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1. To learn the history of solid organ transplantation and living 
donation

2. To learn the history of living donor liver transplantation

3. To understand current approaches to expand living donor liver 
transplantation responsibly

1. Nondirected donors

2. Paired exchange

Learning Objectives



Early attempts at solid organ transplantation

Date

Location
Surgeon

Donor Human

Recipient

Surgery Outcome

1905 

France
Princetau

Rabbit 16yo female Pieces of rabbit 

kidney placed into 
her kidney

Patient survived 

two weeks

1906 

France
Jaboulay

Pig Female Transplanted to arm Patient died after 

one hour

1909 

Germany
Unger

Primate Male Two Rhesus kidneys 

transplanted into 
groin

Patient died after 

32 hours

1933 

Ukraine
Voronoy

60yo 

prisoner

23yo F with 

renal failure 
due to toxic 
ingestion

-ABO mismatch

-6h warm ischemic 
time
-Transplanted into 

thigh

graft functioned for 

21hr, patient died 
at 48hr (patent 
vessels on 

autopsy)

Hamilton, D. A History of Organ Transplantation. 



Unger: Primate to Human Kidney Transplant 

Hamilton, D. A History of Organ Transplantation. 



Solid organ transplant research: Joseph Murray

• Harvard trained plastic surgeon

• Served in World War II, also involved 
in treatment of burn patients

• Returned to the Brigham Hospital after 
the war in 1947

• Clinical plastic surgeon and director of 
Harvard Surgical Research Labs

• Experimental kidney transplantation in 
dogs (>100 dogs in the first two years)

• Close research relationship with 
Medawar’s group

http://collections.countway.harvard.edu/



Clinical Solid Organ Transplantation: Early 1950s

• Paris group reported 16 cases of 
clinical renal allotransplantation 
in 1950

• Chicago group published a 
single case in 1951

• 9 patients transplanted at the 
Brigham between March 1951-
February 1953

Hume et al. J Clin Invest. 1955;34(2):327–382



Clinical Solid Organ Transplantation:
Brigham Experience

• It was our aim in this investigation to study the subject of 
homotransplantation of the human kidney-not to offer a 
therapeutic procedure. We agree with Dempster that “it is 
quite out of the question that kidneys should be 
homotransplanted in man just in case a permanent survival 
might be obtained.”

• Goals:
• Determine if underlying renal disease affected transplanted kidney

• Determine if human allografts behaved similarly to animal models

Hume et al. J Clin Invest. 1955;34(2):327–382



• Developed by Dutch physician, 
Willem Kolff, during World War II

• First functional machine in 1943

• First life-saving treatment in 1946

• Only useful as a short-term 
therapy

• Cumbersome drum-like design

• First units in US in 1948-1950
• Cleveland Clinic

• Mt Sinai

• Brigham Hospital 

Clinical Solid Organ Transplantation:
Kolff-Brigham artificial kidney

http://www.lib.utah.edu/img/kolff-1.jpg. 



• Donors:
• 6 cadaveric donors

• 2 ‘healthy’ donors

• Average 3.5 hr of warm ischemic 
time

Clinical Solid Organ Transplantation:
Brigham Experience

Hume et al. J Clin Invest. 1955;34(2):327–382



Clinical Solid Organ Transplantation:
Brigham Experience

Hume et al. J Clin Invest. 1955;34(2):327–382



Brigham Experience: Results
• Four of the nine transplants developed 

measureable function. The kidneys secreted urine 
for 37 to 180 days.

• Of the four that worked, all had delayed graft 
function (8-19 days). 

• The general pathologic picture which accompanies 
homograft failure in the human is qualitatively 
similar to that seen in experimental animals, but 
appears much more slowly. 

Hume et al. J Clin Invest. 1955;34(2):327–382



• Fall of 1953:
• 22y.o. Richard Herrick developed 

renal failure while working in the 
Coast Guard

• Rapidly progressing uremia

• Noted to have an identical twin 
brother

Brigham Experience: Intention to treat

Hamilton, D. A History of Organ Transplantation. 



• Extensive internal ethics review, primarily 
related to using healthy living donor

• Confirmation of being monozygotic twins:
• Fingerprinting

• Skin grafts with biopsy

• Operation was rehearsed on cadavers on 
December 21, 1954 

• December 23, 1954: Simultaneous OR for 
donor and recipient

Brigham Experience:
First successful kidney transplant

Hamilton, D. A History of Organ Transplantation. 



• The donor artery was severed, the 
kidney was allowed to empty itself 
of blood and then the renal vein 
was clamped and divided.  No 
attempt was made to cool or 
perfuse the kidney. 

• The ureter had previously been 
separated. A polythene catheter 
was left in the ureter going to the 
renal pelvis and emerging with a 
cystostomy tube. 

Brigham Experience: 
First successful kidney transplant

Hamilton, D. A History of Organ Transplantation. 



Brigham Experience: 
First successful 
kidney transplant

Richard died of a heart 
attack 8 years later, with a 
functioning graft

Ronald lived to be 82

Hamilton, D. A History of Organ Transplantation. 



Timeline of Organ Transplantation

J Clin Invest.  2012; 122(10): 3378-3382

1954 1967 1979 1983 1989

First successful 
kidney transplant 
in Boston

First successful 
liver transplant at 

Univ. Colorado

First long term 
successful lung 
transplant

FK-506 
(Tacrolimus) 
introduced in 
solid organ 
transplantation

.

First successful 
heart transplant 
in South Africa

Introduction of 
Cyclosporine A



1. To learn the history of solid organ transplantation

2. To understand current practice for adult liver 
transplantation

Learning Objectives



Father of Liver Transplantation: Tom Starzl 
(March 11, 1926 – March 4, 2017)



History of Liver Transplantation

http://www.starzl.pitt.edu/people/groth.html



Worldwide Distribution of Liver 
Transplantation, 2018

~32,000 LT 

in 2017



Indications for Liver Transplantation

Chronic Liver 

Disease 

Neoplastic 

Liver Disease 

Acute Liver 

Disease 

Acetaminophen

Viral Hepatitis

Autoimmune Hepatitis

HELLP Syndrome

EtOH

Hepatocellular Carcinoma

Cholangiocarcinoma

Hepatoblastoma

Epithelioid Hemangioendothelioma

EtOH

Hepatitis C

Hepatitis B

NASH

Autoimmune

PSC

PBC

Cryptogenic



Living Donor Liver 
Transplantation

• First developed for children (left lateral 
segment)

• Introduced in late 1990s

• Most growth in regions without access to 
deceased donors













Ethical foundation for LDLT

• Ethical imperative to address donor shortage

• Clinical foundation to assure safety and efficacy

• Informed consent and multidisciplinary protection of 
donor











Different 
types of 
LDLT grafts





The surgical laboratory: anatomic 
preparation 
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“Informed consent for a living donor is 
impossible in a Judeo-Christian society”







45 LTX in children 4/91-4/92

• Graft source
• 18 LDLT

• 27 from deceased donors (60%) 
• 12/27 reduction (44%)

• Patient survival 
• 17/18 LDLT (94%)

• 21/24 DDLT (88%)





Adult to adult living donor liver 
transplantation: 

Larger hepatectomy for donor and 
smaller graft for recipient





LDLT in USA: 1989-2014

Pediatric 

era

1997-2001 Total 

LDLT

Total 

OLT

Percent 

LDLT

Peds 213 490 1512 14324 10.5%

Adults 5 886 3601 113992 3.1%



Graft 

Type

5 Yr 

Survival

Whole 70.6%

Split 72.4%

Live 77.5%



Laparoscopic Nephrectomy
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Factors affecting shape of adoption curve

• Difficulty of the proposed innovation

• Real and perceived risk

• Existence of alternatives



Donor deaths 2010

Lahey  May 24
Colorado July 29





Living donor risk: USA* 

Total 

cases

Deaths Transplants Total risk

Pediatric 1337 1 (.07%) 0 1 (.07%)

Adults 2915 4 (.13%) 4 (.13%) 8 (.26%)

•Deaths and transplants immediately related to surgery 



Kidney donor mortality is 0.03% 



LDLT in Asia

• High burden of liver disease 

• Superior tradition of advanced liver surgery

• Advanced technology

• Religious and cultural obstacles to DDLT





LD utilization and access type
(5-year experience at Columbia)





The LDLT Advantage…
LDLT should offer an overall advantage to the recipient when 

compared to waiting for an acceptable DD organ to become 

available for transplantation.

The decision to proceed with a LDLT should be made after a 

careful analysis of the recipient risk to benefit ratio.

NOT LIMITED BY ALLOCATION RULES



LDLT Per Million Population

US #18

68 countries 

with reported 

LDLT cases



US Adult LDLT Procedure Volume Over Time
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• Based on OPTN data as of 7/31/2022

• Adult - age 18+ at the time of listing

Percentage of Adult LT

• 2008-2013: 3.3%

• 2014-2019: 4.3% (pre-pandemic)
• 2020: 5.5%

• 2021: 6.1% (567 total)



Long-term Survival LDLT vs DDLT

Abu-Gazala and Olthoff

Annual Rev Med 2019

Better long-term survival with LDLT

compared to DDLT



Excellent outcomes observed in  Adult LDLT, regardless of 
geography

 
A. 1 Year Patient Survival

B. 3 Year Patient Survival

C. 5 Year Patient Survival

4/20/2023



Current State in the US: Overall benefit of LDLT
• SRTR database 2012-2021

• 119,275 candidates and recipients – 2820 received LDLT

Jackson WE et al JAMA Surgery 2022

MELD 6-10 MELD 11-13

Significant survival benefit gained by living donor 

transplantation even at very low MELD scores



1. To learn the history of solid organ transplantation and living 
donation

2. To learn the history of living donor liver transplantation

3. To understand current approaches to expand living donor liver 
transplantation responsibly

1. Nondirected donors

2. Paired exchange

Learning Objectives







Nondirected living liver donor activity in 
the U.S.

• 105 cases from 2000-

2019

• First case was right 

lobe to adult recipient, 

USC, 5/2000

• 40 cases in 2019



Nondirected living liver 
donors: Demographics

Variable N=105 total patients, N (%)

Age (mean ± SD), years 39.2 ± 10.3

Gender, male 51 (49)

Ethnicity

   Caucasian

   Black

   Asian

   Multiracial

98 (93)

1 (1)

4 (4)

2 (2)

BMI (mean ± SD), kg/m 2 25.2 ± 3.5

Type of donation

   Left lateral segment

   Left lobe

   Right lobe

   Not reported

33 (31)

19 (18)

46 (44)

7 (7)

Transfusion 1 (1)

Education

   High school

   Attended college/technical school

   Associate/bachelor’s degree

   Graduate degree

   Not reported

13 (12)

20 (19)

43 (41)

20 (19)

9 (9)

Employment status

   Full time

   Part time

   Not reported

79 (89)

7 (8)

3 (3)

Insurance status

   Medicaid

   Medicare

   Public – CHIP 

   Unknow n

1 (1)

2 (2)

3 (3)

99 (94)

Current Donor Status

   Alive

   Deceased

   Unknow n

89 (85)

0

16 (15)

Marital status

   Married

   Single

   Divorced/Separated/Widow ed

   Not reported

54 (55)

34 (34)

10 (10)

1 (1)

Donor-experienced complications

   Biliary

   Other complications

   Readmission

   Not reported

3 (3)

10 (10)

6 (6)

7 (7)

• 44% allocated to pediatric 

recipients

• 29 patients previously living 

kidney donors

• 83% at different center

• All but one patient >1 year 

post-kidney donation

• One patient donated a kidney 9 

months after LLS



Nondirected living liver donor:
Publications

First author and year of 

publication 
Country Center Year N Age Range Surgery (N)

M. Jendrisak, 2006 (22) U.S.
Washington University, Washington 

University Medical Center
* 1 35 LLS

L. Wright,

2007 (13)
Canada

University of Toronto, Toronto General 

Hospital
* 1 46 LLS

J-B. Otte,

2009 (14)
Belgium

Université Catholique de Louvain, Cliniques 

Saint-Luc
2004 1 50 LLS

T.W. Reichman, 2010 (15) Canada
University of Toronto, Toronto General 

Hospital
2005-2009 12 20-54 RTH (7), LLS (5)

N. Goldaracena, 2019 (16) Canada
University of Toronto, Toronto General 

Hospital
2005-2017 50 20-59 RTH (21), LLS (24), LL (5)



LDLT Paired Exchange?

• ABO incompatible

• Age incompatible  
(donor much older than 
recipient)

• Size incompatible

• Immunologic concerns







Current NALLDIG membership

• 30 

Programs

• >95% of 

LDLT 

activity in 

North 

America



▪ Solid organ transplantation has existed for nearly 70 years and began with living 
donation

▪ LDLT can mitigate waitlist mortality and allow patients to get transplanted when they 
are less sick

▪ LDLT offers excellent overall patient, rejection-free, and graft survival for transplant 
recipients

▪ Living liver donation is safe in carefully selected patients

▪ LDLT is expanding in the US

▪ Nondirected anonymous donation

▪ Initiation of paired exchange pilot program

Conclusions



• Juliet.Emamaullee@med.usc.edu

• @DrEmamaullee on Twitter
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