING MOST NEGATIVE
AND 5 BEING MOST POSITIVE RESPONSE)

What level of interest do you have in obtaining basic-TEE certification (if not already obtained? A.1B.2C.3D.4E.S5. F.N/A
How confident are you that you can become basic-TEE certified? A.1B2C.3D4ES5. F.NA
What is your comfort level performing technical aspects of a TEE exam? A1B2C.3D4ES5.
How confident are you in your ability to optimize a targeted standard TEE view? A.1B2C.3D.4E.S.

How confident are you in your ability to troubleshoot and adjust technique when having difficulty obtaining A.1 B.2 C.3 D.4 E.5.

a targeted TEE view?

How confident are you in your ability to identify abnormal cardiac pathology? A1B2C.3D4ES5.

What is your comfort level differentiating hypovolemia versus vasodilation?

What is your comfort level assessing RV function?
How comfortable are you in diagnosing SAM of the mitral valve?
How comfortable are you in measuring pressure gradients?

How comfortable are you identifying abnormal valvular pathology?

A1B2C3D4ES5.
A1B2C3D4ES5.
A1B2C.3D4ES5.
A1B2C.3D4ES5.
A.1B2C.3D.4ES5.

How comfortable are you in evaluating the IVC and flow from allograph into native IVC? A.1B2C.3D4ES.

How comfortable are you in identifying a PFO?

How comfortable are you identifying regional wall motion abnormalities?

A.1B2C.3D.4ES5.

A1B2C3D4ES5.

How comfortable are you with “knobology” and navigating the buttons and knobs on the TEE machineyou A.1 B.2 C.3D.4 E.5.

use?

TEE, transesophageal echocardiography.

most common challenges encountered by students learning
echocardiography, the concept of bridging the theory-practice
gap was described as a major challenge with students finding
it difficult to integrate knowledge from class in practicing
with the ultrasound machine.®

In an effort to expand TEE utilization among the LT
anesthesiologists at our institution, a liver transplant-specific
TEE guide was created to serve as a reference and educational
tool to be used by LT anesthesiologists during OLT. This
project was determined to fall within the category of a quality
improvement project and thus deemed to not require IRB
review or require written informed consent. It was believed
that by repeated exposure-learning and reinforcement by
having a LT-specific TEE guide, there would be a continued
expansion of TEE use by the LT anesthesiologist. It was
believed that this guide would serve as a tool to ensure the
appropriate baseline images are obtained as well as to be a
guide in optimizing the target images when difficulty is
encountered. In an effort to encourage continued growth and
expanded use of TEE by the LT anesthesiologist, the TEE
guide included a tiered approach to gradually incorporate add-
itional TEE exam techniques into their exam beyond the

recommended basic views.

Methods

This is an exploratory survey study conducted as part of a quality
improvement project within the department of anesthesiology
and perioperative medicine at Mayo Clinic Arizona. The liver
transplant-specific TEE guide was developed in an effort to
expand TEE utilization among LT anesthesiologists at our
institution, improve TEE-related workflow, increase acquisi-
tion of clips during OLT, and assist those seeking formal
TEE basic certification. The LT-specific TEE guide was
created by a fellowship-trained cardiac anesthesiologist and
member of the institution’s LT team with certification in
Advanced PTE (ADS). Survey participants were included if
an active member of the LT anesthesiology team with board
certification in anesthesiology during the study period and
excluded if they were not an active member of the LT anesthe-
siology team during the entire study period. A survey consisting
of 26 multiple-choice questions was distributed to all active LT
anesthesiologists at our institution to gauge comfort level with
various aspects of a TEE exam and overall utilization of TEE
during OLT (survey questions shown in Tables 1 and 2).
The LT-specific TEE guide was distributed electronically to
all active LT anesthesiologists and a laminated copy of the
guide was placed with the TEE machine of the operating
OLT procedures take place. All LT

room where



Stoker et al

Table 2. TEE workflow survey questions.

QUESTIONS MULTIPLE-CHOICE ANSWERS

How long do you spend to obtain baseline TEE exam images?

How long do you spend to obtain TEE images at the end of a liver transplant procedure?

How often are you able to obtain a quality image of the target TEE view?

How often do you review your stored TEE images after the patient leaves the OR?

How often do you review TEE images with colleagues if there is a significant intraop event or

interesting TEE exam finding?

On average, how many TEE clips do you acquire and save during a liver transplant?

How often do you save TEE clips in all 3 stages of liver transplantation (Pre-anhepatic,

Anhepatic, Neohepatic)?

How often do you follow a designated pre- and post-transplant exam/sequence?

How often do you track the cardiac cycle using ECG trace from the patient?

How often do you interrogate blood flow from the liver allograft and through the native IVC?

How often do you have a TEE reference guide immediately available to you while you are

performing a TEE exam during a liver transplant?

TEE, transesophageal echocardiography.

anesthesiologists were encouraged to complete a basic-TEE
exam during OLT procedures unless contraindicated and
received personalized instruction by a member of the LT with
advanced TEE certification (ADS or PPF) while performing
a TEE exam. The LT-specific TEE guide consisted of three
sections (shown in Tables 3, 4, and 5) which were “recom-
mended basic LT-specific TEE exam,” “Tier 2, advanced
liver transplant TEE exam,” and “knobology reference
guide.” The guide contained a series of TEE images for the
recommended basic views, each one labeled with anatomical
structures and a description next to it providing recommenda-
tions on how to optimize the view. The knobology section of
the guide described how to navigate the buttons of the TEE
machine (Philips Epiq CVx®) with images highlighting the
location of buttons and how to use them to optimize the
desired TEE exam component. The survey was re-distributed
after a 6-month period to assess for increased TEE utilization
among the group.

Statistical analysis

Descriptive statistics were used to summarize survey responses,
median and range. Differences between pre- and post-survey
responses were compared using Chi-square test for categorical
data and Wilcoxon Rank Sum test for continuous data. All

A. 0—2 min B. 3-5 min
C. 6-10 min D. 11-20 min
E.>20 min

A. 0—2 min B. 3-5 min
C. 6-10 min D. 11-20 min
E.>20 min

. 25% of time B. 25-50%
. 51-75% D. 76-95%, E.>95%

. Never B. Rarely C. Occasionally D. Frequently
. Almost Always

Never B. Rarely C. Occasionally D. Frequently
. Almost Always

.3-10B. 11-15C. 16-30 D. 31-40 E.>40

. Never B. Rarely C. Occasionally D. Frequently
. Almost Always

. Never B. Rarely C. Occasionally D. Frequently
. Almost Always

. Never B. Rarely C. Occasionally D. Frequently
. Almost Always

. Never B. Rarely C. Occasionally D. Frequently
. Almost Always

. Never B. Rarely C. Occasionally D. Frequently
. Almost Always

m» m>» m» m>» mP» » m2» mp» OX»

statistical tests were two-sided. P-values < 0.05 were considered
statistically significant. Statistical analyses were performed in R
version 4.2.2.

Results
Overall, seven LT anesthesiologists completed the survey ques-
tions both before implementation of the LT-specific TEE
guide and after a 6-month period. A 123 liver transplants
were completed during the study period (July 2022-January
2023) and as per institutional practice, all patients had TEE
performed during the procedure unless an absolute contraindi-
cation existed. One LT anesthesiologist became basic-TEE
certified during the study period.

Results of the survey before implementation of a liver
TEE guide

implementation are shown in Tables 6 and 7. The median

transplant-specific and 6-month  post-
response for confidence in optimizing targeted TEE view, per-
forming technical aspects of the exam and navigating the
knobs on the TEE machine increased during the study period;
however, none of these questions reached statistical significance.
Median survey response score also increased during the study
period on confidence in identifying abnormal cardiac pathology,
specifically for assessing RV function, diagnosing systolic anter-
ior motion of the mitral valve, identifying valvular pathology,
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Table 3. Components of TEE knobology reference
guide.

Time gain compensation

Depth

Focus

iScan

Acquire

Activating ECG trace function

Freeze

Measure

Color Flow Doppler

Tracking ball, left and right select buttons
Continuous wave Doppler

Pulse wave Doppler

Adjusting Scale of spectral Doppler Profile
Adjusting Baseline of spectral Doppler Profile
M mode

Tissue Doppler

Sector Width

TEE, transesophageal echocardiography.

Table 4. Components of basic LT-specific TEE exam
guide.

Mid Esophageal 4 Chamber View

Mid Esophageal 2 Chamber View

Mid Esophageal Long Axis View

Mid Esophageal AV Short Axis

Mid Esophageal RV Inflow-Outflow View

Mid esophageal Bicaval View

Transgastric Mid papillary Short Axis View

Mid esophageal ascending Aortic Short Axis view

IVC view to visualize hepatic veins with CFD

TEE, transesophageal echocardiography; LT, liver
transplantation.

identifying a patent foramen ovale, and evaluating flow from the
liver allograft into the inferior vena cava; however, none of these
questions reached statistical significance.

In terms of workflow-related survey questions, median
response scores for time spent on obtaining a baseline TEE
exam decreased and post-procedure TEE exam did not
change, while the number of reported clips acquired during a

Table 5. Components of tier 2 advanced liver transplant TEE exam
guide.

Tricuspid annular plane systolic excursion (TAPSE)

Right Ventricular Fractional Area Change

Right ventricular systolic pressure (RVSP)

Deep Transgastric 5 Chamber view with color flow Doppler

Continuous wave Doppler across aortic valve in Deep
Transgastric 5 chamber

Pulse wave Doppler of mitral valve inflow:
Tissue Doppler of lateral mitral annulus:
Evaluation for pleural effusions

3-dimensional left ventricular ejection fraction

TEE, transesophageal echocardiography.

liver transplant increased; however, none of these questions
reached statistical significance. The median score for how
often participants follow a designated pre- and post-transplant
exam sequence changed from rarely to frequently; however, this
was not statistically significant. There was a statistically signifi-
cant increase in the median response for how often a TEE ref-
erence guide is immediately available while performing a TEE
exam during a liver transplant.

Discussion
This exploratory survey study was conducted as part of a quality
improvement project to implement a liver transplant-specific
TEE guide and improve workflow and TEE confidence
among liver transplant anesthesiologists at our high-volume
institution. A survey was conducted before the LT-specific
TEE guide was distributed and again after 6 months. We felt
this time frame allowed for sufficient exposure to the liver trans-
plant guide given the number of anesthesiologists on the L'T
team and the volume of liver transplants at our center.

Despite an increase in median response score for various
aspects of performing a TEE exam including confidence in
adjusting technique, optimizing a targeted TEE view, navigat-
ing the buttons and knobs of the TEE machine and assessing
various cardiac pathology, no statistically significant difference
was found between the pre- and post-scores. The reason for
this is unclear, although it is possible that the small number
of individuals taking the survey (seven anesthesiologists) led
to the study being underpowered to detect these differences.
It is also possible that the LT-specific TEE guide may take
longer than 6 months to lead to a significant difference in
TEE workflow and utilization among participants. It is also
possible that a LT-specific TEE guide is not an effective tool
in improving TEE utilization and workflow.

While TEE guides are not meant to replace formal TEE

education or dedicated simulation, an immediately available
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Table 6. Survey results of TEE confidence questions before and 6 months after implementation of LT-specific TEE guide.

What level of interest do you have in obtaining basic-TEE certification (if not

already obtained?

How confident are you that you can become basic-TEE certified?

What is your comfort level performing technical aspects of a TEE exam?

How confident are you in your ability to optimize a targeted standard TEE

view?

How confident are you in your ability to troubleshoot and adjust technique

when having difficulty obtaining a targeted TEE view?

How confident are you in your ability to identify abnormal cardiac
pathology?

What is your comfort level differentiating hypovolemia versus vasodilation?

What is your comfort level assessing RV function?
How comfortable are you in diagnosing SAM of the mitral valve?
How comfortable are you in measuring pressure gradients?

How comfortable are you identifying abnormal valvular pathology?

How comfortable are you in evaluating the IVC and flow from allograft into

native IVC?

How comfortable are you in identifying a PFO?

How comfortable are you identifying regional wall motion abnormalities?

How comfortable are you with “knobology” and navigating the buttons and

knobs on the TEE machine you use?

TEE, transesophageal echocardiography; LT, liver transplantation.

liver-specific TEE guide may theoretically enhance TEE util-
ization, help reinforce knowledge obtained in simulation-center
training or other hands-on teaching, and encourage longitu-
dinal TEE learning. Additionally, a TEE guide may be an effi-
cient and useful tool to provide tips on troubleshooting TEE
image optimization, improve TEE knowledge, and confidence
of TEE knobology.

Furthermore, by helping to enhance TEE workflow and allow
for increased number of TEE image acquisition, there may be
benefit in documentation of baseline cardiac function and more
precise evaluation of changes in cardiac function during a
dynamic case. Increased number of stored TEE images may be
helpful when reviewing challenging cases and when complica-
tions arise. Having a TEE guide immediately available while in
the OR may help facilitate anesthesiologists to develop a struc-
tured TEE exam sequence. By following a structured TEE
exam sequence, there is likely to be a more thorough TEE
exam with reduced chance of missing a relevant TEE finding.

An important aspect of making a TEE guide is to provide the
right amount of detail to be helpful without being overwhelming.
We felt that by limiting the exam to a number of views and study
techniques most relevant to LT, it will allow the anesthesiologist

PRE TEE GUIDE DOCUMENT  POST TEE GUIDE
DOCUMENT SCORE (MEDIAN
SCORE, RANGE), (N=7)

P-VALUE

SCORE (MEDIAN SCORE,
RANGE), (N=7)

5 (4-5) 4 (1-5) 0.332
4 (3-5) 3.5 (2-5) 0.685
3 (2-5) 4 (3-5) 0.194
3 (2-5) 4 (3-5) 0.497
3 (2-5) 4 (3-5) 0.396
3 (2-5) 4 (2-5) 0.175
4 (2-4) 3 (2-5) 0.805
3 (2-5) 4 (3-5) 0.786
3 (2-5) 4 (3-5) 0.410
2 (1-5) 3 (1-5) 0.474
3 (1-5) 4 (2-5) 0.208
2 (1-4) 3 (1-5) 0.586
2 (1-5) 4 (2-5) 0.369
4 (3-5) 4 (3-5) 0.761
2 (1-5) 4 (2-5) 0.262

to have a structured TEE exam that is likely to be helpful in peri-
operative care and to diagnose the most serious complications that
can arise. We felt that by having a tiered approach to a liver trans-
plant TEE guide, the interested echocardiographer can first focus
on the basic-TEE exam views relevant to LT and then incorpor-
ate more advanced TEE techniques such evaluating for an intra-
cardiac shunts or assessing tricuspid annular plane systolic
excursion to quantify RV function.

Evidence suggests that TEE use along with pulmonary artery
catheter monitoring may lead to improved outcomes after LT’
Additionally, a number of pathologies with different treatment
strategies can be diagnosed with TEE.? While there is no substi-
tute for rigorous clinical and didactic training to achieve TEE
certification, there are many anesthesiologists without testamur
status or board certification using TEE during LT® who are
likely making important diagnoses and guiding perioperative
care in challenging clinical scenarios and may benefit from
various supplemental educational material. While TEE has the
potential to enhance patient care during LT, it is also important
to note that performing a TEE exam caries risk to the patient,
including risk of esophageal mucosal injuries, which may be
more common than previously recognized.9 We wish to



Journal of Medical Education and Curricular Development

Table 7. Survey results of workflow-related questions before and 6 months after implementation of LT-specific TEE guide.

PRE TEE GUIDE POST TEE GUIDE  P-VALUE

MEDIAN SCORE

MEDIAN SCORE

How long do you spend to obtain baseline TEE exam images?

How long do you spend to obtain TEE images at the end of a liver transplant procedure?

How often are you able to obtain a quality image of the target TEE view?

11-20 min 6-10 min 1.000

3-5 min 3-5 min 0.822

76-95% of time ~ 76-95% of time ~ 0.091

How often do you review your stored TEE images after the patient leaves the OR? Rarely Occasionally 0.153
How often do you review TEE images with colleagues if there is a significant intraop eventor ~ Occasionally Occasionally 0.899
interesting TEE exam finding?

On average, how many TEE clips do you acquire and save during a liver transplant? 11-15 16-30 0.644
How often do you save TEE clips in all 3 stages of liver transplantation (Pre-anhepatic, Frequently Frequently 0.701
Anhepatic, Neohepatic)?

How often do you follow a designated pre- and post-transplant exam/sequence? Rarely Frequently 0.220
How often do you track the cardiac cycle using ECG trace from the patient? Rarely Frequently 0.282
How often do you interrogate blood flow from the liver allograft and through the native IVC? Rarely Rarely 0.242
How often do you have a TEE reference guide immediately available to you while you are Rarely Almost Always 0.033

performing a TEE exam during a liver transplant?

TEE, transesophageal echocardiography; LT, liver transplantation.

emphasize that there must be a certain level of skill and compe-
tence by the echocardiographer for there to be a benefit in clinical
care and to ensure proper technique is followed so that potential
complications are minimized.

We acknowledge the limitations of our manuscript which
include the lack of a control group and potential bias of
survey participants. We focused on participant perception of
personal TEE skills and confidence level and thus did not
administer a specific knowledge assessment at the end of the
study period. Additionally, this survey was not previously vali-
dated as this was is an exploratory study and was not pilot-
tested due to the small number of survey participants available
in our study group. Because of the limited number of indivi-
duals on the liver transplant team and exploratory nature of
the project, a sample size calculation or power analysis was
not performed. We acknowledge that our study may be under-
powered which may limit the ability to detect a difference in
pre- and post-survey responses or make conclusions regarding
effectiveness of the LT-specific TEE guide.

Futures studies may expand upon the approach of this study
by including multiple centers to increase the number of study
participants or increase the duration from pre- and post-survey
to ensure sufficient exposure to a LT-specific TEE guide.

Conclusion

Implementing a liver transplant-specific TEE guide is a strat-
egy to expand TEE utilization, encourage continued TEE edu-
cation and reinforce concepts learned from hands-on education
such as simulation-center training among liver transplant
anesthesiologists. No difference was detected over a 6-month

period in survey participant-reported confidence of operating
the TEE machine, assessing relevant cardiac pathology, or
altering workflow. Further studies with larger sample sizes

will be needed to evaluate the effectiveness of a L'T-specific
TEE guide.
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