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INTRODUCTION
It has now been over 20 years since the Insti-

tute of Medicine published the paradigm-chang-
ing report “To Err is Human,” which concluded 
that as many as 98,000 deaths occurred in hos-
pitals each year due to errors in care.1 Although 
the exact figure of anesthesia-related mortality is 
controversial, there is no question that our spe-
cialty has made remarkable gains in improving 
patient safety over the past two decades due to 
improvements in training, equipment, and stan-
dardized protocols. Safe management of ortho-
topic liver transplantation (OLT) patients, 
however, continues to be one of the most chal-
lenging perioperative cases for anesthesia pro-
fessionals. OLT involves multidisciplinary 
collaboration, which includes surgical, anesthe-
sia, nursing teams, as well as perfusionist and 
other specialized teams (e.g., blood bank, dialy-
sis, and ICU). The procedure is technically com-
plex, and the intraoperative course is associated 
with hemodynamic instability, acid-base and 
metabolic derangements, coagulation complica-
tions, wide fluid shifts, and is still associated with 

advanced liver disease, more advanced age 
and preoperative comorbidities, more renal 
and electrolyte abnormalities, and higher 
requirements for intraoperative transfusions 
and vasopressors than patients who presented 
for liver transplant twenty years ago in the pre-
MELD era.3 

Decisions on which patients are included on 
transplant waiting lists today may also be further 
distorted by intense competition in populated 
areas where there are more transplant centers. 
Our institution, the University of Southern Cali-
fornia (USC), is a high-volume transplant center 
in the Los Angeles metropolitan area where 
there are three transplant centers located within 
a 20-mile radius. The combined volume of liver 
transplants performed at both Keck Hospital 
and Children’s Hospital Los Angeles (CHLA) last 
calendar year adds up to the second-busiest 
liver transplant program in the nation according 
to data from the United Network for Organ Shar-
ing. With local competition and prestige at stake, 
it is understood that centers may be motivated 
to perform more transplants, resulting in more 
challenging patients on the waiting list. Never-
theless, liver transplantation surgery today chal-
lenges the full capacities of the systems and 
processes involved in patient safety. This article 
describes a few of the processes developed at 
our institution and how they contribute to 
patient safety in a field that is becoming increas-
ingly more challenging. 

DEVELOPMENT OF DESIGNATED LIVER 
TRANSPLANT ANESTHESIA TEAMS
In 2011 the Organ Procurement and Trans-

plant Network/United Network for Organ Shar-
ing (OPTN/UNOS) required all transplant 
centers appoint a director of liver transplant 
anesthesia.7 This declaration by a nationally 
recognized governing and regulatory body was 
the first step in acknowledging liver transplant 
anesthesiology as an independent subspecial-
ity of anesthesiology. From here, the develop-
ment of liver transplant anesthesia teams and 
transplant anesthesia fellowships followed. The 
value of dedicated anesthesia teams was fur-
ther supported by evidence showing dedicated 
transplant teams reduced transfusion, time of 
postoperative ventilation, length of intensive 
care unit stay, and perioperative mortality.8

See “Liver Transplantation,” Next Page

more intraoperative deaths than any other surgi-
cal procedure.2

Although success in liver transplantation has 
led to more liver transplantations being per-
formed each year, the number of donated 
organs has reached a plateau. Adoption of the 
Model for End-Stage Liver Disease (MELD) 
based system in 2002 has led transplantation 
that prioritizes the “sickest first” (Table 1). 
Patients with high MELD scores are expected to 
have abnormal levels of bilirubin, creatinine, 
INR, sodium, or a combination of each (see 
Table 1). Abnormalities in each of these MELD 
components is associated with high periopera-
tive risk in previous studies.3 This has a pro-
found effect on patients presenting for liver 
transplantation, particularly in populated areas 
where there are more transplantation centers. 
Such evolution in patient selection and the 
increasing severity of disease in patients at liver 
transplantation has posed many perioperative 
challenges to physicians who care for these 
patients.4 Patients who present for liver trans-
plant today have higher MELD scores and more 
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Table 1: MELD Score Components and 3 Month Mortality Prediction5

The MELD score calculation includes:
– Serum bilirubin (mg/dL)
– Serum creatinine (mg/dL)*
– INR
– Serum sodium (mEq/L)6

Candidates > 12 years old receive an initial MELD(i) score equal to:
 MELD(i) = 0.957 × ln(Creatinine) + 0.378 × ln(bilirubin) + 1.120 × ln(INR) + 0.643
Then, round to the tenth decimal place and multiply by 10. 
If MELD(i) > 11, perform additional MELD calculation as follows6:
 MELD = MELD(i) + 1.32 × (137 – Na) – [ 0.033 × MELD(i) × (137 – Na) ]
______________________________________________________________________
*If any of the following is true, use creatinine of 4.0 mg/dL:
• Creatinine >4.0 mg/dL.
• ≥2 dialysis treatments within the last 7 days.
• 24 hours of continuous veno-venous hemodialysis (CVVHD) within the last 7 days. 

Additional rules:
– If bilirubin, creatinine, or INR <1.0, use 1.0 to avoid negative scores.
– If sodium <125 mEq/L, use 125. If sodium >137 mEq/L, use 137.
– Maximum MELD score = 40. 
______________________________________________________________________

 MELD SCORE  Mortality at 3 months
  ≤9 1.9%
 10–19 6.0%
 20–29 19.6%
 30–39 52.6%
 ≥40 71.3%
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RBC transfusions.13 A widespread communica-
tion effort followed in our hospital newsletters 
and on computer screensavers to encourage 
single unit transfusions. 

Another intervention that changed our trans-
fusion practice at our institution was implemen-
tation of intraoperative thromboelastography 
(TEG). Despite the lack of large randomized 
clinical studies, viscoelastic tests have been a 
critical armamentarium for hemostatic control in 
liver transplantation since Thomas Starzl, MD, 
performed the first LT the 1960s.14 Many trans-
plant institutions have adopted viscoelastic 
tests like TEG in their clinical practice. However, 
it was only recently that TEG at our center was 
made expedient and efficient, both intraopera-
tively and postoperatively in the ICU, to allow 
for a rapid and real-time, qualitative assessment 
of the different components of hemostasis. 
Lastly, and perhaps most importantly, we 
believe our success in blood management is a 
result of improved communication between 
liver anesthesia and surgical teams over the 
progress of the case. For example, improved 
communication and use of TEG has allowed us 
to better distinguish surgical bleeding from 
bleeding due to coagulopathy, which helped 
reduce intraoperative transfusions. Overall, we 
hope to demonstrate how multidisciplinary 
teams can significantly reduce total blood prod-
uct utilization in OLT. 

THE ROLE OF INTRAOPERATIVE 
HEMODIALYSIS (HD) IN LIVER 

TRANSPLANTATION
Liver transplantation for patients with renal 

dysfunction is frequently complicated by major 
fluid shifts, acidosis, and electrolyte and coagu-
lation abnormalities that require large volumes 
of blood products and crystalloid solutions. In 
the early years of OLT, liver transplant anesthe-
sia professionals used to manage cases with 
renal failure with strict fluid management and 
continuous metabolic adjustments without the 
help of intraoperative hemodialysis (HD). How-
ever, despite vigilant monitoring of the patient’s 

Summit in 2012.10 The Transfusion Free Surgery 
and Patient Blood Management Program at 
Keck USC was initially developed in 1997 to 
serve the specific needs of the Jehovah’s Wit-
ness (JW) community. Our center gained 
national recognition after our transplantation 
team performed the first successful transfusion-
free living donor liver transplantations in 1999 
using techniques like acute normovolemic dilu-
tion. From 1999–2004, 27 liver transplantations, 
consisting of both living donors and deceased 
donors, were performed in JW patients at the 
USC-University Hospital.11 The relative success 
of liver transplantation in JW patients has 
allowed the opportunity to critically assess the 
use of blood products in surgery at large. What 
started at Keck USC as a narrowly focused ini-
tiative has expanded into a much broader main-
stream program that serves non-JW patients. 
This development was driven by the concept 
that minimizing blood product administration 
enhances patient safety and reduces the cost 
and length of hospital stay. Higher rates of 
transfusion have been associated with 
increased length of hospital stay, higher rates of 
infection, graft failure, and mortality.12

Given that most of the evidence supporting a 
restrictive transfusion strategy has been pub-
lished in the past decade, patient blood man-
agement programs have only recently gained 
popularity. Efforts to reduce overuse of transfu-
sions through patient blood management pro-
grams at our institution have been successful. 
Currently, a retrospective study is being con-
ducted during the writing of this article. Prelimi-
nary data collection reports a ~20% decrease in 
RBCs, platelets, and plasma utilization for liver 
transplant cases in 2021 compared to 2020, 
despite an increase in cases. Our reduction in 
transfusions in LT was a result of several key 
interventions implemented which will be dis-
cussed. First, a hospital-wide campaign to edu-
cate and promote change to the culture of 
liberal blood utilization practice was imple-
mented. One successful strategy was adopting 
the “Why give 2 when 1 will do?” Choosing 
Wisely campaign to reduce orders of multi-unit 
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In addition to providing clinical care, mem-
bers of the liver transplant anesthesia team are 
involved with various perioperative transplant 
surgery functions such as patient selection 
committees. The multidisciplinary committee 
includes transplant coordinators, surgeons, 
hepatologist, nephrologist, infectious disease 
specialists, anesthesia professionals, and social 
workers. At these weekly committees, we dis-
cuss the patient’s liver history and other medi-
cal problems, and then discuss issues of social 
support, substance abuse, and finances. From 
here, the decision-making process involves an 
ordered review of possible reasons for exclu-
sion. Routine involvement of the anesthesia 
team in the selection process allows us to for-
mally evaluate patients before they present for 
liver transplant. If needed, patients may be 
referred to our preoperative clinic to allow a 
member of the anesthesia team to further 
evaluate the patient’s physical status for liver 
transplant. 

PRE-TRANSPLANT AND 
ABO VERIFICATION

Due to the complexity of coordination in 
transplant, additional safety verification pro-
cesses are involved. Verification of blood type 
at multiple and defined points in the transplan-
tation process ensures the safety and compati-
bility of our transplant donors and recipients. 
Vital information such as organ type, donor and 
recipient ID, donor and recipient ABO blood 
type, and recipient date of birth and medical 
record number will be verified during living 
donor registration, prior to living donor organ 
recovery, prior to organ receipt in the operating 
room (if recipient surgery begins prior to organ 
receipt in the operating room), and upon organ 
receipt in the operating room. Verification is 
required by two licensed health care profes-
sionals. If the recipient will begin prior to organ 
receipt in the operating room, verification must 
occur either prior to induction of anesthesia or 
prior to incision. Additionally, blood compo-
nents are scanned using an electronic verifica-
tion system intraoperatively. OLT can require up 
to 10 times as many units of blood products as a 
heart transplant.9 Verification via barcode scan-
ning allows for one-person verification and 
increases workflow efficiency while minimizing 
transfusion errors related to misidentification. 

EVOLUTION OF PATIENT BLOOD 
MANAGEMENT PROGRAM AT KECK 

USC
Although blood transfusions are a lifesaving 

therapy for some patients, transfusions were 
identified as 1 of the top 5 overused proce-
dures by the Joint Commission’s Overuse See “Liver Transplantation,” Next Page

Liver Transplantation Poses Many Patient Safety Challenges
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hemodynamics and metabolic derangements, 
the intraoperative course in many cases was 
complicated by the overwhelming fluid and 
metabolic changes that occur in patients with 
renal impairment or failure. The rationale behind 
the use of intraoperative renal replacement 
therapy during liver transplant for patients with 
renal failure is that the surgery is usually compli-
cated by major hemodynamic instability, coagu-
lat ion abnormal i t ies,  and metabol ic 
derangements. At our center, liver transplant 
continues to be the only case that routinely uses 
intraoperative HD in anesthetic management.15 
Our institution was one of the first to demon-
strate the safety and feasibility of intraoperative 
HD and adopt its use in the critically ill with high 
MELD (mean ~37) scores undergoing LT.16

The decision whether to use intraoperative 
HD during OLT is a collaborative one between 
the surgeon, anesthesia team, and nephrolo-
gist depending on the degree of renal dysfunc-
tion and the overall clinical picture including the 
need for postoperative renal replacement ther-
apy. Generally, intraoperative HD will be used 
on patients with Glomerular Filtration Rate < 60 
ml/min or serum creatinine >1.4 mg/dL. For 
those without permanent dialysis access, a 
dual-lumen HD catheter is inserted into the 
internal jugular, subclavian, or femoral vein. 
Prior to surgery, the nephrologist decides on 
the concentration of sodium, calcium, potas-
sium, and bicarbonate in the dialysate solution 
for each patient based on their laboratory 
values. During the operation, the HD nurse 
works in close consultation with the anesthesia 
team. Half-hourly to hourly blood gases are 
drawn to help guide changes in the dialysate as 
needed (mainly adjustments to the bicarbonate 
and potassium levels).17 The use of intraopera-
tive HD aids in the management of tempera-
ture, acidosis, hyperkalemia, and volume 
overload, all of which are associated with intra-
operative morbidity and mortality in patients 
undergoing liver transplant.15 The anesthesia 
professional is acquainted with the various 
treatment options available (Table 2). With a 
thorough evaluation, monitoring, and continu-
ous appropriate interventions, intraoperative 
HD can be used safely and effectively in criti-
cally ill patients undergoing LT with high MELD 
scores and renal dysfunction.

CONCLUSION
The changing face of patients presenting for 

liver transplantation today has posed many 
challenges to the systems and processes 
involved in patient safety. In this article, we 
reviewed a few of the processes implemented 
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at our center that have allowed us to improve 
safety measures and outcomes in critically ill, 
high MELD patients undergoing liver transplant. 
In order to continue to improve patient safety in 
liver transplantation, more comprehensive data 
and studies are required to further characterize 
the evolving safety challenges in liver transplan-
tation today. 
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Table 2: Summary of Treatment Variations During Intraoperative HD

Temperature 

– Dialysate temperature is kept between 37 to 37.5 degrees Celsius

– Aids in prevention of hypothermia-related coagulopathy and cold irrigation from graft

Sodium adjustments

– Routinely commenced at 138 mEq/L, may be adjusted between 130–138 mEq/L

–  Careful monitoring may prevent rapid rise in serum sodium concentrations associated 
with CPM

Calcium adjustments

– Routinely commenced at 3.5 mEq/L, may be adjusted between 3–3.5 mEq/L 

– Aids in the management of hypocalcemia secondary to massive blood transfusion

Potassium adjustments

–  Routinely commenced with a dialysate with 3 mEq/L, may be adjusted between 
1–4 mEq/L in the management of hyperkalemia secondary to massive blood 
transfusion and pre-existing renal dysfunction

Bicarbonate adjustments

–  Routinely commenced with a dialysate with 35 mEq/L, may be adjusted between 
25–35 mEq/L to aid in the treatment of refractory acidosis commonly seen in patients 
with renal dysfunction particularly during the anhepatic phase18

Ultrafiltration flow rates

–  Typically, will aim to keep an even fluid balance unless otherwise instructed by the 
anesthesia team

–  UFR may be increased in situations of volume overload for rapid volume removal, e.g., 
post-reperfusion right heart strain or graft congestion 

_____________________________________________________________________

HD, hemodialysis; CPM, central pontine myelinosis; UFR, ultrafiltration flow rate
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