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POP QUIZ
How many LDLT have been 
performed in the US?

< 500

500 – 1000

> 1000

LDLT DDLT
Adults 3,246 100,447
Pediatrics 1,434 11,987
Kentucky 1? 1,267
New York 828 7,650 Left Lobe Graft
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HISTORY
1963 : First human liver tx (3yo)

1980’s : Immunosuppression

1989 : Successful adult-to-child living donor

1993 : Adult-to-adult living (A2ALL) with R lobe

2000 : Dual grafts A2ALL in South Korea

2002 : MELD/PELD

~40 US Centers

Dr. Russell Strong

[Garcea World J Surg (2009) 33:1575–1580]



SUPPLY VS DEMAND – DEFINE THE 
NEED

[Wertheim Am J of Transplant 2011]

Current Waiting List : 16,075
Liver Tx in 2011 : 6,342

Death on Waiting List:
~2000 - 4000 people/year



WAYS TO INCREASE SUPPLY

Extended Criteria Donor
Older
Steatosis
HB core +
HCV
Prolonged hosp stay

Increase Deceased Donations
Opt-out system

Living Donors



LIVER TRANSPLANTS - ASIA

Pooled data from 
~Taiwan
~Hong Kong
~Korea
~Japan

Few deceased organs 
Lots of LDLTs

[Chen Transplantation, 2003 Vol 75]
[Taiwandocuments.org]



LIVER TRANSPLANTS – UNITED 
STATES

DBD: Donation after Brain Death
DCD: Donation after Cardiac Death

(2008 data)
[Wertheim Am J of Transplant 2011]



LDLT - DECLINE IN US

Increased availability using ECD grafts
Concern for donor complications

Death 2002 – highly publicized
Lack of outcome data
Renewed interest with high-quality data (A2ALL)

[Unos]



DONOR SELECTION

Generally a family member 
Anonymous has been considered

Age 18 – 60, BMI < 30
Blood type – ABO compatible
Screened for medical, psychological, and 
anatomical contraindications
Ethical Issues

What is tolerable risk?
Education and comprehension
Informed consent without coercion – CHOICE?
Ideal recipient and timing unknown
Donor health privacy
Independent donor advocate/team



DONOR TESTING

May consider advanced cardio-pulm testing, 
liver bx, and/or CT angiography



[Curr Probl Surg 2005;42]



GRAFTS

RIGHT LOBE
60%

LEFT LOBE
40%

LEFT LAT SEG
20%

Liver Mass ~ 1500g
Right Lobe ~ 1000g

Left Lobe ~ 500g
[Olthoff Tx Hep Course 2008, Florman AASLD 2006]

Couinaud – 8 segments – 1957



LDLT – GRAFT TYPE

Orange: RL adult adult
Green: LLS adult child

Lime: LL adult child
Yellow: LL adult adult

[Muzaale Gastro 2012]



GRAFTS – RIGHT LOBE

[Olthoff Tx Hep Course 2008] 



MRI LIVER - VOLUMETRICS 

[Bracoud Blood Cells, Mol and Dis 2011]



SIZE MATTERS

Small for Size Syndrome (SFSS)
Primary Graft Dysfunction

Intracellular cholestasis
Coagulopathy
Portal HTN
Ascites

Evident in first week
Graft to Recipient Body Weight Ratio < 0.8 - 1
Size not only factor, degree of steatosis and regeneration 
factors can affect

[Satou Transplantational Proceedings 2007, Sleisenger and Fordtran Figure 95-5] 



PROMETHEUS

[Internet Pix]



RATS
“Restoration of the Liver of the White Rat Following 
Partial Surgical Removal.” 1931

Removed 70% of liver volume
Post-op day 2: liver 45% of original
Post-op day 3: liver was 70% of original
Post-op day 14: original size +/- 10%

The lobes removed do not grow back
Remnant lobes expand to original liver weight

[Higgins Anderson. Arch Pathol 1931, McClain]



DOES THIS OCCUR IN HUMANS?

Donor Liver – 7 days after R hepatectomy

[Marcos Transplantation 2000]

*disclaimer:  this is a representation, 
not the same pt



LIVER REGENERATION AND FUNCTION IN DONOR AND RECIPIENT 
AFTER RIGHT LOBE ADULT TO ADULT LIVING DONOR LIVER 
TRANSPLANTATION12.
Marcos, Amadeo; Fisher, Robert; Ham, John; Shiffman, Mitchell; Sanyal, Arun; Luketic, Velimir; Sterling, Richard; Fulcher, Ann; Posner, Marc

Transplantation. 69(7):1375‐1379, April 15, 2000.

~1998-1999
~VCU/MCV
~31 LDLT
~R lobectomy
~GRBW 1%, 0.8%
~Adjustment made 
for steatosis
~MRI analysis

Other studies:
After 60% liver removed, at 3 months donors had 76% of original volume 
and recipients 104%.  Remodeling process likely continues up to a year.  
Somewhat slower in women.  



LIVER REGENERATION

[Fausto Liver Transplantation 2000]



REGENERATION - PATHOGENESIS

[Taub Nature 2004]



IS IT SAFE
TO DONATE?



DONOR MORTALITY

Infrequent, but devastating complication
Mt Sinai 2002 – donor died 3 days after donating to 
his brother



PubMed and Internet Search
1989 – 2006, 4598 Transplants
19 Donor deaths and 1 in Chronic Vegetative State

13 “definitely” associated
2 “possibly” related
4 “unlikely” related

Estimated donor death rate = 0.2%
Asia and US did not have on-going mandatory reporting in 
place, Europe data more complete

Death at Lahey in 2010



[Trotter Liver Transpl, 2006]

Hepatic Failure
Infection
Sepsis
SAH
PE

Pancreatitis
Ruptured PUD

MI
Unknown

Drug OD
Suicide



United States Data
1994 – 2011
4111 Living Liver Donors

Pediatric and Adult Recipients
7 Early Deaths

1.6-1.7 per 1000 cases
11 Catastrophic Events

2.9 per 1000 cases
Risk of death did not vary with portion of liver donated 

67% RL, 24% LLS, 9% LL



EARLY DEATH AND LIVER FAILURE

Cause of early death (within 90 days post-op)
Anaphylaxis
MSOF
Infection
Overdose (infant recip)

Suicide
CV
Resp arrest

Catastrophic Events
7 Early Deaths
3 ALF – all transplanted
1 Subacute Liver Failure - improved

Outcomes of the 5 pts with Liver Failure

[Muzaale Gastro 2012]

All of these were R Lobe Donors



LONG-TERM DONOR MORTALITY

Comparable to that of Kidney Donors and NHANES 
Controls over 11 years

[Muzaale Gastro 2012]



A2ALL STUDY GROUP

Living Donor Liver Transplant Cohort Study
Multi-year



1998 – 2003 A2ALL
393 Donations





[Ghobrial Gastroenterology 2008]



NUMBER OF DONOR COMPLICATIONS

# of Complications # of Donors % of Donors

None 243 62.1%

Any 148 37.9%

One 82 21%

Two 40 10.2%

Three 16 4.1%

Four - Seven 10 2.6%

[Ghobrial Gastroenterology 2008]



10-year study (1994-2004), Taiwan
180 donors included

L hepatectomy – 102
R hepatectomy – 78

Spleen volume (SV) measured using CT pre-op 
and 6 months later



DONOR CHANGES

SPLEEN 
VOLUME PLATELET COUNT

~Measured in cubic cm
~Increased in both groups, R>>L
~17 pts had a decrease in SV

~Decreased in both groups in first 
3 post-op days
~Increased to above baseline day 
3 to 5
~By 6 months, back to 
preoperative values

~Other studies have shown 
similar, but extension to 1 year 
shows preoperative spleen size
~SV may increase due to increase 
in portal flow
~Splenomegaly does not reliably 
induce hypersplenism

[Chen Hepato-Gastro 2008] 



12 year study
A2ALL Data
487 Living Donors
Info collect on basic lab 
results
Time points: evaluation, post-
1 week, 1 month, 3 months, 
12 months, yearly



A2ALL LAB TEST RESULTS

WBC, Hgb
Ferritin
BUN and Cr

AST
AP
TB
INR
Albumin

Platelets

Up to 1 year, changed from baseline 
(statistically significant), but WNL. 
No significant change after 1 year.  

Changes evident in first week.
All normalized to baseline by 1-2 years.

Significantly lower up to post-4 years, 
but WNL.



A2ALL LAB TEST RESULTS

[Trotter Liver Transplantation 2011]



A2ALL LAB TEST RESULTS

[Trotter Liver Transplantation 2011]



THEORIES – WHY PLATELETS DROP

Elevated portal pressure
Inadequate regeneration of hepatic remnant
Relative portal or hepatic venous insufficiency
Sinusoidal hyperperfusion

Changes in thrombopoietin
Is the growth factor responsible for platelet production
Thrombopoietin is made in the liver
Other studies have shown it peaks 7 days post-donation

Portal Vein Thrombus
Occurs in less than 1% of cases



DONOR BURDEN

Donor guilt
Especially if recipient has poor outcome

Financial burden
Loss of work

Insurance implications



POP QUIZ

Q: What electrolyte 
abnormality do you have 
to watch for in the donor 
after PH?

A: HYPOPHOSPHATEMIA



RECIPIENT OUTCOMES



RECIPIENT SELECTION

Age 

Degree of Portal HTN

PV Thrombus

Recipient Anatomy

Size-Matching

MELD, ideally less than 20



A2ALL,1998 – 2003
Adults w/chronic liver 
disease with potential living 
donor
Compared mortality to those 
who received DDLT or 
remained on-list
Median f/u 4.4 years



[Berg Gastro 2007]



REDUCED MORTALITY COMPARED TO 
WAITING, ESPECIALLY AS CENTERS GAIN 

EXPERIENCE

Data adjusted for age, MELD, and HCC
This data is for a 50yo, MELD 15, and no HCC

8 centers with >20, 1 with ≤ 20

EARLY RE-TX (<3wks)
DDLT – 1.1%

LDLT ≤ 20 – 7.8%

LDLT > 20 – 3.6%



A2ALL - SIGNIFICANT PREDICTORS OF 
MORTALITY

MELD Score
Dx of HCC
Recipient Age
CENTER EXPERIENCE

Pts receiving tx from a center that had ≥ 20 had a 64% 
reduced risk of death than those that did not

[Olthoff Tx Hep Course 2008, Annals of Surgery 2005]



~Background: Some previous studies have shown than in HCV, LDLT had 
higher rate of graft failure than DDLT
~A2ALL: 1998 – 2003



HCV GRAFT SURVIVAL

UNADJUSTED DATA:   
LDLT worse than DDLT

ADJUSTED DATA:        
No diff bw LDLT>20   and 
DDLT

[Terrault Liver Transplantation  2007]

3-Year Graft Survival
DDLT – 80%

LDLT >20 – 79%
LDLT ≤20 – 55%



FUTURE

LDLT for Fulminant Failure?
Done in other countries

Liver Defatting
Animal Models

LDLT in KY?
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