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Kidney exchange clearinghouse design
Roth, Alvin E., Tayfun Sönmez, and M. Utku Ünver, “Kidney Exchange,”

Quarterly Journal of Economics, 119, 2, May, 2004, 457-488.
________started talking to docs________

____ “Pairwise Kidney Exchange,” Journal of Economic Theory, 125, 2, 
2005, 151-188.

___ “A Kidney Exchange Clearinghouse in New England,” American 
Economic Review, Papers and Proceedings, 95,2, May, 2005, 376-
380.

_____ “Efficient Kidney Exchange: Coincidence of Wants in Markets 
with Compatibility-Based Preferences,” American Economic 
Review, June 2007, 97, 3, June 2007, 828-851

___multi-hospital exchanges become common—hospitals become 
players in a new “kidney game”________

Ashlagi, Itai and Alvin E. Roth ”Individual rationality and participation 
in large scale, multi-hospital kidney exchange,”  Theoretical 
Economics, forthcoming.

Ashlagi, Itai, David Gamarnik and Alvin E. Roth, The Need for (long) 
Chains in Kidney Exchange, May 2012
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And in the medical literature
Saidman, Susan L., Alvin E. Roth, Tayfun Sönmez, M. Utku Ünver, and Francis L. 

Delmonico, “Increasing the Opportunity of Live Kidney Donation By 
Matching for Two and Three Way Exchanges,” Transplantation, 81, 5, 
March 15, 2006, 773-782.

Roth, Alvin E., Tayfun Sönmez, M. Utku Ünver, Francis L. Delmonico, and Susan 
L. Saidman, “Utilizing List Exchange and Undirected Donation through 
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6, 11, November 2006, 2694-2705.

Rees, Michael A., Jonathan E. Kopke, Ronald P. Pelletier, Dorry L. Segev, 
Matthew E. Rutter, Alfredo J. Fabrega, Jeffrey Rogers, Oleh G. Pankewycz, 
Janet Hiller, Alvin E. Roth, Tuomas Sandholm, Utku Ünver, and Robert A. 
Montgomery, “A Non-Simultaneous Extended Altruistic Donor Chain,” 
New England Journal of Medicine , 360;11, March 12, 2009, 1096-1101.

Ashlagi, Itai, Duncan S. Gilchrist, Alvin E. Roth, and Michael A. Rees, 
“Nonsimultaneous Chains and Dominos in Kidney Paired Donation –
Revisited,” American Journal of Transplantation, 11, 5, May 2011, 984-994 

Ashlagi, Itai, Duncan S. Gilchrist, Alvin E. Roth, and Michael A. Rees, “NEAD 
Chains in Transplantation,” American Journal of Transplantation, December 
2011; 11: 2780–2781.
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Kidney exchange--background
• Many more people are in need of kidney 

transplants than there are available organs.
• The waiting list for deceased donor organs in the 

US has almost 100,000 people on it
– The wait can be many years, and many die 

while waiting.
– In the UK, there were 6,079 people on the list 

(compared to 1750 deceased donor transplants 
in the 14 months ending in April 2013)*

• Transplantable organs can come from both 
deceased donors and living donors.
– In the UK, there were 969 living donor 

transplants in the same period.
• Sometimes donors are incompatible with their 

intended recipient.
• This opens the possibility of exchange .

• *http://www.organdonation.nhs.uk/statistics/downloads/annual_stats.pdf 4

http://www.organdonation.nhs.uk/statistics/downloads/annual_stats.pdf
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Donor 1
Blood type A

Recipient 1
Blood type B

Donor 2
Blood type B

Recipient 2
Blood type A

Two Pair Kidney Exchange
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A classic economic problem: 
Coincidence of wants 

(Money and the Mechanism of Exchange, Jevons 1876)

Chapter 1:  "The first difficulty in barter is to find two persons 
whose disposable possessions mutually suit each other's 
wants. There may be many people wanting, and many 
possessing those things wanted; but to allow of an act of 
barter, there must be a double coincidence, which will 
rarely happen. ... the owner of a house may find it 
unsuitable, and may have his eye upon another house 
exactly fitted to his needs. But even if the owner of this 
second house wishes to part with it at all, it is exceedingly 
unlikely that he will exactly reciprocate the feelings of the 
first owner, and wish to barter houses. Sellers and 
purchasers can only be made to fit by the use of some 
commodity... which all are willing to receive for a time, so 
that what is obtained by sale in one case, may be used in 
purchase in another. This common commodity is called a 
medium, of exchange..."
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Section 301 of the National Organ Transplant Act 

(NOTA), 42 U.S.C. 274e 1984 states:
“it shall be unlawful for any person 

to knowingly acquire, receive or otherwise transfer                               

any human organ for valuable consideration                                                       

for use in human transplantation”.

7



Section 32 of the (UK) Human Tissue 
Act 2004

http://www.legislation.gov.uk/ukpga/2004/30/section/32

http://www.legislation.gov.uk/ukpga/2004/30/section/32


Charlie W. Norwood Living Organ 
Donation Act

Public Law 110-144, 110th Congress, Dec. 21, 2007
• Section 301 of the National Organ Transplant 

Act (42 U.S.C. 274e) is amended--in subsection 
(a), by adding at the end the following: 

• ``The preceding sentence does not apply 
with respect to human organ paired 
donation.''
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“Kidney exchange” is an in-kind exchange
2-way exchange involves 4 simultaneous surgeries 
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3-pair exchange (6 simultaneous surgeries)

Donor 1 Recipient 1Pair 1

Donor 2 Recipient 2

Pair 2

Donor 3 Recipient 3 

Pair 3
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Non-directed donors: cycles plus chains

Pair 1

Pair 2

Pair 3

Pair 4

Pair 6

Pair 7

Pair 5

Non-directed donor
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Factors determining transplant opportunity

• Blood compatibility 

So type O patients are at a disadvantage in finding compatible kidneys—they can only 
receive O kidneys.

And type O donors will be in short supply.

• Tissue type compatibility. Percentage reactive antibodies (PRA)

 Low sensitivity patients (PRA < 79): vast majority of patients
 High sensitivity patients (80 < PRA < 100): about 10% of general 
population, somewhat higher for those incompatible with a donor
Relevant information: patient antibodies to donor HLAs

O

A B

AB
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Modeling kidney exchange, 
when it was new

• Players: patients, donors, surgeons
• Incentives: Need to make it safe for them to reveal 

relevant medical information
• Blood type is the big determinant of compatibility 

between donors and patients
– Patients may have multiple donors

• The pool of incompatible patient-donor pairs  looks like 
the general pool of patients with incompatible donors

• Efficient exchange can be achieved in large enough 
markets (but not infinitely large) with exchanges and 
chains of small sizes 
– There wasn’t much incentive to mis-report antibodies
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“Ideally” Efficient Allocations: if we were seeing 
all the patients in sufficiently large markets

Over-demanded (shaded) patient-donor pairs are all  
matched.

Patient-donor 
pairs by blood 
type.
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B-A

B-AB       A-AB  

VA-B

A-O            B-OAB-O

O-B             O-A

A-B

AB-B AB-A

O-AB

O-O
A-A B-B

AB-
AB

Chains in an efficient large dense pool

Non-directed donor—
blood type O

It looks like a non-directed 
donor can increase the match 
size by at most 3  17



Feb 2012, NKR: a NDD chain of length 60 
(30 transplants)
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Long chains have become a giant part 
of contemporary kidney exchange

• What’s going on?
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Non-directed donor chains

• Non-directed donors

P2-D2

P1

P1-D1

ND-D

ND-DP3
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The graph theory representation doesn’t capture the 
whole story

Rare 6-Way Transplant Performed 
Donors Meet Recipients
March 22, 2007
BOSTON -- A rare six-way surgical 

transplant was a success in 
Boston.

NewsCenter 5's Heather Unruh 
reported Wednesday that three 
people donated their kidneys to 
three people they did not know. 
The transplants happened one 
month ago at Massachusetts 
General Hospital and Beth Israel 
Deaconess.

The donors and the recipients met 
Wednesday for the first time.

Why are there only 6 people in this 
picture?
Simultaneity congestion: 3 transplants + 
3 nephrectomies = 6 operating rooms, 6 
surgical teams…
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Chains in the UK



Non-simultaneous altruistic donor 
chains (reduced risk from a broken link)

A. Conventional 2-way Matching

R1 R2

D1 D2

B. NEAD Chain Matching

R1 R2

D1 D2LND

A. Conventional 2-way Matching

R1 R2

D1 D2

R1 R2

D1 D2

B. NEAD Chain Matching

R1 R2

D1 D2LND

B. NEAD Chain Matching

R1 R2

D1 D2LND

Since NEAD chains don’t need to be simultaneous, they 
can be long…if the ‘bridge donors’ are properly identified.
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The First NEAD Chain (Rees, APD)

Recipient PRA

* This recipient required desensitization to Blood Group (AHG Titer of 1/8).
# This recipient required desensitization to HLA DSA by T and B cell flow cytometry.
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Chains become more important as 
patient pools become more “highly 

sensitized”
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Graph induced by pairs with A patients and A donors. 38 pairs (30 
high PRA). Dashed edges are parts of cycles.

No cycle contains only high PRA patients.
Only one cycle includes a high PRA patient 
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Cycles and paths in random dense-sparse graphs

• n nodes. Each node is L w.p.  and H w.p. v

• incoming edges to L are drawn w.p. 

• incoming edges to H are drawn w.p. c/n:

L

H

L nodes 
have many 
incoming 
arrows
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Why such a high proportion of highly sensitized 
patients?

• Big transplant centers don’t enroll easy to match 
pairs…
– Internal exchanges

• This works to the disadvantage of  highly sensitized patients 
and other hard to match pairs

– Full participation could be encouraged—frequent flier 
programs (Ashlagi et al, forthcoming.)

– Already using simple forms of this for NDD’s
• One approach would be to insist on ending every chain in 

the center that originated the NDD.  That’s too 
constraining…

• We keep count of the number of NDD’s a center has 
originated, and try to end that number of chains there…
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Modeling kidney exchange, today
• Players: patients, donors, surgeons
• And transplant centers, and kidney exchange networks
• Incentives: Need to make it safe to reveal relevant medical 

information, and to enroll easy to match patient donor 
pairs and non-directed donors, and collaborate to enlarge 
the pool of pairs

• Blood type is Antibodies are the big determinant of 
compatibility between donors and patients

• The pool of incompatible patient-donor pairs  looks like
much more highly sensitized than the general pool of 
patients with incompatible donors
– There may be incentives to conceal antibodies (partly because 

of the available reporting language)
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Feb 2012: a NEAD chain of length 60 
(30 transplants)
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Why do we have laws against simply 
buying and selling kidneys?

• I sure don’t know the answer to this one, but I 
think it’s a subject that social scientists need 
to study…

• Making markets illegal doesn’t stop illegal 
markets
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A quick search for “kidney AND illegal” in the Guardian and Telegraph 

Telegraph, 12 Nov 2013
35



Repugnance

• Let’s call a transaction repugnant if some 
people want to engage in it, and others don’t 
think they should be allowed to.
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Repugnant transactions  
• some historically important repugnances

– Sex (outside of marriage, incest, homosexuality, 
pornography, prostitution…)
• Same-sex marriage

– Servitude: Slavery and serfdom and indentured 
servitude

– Worship (Inquisitions, expulsions, heresy, 
religious wars, blasphemy)

– Interest on loans (was repugnant, no longer so 
much)

• Note that the arrow of time points both ways
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Tuesday, 05 February 2013
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Surrogacy?
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In yesterday’s NY Times
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26 May 2012
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Why can’t you eat horse or dog meat in a 
restaurant in California? 

1. Short answer: It’s against the law.
• California Penal Code Section 598 states in part 

“…horsemeat may not be offered for sale for 
human consumption.” 

2. Longer answer: many Californians find it 
repugnant that anyone should eat a horse
• and this repugnance was enacted into law, by 

popular referendum (Prop. 6 in 1998)
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Telegraph, 14 November 2013



Dwarf tossing
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Ontario Dwarf Tossing Ban Act, 2003
• Bill 97 2003 An Act to ban dwarf tossing
• Her Majesty, by and with the advice and consent of the 

Legislative Assembly of the Province of Ontario, enacts as 
follows:

• Dwarf tossing banned
• 1. (1) No person shall organize a dwarf tossing event or 

engage in dwarf tossing.
• Offence
• (2) A person who contravenes subsection (1) is guilty of an offence and on 

conviction is liable to a fine of not more than $5,000 or to imprisonment 
for a term of not more than six months, or to both. 

• Commencement
• 2. This Act comes into force on the day it receives Royal Assent.
• Short title
• 3. The short title of this Act is the Dwarf Tossing Ban Act, 2003.
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France and the UN Human Rights Committee
U.N. Human Rights Committee backs 'dwarf-tossing' 

ban (2002)
Manuel Wackenheim began his fight in 1995 after 
dwarf tossing bans were upheld in France. 

• The U.N. case report quotes Wackenheim to the effect 
that “there is no work for dwarves in France and that 
his job does not constitute an affront to human dignity 
since dignity consists in having a job.”

• The UN committee found for France, saying "the ban 
on dwarf-tossing was not abusive but necessary in 
order to protect public order, including considerations 
of human dignity.“
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Repugnance can be hard to predict

• Why is dwarf tossing widely regarded as 
repugnant?

• It’s not just the small size of the dwarfs
– E.g. jockeys are small
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Wife Carrying—Not Repugnant?

Boston champs 2005--traditional World champs—Estonian position50



Money and repugnance
• Often x+$ is repugnant, even when x alone 

isn’t.
– E.g. interest on loans, 
– payments to birth mothers in adoption, 
– prostitution
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“We didn’t have time to pick up a bottle of wine, 
but this is what we would have spent.”
(New Yorker) 52



Money and repugnance

• There seem to be three principal lines of 
argument about how adding money makes a 
non-repugnant transaction repugnant:
– Objectification
– Coercion (“exploitation”)
– Slippery Slope
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Transactions between consenting adults

• Test yourself for repugnance: are you willing 
to contemplate carefully regulated, sales of 
live:

• Kidneys?
• Hearts?
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Kidney Exchange…

…achieves some of the benefits of a 
market, without using money, and thus 
without running into the barrier raised by 
the repugnance that kidney sales arouse.

55



What is a “free” market?

• Not central planning, but not no-rules laissez-
faire…
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What have we learned from market 
design?

• To achieve efficient outcomes, marketplaces need make 
markets sufficiently
– Thick

• Enough potential transactions available at one time

– Uncongested
• Enough time for offers to be made, accepted, rejected, transactions 

carried out…

– Safe
• Safe to participate, and to reveal relevant information

• Some kinds of transactions are repugnant…and this can 
constrain market design.
– The repugnance of some markets may give us a new viewpoint on 

regulation of familiar markets—markets often require a lot of social 
buy-in to work well.
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Hayek on market design in 
The Road to Serfdom

• “There is …  all the difference between deliberately 
creating a system within which competition will work as 
beneficially as possible and passively accepting institutions 
as they are. Probably nothing has done so much harm to 
the liberal cause as the wooden insistence of some liberals 
on certain rules of thumb, above all the principle of laissez 
faire.”

• …
• “The attitude of the liberal towards society is like that of 

the gardener who tends a plant and, in order to create the 
conditions most favorable to its growth, must know as 
much as possible about its structure and the way it 
functions.”

59


	Matching Markets and Market Design�(Reflections of a designing economist)��Alvin E. Roth��Marshall Lectures�Cambridge University�February 2014
	Kidney exchange clearinghouse design
	And in the medical literature
	Kidney exchange--background
	Slide Number 5
	A classic economic problem: �Coincidence of wants �(Money and the Mechanism of Exchange, Jevons 1876)
	Slide Number 7
	Section 32 of the (UK) Human Tissue Act 2004
	Charlie W. Norwood Living Organ �Donation Act
	“Kidney exchange” is an in-kind exchange� 2-way exchange involves 4 simultaneous surgeries 
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Modeling kidney exchange, �when it was new
	“Ideally” Efficient Allocations: if we were seeing all the patients in sufficiently large markets
	Slide Number 17
	Feb 2012, NKR: a NDD chain of length 60 �(30 transplants)
	Long chains have become a giant part of contemporary kidney exchange
	Non-directed donor chains
	The graph theory representation doesn’t capture the whole story
	Chains in the UK
	Non-simultaneous altruistic donor chains (reduced risk from a broken link)
	Slide Number 24
	 The First NEAD Chain (Rees, APD)
	Slide Number 26
	Chains become more important as patient pools become more “highly sensitized”
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Why such a high proportion of highly sensitized patients?
	Modeling kidney exchange, today
	Feb 2012: a NEAD chain of length 60 �(30 transplants)
	Why do we have laws against simply buying and selling kidneys?
	Slide Number 35
	Repugnance
	Repugnant transactions  
	Slide Number 38
	Slide Number 39
	Surrogacy?
	In yesterday’s NY Times
	Slide Number 42
	Slide Number 43
	Why can’t you eat horse or dog meat in a restaurant in California? 
	Slide Number 45
	Dwarf tossing
	Ontario Dwarf Tossing Ban Act, 2003
	France and the UN Human Rights Committee
	Repugnance can be hard to predict
	Slide Number 50
	Money and repugnance
	Slide Number 52
	Money and repugnance
	Transactions between consenting adults
	Kidney Exchange…
	What is a “free” market?
	What have we learned from market design?
	Slide Number 58
	Hayek on market design in �The Road to Serfdom 

