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Foreword to the Second Edition

Without doubt, liver transplantation is one of the greatest success stories in medicine and I never cease to be
amazed when I see in follow-up patients who I remember as having terminal illness, 20-30 years after transplan-
tation, living happily in good health and on minimum immunosuppression.

Many more people are going to have this opportunity with the greater number of donor organs that advances in
machine preservation are making possible. Donor livers that would not have been considered because of fatty
change or ischemic damage can be restored with a period of preservation to a healthy functioning state. The move
to an “opt-out” plan of deemed consent in England in May will also significantly increase the number of consents
to donation, as has been proven by the experience in Wales. The scenario of patients suitable for transplant being
on the waiting list for months and with a mortality of about 20% should become a matter of the past.

But there are important ongoing issues that need to be addressed, for instance the impairment of cognitive abil-
ity and educational attainment that has been demonstrated in children after transplantation for biliary atresia or
autoimmune hepatitis, detracting from the otherwise remarkable survival figures. Also in the pediatric area are
the difficulties that can occur in the transition period to adult life.

The biggest challenge, though, is the emergence of non-alcoholic fatty liver disease (NAFLD) taking over as the
leading cause for liver transplantation, supplanting viral hepatitis cases now that there are effective drugs, par-
ticularly against hepatitis B and C. Cardiovascular and metabolic complications of obesity can add up to a consid-
erable co-morbidity affecting NAFLD patients coming to transplantation, in both immediate and long-term
outcomes. The long timeframe of NAFLD disease causes difficulties in assessing prognosis and need for trans-
plantation. There can also be problems in the diagnosis of primary hepatocellular carcinoma (HCC) in patients
who are likely to be obese. The steadily rising prevalence of HCC poses additional challenges to transplant pro-
grams with the burgeoning number of effective medical agents as well as ablative techniques used in conjunction
with transplantation, making close collaboration between Hepatology and Oncology even more necessary.

Finally, the unmet need for transplantation in instances of severe liver failure consequent on decompensated
cirrhosis or on acute alcohol hepatitis will need to be addressed, and here there have been reports of successful
transplantation even at the stage of multiorgan failure. Even at 50 years since transplantation got underway, there
are unsolved issues to be solved and new challenges - in other words, much to do, but with continuing great out-
comes for the patients.

Professor Roger Williams, CBE

Director, Institute of Hepatology London

Professor of Hepatology, King’s College London

(Roger Williams sadly died on 25 July 2020; see https://bts.org.uk/passing-of-prof-roger-williams/)
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Foreword to the First Edition

Liver transplantation in humans has come a very long way in a short period of time. My first studies of liver trans-
plantation in animals began in 1958 when I showed that such a procedure was technically possible. I identified
three key challenges: the need to preserve the liver between retrieval and implantation, the need to preserve the
recipient in hemodynamic stability, and the need to prevent rejection.

The first human liver transplant was performed in 1963 and identified a number of issues that needed resolu-
tion, so the program was put on hold, but restarted with the first successful transplant in 1967. The program,
initially in Denver and subsequently in Pittsburgh, grew rapidly and was followed by the successful program in
Cambridge, UK, in 1968, led by Sir Roy Calne and Roger Williams. Those early pioneering days were exciting
but stressful, physically and emotionally. Outcomes improved slowly but surely. In 1983, the procedure came of
age when liver transplantation was recognized by the NIH as an effective treatment. Other programs developed
around the world and liver transplantation is now routine, with many recipients surviving 20 and more years
with an excellent quality of life.

The progression from a high-risk and resource-intensive procedure, where blood use of less than 100 units was
considered a success and outcomes were measured in 1-year survival, to a low-risk, routine, and usually blood-
free procedure has been achieved as a result of the dedication, hard work, enthusiasm, imagination, and sheer
persistence of a large number of people: surgeons, physicians, scientists, intensivists, microbiologists, and many
others have all made huge contributions to the success of the procedure. The contribution of both donors and
recipients must also be acknowledged for, without their support, these advances could never have occurred.

Yet many challenges remain. Despite advances in medical care, the need for liver transplantation is increasing
and the availability of donor livers inadequate. Liver preservation is still a concern: new perfusion fluids and
machine perfusion may mitigate some of the problems. While immunosuppression has improved enormously,
with the introduction initially of ciclosporin and tacrolimus and, more recently, mycophenolate, sirolimus, and
biologic agents, most recipients require long-term treatment, with its associated side effects; tolerance remains
an elusive goal. Selection and allocation policies are attracting, quite appropriately, public scrutiny. Regulation
is increasing: indeed, it is doubtful whether liver transplantation could have developed as quickly as it did under
the current risk-averse climate.

Liver transplantation is expanding and outcomes are better than ever, so more clinicians will be touched by the
procedure, whether for referral or for follow-up. It is hoped that this volume will provide a useful and practical
guide to the successful management of these patients.

Thomas E. Starzl, MD, PhD

Professor of Surgery

University of Pittsburgh School of Medicine
Pennsylvania, PA, USA
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Preface

Welcome to the second edition of Liver Transplantation. Since the first edition, there have been many changes in
the management of patients with liver disease, both before and after transplantation, and this new edition
reflects this.

As with the first edition, the aim of the volume is to provide a concise, practical, and authoritative guide for junior
medical staff and other health professionals working in liver transplant units, for healthcare professionals looking
after those patients with liver disease who are or may become liver transplant candidates, and for patients following
liver transplantation.

We have expanded both the number and the reach of authors, with a consequent increase in chapters. We have
sought to represent the breadth of liver transplant medicine across Europe and North America, while recognizing
also the role of liver transplantation in the rest of the world. We appreciate that this means some duplication and
occasional divergence of views. We have intentionally retained these so that each chapter is entire in and of itself
and the reader understands where there is uncertainty.

We are very grateful to the authors who have written and revised their contributions during the height of the
Covid-19 pandemic. We are grateful to those at Wiley-Blackwell, especially Jennifer Seward, Pri Gibbons, Bhavya
Boopathi and Sally Osborn, for their help and patience and, most importantly, to our partners and children who
have been patient with us during the preparation of this second edition.

Finally, we would like to acknowledge the work of Professor Roger Williams, who died in July 2020 and who con-
tributed so much to hepatology worldwide; he was one of the first to recognize the importance of liver transplanta-
tion and helped ensure that it rapidly transitioned from an experimental, high-risk procedure to a routine operation
that has benefited so many people. We are delighted and honored to include his Foreword to this second edition.

James Neuberger
James Ferguson
Philip N. Newsome
Michael Ronan Lucey



Abbreviations

6MWD/6MWT  6-minute walk distance/time

AA amino acids

AASLD American Association for the Study of Liver Diseases

ABC adenosine triphosphate-binding cassette

ABOi LT ABO-incompatible liver transplant

ABP arterial blood pressure

ACE angiotensin-converting enzyme

ACLF acute-on-chronic liver failure

ACP advance care planning

ACR albumin creatinine ratio/acute cellular rejection

AD acute decompensation

ADH antidiuretic hormone

ADL activity of daily living

ADV adefovir

AH alcoholic hepatitis

AICD activation-induced cell death

AIH autoimmune hepatitis

AILD autoimmune liver disease

AKI acute kidney injury

ALD alcohol-related liver disease

ALDLT adult living donor liver transplantation

ALF acute liver failure

ALP alkaline phosphatase

ALPPS associating liver partition and portal vein ligation for staged
hepatectomy

ALT alanine aminotransferase

AMA American Medical Association/antimitochondrial antibody

AMR antibody-mediated rejection

ANA antinuclear antibody

APA American Psychiatric Association

APAP N-acetyl-para-aminophenol (acetaminophen)

APC antigen-presenting cell
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Abbreviations

APOLT
aPTT
ARB
ASCVD
ASMA
AST

AT

ATG
ATP
AUC
AUD
AUDIT
AZA
BCAA
BCC
BCG
Bcl6
BCLC
BD

BEC
BIA
BMD
BMI

BP
BSEP
CA
CAD
CAM
CANONIC
CBC
CBD
CBT
CCA
CCM
CCR
cccDNA
CDC
CDR
CHA
CHOP
CI

CIA
CIT
CKD
CKD-EPI
CLEVER-1
CLIF-SOFA

auxiliary partial orthoptic liver transplantation
activated partial thromboplastin time
angiotensin II receptor blocker

atherosclerotic cardiovascular disease
anti-smooth muscle antibody

aspartate transaminase

anaerobic threshold

anti-thymocyte globulin

adenosine triphosphate

area under the curve

alcohol use disorder

Alcohol Use Disorder Identification Test
azathioprine

branched chain amino acid

basal cell carcinoma

Bacille Calmette-Guerin

B-cell lymphoma 6

Barcelona Clinic Liver Cancer

twice daily

biliary epithelial cell

bioelectric impedance analysis

bone mineral density

body mass index

blood pressure

bile salt export pump

cancer antigen/carbohydrate antigen

coronary artery disease

cell adhesion molecule

CLIF Acute-oN-ChrONic Llver Failure in Cirrhosis
complete blood count

common bile duct

cognitive behavioral therapy
cholangiocarcinoma

cirrhotic cardiomyopathy

CC chemokine receptor

covalently closed circular DNA

complement detection cytotoxicity

crude death rate

common hepatic artery

cyclophosphamide, doxorubicin, vincristine, and prednisone
confidence interval

common iliac artery

cold ischemia time

chronic kidney disease

CKD-Epidemiology Collaboration

common lymphatic endothelial and vascular endothelial receptor-1
Chronic Liver Failure-Sequential Organ Failure Assessment
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rejection of organ/graft (cont'd)
management of antibody-mediated rejection
364-365, 374-380, 375, 376, 377-379
management of chronic rejection 364-365, 380-383,
382, 383, 384
management of T-cell-mediated rejection 364-374,
366, 367, 369, 370-371
massive hemorrhagic necrosis/non-thrombotic
infarction 385, 385
medication adherence 286-289, 293
operational tolerance 358-359
patterns of liver allograft rejection  353-359
special cases and diagnostic challenges 383-385
renal impairment 403-408
concepts and definitions 403
definitions and classification 404, 404
liver transplant candidates and post-transplant
consequences 405
liver transplant recipients 405-406
outpatient follow-up of liver transplant recipients
278-280
post-transplant renal impairment 407
pre-transplant renal impairment 406
prevention and management in liver transplant
recipients  406-407
renal-sparing immunosuppressive protocols 407
renal replacement therapy (RRT) 146, 403, 405
reperfusion
biopsy and liver transplant pathology 394
deceased donor liver transplantation 257, 259
see also ischemia/reperfusion injury
reperfusion syndrome 192, 200-202
re-transplantation 505
reversible coma 211
RFA see radiofrequency ablation
RHV see right hepatic vein
ribavirin  450-454
rifampicin 453
rifaximin 124
right hepatic vein (RHV) 240
rituximab 357, 504
rotational thromboelastography (ROTEM) 146
RRT see renal replacement therapy

S
Safety of Blood Tissues and Organs (SaBTO) 112
SALT see Sustained Alcohol Use Post-Liver Transplant

salt restriction 119
sarcopenia
acute-on-chronic liver failure 87
alcohol-related liver disease 97
assessment of potential transplant recipient 24
frailty 28, 29
non-alcoholic fatty liver disease 106
scaffolds 530
schizophrenia 291
Scientific Registry for Transplant Recipients (SRTR)
169-170, 169, 494-496, 507
SCS see static cold storage
seizures 147
sepsis 150
Sequential Organ Failure Assessment (SOFA) 16, 83,
84, 86, 88-93
serology 477, 486-487
seronegative hepatitis 394
serum albumin 305
serum bilirubin
abnormal liver blood tests 305
liver allocation and prognostic models 12-14
patterns of liver allograft rejection 354
renal impairment 404
young people 59
serum creatinine
liver allocation and prognostic models 12-14
renal impairment 404
young people 59
serum lactate 140
severe central perivenulitis 368, 369
sex hormone-binding protein (SHBG) 515
sex mismatch 354
sexual function 514-518
concepts and definitions 514
female recipients 515-516
male recipients 515
post-liver transplantation 514
pregnancy and breastfeeding 138, 281, 516-518
SFSS see small-for-size syndrome
SGLT?2 see sodium glucose co-transporter 2
SHBG see sex hormone-binding protein
short physical performance battery (SPPB) 30, 120
SIPAT see Stanford Integrated Psychosocial Assessment
for Transplant
sirolimus 341, 519-521, 520
six-minute walk distance (6MWD) 30, 120



SMA see smooth muscle antibodies; superior
mesenteric artery
small-for-size syndrome (SFSS) 187, 307
smoking see tobacco use
smooth muscle antibodies (SMA) 356
SMYV see superior mesenteric vein
SNOD see Specialist Nurse-Organ Donation
socioeconomic factors 290-291
sodium glucose co-transporter 2 (SGLT2)
inhibitors 443
SOFA see Sequential Organ Failure Assessment
sofosbuvir 64, 452-454
SOT see spontaneous operational tolerance
Specialist Nurse-Organ Donation (SNOD) team
210-211, 211
split liver grafts
deceased donor liver transplantation 193-194,
193-194
liver retrieval and preservation 211, 220-221
living donor liver transplantation in children
168-169
spontaneous bacterial peritonitis 122

spontaneous operational tolerance (SOT) 331-333

SPPB see short physical performance battery
squamous cell carcinoma (SCC) 494, 496
SRTR see Scientific Registry for Transplant
Recipients
Stanford Integrated Psychosocial Assessment for
Transplant (SIPAT) 40, 41
static cold storage (SCS) 218-220, 231-234
statins 413-414
steatohepatitis 393
steatosis
adult living donor liver transplantation 184
deceased donor liver transplantation 196-198,
197-199
liver retrieval and preservation 214-215
stellate cells 327
stem cell therapies 530
step-ups 120
steroid-induced mood disorder 45
steroid-resistant rejection 373
stimulants 37
Strongyloides spp. 473
substance use 290-291
superior mesenteric artery (SMA) 216-217,
224-225,228

superior mesenteric vein (SMV) 227

surgical resection 75,79, 113, 504

Sustained Alcohol Use Post-Liver Transplant (SALT)
score 101

sustained virologic response (SVR) 349, 454

swap liver transplantation 187-188

SystemCHANGE model 293-294

systemic hypertension 403, 406, 414

t
TACE see transarterial chemo-embolization
tacrolimus 336-337
de novo malignancies after liver
transplantation 496
drug-drug interactions 519-522, 520, 521
managing rejection 382
medication adherence 288-289, 292-293
outpatient follow-up of liver transplant recipients
277-278
psychiatric consultation 46
recurrent autoimmune liver disease 428-430
talking therapies 43-44, 45,121
TBS see Transplant Benefit Score
T-cell-mediated rejection (TCMR)
abnormal liver blood tests 307
biopsy and liver transplant pathology 395,
396, 396-397
clinical presentation 367
concepts and definitions 364-365
diagnosis and investigations 367-368, 367,

369, 370-371

early acute T-cell-mediated rejection 353-356,
368-370, 369

immune system in liver transplantation 318,
328-332

immunosuppression 334-335

incidence and onset 366

late acute T-cell-mediated rejection 356,
369, 370-371

management 371-373, 372

medication adherence 286-289, 293

mild/moderate/severe TCMR  371-373

prognosis 373-374

risk factors 366, 366

specific features 368-371

steroid-resistant rejection 373

withdrawal of immunosuppression 387
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antigen presentation and allorecognition 320
balancing immune tolerance and immune response
326-327
barriers to tolerance and immunobiology of
rejection 328-331
immune system in liver transplantation 320-331
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322-324, 323
mechanisms for induction and maintenance of
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recurrent autoimmune liver disease 425-427
spontaneous operational tolerance 331-333
T-cell activation 320-322, 321
T-cell differentiation 324-325, 324
tolerogenic properties of liver transplants
withdrawal of immunosuppression 389
TCMR see T-cell-mediated rejection
TEG see thromboelastography
temporary bypass techniques
tenofovir 68-70, 144, 462, 464
tetanus, diphtheria, and acellular pertussis (Tdap)
vaccine 527
thiazolidinediones 443

327-328

255, 256

thrombocytopenia 145-146
thromboelastography (TEG) 146, 253
time zero allograft biopsy 394
TIPS see transjugular intrahepatic portosystemic shunt
tobacco use
adherence to therapeutic plans 50
alcohol-related liver disease 99-100
patient selection 35-36
prehabilitation and general management 121
TOL see operational tolerance
total warm ischemia 213
215, 247
transarterial chemo-embolization (TACE) 113
transdermal estrogen 422
transdermal testosterone 422

transaminases

transitional care 299-302
concepts and definitions  299-300
multidisciplinary team 300, 302
preparation for transition 301-302
principles of transition 300-301
transfer of care 302
transjugular intrahepatic portosystemic shunt (TIPS)
12-13, 124

Transplant Benefit Score (TBS) 77
transplant oncology 248-249
transthoracic echocardiography (TTE) 98
transthyretin (TTR) 445-446
trazodone 43
Treg see regulatory T-cells
triangulation 240, 242
triceps skin fold (TSF) thickness 117
triglycerides 413-414
TSF see tricep skin fold
TTE see transthoracic echocardiography
TTR see transthyretin
tuberculosis (TB)
antimicrobial prophylaxis following liver
transplantation 472-473, 472
diagnosis 488
epidemiology 488
outpatient follow-up of liver transplant recipients 279
post-liver transplant infections 488-489
treatment 488-489

u
UAGA see Uniform Anatomical Gift Act
UC see ulcerative colitis
UDCA see ursodeoxycholic acid
UDDA see Uniform Determination of Death Act
ulcerative colitis (UC) 433-434
UKELD 7, 15, 16, 59, 113. see United Kingdom Model for
ESLD score
Uniform Anatomical Gift Act (UAGA) 156
Uniform Determination of Death Act (UDDA) 199
United Kingdom Model for ESLD score (UKELD)
15-16, 59, 112-113
United Network for Organ Sharing (UNOS)
acute liver failure 140
deceased donor liver transplantation 192
ethical and legal aspects 156
liver allocation and prognostic models 162-163, 166
living donor liver transplantation in children
173-174
young people 55
University of California San Francisco (UCSF)
criteria 77
University of Wisconsin (UW) solution 218, 231
UNOS see United Network for Organ Sharing
ursodeoxycholic acid (UDCA) 429-434
UW see University of Wisconsin



|4
vaccination/immunization 525-528
antimicrobial prophylaxis following liver
transplantation 473
de novo malignancies after liver transplantation 498
general principles and commonly offered vaccines
525-526, 526
global perspective on liver transplantation 5
healthcare workers and close contacts 528
liver transplant candidates 526
liver transplant recipients 527
management of post-transplant hepatitis B 464
outpatient follow-up of liver transplant
recipients 282
valanciclovir 478
VAP-1 see vascular adhesion protein-1
variant hepatic artery anatomy 228
varicella zoster virus (VZV)
clinical presentation and diagnosis 485
infection control in healthcare settings 486
post-exposure prophylaxis 486
post-liver transplant infections 485-486
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vitamin supplementation 119
VLDL see very low-density lipoprotein

Index

voriconazole 471,491
VZV see varicella zoster virus

w
wall press 120
wall squats 120
warm ischemia 199-200, 210, 213, 229
warm-phase dissection 224-226, 225
WHO see World Health Organization
Wilson’s disease 57, 140, 142
withdrawal of immunosuppression 386-391
clinical practice flowcharts 390-391, 390-391
concepts and definitions 386
immune system in liver transplantation 331-333
operational tolerance 387, 388-390
renal impairment 407
tolerogenic features of the liver and first trials
386-388, 387
World Health Organization (WHO)
alcohol use 33-34
palliative care 126
post-transplant lymphoproliferative disorders
502, 502
quality of life 508
tobacco use 35-36

X
xenotransplantation 530

y
young people 55-63

adherence to therapeutic plans 56

adolescent development 56-57, 56

concepts and definitions 55-56

future directions 62

indications for liver transplantation 57-58, 57

liver transplant assessment 60-62, 61

peer support 62

psychosocial factors 60-62

timing of listing for transplantation and listing
criteria 58-60, 59

transitional care 299-302

waiting list 60-61

559



