Kidney Paired Donation Model
Christine Bolen
December 2008
Math 319
Short Abstract

The waiting list for those requiring a kidney transplant has increased each year, surpassing 78,000 in October 2008.  Approximately 4,000 of those on the waiting list for a cadaveric kidney have a loved one willing to donate a kidney but who is unable to, due to blood type or cross match incompatibility.  Our model is based on a kidney paired donation program (KPD), which matches two or more incompatible donor-recipient pairs, maximizing the number of matches of living donor kidneys to compatible recipients.  Based on our model, of the kidney patients who have a willing, but incompatible donor participating in the KPD program, approximately 69% of those would be matched to a compatible live donor by participating in a KPD program.

Medium Abstract
End stage renal disease affects tens of thousands of individuals.   Approximately 10,000 cadaver kidneys are transplanted each year, while approximately 25,000 individuals who need a kidney are added to the waiting list each year.   Currently there are more than 78,000 individuals on the waiting list to receive a cadaver kidney with the demand for a kidney exceeding the supply.   Approximately 4,000 of those on the list to receive a kidney has a loved one willing to donate a kidney to them, but is unable, due to blood type or cross match incompatibility.  Our model is based on a paired donation program (KPD), which matches two or more live donor-recipient pairs, maximizing the number of  blood type compatible matches. 

Our model uses integer programming and is based on a transportation network of live donor’s kidneys to recipients.  Our model uses Gentry’s simulation results to determine the blood type distribution for the individuals on the waiting list and their willing donors.  Using excel solver, we maximized the number of blood type compatible matches.

The results of our model indicate that of the kidney patients who have a willing but incompatible donor, approximately 69% of those would be matched to a compatible blood type live donor by participating in a KPD program.   The results also indicate that recipients with O blood type are at a significant disadvantage compared to the other blood types.  Based on our model, 47% of the recipients with blood type O, who participate in a KPD program, would be matched to a blood type compatible live donor, while 100% of those with a blood type other than O would be matched to a blood type compatible live door.

Introduction

In 2008, the number of individuals in the United States on the wait list to receive a kidney transplant surpassed 78,000.   Unfortunately, there are many more patients joining the waiting list for deceased kidney transplantation than there are organs available each year.  This has led to longer waiting times and more deaths among wait-listed candidates.  The current death rate for those waiting for a kidney transplant exceeds 4,000 per year, and the wait time for a kidney is three to seven years.  Per the Organ Procurement and Transplantation Network (OPTN), a regionalized network for organ distribution, the number of patients on the national kidney waiting list has increased from 22,063 in 1992 to 51,144 in 2001 (132%), whereas the number of kidney waiting list deaths has increased from 1,077 to 2,918 in those same years (171%).  Figure 1 demonstrates a dramatic increase in the demand for kidneys since 1997 while the supply of kidneys has remained somewhat constant.

Figure 1: Number of patients on the national waiting list to receive a kidney verses the number of donors (cadervic and live).  Source:  OPTM 2007Annual Report               
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The United Network of Organ Sharing (UNOS) determines the allocation practices for cadaveric kidneys.  Cadaveric kidneys are allocated based on waiting time and certain medical criteria.  In the cases of live donor kidneys, the wishes of the donor are considered.  Often, a live donor wishes for their loved one to receive their donated kidney.  However, several live donors willing to donate a kidney to a loved one are unable to due to blood type or cross match incompatibility, resulting in approximately 4,000 of those patients joining the list waiting for a cadaveric kidney.   There is a significant difference between a kidney from a live donor and a kidney from a deceased donor as shown in figure 2.

Figure 2:  Survival rate comparison of transplanted kidneys from live donors and deceased donors:

	
	1 yr
	2 yrs
	5 yrs
	10 yrs

	Transplant from   cadaver:
	93.7%
	91.6%
	80.6%
	58.9%

	Transplant from live donor:
	97.6%
	96.4%
	90.4%
	77.8%


The live donor kidney is preferred because the half-life of a deceased donor kidney is significantly shorter, when compared to a live donor kidney.  Moreover, when a live donor’s kidney is transplanted, it prevents an additional patient from entering the waiting list.
Our model provides a solution for those who have a willing but incompatible donor and also for those who have a willing donor who may be less than a perfect match.  Our model is based on a kidney paired donation program (KPD), which matches two or more incompatible donor-recipient pairs, optimizing the quality of matches.  The objective of our model is to maximize the number of kidney transplants. Transplanting recipients with kidneys from live donors increases the life span of the transplanted kidney.  Our model uses blood type to determine donor/recipient compatibility.
Donors with blood type O make up 46% of the population can donate to all recipients.  Donors with blood type A make up 34% of the population and can donate to recipients with blood type A and blood type AB.  Donors with blood type B make up 16% of the population and can donate to recipients with blood type B and blood type AB.  Donors with blood type AB make up 4% of the population and can donate only to recipients with blood type AB.   Recipients with blood type O are at a disadvantage because they can only accept from a donor who has O blood type.  Recipients with blood type AB are at an advantage because they can accept a kidney from all donors.
For our model we used data from Segev, Gentry, and Warren’s model, titled “Kidney Paired Donation and Optimizing the Use of Live Donor Organs,”   

Literature Review

Lisa Maillart’s model titled, “Optimal Multiple Listing Strategies for Liver Transplant Patients,” optimizes a patient’s option to join more than one waiting list.   Maillart’s model is based on current practices for allocation of liver and takes advantage of the fact that the majority of those on a waiting list are on a single local waiting list.   The model strongly indicates an improvement on the life expectancy of a transplanted liver when the pool to choose from is expanded to more than one waiting list.  However, Maillart’s model is dependant upon a minority of those on the list joining multiple lists.  If everyone joined multiple lists, it would lead to changes to the current practices for allocation of liver.  
Stefanos A. Zenios’s model titled, “Recipient Choice Can Address the Efficiency Equity 
Trade-Oﬀ in Kidney Transplantation,” calls for the definition of five distinct quality grades for kidneys.  In consultation with a physician, the patient would decide on the minimum grade of kidney he or she would be willing to accept.  Zenios’s model addresses cadaveric kidney allocation and creates a sequence of queues for kidneys of various grades.  Whenever an organ of a given grade becomes available, it is allocated to the first person in the queue for that grade.  The results of Zenios’s model indicates that an additional 10% of waiting list patients could have access to a kidney for transplant, while reducing the current number of discarded kidneys from as high as 15% down to 3%.  Zenios’s model provides us with data that predicts 884 new incompatible donor/recipient parings will occur annually.
Segev, Gentry, and Warren’s model titled, “Kidney Paired Donation and Optimizing the Use of Live Donor Organs,” is based on a national optimized matching algorithm, developed from optimization technology.  Their results, when compared with the scheme currently used, suggest that a national optimized matching algorithm would result in more transplants, improved matches, and an increased survival rate of transplanted kidneys after five years.  The results also suggest a reduction in the number of donor recipient pairs required to travel for a transplant.  Gentry’s model compares a KPD program to “first-accept” matching scheme, where local/regional databases matches the pair to the first compatible pair identified.

Gentry’s model incorporates the genetic linkage of potential related pairs, the social network of unrelated pairs, blood type distributions, blood type compatibility, and predicted rates of positive cross match.  Gentry’s model assumes that 15% of incompatible pairs will not choose a KPD program and that 750 patients could enter a KPD program annually.  Gentry’s model uses UNOS average waiting times for identifying an appropriate deceased donor to determine that there are approximately 4000 recipients with incompatible donors listed on the UNOS recipient registry who could enter a KPD program initially, and then 750 each subsequent year.  Gentry’s model indicates that 47.7% of those participating in a KPD program would receive a transplant from a living donor.

For our model, we applied Gentry’s simulated results to determine the number of pairs of incompatible pairs available initially to participate in the KPD program.  Our model also uses Gentry’s simulated results to determine the distribution of blood type among the pairs.  The data to be used in our model is shown in figure 3.

	Figure 3
	
	
	
	
	

	Pairs not compatible due to blood type or cross match incompatibility
Based on Gentry’s simulation results:

	pairs
	rO
	rA
	rB
	rAB
	Total

	dO
	657
	257
	83
	12
	1009

	dA
	1066
	429
	175
	27
	1697

	dB
	354
	174
	91
	17
	636

	dAB
	51
	107
	72
	11
	241

	Total
	2128
	967
	421
	67
	3583


Model


Our goal is to use integer programming to determine the maximum number of transplants possible for those who have an incompatible willing donor.  Our model allocates and optimizes the matches based solely on blood type.

We assigned the following parameters to be used in our model:



dO  - donor with blood type O

rO  - recipient with blood type O


         dA  -  donor with blood type A

rA  - recipient with blood type A



dB  -  donor with blood type B

rB  - recipient with blood type B

                 dAB  - donor with blood type AB           rAB  - recipient with blood type AB

                  xij = # of kidneys to send from donor type i to recipient type j
The objective function for our model is as follows:          
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    Maximize             

The constraints for our model are as follows:
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We use Gentry’s simulation results to determine the number of pairs currently available for the KPD program and the blood type distribution among the recipients and their incompatible willing donors. 

Results

Using solver in excel to maximize the number of transplants, we obtain the results as shown in 

figure 5.  Based on results of the model, the match rate for recipients with blood type O is 47%, for recipients with blood type A the match rate is 100%, for recipients with blood type B the match rate is 100%, and for recipients with blood type AB the match rate is100%.  Overall, for all blood types, the match rate is 69%.

	Figure 5
	
	
	
	
	

	The results of the integer programming model
	

	Donors
	rO
	rA
	rB
	rAB
	Total

	dO
	1009
	0
	0
	0
	 1009

	dA
	0
	967
	0
	0
	 967

	dB
	0
	0
	422
	0
	 422

	dAB
	0
	0
	0
	67
	   67

	Total
	1009
	967
	422
	67
	2465

	
	
	
	
	
	


Based on our model, recipients with O blood type are at a significant disadvantage since O blood type recipients can only receive a kidney from an O blood type donor.  If a recipient had a willing donor with blood type O, a direct donation likely had not occurred due to cross match incompatibility. Cross match incompatibility accounts for approximately 5% of the cases preventing transplant.  Gentry’s simulation resulted in a subset of potential participants in a KPD program that had more than twice as many recipients with O blood type than donors with O blood type.  Our model therefore resulted in more than 50% of the recipients with O blood type with no compatible matching donor in the pool.  Our model indicates that of the 31% of recipients that were left without a compatible blood type match, 100% of those were recipients with O blood type, as shown in 

figure 6.
	Figure 6
	
	
	
	

	Number of recipients not matched due to insufficient number of O blood type donors in KPD subset.

	        rO
	       rA
	      rB
	       rAB
	   Total

	1119
	0
	0
	0
	1119


Opportunities for further research
A significant opportunity exists to research the actual numbers of individuals on the waiting list who have a willing but incompatible donor.  The data used in our model and other previous models is based on simulations verses real data.  If UNOS were to collect and store this data, meaningful research and improvements could be made with respect to KPD programs prior to implementing a national program.

There is an opportunity to research the effects that a KDP program would have on the waiting list with respect to graft survival rate.  When one considers the significant differences in the survival rate of a kidney transplanted from a living donor verses, a deceased donor, the recipient participating in a KDP program is less likely to revisit the waiting list as soon as they would have, had they accepted a cadaver kidney.  Moreover, a national KDP program would make it possible to close the gap on the ever-increasing waiting list.  

There is the opportunity to research optimum group sizes for simultaneous surgery.  Based on our research, groups of two to five pairs would be reasonable for scheduling simultaneous transplant surgeries, considering all individuals in the group would have to healthy and able to have the surgery at the same time.   Currently, John Hopkins holds the record for a five way paired match.  The optimum number of pairs would of course depend on the transplant center.  Smaller transplant centers would be restricted in the number of pairs they could simultaneously transplant.

Research opportunities exist to determine the benefits of optimized matching if recipients and compatible donors would join a KDP program verses opting for a direct match.  If a compatible live donor has O blood type and they are planning to donate to their partner who has a blood type other than O, and their HLA match was less than perfect, by joining a KDP program there would be an opportunity to find a more desirable match for both the donor and the recipient.  Although kidney transplants can be performed even if no HLA match exists, the survival rates increase with every HLA match added.  There is a 5% chance that a patient will be matched to a donor

Finally, there is an opportunity to research the effect of changing our current organ donation opt-in policy to an opt-out policy.  Currently, for organs to be donated upon death, it must be explicitly indicated.  Even in cases where the wishes to donate organs were explicitly indicated, doctors may defer to family members wishes to override the deceased person’s wishes to donate their organs.   

Conclusions

Using Gentry’s and Zenios’s work, we were able to find reasonable data to use in our model.  Our model uses the basis of Gentry’s model which us to maximize the total number of matches by blood type compatibility.  Gentry’s model uses graphing theory and Edmond’s algorithm to optimize the number of matches while our model is based on integer programming to maximize the number of compatible matches.  Comparing the results from our model and Gentry’s model, our model resulted in a 69% match rate while Gentry’s model resulted in a 47.7% match rate using the same data.    However, our model does not take into account highly sensitized kidney patients, HLA factors, or travel restrictions, as Gentry’s model does.  This helps to explain the differences we find in our results.  Our model confirms the basis of Gentry’s model that a paired kidney donation program would result in more transplants from live donors.  
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Appendix: 

Donor-Recipient relationships utilized in Gentry’s simulation decision

Tree model, as adapted from UNOS data
____________________________________________

Relationship of donor           %

____________________________________________

Parent                                 19.7

Child                                   16.8

Sibling                                42.4

Spouse                                10.0

Unrelated                            11.2

______________________________________________

	Waitlist : ABO by Previous Transplant
	
	
	
	
	

	Current U.S. Waiting List
	
	
	
	
	

	For Organ = Kidney, Count = Candidates
	
	
	

	Based on OPTN data as of December 5, 2008
	
	
	

	 
	All ABO
	O
	A
	B
	AB

	 All Transplant
	78,096
	41,048
	22,235
	12,564
	2,249

	 Primary Transplant
	65,366
	34,765
	18,150
	10,655
	1,796

	 Repeat Transplant
	12,917
	6,390
	4,135
	1,936
	456


	Waitlist : ABO by Waiting Time
	
	
	
	

	Current U.S. Waiting List
	
	
	
	
	

	For Organ = Kidney, Count = Candidates
	
	
	

	Based on OPTN data as of December 5, 2008
	
	
	

	 
	All ABO
	O
	A
	B
	AB

	 All Time
	78,096
	41,048
	22,235
	12,564
	2,249

	 < 30 Days
	2,452
	1,196
	817
	357
	82

	 30 to < 90 Days
	5,498
	2,715
	1,807
	798
	178

	 90 Days to < 6 Months
	6,881
	3,457
	2,127
	1,050
	247

	 6 Months to < 1 Year
	12,656
	6,322
	3,890
	1,997
	447

	 1 Year to < 2 Years
	19,751
	10,367
	5,778
	3,007
	599

	 2 Years to < 3 Years
	12,649
	6,791
	3,436
	2,104
	318

	 3 Years to < 5 Years
	13,049
	7,320
	3,204
	2,257
	268

	 5 or More Years
	8,405
	4,665
	1,945
	1,609
	186

	
	
	
	
	
	

	Waitlist : Previous Transplant by Waiting Time
	

	Current U.S. Waiting List
	
	
	

	For Organ = Kidney, Count = Candidates
	

	Based on OPTN data as of December 5, 2008
	

	
	All
	Primary
	Repeat

	 
	Transplant
	Transplant
	Transplant

	 All Time
	78,096
	65,366
	12,917

	 < 30 Days
	2,452
	2,141
	311

	 30 to < 90 Days
	5,498
	4,748
	751

	 90 Days to < 6 Months
	6,881
	5,940
	946

	 6 Months to < 1 Year
	12,656
	10,896
	1,761

	 1 Year to < 2 Years
	19,751
	16,829
	2,934

	 2 Years to < 3 Years
	12,649
	10,607
	2,053

	 3 Years to < 5 Years
	13,049
	10,635
	2,425

	 5 or More Years
	8,405
	5,969
	2,463


	Organ Procurement and Transplantation Network
	
	
	

	Kidney Kaplan-Meier Median Waiting Times For Registrations Listed : 1999 - 2004
	

	Based on OPTN data as of December 5, 2008
	
	
	

	
	
	
	
	Median
	

	
	
	
	Registrations
	Waiting
	95% Confidence

	Region
	Blood Type
	Year
	Added
	Time (Days)
	Interval

	U.S.
	O
	1999-2000
	22219
	1764
	(1721, 1803)

	U.S.
	A
	1999-2000
	15485
	1085
	(1052, 1117)

	U.S.
	B
	1999-2000
	6642
	1967
	(1910, 2026)

	U.S.
	AB
	1999-2000
	1775
	597
	(542, 695)

	U.S.
	O
	2001-2002
	23222
	1833
	(1795, 1860)

	U.S.
	A
	2001-2002
	15940
	1136
	(1108, 1173)

	U.S.
	B
	2001-2002
	6885
	2033
	(1950, 2121)

	U.S.
	AB
	2001-2002
	1848
	733
	(660, 807)

	U.S.
	O
	2003-2004
	26202
	1862
	(1832, 1924)

	U.S.
	A
	2003-2004
	17775
	1208
	(1171, 1250)

	U.S.
	B
	2003-2004
	7737
	1899
	(1837, 1966)

	U.S.
	AB
	2003-2004
	2006
	855
	(777, 916)


	 

	Removal From Waiting List
	To Date
	2008
	2007
	2006
	2005
	2004
	2003

	 All Removal Reason
	293,143
	21,597
	28,271
	29,008
	26,240
	23,757
	22,158

	 Transplanted elsewhere
	18,260
	1,562
	1,964
	1,804
	1,736
	1,581
	1,305

	 Living Donor Transplant
	45,706
	3,588
	4,625
	4,742
	4,606
	4,394
	3,975

	 Deceased Donor Emergency Tx
	118
	3
	1
	6
	12
	12
	13

	 Deceased Donor Multi-Organ Tx
	468
	1
	5
	19
	18
	27
	34

	 Patient died during TX procedure
	3
	0
	2
	0
	0
	1
	0

	 Waiting for KP; Not accepting Isol Organ
	238
	9
	40
	18
	15
	9
	11

	 Also Waiting for KP; recvd KP
	4,475
	332
	479
	534
	503
	506
	491

	 Cadaveric Transplant
	120,489
	7,935
	10,578
	10,625
	9,870
	9,306
	8,614

	 Also Waiting for KP; recvd Pancreas Alon
	66
	3
	2
	5
	3
	8
	7

	 Medically Unsuitable
	286
	0
	1
	0
	2
	13
	8

	 Refused transplant
	2,837
	228
	296
	342
	253
	216
	237

	 Transferred to another center
	13,996
	1,048
	1,553
	2,880
	1,283
	955
	921

	 Died
	47,692
	3,174
	4,672
	4,663
	4,415
	4,258
	4,035

	 Other
	24,913
	2,350
	2,550
	2,065
	2,345
	1,463
	1,516

	 Condition Improved
	1,102
	130
	147
	109
	96
	97
	74

	 Too Sick to Transplant
	12,494
	1,234
	1,356
	1,196
	1,083
	911
	917


	Transplant : ABO by Transplant Year, Previous Transplant, Donor Type (as of 12/5/08)
	
	
	

	
	
	
	
	
	
	
	
	

	 
	 
	
	All ABO
	O
	A
	B
	AB
	Unknown

	 To Date
	 All Transplant
	 All Donor Types
	263,121
	118,326
	100,088
	32,496
	12,191
	20

	 
	 
	 Deceased Donor
	172,063
	77,131
	65,144
	20,999
	8,786
	3

	 
	 
	 Living Donor
	91,058
	41,195
	34,944
	11,497
	3,405
	17

	 
	 Primary Transplant
	 All Donor Types
	229,794
	103,811
	86,467
	29,018
	10,479
	19

	 
	 
	 Deceased Donor
	147,761
	66,528
	55,218
	18,555
	7,458
	2

	 
	 
	 Living Donor
	82,033
	37,283
	31,249
	10,463
	3,021
	17

	 
	 Repeat Transplant
	 All Donor Types
	33,327
	14,515
	13,621
	3,478
	1,712
	1

	 
	 
	 Deceased Donor
	24,302
	10,603
	9,926
	2,444
	1,328
	1

	 
	 
	 Living Donor
	9,025
	3,912
	3,695
	1,034
	384
	0

	2008
	 All Transplant
	 All Donor Types
	12,345
	5,447
	4,618
	1,687
	593
	0

	 
	 
	 Deceased Donor
	7,940
	3,462
	2,940
	1,119
	419
	0

	 
	 
	 Living Donor
	4,405
	1,985
	1,678
	568
	174
	0

	 
	 Primary Transplant
	 All Donor Types
	11,056
	4,883
	4,085
	1,564
	524
	0

	 
	 
	 Deceased Donor
	7,072
	3,071
	2,573
	1,053
	375
	0

	 
	 
	 Living Donor
	3,984
	1,812
	1,512
	511
	149
	0

	 
	 Repeat Transplant
	 All Donor Types
	1,289
	564
	533
	123
	69
	0

	 
	 
	 Deceased Donor
	868
	391
	367
	66
	44
	0

	 
	 
	 Living Donor
	421
	173
	166
	57
	25
	0

	2007
	 All Transplant
	 All Donor Types
	16,628
	7,603
	6,117
	2,081
	827
	0

	 
	 
	 Deceased Donor
	10,587
	4,906
	3,779
	1,324
	578
	0

	 
	 
	 Living Donor
	6,041
	2,697
	2,338
	757
	249
	0

	 
	 Primary Transplant
	 All Donor Types
	14,841
	6,849
	5,377
	1,891
	724
	0

	 
	 
	 Deceased Donor
	9,375
	4,391
	3,290
	1,193
	501
	0

	 
	 
	 Living Donor
	5,466
	2,458
	2,087
	698
	223
	0

	 
	 Repeat Transplant
	 All Donor Types
	1,787
	754
	740
	190
	103
	0

	 
	 
	 Deceased Donor
	1,212
	515
	489
	131
	77
	0

	 
	 
	 Living Donor
	575
	239
	251
	59
	26
	0

	2006
	 All Transplant
	 All Donor Types
	17,091
	7,661
	6,354
	2,255
	821
	0

	 
	 
	 Deceased Donor
	10,659
	4,795
	3,869
	1,415
	580
	0

	 
	 
	 Living Donor
	6,432
	2,866
	2,485
	840
	241
	0

	 
	 Primary Transplant
	 All Donor Types
	15,149
	6,817
	5,583
	2,037
	712
	0

	 
	 
	 Deceased Donor
	9,352
	4,217
	3,363
	1,277
	495
	0

	 
	 
	 Living Donor
	5,797
	2,600
	2,220
	760
	217
	0

	 
	 Repeat Transplant
	 All Donor Types
	1,942
	844
	771
	218
	109
	0

	 
	 
	 Deceased Donor
	1,307
	578
	506
	138
	85
	0

	 
	 
	 Living Donor
	635
	266
	265
	80
	24
	0

	2005
	 All Transplant
	 All Donor Types
	16,482
	7,404
	6,187
	2,121
	770
	0

	 
	 
	 Deceased Donor
	9,913
	4,459
	3,656
	1,266
	532
	0

	 
	 
	 Living Donor
	6,569
	2,945
	2,531
	855
	238
	0

	 
	 Primary Transplant
	 All Donor Types
	14,621
	6,578
	5,450
	1,916
	677
	0

	 
	 
	 Deceased Donor
	8,721
	3,931
	3,187
	1,140
	463
	0

	 
	 
	 Living Donor
	5,900
	2,647
	2,263
	776
	214
	0

	 
	 Repeat Transplant
	 All Donor Types
	1,861
	826
	737
	205
	93
	0

	 
	 
	 Deceased Donor
	1,192
	528
	469
	126
	69
	0

	 
	 
	 Living Donor
	669
	298
	268
	79
	24
	0

	2004
	 All Transplant
	 All Donor Types
	16,004
	7,312
	5,929
	2,063
	700
	0

	 
	 
	 Deceased Donor
	9,357
	4,266
	3,416
	1,230
	445
	0

	 
	 
	 Living Donor
	6,647
	3,046
	2,513
	833
	255
	0

	 
	 Primary Transplant
	 All Donor Types
	14,152
	6,427
	5,224
	1,884
	617
	0

	 
	 
	 Deceased Donor
	8,148
	3,677
	2,966
	1,116
	389
	0

	 
	 
	 Living Donor
	6,004
	2,750
	2,258
	768
	228
	0

	 
	 Repeat Transplant
	 All Donor Types
	1,852
	885
	705
	179
	83
	0

	 
	 
	 Deceased Donor
	1,209
	589
	450
	114
	56
	0

	 
	 
	 Living Donor
	643
	296
	255
	65
	27
	0

	2003
	 All Transplant
	 All Donor Types
	15,137
	6,949
	5,633
	1,887
	668
	0

	 
	 
	 Deceased Donor
	8,667
	4,012
	3,203
	1,023
	429
	0

	 
	 
	 Living Donor
	6,470
	2,937
	2,430
	864
	239
	0

	 
	 Primary Transplant
	 All Donor Types
	13,383
	6,142
	4,956
	1,716
	569
	0

	 
	 
	 Deceased Donor
	7,601
	3,515
	2,789
	938
	359
	0

	 
	 
	 Living Donor
	5,782
	2,627
	2,167
	778
	210
	0

	 
	 Repeat Transplant
	 All Donor Types
	1,754
	807
	677
	171
	99
	0

	 
	 
	 Deceased Donor
	1,066
	497
	414
	85
	70
	0

	 
	 
	 Living Donor
	688
	310
	263
	86
	29
	0

	2002
	 All Transplant
	 All Donor Types
	14,779
	6,631
	5,608
	1,847
	693
	0

	 
	 
	 Deceased Donor
	8,539
	3,764
	3,277
	1,039
	459
	0

	 
	 
	 Living Donor
	6,240
	2,867
	2,331
	808
	234
	0

	 
	 Primary Transplant
	 All Donor Types
	13,069
	5,901
	4,910
	1,656
	602
	0

	 
	 
	 Deceased Donor
	7,457
	3,296
	2,841
	924
	396
	0

	 
	 
	 Living Donor
	5,612
	2,605
	2,069
	732
	206
	0

	 
	 Repeat Transplant
	 All Donor Types
	1,710
	730
	698
	191
	91
	0

	 
	 
	 Deceased Donor
	1,082
	468
	436
	115
	63
	0

	 
	 
	 Living Donor
	628
	262
	262
	76
	28
	0

	2001
	 All Transplant
	 All Donor Types
	14,268
	6,396
	5,461
	1,744
	667
	0

	 
	 
	 Deceased Donor
	8,233
	3,619
	3,173
	991
	450
	0

	 
	 
	 Living Donor
	6,035
	2,777
	2,288
	753
	217
	0

	 
	 Primary Transplant
	 All Donor Types
	12,593
	5,638
	4,805
	1,563
	587
	0

	 
	 
	 Deceased Donor
	7,172
	3,144
	2,778
	859
	391
	0

	 
	 
	 Living Donor
	5,421
	2,494
	2,027
	704
	196
	0

	 
	 Repeat Transplant
	 All Donor Types
	1,675
	758
	656
	181
	80
	0

	 
	 
	 Deceased Donor
	1,061
	475
	395
	132
	59
	0

	 
	 
	 Living Donor
	614
	283
	261
	49
	21
	0

	2000
	 All Transplant
	 All Donor Types
	13,613
	6,120
	5,208
	1,660
	625
	0

	 
	 
	 Deceased Donor
	8,124
	3,600
	3,139
	966
	419
	0

	 
	 
	 Living Donor
	5,489
	2,520
	2,069
	694
	206
	0

	 
	 Primary Transplant
	 All Donor Types
	11,995
	5,415
	4,546
	1,479
	555
	0

	 
	 
	 Deceased Donor
	6,992
	3,111
	2,675
	840
	366
	0

	 
	 
	 Living Donor
	5,003
	2,304
	1,871
	639
	189
	0

	 
	 Repeat Transplant
	 All Donor Types
	1,618
	705
	662
	181
	70
	0

	 
	 
	 Deceased Donor
	1,132
	489
	464
	126
	53
	0

	 
	 
	 Living Donor
	486
	216
	198
	55
	17
	0

	1999
	 All Transplant
	 All Donor Types
	12,760
	5,539
	4,922
	1,663
	634
	2

	 
	 
	 Deceased Donor
	8,043
	3,444
	3,089
	1,044
	466
	0

	 
	 
	 Living Donor
	4,717
	2,095
	1,833
	619
	168
	2

	 
	 Primary Transplant
	 All Donor Types
	11,356
	4,965
	4,347
	1,489
	553
	2

	 
	 
	 Deceased Donor
	7,042
	3,047
	2,679
	916
	400
	0

	 
	 
	 Living Donor
	4,314
	1,918
	1,668
	573
	153
	2

	 
	 Repeat Transplant
	 All Donor Types
	1,404
	574
	575
	174
	81
	0

	 
	 
	 Deceased Donor
	1,001
	397
	410
	128
	66
	0

	 
	 
	 Living Donor
	403
	177
	165
	46
	15
	0

	1998
	 All Transplant
	 All Donor Types
	12,452
	5,546
	4,767
	1,566
	569
	4

	 
	 
	 Deceased Donor
	8,032
	3,549
	3,094
	1,007
	382
	0

	 
	 
	 Living Donor
	4,420
	1,997
	1,673
	559
	187
	4

	 
	 Primary Transplant
	 All Donor Types
	11,019
	4,933
	4,140
	1,434
	508
	4

	 
	 
	 Deceased Donor
	6,971
	3,090
	2,628
	910
	343
	0

	 
	 
	 Living Donor
	4,048
	1,843
	1,512
	524
	165
	4

	 
	 Repeat Transplant
	 All Donor Types
	1,433
	613
	627
	132
	61
	0

	 
	 
	 Deceased Donor
	1,061
	459
	466
	97
	39
	0

	 
	 
	 Living Donor
	372
	154
	161
	35
	22
	0

	1997
	 All Transplant
	 All Donor Types
	11,703
	5,137
	4,585
	1,456
	525
	0

	 
	 
	 Deceased Donor
	7,774
	3,421
	3,003
	961
	389
	0

	 
	 
	 Living Donor
	3,929
	1,716
	1,582
	495
	136
	0

	 
	 Primary Transplant
	 All Donor Types
	10,347
	4,581
	4,005
	1,299
	462
	0

	 
	 
	 Deceased Donor
	6,737
	2,989
	2,561
	850
	337
	0

	 
	 
	 Living Donor
	3,610
	1,592
	1,444
	449
	125
	0

	 
	 Repeat Transplant
	 All Donor Types
	1,356
	556
	580
	157
	63
	0

	 
	 
	 Deceased Donor
	1,037
	432
	442
	111
	52
	0

	 
	 
	 Living Donor
	319
	124
	138
	46
	11
	0

	1996
	 All Transplant
	 All Donor Types
	11,403
	5,075
	4,468
	1,322
	538
	0

	 
	 
	 Deceased Donor
	7,730
	3,387
	3,072
	843
	428
	0

	 
	 
	 Living Donor
	3,673
	1,688
	1,396
	479
	110
	0

	 
	 Primary Transplant
	 All Donor Types
	10,085
	4,499
	3,914
	1,207
	465
	0

	 
	 
	 Deceased Donor
	6,721
	2,941
	2,646
	763
	371
	0

	 
	 
	 Living Donor
	3,364
	1,558
	1,268
	444
	94
	0

	 
	 Repeat Transplant
	 All Donor Types
	1,318
	576
	554
	115
	73
	0
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