Adult Liver Transplant Anesthesiology Practice Patterns and Resource Utilization in the United
States: Survey Results from the Society for the Advancement of Transplant Anesthesia

Cara Crouch, MD'!

Tetsuro Sakai, MD, PhD, MHA, FASA?

Ipt

Stephen Aniskevich, MD?
Daniela Damian, MD?
Lorenzo De Marchi, MD, FASE*
Michael Kaufman, MD’
Sathish Kumar, MD®
Michael Little, MD’
Stuart McCluskey, MD, PhD?
Evan Pivalizza, MBChB, FFA®
Daniel Sellers, MBBS, FRCA, FRCPC®
Srikanth Sridhar, MD’
William Stoll, MD*
Cinnamon Sullivan, MD™

Adrian Hendrickse, BM, MMEd, FRCA*

partment of Anesthesiology, University of Colorado, Aurora, CO.

rtment of Anesthesiology, University of Pittsburgh, Pittsburgh, PA.

thor Manuscr

partment of Anesthesiology, Mayo Clinic Florida, Jacksonville FL.

*Department offAnesthesiology, Medstar-Georgetown University Hospital, Washington DC, DC.

U

>Department of Anesthesiology, Beth Israel Lahey Health, Burlington, MA.

epartment of Anesthesiology, University of Michigan, Ann Arbor, MI.

A

This is the author manuscript accepted for publication and has undergone full peer review but has not
been through the copyediting, typesetting, pagination and proofreading process, which may lead to
differences between this version and the Version of Record. Please cite this article as doi:
10.1111/ctr.14504.

This article is protected by copyright. All rights reserved.


https://doi.org/10.1111/ctr.14504
https://doi.org/10.1111/ctr.14504
https://doi.org/10.1111/ctr.14504

’Department of Anesthesiology, University of Texas Health Science Center San Antonio, San Antonio,
TX.

”partment of Anesthesiology, University of Toronto, Toronto, ON.
o Departmmhesiology, University of Texas Health Science Center at Houston, Houston, TX.
19 pepartment of Anesthesiology, Medical University of South Carolina, Charleston, SC.
I I
! Department of Anesthesiology, Emory University, Atlanta, GA.

O Corresponding Author:

w Cara Crouch, MD

: Department of Anesthesiology
University of Colorado Anschutz Medical Campus

! 12401 E. 17" Ave. Aurora, CO 80045

m Phone: 720-848-5864

Email: cara.crouch@cuanschutz.edu

Data Availability: Data available on request from the authors.

Adult Liver Transplant Anesthesiology Practice Patterns and Resource Utilization in the United
Stats: Survey Results from the Society for the Advancement of Transplant Anesthesia

valizza E, Sellers D, Sridhar S, Stoll W, Sullivan C, Hendrickse A.

-
ABSTRA#

INTRODUCQer transplant anesthesiology is an evolving and expanding subspecialty, and

Crouch C, Uniskevich S, Damian D, De Marchi L, Kaufman M, Kumar S, Little M, McCluskey S,
i

progra in the past, exhibited significant variations of practice at transplant centers across

the United States. Th order to explore current practice patterns, the Quality & Standards Committee

from the Society for the Advancement of Transplant Anesthesia (SATA) undertook a survey of liver

transplant anesthesiology program directors.
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METHODS: Program directors were invited to participate in an online questionnaire. A total of 110

program directors were identified from the 2018 Scientific Registry of Transplant Recipients (SRTR)

t

database. ies were received from 65 programs (response rate of 59%).

RESULTS: dicate an increase in transplant anesthesia fellowship training and advanced
|

training in €ansesophageal echocardiography (TEE). We also find that the use of intraoperative TEE

and viscoe|@stic ing is more common. However, there has been a reduction in the use of veno-

G

venous bypass tine placement of pulmonary artery catheters and the intraoperative use of anti-

S

fibrinolytic egf€ompared to prior surveys.

3

CONCLUSIOMN: esults show considerable heterogeneity in practice patterns across the country

that continles to evolve. However, there appears to be a movement towards the adoption of

n

specific struc d clinical practices.

ad

words: Survey, risk assessment/risk stratification, patient safety

M

r

INTRODU

The field o nsplantation has progressed substantially since the first successful liver

O

transplant in 1967." This expansion of the specialty has prompted the need for oversight and the

£

developmanmt of palicy and regulations aimed at assisting in the organization of the multidisciplinary

{

teams res r the care of liver transplant patients. This process has been undertaken

U

primarily b ited Network for Organ Sharing (UNOS)/Organ Procurement and Transplantation

Networ| whose bylaws describe, in great detail, the requirements for the various transplant

A

specialty teams. The notable specialty missing from these comprehensive policies is transplant
anesthesiology. There remains no guidance for how transplant anesthesia care should be organized

and delivered.
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There is one UNOS/OPTN bylaw [Appendix F.5] that requires programs to designate a Director of

Liver Transplant Anesthesia (DLTA) and details the expected clinical responsibilities of this

£

P

individual. ransplant Anesthesia Committee of the American Society of Anesthesiologists (ASA)
has also p ingle guideline regarding the training and experience required to serve as a

program DLTA." However, there are no guidelines regarding the organization or experience required

§

of other membegs of the transplant anesthesiology team, in spite of evidence that the existence of a

dedicated | splant anesthesiology team is associated with improved patient outcomes.”

USC

Investigati cific perioperative practice patterns and team organization have been published

previously Ut there has not been a specific review in the United States since 2013.>° Furthermore,

M

these reviews ed on programs at academic centers and excluded those in private practice.

Given that y be differences in practice at academic and private practice programs, as well as

a

signific Iations in case volume across all programs, the goal of this survey is to gain a more

M

compr overview of perioperative adult liver transplant anesthesiology practice.

METHODS

or

SATA Quali dards Committee

N

This proWigned and undertaken by the Quality & Standards Committee of the Society for
the Advan f Transplant Anesthesia (SATA), an international association which aims to

advance the field of transplant anesthesiology. The committee consists of fifteen liver transplant

s, all currently active in the subspecialty, who represent programs at various
academic centers across the United States and Canada. All committee members satisfy the UNOS

requirements to serve as the DLTA and there are eight current and former DLTAs on the committee.
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Study Pog*tion '
Using pubI information from the 2018 Scientific Registry of Transplant Recipients

(SRTR), smd atabbasesof all liver transplant programs (147 programs) active at the time of the project
was createhry pediatric transplant centers (27 programs) and any program that was unable
to provide the contact information for their DLTA (7 programs) were excluded from this survey.
Although WS require for each transplant program to designate a DLTA, there is no available
database containinf this contact information. The DLTAs were identified through each program’s

website or cting program administrative staff directly. Despite this requirement, some

programs @ identify or provide contact details for the DLTA.

A contact Imdentiﬁed DLTAs was created and used as the distribution list for the
guestionnaire. Three DLTAs represented two separate institutions, resulting in a total of 110
program direEvho were contacted representing a total of 113 programs. Of the 110 directors
contact sented programs classified as “low” volume transplant centers (performing < 50
liver trans;fnts per year), 31 represented programs classified as “medium” volume transplant

centers (perfarming between 50-100 liver transplants per year), and 34 represented programs

classified “ ume transplant centers (>100 liver transplants per year).
Survey process

The project proposal was reviewed by the Colorado Multidisciplinary Review Board (IRB 20-2567)

“not human subject research” and exempt from further review. ldeas for questions
were developed by the committee after identifying four areas of interest that warranted further
investigation: the organization and structure of the liver transplant anesthesiology team, the focused

preoperative evaluation of potential liver transplant candidates, the utilization of specific
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intraoperative monitoring and treatment modalities, and decisions regarding immediate

postoperative disposition. Questions were subject to multiple revisions during survey development

Questions

before beig r::iewed by all members of the committee for face validity prior to final acceptance.

ichotomous (yes/no) and multiple-choice and some responses allowed free

text entFy qcap ure unique practices and/or explanations of practice.

[

The questi as created using Qualtrics EX Platform software (Qualtrics, Provo, UT) and all

SC

response data was managed by the same. All directors were sent a cover letter before the

guestionn ade accessible. This letter contained a personal invitation to participate along

U

with a desdifiption of the project and the consent process; the cover letter was approved by the SATA

£

Executive Co link to the web-based questionnaire was then sent via email. Responses were

collected o months, ending in January 2021. Reminder emails were sent bi-weekly to non-

a

respon an attempt to increase the response rate. Survey results were de-identified and

stratifi ing to 2018 SRTR program volume data.

¥

Analysis

or

The compl s were reviewed by the SATA Quality and Standards Committee. The numerical

N

results ed as a percentage (n/total n). Pearson’s chi square test or Fisher exact test was

{

used to compare the results among the three groups (high, medium and low volume centers). A p

value less was considered statistically significant. VassarStats (www.vassarstats.net) was

U

used for al analysis.

A
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RESULTS

Sixty-five riﬁons’ were received from the 110 invitations (response rate of 59%). Program

responsesmed based on transplant volume utilizing 2018 data from the SRTR database
(available f project design). Response rates stratified by program size were roughly

I I
equivalentWg both high and medium volume centers, 65% high volume centers (22/34) and 65%
medium v@ters (20/31), respectively. The response rate from low volume centers was 51%

(23/45). Survey guestions and responses stratified by program size are shown in Appendix (Table 1).

Not all queSti@hsgere answered by all respondents resulting in some variation in the total number

of responses throShout the survey.

Liver Transmesthesia Team Structure and Function

Almost g centers, 98% (63/64), report having a “dedicated” liver transplant anesthesia
team (LTAT ost common team size consists of 6-10 members, 68% (43/63), followed by 1-5
members, 24% (15/63), 11-15 members, 5% (3/63), 16-20 members, 2% (1/63) and greater than 20

members, 1/63) (Figure 1). The designation of a liver transplant anesthesia team along with

E

team size i

-

Most errt substantial variation in additional fellowship training undertaken by the team

cross all program sizes.

¢

members g Fellowships in cardiothoracic anesthesia (55%, 36/65), critical care (46%,
ransp

30/65), an nt anesthesia (29%, 19/65) were most commonly reported. Forty-three

also described an additional requirement for institutional training prior to someone
joining the LTAT. Additional TEE training by at least half of team members appeared more common
in medium and high-volume centers when compared to low volume centers, 64% and 70% vs 35%

(#* = 14.67, p=0.023) (Figure 2). Only a small number of programs, 23% (15/64) offer a fellowship
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training program in transplant anesthesia at their institution (Figure 1). Team members with

fellowship training in transplant anesthesia were more common in high volume programs, 45%

;at

D

(10/22) th edium or low volume programs, 20% (4/20) and 22% (5/23), respectively (Figure 2).
High volu were more likely to offer fellowship training specific to liver transplant

anesthe%a an low volume programs, 36% vs 9% respectively (Figure 1).

1

Living Don@PLij ansplantation Program

SC

Most resp nters have a formal living donor liver transplant (LDLT) program, 59% (38/64).

U

High volume centers were more likely to have an LDLT program (86%, 19/22) while low volume

£

centers wee much less likely to offer LDLT (30%, 7/23). Medium volume programs remained in the

middle wit /20) of responding programs performing LDLT (4 = 14.74, p=0.0006) (Figure 1).

d

Muiltidi. m Participation

M

The majoriy of responding programs (75%, 47/63) reported attendance by the DLTA or the DLTA

£

and/or tea ers at selection committee meetings greater than 50% of the time. Most

O

responding s (64%, 41/64) reported participation more than 50% of the time in

multidisciplinary morbidity and mortality conferences and quality improvement meetings. Only 8%

g

(5/64), r. involvement in these activities by the DLTA and/or team members (Figure 1).

ut

Pre-op anagement

A

A large majority of responding programs, 92% (59/64), reported the utilization of a standardized

approach to pre-operative cardiovascular testing for potential liver transplant candidates.
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Respondents were allowed to choose more than one response to this question if appropriate. When
asked if there was a routine pre-operative evaluation method, 75% (48/64) of programs reported

catheteriz 3% (15/64) of programs reported using CT coronary angiography. Fifteen

utilizing do!u::iine stress echocardiography, 39% (25/64) programs employed left heart
program-s (Eo utilized different methods than those listed, among which were baseline resting
echocardiograms, stress echocardiograms, nuclear perfusion scans and right heart catheterizations.
Programs m favored a pre-operative cardiovascular testing protocol for transplant

candidatesw/ZZ) vs 89% (17/20) vs 91% (21/23) for high, medium and low volume centers,

respectivel:

Intraoperativ gement Techniques

Less than half of programs, 42% (27/65) reported that they use veno-veno bypass (VV-bypass) for
liver transpla ien. Of those who reported its use, 22% (6/27) reported that VV-bypass is utilized in
more t | cases. The remainder of programs that utilize VV-bypass, 78% (21/27), reported

only using gis sparingly, 0-25% of the time. The use of VV-bypass appeared to be more common

among Iow@e programs than higher volume programs, 48% vs 32% respectively (Figure 3).

The ma;grams, 82% (53/65) reported utilizing a form of intraoperative renal replacement
therapy (R!: E Of the programs that utilize intraoperative RRT, 77% (41/53) only used this in 0-25%

of cases, 19% ) used it in 26-50% of cases, 2% (1/53) used it in 51-75% of cases and 2% (1/53)
used it in of their transplant cases. Of those programs that utilize intraoperative RRT, 91%
(48/53) utilize of continuous veno-venous hemodialysis (CVVHD) while a small amount, 4%

(2/53) utilize a form of intermittent hemodialysis (HD) or sustained low-efficiency dialysis (SLED).

Programs reported the most common reasons for using intraoperative RRT as hepatorenal
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syndrome, hyponatremia, hyperkalemia, acidosis, volume overload, end-stage renal disease and

simultaneous liver-kidney transplantation. The use of intraoperative RRT was slightly more common

t

among low volume programs when compared to high volume programs, 83% vs 77% (Figure 3).

The vast m programs, 95% (62/65) reported using point of care (POC) viscoelastic testing

C

(Thromboelastography (TEG) or Rotational Thromboelastometry (ROTEM)) to guide transfusion

decisions, 3 responding programs not utilizing this technology. Of the programs using

S

these testing modalities, 59% (36/61) utilize TEG, a smaller proportion, 36% (22/61) reported using

U

ROTEM, whi mainder of programs utilized a combination of the two. Routine use of POC

viscoelastigitesting appeared to be common practice among programs of all sizes (Figure 3).

N

Intraop esophageal echocardiography (TEE) was used by 49% of programs (32/65) in 76-

100% of cas f programs (6/65) used this in 51-75% of cases, 9% (6/65) used this in 25-50% of

Ma

cases and 32% (21/65) reported minimal use, 0-25% of the time. A similar distribution was seen

among pulfonary artery catheter (PAC) use, with 46% (30/65) of programs reporting placement of

]

PACsin 76 cases, 5% (3/65) placing PACs in 51-75% of cases, 11% (7/65) placing PACs in 26-

OU7% @
50% of cases 8% (25/65) placing PACs in 0-25% of cases. The routine use (in more than half of

cases) of i operative transesophageal echocardiography appeared to be slightly more common in

h

L

high vol ms compared to low volume programs, 64% vs 43% (Figure 3). However, the use

of pulmonary artely catheters appeared similar among programs of all sizes.

tl

A

For pharmacological treatment of intraoperative coagulopathy, the most commonly used
pharmacologic agents were anti-fibrinolytics (24.9% =+ 26.5%) followed by fibrinogen concentrate
(7.1% % 16.5%) and prothrombin complex concentrates (5.8% + 11.8%) with recombinant factor VI
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used sparingly (1.7% + 4.7%). Lower volume programs appeared to utilize pharmacologic pro-

coagulant medications more frequently than high volume centers, particularly prothrombin complex

{

rip

concentrates an use of 7.35% vs 5.18%), recombinant factor VIl (mean use of 2.94% vs 1.14%)

and antifib ean use 30.95% vs 25.14%).

Post-operdtive Mallagement

C

Only 20% ) @f programs reported routinely extubating patients at the end of the case.

S

Similarly, a programs routinely admit patients to the ICU post-operatively with 95% (61/64)

U

of programs reporting ICU admission more than half of the time. Post-operative management,

including e ation at the end of the case and ICU admission appeared similar across centers of all

F

sizes (Figun

Ma

DISCUS

We chose @ evaluate all adult liver transplant programs as represented in the 2018 SRTR database

f

to obtain a ore comprehensive picture of current program practice compared to data

obtained fr ious surveys which had excluded private-practice groups.>® Given that some

O

directors s@rve at multiple institutions, which may be both academic and private practice based, we

I

were u rately separate practice affiliation in the analysis. However, our results once

{

more dem onsiderable heterogeneity in practice across transplant programs in the United

States. These differences must be understood prior to the development of recommendations for any

ce or suggesting restrictive practice guidelines.

Liver Transplant Anesthesia Team Structure and Function
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The consistent use of a formal liver transplant anesthesia team to provide anesthesiology services to
liver transplant patients appears to be standard practice across transplant programs in the United
States. AH these teams vary in size and training given the wide variety of training that has
historically ired for participation in the care of these patients. However, there are a
growing-nugmtransplant anesthesia specific fellowships, as reflected by survey responses
which indicate that this pathway is increasingly being utilized to join the LTAT. Not surprisingly, prior

training in racic anesthesiology and critical care remain the two most common forms of

C

fellowship Eraifiinglseen amongst team members; this has been the historical standard prior to the

S

introducti transplant specific fellowship training programs. Additional training in

u

transesop hocardiography appears to be becoming increasingly common, with 43% of

respondents reporting additional training (either testamur or diplomate certification by the National

A

Board of E graphy) in at least half of team members compared to only 7% of programs

d

reporting siril rtification previously.’

M

Multidisciplinary Team Participation

[

The majority ograms report regular attendance at selection committee meetings as well as
other mult ry meetings (e.g., morbidity and mortality conferences and quality improvement

meetings) Which is an increase from prior published results. Our results indicate that 75% of

N

respondinggprograins had LTAT members present at more than 50% of selection committee

{

meetings ¢ to only 18% of programs previously reported.® One confounding factor that

U

should be hat this survey was conducted during the COVID-19 pandemic in which almost all

meetin ioned to virtual platforms, which may have resulted in higher than usual

A

participation reporting given the relative ease of attending virtual meetings compared to in-person
meetings that are often held remote from the operating room and at inopportune times for clinical

anesthesiologists.
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Pre—operat" e Ma’gement
The pre—ouation of liver transplant candidates is a complex topic that involves

multidiseiplimamymeiecision making at a program level based on risk tolerance. Patients are evaluated
for both thh to survive liver transplant surgery and their risks of possible peri-operative
cardiac comaplicatighs. We found a wide variation in pre-operative cardiac evaluation methods.

Dobutami chocardiography appears to be the most popular form of pre-operative cardiac

SC

screening, with other modalities used as needed.

Nnu

Intraopera gement Techniques

d

The routinélas V bypass is decreasing. Prior studies reported the “routine” use of VVB in 51% of

respondi rams, while we find that only 42% of responding programs report use of this surgical

techniq is group, less than a quarter (22%) did so in the majority of their cases.’

The neces @ aoperative RRT is regularly debated among the liver transplant community.

or

Patients undergoing liver transplantation often have profound renal dysfunction and/or renal failure.

The utilj

n

erative dialysis has been previously described, and is used to treat acidosis,

[

electrol alities and fluid shifts that frequently complicate the management of patients

undergoing liver tr@nsplantation.? In contrast, some centers refrain from the use of intraoperative

U

renal replace et report good outcomes, including surgery for patients undergoing

simultane and kidney transplant.® Most centers that use intraoperative RRT employ some

A

form of CVVHD/CRRT with a much smaller group using HD/SLED. This variation may be related to the

reduced size and complexities of the CRRT machine when compared to the full-sized hemodialysis
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and reverse osmosis machines as well as the additional need for extra support staff to operate the

equipment.

pt

The usegef imtna@perative TEE use during liver transplantation is well established. The significant
hemodynahations and intraoperative challenges associated with liver transplantation
surgery ne@essitatg/close monitoring.10 Intraoperative TEE use is becoming more commonplace with

more than §8% rograms using this monitoring modality in more than half of their cases. Previous

SC

surveys reported TEE use in 48% of large-volume programs and 47% in mid-volume programs with

lesser use i ume programs.® Despite this increased use of TEE, there are still a large number

U

of progra at routinely place PACs though this practice appears less common than previously

n

reported.’ Sc n et al found that 94% of responding programs reported regularly placing a PAC

a

whereas in ey, we found that just over half of programs reported using PACs regularly in

their ca

M

The almost@niversal use of point of care viscoelastic testing in respondents reflects the complex

E

manifestatj rebalance of anti- and pro-coagulation changes seen in patients presenting for

QO

liver transpla on.'! Dynamic hemostatic changes during this operation are not well measured by

isolated, st@dardized plasma-based laboratory coagulation assays." Use of either the TEG or

h

ROTEM

[

atients undergoing transplantation are well described, initially in non-

randomized reports, with fewer prospective level 1 data. Meta-analyses are dominated by reports in

ul

cardiac surger include patients with liver disease undergoing non-transplant procedures. Two

small pr e studies support the finding of reproducible decreases in administration of blood

I3

products in viscoelastic testing guided management, without significant impact of long-term

13,14

outcomes. This is reflected in the increased utilization of this technology, as reported by 95% of
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respondents in our results, compared with 62% of programs less than a decade ago.’ The advantages
of viscoelastic whole blood coagulation assessment include the point-of-care accessibility and the
acquisithresults which is immensely valuable to transplant anesthesiologists. Increasing
numbers o ort the success of this technology in standardized approaches in the
manage’nes?operative bleeding and support the widespread use of this technology in this

context.™!

SC

Pharmacologic based treatment of coagulopathy remains rare, with the exception of anti-fibrinolytic

medicatio ever, even these are used less commonly now. Previous reports indicated that

Ui

50-60% of @fograms routinely administered anti-fibrinolytics during liver transplantation® whereas

N

our results de rated average use a quarter of cases. Although, the safety of both prothrombin

a

d*® there is

complex ¢ es and fibrinogen concentrates has been previously describe
insuffic ust prospective data to support the utility of these agents to reduce transfusion of

blood p

Post-operq, agement

QI I

There is pri ce of the safety and benefits of early extubation in liver transplant patients.***?

N

Despite . rograms opt to continue with mechanical ventilation postoperatively which

{

necessitates post-op ICU admission. Although not investigated further in this survey, we speculate

U

that this m endent on center specific policies regarding post-operative care and less

influence esthetic team practice.

A

Variations in Practice by Program Size
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Some areas of practice that did not differ with relation to program size. The existence of a

designated LTAT at programs and the use of pre-operative cardiovascular testing protocols for

t

P

transplant jdate evaluation were not surprising as these appear to be standard practice across
the countr that fellowship programs are more likely to be offered and high-volume

centers's 50 NO surprising. The presence of an LDLT program was the primary statistically

[

significant resultawhen program size was taken into account. Once again, this is not surprising given

C

that high v nters are more likely to have appropriately trained surgeons with the technical

expertise t@ péfor this complex procedure.

US

The more figéquent use of VVB at lower-volume centers is interesting and we suspect this may be

N

based on sur perience and preference. We speculate that increased resources available at

d

higher vol rs may reduce the need for intraoperative RRT (blood washing, medication
availabi c). The widespread use of point-of-care viscoelastic testing (TEG and/or ROTEM)

appear common across programs of all sizes.

[

The increa training and in its intraoperative use speaks to the growing application of the
technology i eral. Higher volume centers were more likely to have team members with

additional t&aining in TEE and were therefore more likely to use TEE in the majority of their cases.

h

This is n

L

ed given that high volume programs are more likely to have access to formalized

advanced training Y TEE.

b

A

The increased use of pharmacologic pro-coagulant agents at low volume centers could be due to
lesser availability of other resources (i.e., increased response time from blood bank). However, the

reasons behind these choices were not investigated in this survey.
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Limitation*‘ stug
The strengdy lies in the representation of the full spectrum of transplant programs

along with pheslmead nature of questions asked to fully evaluate the current state of practice in the
United Sta*ven there are several limitations related to the methodology of the study

design. InvitationsfWere sent out to all identified program directors and despite multiple follow-up

C

requests, esponded in a meaningful manner. However, this constitutes an acceptable

S

response rate for a survey of this nature.” There are intrinsic limitations associated with survey

research, i versimplification from multiple choice questions, and introducing recall bias

U

when asking generalized questions. Respondents were encouraged to provide additional

n

explanations ir answers, but many program directors did not utilize this opportunity. Some

a

responden answer one or more questions, we do not know why this occurred, but are
aware t s may have impacted the results. Answers often relied on recall of grouped data rather

than ac ifiable numbers and this too may lead to a misrepresentation of actual practice. The

M

accuracy of respondent’s answers cannot be verified. Every attempt was made to include as many

I

programs e in the survey, however, we encountered substantial difficulty identifying either

the DLTA o @ opriate substitute at many programs despite attempts to personally contact

these progr ee DLTAs represented more than one center (each represented their primary

N

center w volume center). Their answers were presumed to represent responses from

|

their highefvolume center though this was not explicitly stated. This study was conducted during

J

the COVID-19 pandemic, which may have skewed results. These extenuating circumstances may
have result tential practice changes; in particular, most academic institutions transitioned to

virtual mee ich may have increased attendance.

A
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CONCLUSI‘N '
This study he largest evaluation of transplant anesthesia practice in the last two

decadesa Itieemfimms that significant variation in practice continues across transplant centers in the
United Stahesults showed less variation in practice based on program size than expected,

which mayfindicatg/movement toward a more generally accepted pattern of practice. Further study

C

into the dif; across programs is therefore needed to improve our understanding of the

S

reasons why such variation persists and to identify what can be done to support the drive toward

“best” pra itionally, more evidence is needed to identify and assess the risks and benefits of

3.

choosing c@ftain intraoperative management techniques and how these choices effect overall

N

patient outc

a

However, it app€ars that certain practices are becoming more uniform across programs of all sizes

and designati ich may lend themselves to being accepted as standard of care. Team

\

memb ng fellowship training, the training of team members in the intraoperative use of

TEE, viscoelastic testing for coagulation management and access to intraoperative renal support

[

have been a d by many programs who already view these as their “standard of care.”

O

We recomm at future studies continue to be performed to monitor our subspecialty’s progress

toward mo¥e standardized practice. While not advocating a “single practice fits all” approach, we

h

L

posit th k should be done to explore the concepts of “best” practice in liver transplant

anesthesia to achi@ve the goal of excellent and comprehensive perioperative care for all liver

U

transplant reci s.

A
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Table 1. Summary of survey questions and responses stratified by program size.

t

More than 20: O

More than 20: 1

More than 20: 0

High Volume Center Medium Volume Low Volume
Center Center
(>100
estion transplants/year) (50-100 (<50
p— =20 transplants/year) transplants/year)
=20
L " n=23
1 | Do youfyave a d@dicated liver transplant Yes: 21 Yes: 20 Yes: 22
anesth LTAT)? A “dedicated”
LTAT is a defffied group with members No: 1 No: O No: O
that tak@iv, splant call or perform
liver traRspl@nt gases.
oW many people are on 1-5:2 1-5:5 1-5:8
the LTAI?
6 -10: 17 6-10:12 6 -10:14
C 11-15:2 11-15:1 11-15:0
16 - 20: 0 16 -20:1 16 - 20:0

[

hat is the training of
m members? Please

ct all that apply

Cardiothoracic
Anesthesia: 12

Critical Care: 9

Transplant
Anesthesia: 10

Institutional Training:

Cardiothoracic
Anesthesia: 9

Critical Care: 9

Transplant
Anesthesia: 4

Institutional Training:

Cardiothoracic
Anesthesia: 15

Critical Care: 12

Transplant
Anesthesia: 5

Institutional Training:

12 16 15

Other: 4 Other: 5 Other: 1
2 | Doteam rs regularly attend DLTA Only (76 - DLTA Only (76 - DLTA Only (76 -

patient ommittee meetings? 100%): 4 100%): 6 100%): 8
DLTA Only (51 - DLTA Only (51 - DLTA Only (51 -

75%): 4 75%): 3 75%): 4
DLTA Only (26 - DLTA Only (26 - DLTA Only (26 -

50%): 0 50%): 1 50%): 0

Auth

DLTA Only (O - 25%):
0

DLTA and/or LTAT
(76 - 100%): 8

DLTA and/or LTAT
(51 - 75%): 2

DLTA and/or LTAT

DLTA Only (O - 25%):

2

DLTA and/or LTAT
(76 - 100%): 2

DLTA and/or LTAT
(51 - 75%): 1

DLTA and/or LTAT

DLTA Only (O - 25%):
4

DLTA and/or LTAT
(76 - 100%): 5

DLTA and/or LTAT
(51 - 75%): 0

DLTA and/or LTAT
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(26 - 50%): 1

DLTA and/or LTAT (O
-25%): 3

(26 - 50%): 2

DLTA and/or LTAT (O
- 25%): 1

(26 - 50%): 1

DLTA and/or LTAT (O
-25%): 1

Do tea’ members regularly participate
i % ality improvement (QI)

Yes (76 - 100%): 10
Yes (51 - 75%): 7
Yes (26 - 50%): 4
Yes (0 - 25%): O

No: 1

Yes (76 - 100%): 7
Yes (51 - 75%): 4
Yes (26 - 50%): 4
Yes (0 - 25%): 2

No: 2

Yes (76 - 100%): 9
Yes (51 - 75%): 4
Yes (26 - 50%): 4
Yes (0 - 25%): 4

No: 2

e transplant program?
I
Does yu offer advanced

training ja li ansplant anesthesia?

Fellowship: 8
Additional Training: 3

None: 11

Fellowship: 5
Additional Training: 3

None: 11

Fellowship: 2
Additional Training: 2

None: 19

Who manages pijiatric liver
transpl at your institution?

Pediatric LT team:
11

Pediatric general
team: 1

Adult LT team: O

Pediatric LT team: 6

Pediatric general
team: 2

Adult LT team: O

Other/combination:

Pediatric LT team: 4

Pediatric general
team: 1

Adult LT team: O

Other/combination:

Other/combination: 2 6
2

Doyou h iving donor transplant Yes: 19 Yes: 12 Yes: 7
progra nstitution?

No: 3 No: 7 No: 16
Do you have a standardized approach to Yes: 21 Yes; 17 Yes: 21
preopejative cardiac testing for LT
candid v No: 1 No: 2 No: 2

y Vhat is the preferred
ative evaluation

d? Please select all that

e
e

Dobutamine Stress
Echo: 17

CT Coronary
Angiogram: 7

Left Heart
Catheterization: 7

Dobutamine Stress
Echo: 15

CT Coronary
Angiogram: 4

Left Heart
Catheterization: 9

Dobutamine Stress
Echo: 16

CT Coronary
Angiogram: 4

Left Heart
Catheterization: 9

Other: 5 Other: 4 Other: 6
Yes: 7 Yes: 9 Yes: 11
No: 15 No: 11 No: 12
0-25:5 0-25:7 0-25:9
VW-bypass? 26 - 50%: 0 26 - 50%: 0 26 - 50%: 0
51 -75%:0 51 -75%:1 51 - 75%: 2
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76 - 100%: 2 76 - 100%: 1 76 - 100%: O
9 | Do you utilize intraoperative renal Yes: 17 Yes: 17 Yes: 19
replacement therapy?
Hﬁ No: 5 No: 3 No: 4
(\hat is the approximate 0-25:13 0-25:14 0-25:14
age of cases that utilize
plaéement therapy? 26 - 50%: 4 26 - 50%: 2 26 - 50%: 4
= ! 51 - 75%: 0 51 - 75%: 1 51 - 75%: 0
76 - 100%: 0 76 - 100%: O 76 - 100%: 1
If Yes: What type of renal CVVHD: 15 CVVHD: 16 CVVHD: 17
ment therapy do you
tiligemintraoperatively? HD (or SLED): 1 HD (or SLED): O HD (or SLED): 1
w Other: 1 Other: 1 Other: 1
10 | Whati ximate percentage of 0-25:5 0-25:6 0-25:10
cases that utilizéftransesophageal
echoca y (TEE)? 26 - 50%: 3 26 - 50%: O 26 - 50%: 3
S 51 - 75%: 2 51 - 75%: 2 51 - 75%: 2
76 - 100%: 12 76 - 100%: 12 76 - 100%: 8
11 | Whatp of team members are 0-25:9 0-25:8 0-25:5
trained stamur or Diplomate
status in Basic and/or Advanced TEE) in 26 - 50%: 3 26 - 50%: 2 26 - 50%: 10
TE
51 - 75%: 1 51 - 75%: 6 51 - 75%: 3
76 - 100%: 9 76 - 100%: 4 76 - 100%: 5
12 | What is the approximate percentage of 0-25%:9 0 -25%: 8 0 - 25%: 8
cases utilizing pulmonary artery
cathet% ‘PACs)? 26 - 50%: 3 26 - 50%: 2 26 - 50%: 2
51 - 75%: 0 51 - 75%: 1 51 - 75%: 2
O 76 - 100%: 10 76 - 100%: 9 76 - 100%: 11
13 | Do you EM or TEG to guide Yes: 20 Yes: 20 Yes: 22
transfugion decisions?
No: 2 No: O No: 1
ﬁ/hich technology is TEG: 12 TEG: 10 TEG: 14
2
ﬁ ROTEM: 6 ROTEM: 9 ROTEM: 7
Other/Combination: Other/Combination: Other/Combination:
2 1 0
14 | Wh ﬂ pproximate percentage of Mean: 5.18% Mean: 5.00% Mean: 7.35%
cases involViAggih e use of the following
pharmacologic agents: Prothrombin Std Dev: 8.84% Std Dev: 7.35% Std Dev: 17.18%
Complex Concentrates (PCCs)?
15 | What is the approximate percentage of Mean: 1.14% Mean: 1.26% Mean: 2.94%

cases involving the use of the following
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pharmacologic agents: Recombinant
Factor VII?

Std Dev: 2.03%

Std Dev: 1.76%

Std Dev: 7.95%

Operatlc

76 - 100%: 20

76 - 100%: 18

16 | What is the approximate percentage of Mean: 25.14% Mean: 18.21% Mean: 30.95%
casHe use of the following
pharmacalggic agents: Anti-fibrinolytics Std Dev: 20.07% Std Dev: 21.02% Std Dev: 35.73%
(TXA or,
17 | Whati ate percentage of Mean: 7.41% Mean: 4.79% Mean: 8.79%
cases imvelvimgithe use of the following
pharma@ologic agents: Fibrinogen Std Dev: 19.87% Std Dev: 8.36% Std Dev: 18.65%
ConcerL
18 | What i imate percentage of 0-25%: 12 0 - 25%: 13 0 - 25%: 19
cases € at the end of the case?
26 - 50%: 2 26 - 50%: 3 26 - 50%: 2
w 51 - 75%: 6 51 - 75%: 4 51 - 75%: 0
76 - 100%: 2 76 - 100%: O 76 - 100%: 1
19 | What ismximate percentage of 0-25%:0 0 -25%:0 0-25%:0
cases admitted to the ICU post-
26 - 50%: 2 26 - 50%: 1 26 - 50%: 0
51 - 75%: 0 51 - 75%: 1 51 - 75%: 1

76 - 100%: 21

(1) Team Size (2) LDLT Program (3) Fellowship Program
18 20 20
16 18 18
14 16 16
12 14 14
10 12 12
10 10
8 8 8
6 \ 6 H § 6
a
N 4 4 §
2 § 2 2
; I B & & . | : M
1-5 6-10 11-15 16 -20 >20 No Yes No
(4) Participation in Selection Committee Meetings (5) Participation in Multidisciplinary M&M/Ql
14 12
12 10
10 8
8
6
6
H 3
2 \ n
. m\ . N -@ﬂ
76 - 100% 51-75% 26 - 50% 0-25% Yes: 76-100% Yes: 51-75% Yes: 26-50% Yes: 0-25%
Figure 1. D ic and logistical information about liver transplant anesthesia teams. (1) Reported
LT
team siz onding centers. (2) Number of responding programs with LDLT programs and (3)
transplant anes fellowship programs, respectively. (4) Participation in selection committee
meetings
and (5) multidisciplinary M&M/QI meetings, responses indicate average percentage of meetings
attended.

High volume centers - black, medium volume centers - striped, low volume centers - white.

This article is protected by copyright. All rights reserved.




(1) Liver Transplant Anesthesia Team Advanced (2) Transesophageal Echocardiography Training
Training 12

4
N 2 <
\ N
. \ N
U \ no
Cardiothoracic Critical Care Transplant Institutional ~ Other/combination 26-50%
Anesthesia Anesthesia Training
- W
Figure 2. A raining by liver transplant anesthesia team members. (1) Advanced/fellowship
training
by team m ong responding programs, programs could choose more than one option in order
to
fully repres eams typical training. (2) Average percentage of team members that have
advanced
transesoph ocardlography (TEE) training, in either Basic or Advanced Perioperative
Echocardiogr luding Testamur and Diplomate status by the National Board of Echocardiography.
High vqum - black, medium volume centers - striped, low volume centers - white.
(1) VV-Bypass (2) Intraoperative RRT (3) Viscoelastic Testing
16 20 25
14 18
16 20
12 14
10 12 15
8 10
5 8 10
: : :
2
i . I&ﬂ , -
No No No
(4) Transesophageal Echocardiography (5) Pulmonary Artery Catheter
14 12
12 10
10 8
8
. 6
<
4 I 4
N1 l |
N\ (N . N
0-25% 26 - 50% 51-75% 76 - 100% 0-25% 26 - 50% 51-75% 76 - 100%
Figure 3 erative management of liver transplant patients. (1) Number of responding programs
that
utilize veno-ven0"B¥ipass, (2) intraoperative renal replacement and (3) viscoelastic testing. (4) Number
of

responding programs that use transesophageal echocardiography (TEE) or (5) pulmonary artery
catheters

(PAC) and average percentage of cases used.
High volume centers - black, medium volume centers - striped, low volume centers — white.
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(1) Extubated at Case End (2) Post-operative ICU Admission
20 25
18 M
16 20 ]
14 N
12 15 §
10 §
8 10 §
6 N
N
2
0 . §|—| \ . [ 0 -\\\ N\ &
26 - 50% 51-75% 76 - 100% 0-25% 26 - 50% 51-75% 76 - 100%
-y

Figure 4. Posé-o tive care among responding centers; (1) average percentage of cases extubated in
the

operating r se end and (2) average percentage of cases admitted to the ICU post-operatively.
High volume centers - black, medium volume centers - striped, low volume centers - white.
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