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THE NUMBER OF PATIENTS WAIT-
ing for a kidney transplant con-
tinues to grow at an alarming
pace1 and any significant gains

in closing the gap between organ sup-
ply and demand are likely to come from
the increased use of live donors. The 2
most significant barriers to greater use
of live donors are blood type incom-
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Context First proposed 2 decades ago, live kidney paired donation (KPD) was con-
sidered a promising new approach to addressing the shortage of organs for transplan-
tation. Ethical, administrative, and logistical barriers initially proved formidable and pre-
vented the implementation of KPD programs in the United States.

Objective To determine the feasibility and effectiveness of KPD for the manage-
ment of patients with incompatible donors.

Design, Setting, and Patients Prospective series of paired donations matched and
transplanted from a pool of blood type or crossmatch incompatible donors and re-
cipients with end-stage renal disease (6 conventional and 4 unconventional KPD trans-
plants) at a US tertiary referral center (between June 2001 and November 2004) with
expertise in performing transplants in patients with high immunologic risk.

Intervention Kidney paired donation and live donor renal transplantation.

Main Outcome Measures Patient survival, graft survival, serum creatinine levels,
rejection episodes.

Results A total of 22 patients received transplants through 10 paired donations in-
cluding 2 triple exchanges at Johns Hopkins Hospital. At a median follow-up of 13
months (range, 1-42 months), the patient survival rate was 100% and the graft sur-
vival rate was 95.5%. Twenty-one of the 22 patients have functioning grafts with a
median 6-month serum creatinine level of 1.2 mg/dL (range, 0.8-1.8 mg/dL) (106.1
µmol/L [range, 70.7-159.1 µmol/L]). There were no instances of antibody-mediated
rejection despite the inclusion of 5 patients who were highly sensitized to HLA anti-
gens due to previous exposure to foreign tissue. Four patients developed acute cel-
lular rejection (18%).

Conclusions This series of patients who received transplants from a single-center
KPD pool provides evidence that recipients with incompatible live donors, even those
with rare blood type combinations or high degrees of HLA antigen sensitization, can
receive transplants through KPD with graft survival rates that appear to be equivalent
to directed, compatible live donor transplants. If these results can be generalized, broader
availability of KPD to the estimated 6000 patients with incompatible donors could re-
sult in a large expansion of the donor pool.
JAMA. 2005;294:1655-1663 www.jama.com
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patibility and HLA antigen sensitiza-
tion. Based on blood group frequen-
cies in the United States, there is a 36%
probability that any 2 individuals will
be blood type incompatible, eliminat-
ing up to one third of the potential live
donor pool.2,3 In about 30% of the pa-
tients on the deceased donor waiting
list, HLA antigen sensitization is pres-
ent due to exposure to foreign tissue in
the form of previous transplants, preg-
nancies, or blood transfusions. Ap-
proximately 7000 of these patients have
a wide breadth of response to com-
mon HLA antigens as measured by a
panel reactive antibody (PRA) assay and
are described as being highly sensi-
tized (PRA �80%).1 Patients who are
highly sensitized are likely to have a
positive crossmatch with any given do-
nor, which would indicate that they
harbor cytotoxic antibodies against the
donor that can result in an immediate,
irreversible hyperacute or acute anti-
body-mediated rejection (AMR).4-6

Successful protocols for enabling in-
compatible transplants by removing or
neutralizing blood group or HLA-
specific antibodies with plasmapher-
esis and intravenous immunoglobulin
(desensitization) are being performed
at several specialized centers but these
procedures are expensive, labor inten-
sive, and have a variable response
rate.7-12 An alternative strategy is kid-
ney paired donation (KPD) transplan-
tation. In KPD transplants, incompat-
ible donor/recipient pairs exchange
kidneys so that each recipient receives
a compatible organ.

In this study, we present the results
of our single-institution experience with
22 patients involved in 10 live KPD
transplants. The KPD transplant rep-
resents a cost savings compared with
desensitization, which in its own right
is significantly less costly than if an in-
dividual continues to undergo dialy-
sis.13 While logistically challenging, a
broader implementation of KPD on a
regional or national scale could pro-
vide compatible organs for a substan-
tial number of the estimated 6000 pa-
tients on the waiting list who currently
have incompatible donors.13-16

METHODS
Study Group
The KPD protocol was approved by the
ethics committee and legal office at
Johns Hopkins University, Baltimore,
Md. All operations for each KPD trans-
plant were performed simultaneously
to reduce the possibility that 1 opera-
tion would need to be aborted while the
others were completed. All partici-
pants agreed to the uncertainties in-
herent in a kidney donor exchange and
to remain anonymous to each other un-
til after the operation. Johns Hopkins
Hospital is a referral center for pa-
tients with blood type and HLA anti-
gen incompatibilities. All patients were
given the option of entering the KPD
pool. However, some of the patients
with barriers that were more ame-
nable to desensitization received trans-
plants successfully under a regimen of
plasmapheresis and intravenous im-
munoglobulin. Thus, patients who were
more difficult to match because of their
blood types or broad HLA antigen re-
activity were overrepresented in our
KPD pool, reducing the overall num-
ber of possible matches. Race/
ethnicity of the patients was recorded
by the attending physician or nurse.

Immunosuppression

Twenty recipients received 0.1 mg/kg
of tacrolimus daily (Prograf, Fujisawa
Healthcare Inc, Deerfield, Ill), 2 g of
mycophenolate mofetil administered
in twice daily divided doses (Cellcept,
Hoffmann-La Roche Inc, Nutley, NJ),
and 500 mg of methylprednisolone
intraoperatively and then 125 mg every
6 hours for 6 doses, followed by 20 mg
of prednisone daily beginning on the
day of transplantation. In addition, 8
patients who were considered to be at
higher risk for rejection (received pre-
vious transplants and/or patients with
high PRAs) also received induction
therapy with 2 mg/kg of daclizumab
prior to reperfusion and then 1 mg/kg
every other week for 5 total doses
(Zenapax, Hoffman-La Roche Inc).
The target serum levels for tacrolimus
were 8 to 10 ng/dL. The prednisone
was rapidly tapered so that by 6

months most patients were taking 5
mg/d. Unconventional KPD patients 2
and 9 were given sirolimus daily
(Rapamune, Wyeth Pharmaceuticals,
Madison, NJ) due to complications
associated with tacrolimus during pre-
vious transplants.

Plasmapheresis/Cytomegalovirus
Immunoglobulin Preconditioning
Protocol

One patient (unconventional KPD pa-
tient 8) received plasmapheresis us-
ing a COBE Spectra (Gambro BCT,
Lakewood, Colo) as previously de-
scribed.9 This was a fourth transplant
for this patient and 2 of his previous
grafts were lost in the first week after
transplantation due to severe AMR. A
splenectomy was performed 11 days
prior to transplantation and a single
dose of anti-CD20 monoclonal
antibody (375 mg/m2 of rituximab
[Rituxan], Genentech Inc, San Fran-
cisco, Calif ) was administered 1 day
prior to transplantation.

Diagnosis and Treatment
of Rejection

Recipients underwent percutaneous re-
nal transplant biopsy for clinical sus-
picion of acute rejection based on a de-
cline in renal function. Standard Banff
criteria17,18 for acute cellular and acute
AMR were used for diagnosis. Patients
with acute cellular rejection were
treated with 100 mg/d of dexametha-
sone for 3 days and then a steroid taper
or 1.5 mg/kg per day of antithymocyte
globulin for 7 days (Genzyme, Cam-
bridge, Mass). There were no cases of
AMR.

Antibody Testing

Isoagglutinin titers were determined by
doubling dilutions of serum using
standard serological techniques.10

Crossmatch techniques, including anti–
human globulin-enhanced lymphocy-
totoxicity crossmatch with T cells, one
wash for lymphocytotoxicity with B
cells, and flow cytometry with T and B
cells were performed as previously
described.19 When present, anti-HLA
antigen class I and class II donor-
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specific antibody were identified by en-
zyme-linked immunosorbent assay us-
ing soluble HLA antigens as targets
(GTI Quik-ID and GTI Quik-ID Class
II; GTI Diagnostics, Waukesha, Wis).
All titers for donor-specific antibody
represent IgG antibodies.

Statistical Analysis

Probability calculations of highly sen-
sitized patients receiving a kidney from
the deceased donor pool were per-
formed using a previously published al-
gorithm.20 The probability of finding an
acceptable donor was calculated as the
frequency of donors with an accept-
able blood type (column 2, TABLE 1),
multiplied by the frequency of donors

with an acceptable maternal haplo-
type, multiplied by the frequency of do-
nors with an acceptable paternal hap-
lotype. To calculate the frequency of an
acceptable maternal or paternal haplo-
type (column 5, Table 1), the summed
allele frequencies of each unaccept-
able antigen were subtracted from 1
(column 3, Table 1). However, during
this process, frequencies of haplo-
types bearing 2 or more unacceptable
antigens (column 4, Table 1) would be
subtracted twice because an indi-
vidual may carry unacceptable anti-
gens encoded by more than 1 locus.
Therefore, these frequencies were added
back to the equation (column 5,
Table 1).

RESULTS
Between June 2001 and November
2004, 6 conventional and 4 unconven-
tional KPD transplants were per-
formed (FIGURE 1). The term conven-
tional is applied to KPD transplants in
which a blood type A and B donor/
recipient is matched to a pair with the
opposite incompatibility. In an uncon-
ventional KPD, recipients with blood
type O can participate and derive mu-
tual benefit, overcoming incompatibili-
ties of blood type and positive cross-
match or positive crossmatch alone.

Eight of the KPD transplants, includ-
ing all 6 conventional and 2 unconven-
tional, involved 2 donor/recipient pairs,
while 2 unconventional KPD trans-

Table 1. Calculated Probability of 3 Highly Sensitized Patients Receiving a Kidney From the Deceased Donor Pool

Patient
No.*

Frequency

Final Probability†
Acceptable

Blood Types
Unacceptable

Alleles
Incompatible
Haplotypes

Acceptable Maternal or Paternal
Haplotype

U8 O = 0.4476 DR5 = 0.1111 DQ3 haplotypes bearing
DR5, DR10, or DR53
= 0.085

(1 − 0.1111 − 0.0082 − 0.3084 − 0.401
� 0.085) = 0.2563

0.4476 � 0.2563 � 0.2563
= 0.0294

DR10 = 0.0082

DR53 = 0.3084

DQ3 = 0.401

U9 O = 0.4476 A2 = 0.2895 Bw4 haplotypes bearing
A2, A28, A9, A25, or
A32 = 0.1752

(1 − 0.2895 − 0.0423 − 0.1038 − 0.01956
− 0.03651 −0.4105 � 0.1752) = 0.2730

0.4476 � 0.2730 � 0.2730
= 0.0334

A28 = 0.0423

A9 = 0.1038

A25 = 0.01956

A32 = 0.03651

Bw4 = 0.4105

U10 A or O = 0.8538 A1 = 0.1591 (1 − 0.1591 − 0.2895 − 0.1038 − 0.00039
− 0.1532 −0.06434 − 0.00417
− 0.04177 − 0.1511 − 0.12852
− 0.0893 − 0.0971 � 0.3791) = 0.0969

0.8538 � 0.0969 � 0.0969
= 0.0080

A2 = 0.2895 All 96 haplotypes bearing
combinations of
unacceptable alleles
= 0.3791

A9 = 0.1038

A36 = 0.00039

B12 = 0.1532

B62 = 0.06434

B63 = 0.00417

B27 = 0.04177

DR2 = 0.1511

DR7 = 0.12852

DR11 = 0.0893

DR13 = 0.0971
*The “U” indicates unconventional paired donation.
†Calculated as frequency of acceptable blood type (column 2) multiplied by frequency of acceptable maternal haplotype (column 5) multiplied by frequency of acceptable paternal

haplotype (column 5).
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plants included 3 donor/recipient pairs
each. The KPD transplants were per-
formed to avoid blood group incom-
patibility (14 patients), eliminate a posi-
tive crossmatch (4 patients), improve
HLA antigen matching (1 patient who
participated in KPD primarily for al-
truistic reasons), avoid HLA antigens
shared with a previous transplant re-
cipient (2 patients), or reduce the
amount of donor-specific anti-HLA an-
tigen antibody (estimated by the
strength of crossmatch reactivity) to a
level that could be easily removed by
plasmapheresis (1 patient). In the cases
of 4 patients with a positive cross-
match, extremely high titers of donor-
specific antibody (dilution �1:1024)
rendered desensitization using plasma-
pheresis unfeasible based on our expe-

rience (R.A.M. et al, unpublished data,
2005). Of the 4 patients, 3 were highly
sensitized (PRA �80%).

Twenty-one of 22 recipients ulti-
mately received a blood type compat-
ible, negative-flow cytometric cross-
match organ transplant. One patient
(unconventional KPD patient 8, PRA=
100%), whose cytotoxic crossmatch
with the intended donor had a titer of
greater than 1024, had a much lower
level of anti-HLA antigen antibody (ti-
ter=4) with his exchange donor but
required some pretransplant desensi-
tization treatments. Patient character-
istics for all KPD exchanges appear in
TABLE 2. The median number of HLA
antigen mismatches was the same be-
tween the intended donor and the
paired donor. However, 5 of the 22 pa-

tients had PRAs higher than 80% and
were matched on the basis of avoiding
unacceptable antigens.

Outcomes and renal function are
summarized in TABLE 3. One graft (con-
ventional KPD patient 1) was lost on
the night of surgery due to renal vein
thrombosis after the kidney had sus-
tained an injury to the hilar portion of
the vein during the laparoscopic do-
nor nephrectomy. Four patients devel-
oped acute cellular rejection (18%) and
all have responded to a steroid pulse or
antithymocyte globulin treatment. At
a median follow-up of 13 months
(range, 1-42 months), the patient sur-
vival rate was 100%. Twenty-one of the
22 patients currently have function-
ing grafts (95.5%) with a median
6-month serum creatinine level of 1.2
mg/dL (range, 0.8-1.8 mg/dL) (106.1
µmol/L [range, 70.7-159.1 µmol/L]).
Convent iona l KPD pat i en t 9
(PRA=73%) was the only recipient of
a conventional KPD transplant that had
a PRA of higher than 10%. However, the
median peak PRA of the unconven-
tional KPD transplant cohort was 54.5%
(range, 0%-100%) and 5 of the 10 pa-
tients had a PRA of higher than 80%.
Despite constituting a higher immu-
nologic risk group, recipients of an un-
conventional KPD transplant con-
tinue to display excellent graft function
with a median 6-month serum creati-
nine level of 1.4 mg/dL (range, 0.8-1.8
mg/dL) (123.8 µmol/L [range, 70.7-
159.1 µmol/L]). There were no epi-
sodes of hyperacute or acute AMR.

The complexity and potential ben-
efits of an unconventional KPD trans-
plant are demonstrated by the triple ex-
change illustrated in FIGURE 2. All 3
patients in the exchange had high lev-
els of donor-specific antibody (titer
�1024) on a cytotoxic crossmatch with
their intended donor. Furthermore,
based on blood type and HLA antigen
antibody reactivity, we calculated the
probability of finding a suitable donor
in the deceased donor pool was 0.029
for unconventional KPD patient 8,
0.033 for unconventional KPD pa-
tient 9, and 0.008 for unconventional
KPD patient 10 (Table 1).

Figure 1. Depictions of Kidney Paired Donations

Conventional Kidney Paired Donation

Positive Crossmatch

Matched Pairing

Intended Pairs

Blood Type Incompatible

Unconventional Kidney Paired Donation

Donor Recipient

Blood
Type A

Blood
Type B

Blood
Type B

Blood
Type A

Donor Recipient

Blood
Type A

Blood
Type O

Blood
Type O

Blood
Type A

In a conventional paired donation, 2 donor/ 
recipient pairs who are blood type incompat-
ible exchange donors such that both resulting 
transplants are compatible. Conventional 
paired donations are limited to donors and 
recipients with blood types A and B.

In an unconventional paired donation, match-
ing is expanded to include donor/recipient 
pairs who are incompatible because of a 
positive crossmatch. As a result, donors and 
recipients with blood types O and AB also are 
eligible, provided that their incompatibility is a 
positive crossmatch. Recipients exchange 
donors such that both resulting transplants are 
blood type and crossmatch compatible.
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Table 2. Patient Characteristics*

Patient No./
Sex/Age, y

Race/
Ethnicity Etiology

No. of
Failed Renal
Transplants

Prior to
Current Match Incompatibility Benefits of Match

No. of HLA Antigen
Mismatches Panel

Reactive
Antibody,

%†
Matched

Donor
Intended

Donor

Conventional Paired Donation

1/M/45 White Hypertensive
nephrosclerosis

0 ABO-I ABO-C 5 6 0

2/M/54 White Alport syndrome 0 ABO-I ABO-C 5 3 2

3/F/44 Black Diabetes mellitus 0 ABO-I ABO-C 5 3 0

4/M/66 White Unknown 0 ABO-I ABO-C 5 4 0

5/M/62 White Diabetes mellitus 0 ABO-I ABO-C 3 5 0

6/M/66 White Polycystic kidney
disease

0 ABO-I ABO-C 4 2 0

7/F/53 White Hypertensive
nephrosclerosis

1 ABO-I ABO-C 4 4 0

8/F/60 Hispanic Hypertensive
nephrosclerosis
and urinary reflux

0 ABO-I ABO-C 4 6 0

9/M/35 White Hypertensive
nephrosclerosis

1 ABO-I ABO-C 3 5 73

10/F/39 White Diabetes mellitus 1 ABO-I ABO-C 5 3 0

11/F/55 White Unknown 0 ABO-I ABO-C 5 6 6

12/M/61 White Hypertensive
nephrosclerosis

0 ABO-I ABO-C 6 6 2

Unconventional Paired Donation

1/M/31 White Polycystic kidney
disease

0 ABO-I ABO-C 5 1 33

2/F/37 White Chronic
glomerulonephritis

1 Historic positive
crossmatch,
repeat
mismatch‡

No repeat mismatch§ 1 5 99

3/M/13 White Congenital dysplasia 1 Repeat mismatch‡ No repeat mismatch§ 5 3 0

4/F/38 White Congenital disease 0 Positive
crossmatch
titer �1024 �

Negative crossmatch
with matched
donor and 1
antigen mismatch¶

1 3 50

5/F/29 Black Focal segmental
glomerulosclerosis

0 ABO-I ABO-C 4 4 42

6/F/63 White Bilateral renal cell
carcinoma

0 5 Antigen
mismatch

3 Antigen mismatch 3 5 0

7/M/44 White Unknown 0 Positive
crossmatch
titer �1024 �

Negative crossmatch
with matched
donor

4 3 82

8/M/42 White Diabetes mellitus,
hypertensive
nephrosclerosis

3 Positive
crossmatch
titer �1024 �

Low–titer-positive
crossmatch#

5 4 100

9/F/31 White Diabetes mellitus 0 Positive
crossmatch
titer �1024

Negative crossmatch 3 2 98

10/M/34 White IgA nephropathy 1 Positive
crossmatch
titer �1024

Negative crossmatch 2 5 82

Abbreviations: ABO-C, blood type compatible; ABO-I, blood type incompatible.
*For all patients, the median (range) age is 44 years (13-66 years); the median (range) number of HLA antigen mismatches for both matched donor and intended donor columns is

4 (1-6); and the median (range) panel reactive antibody is 2% (0%-100%).
†Indicates the patient’s degree of sensitization.
‡Indicates prior antibody response to an antigen seen in the current donor.
§Antigen that had caused an antibody response in the recipient in the past and was present in the intended donor is not present in the matched donor.
�Indicates the strength of the antibody response.
¶Indicates HLA antigen concordance.
#Antibody response to matched donor HLA antigen is weaker than antibody response to intended donor, indicating amenability to desensitization.
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Pair 1
Unconventional KPD patient 8 was a
42-year-old white man with blood type
A and end-stage renal disease as a re-
sult of diabetes mellitus and hyperten-
sive nephrosclerosis. He had received
3 previous kidney transplants. His first
allograft lasted 3 years. The second and
third grafts were lost during the first
week after transplant due to severe
AMR. He had spent a total of 14 years
undergoing dialysis. His stepsister, who
is blood type O, agreed to serve as the
donor for a fourth transplant but a posi-

tive cytotoxic crossmatch with a titer
greater than 1024 was identified. He had
a PRA of 100% with strong reactivity
against common HLA antigens A1, A2,
and A11. His intended donor was mis-
matched at HLA antigens A1 and A11.
Given the strength of the crossmatch, the
patient was deemed unsuitable for de-
sensitization and was offered the oppor-
tunity to participate in the KPD trans-
plant program. Although our database
of potential exchange participants cur-
rently includes 86 donors and 71 recipi-
ents, we could not identify any combi-

nation of donors and recipients that
would provide this patient with a nega-
tive crossmatch. However, he had a low
titer (dilution=1:4) positive cytotoxic
crossmatch against the intended donor
of unconventional KPD patient 10 (HLA
antigen A3), a reactivity strength ame-
nable to desensitization. Five pretrans-
plant and 9 posttransplant plasmaphe-
resis treatments were performed. He
received both splenectomy and anti-
CD20 prior to transplantation.21 The
patient eliminated his donor-specific an-
tibody and at 9 months after transplan-

Table 3. Creatinine Levels Prior to Transplantation and at 1 Week, 3 Months, and 6 Months

Patient No.
(Rejection Type

and Banff 17,18 Score)

Creatinine Level, mg/dL (µmol/L)*
Follow-up After
Transplant, moPrior to Transplantation 1 wk 3 mo 6 mo

Median (range) of all patients 13 (1-42)

mg/dL 6.5 (3.0-11.6) 1.1 (0.6-2.8) 1.1 (0.7-1.6) 1.2 (0.8-1.8)

µmol/L 574.6 (265.2-1025.4) 97.2 (53.0-247.5) 97.2 (61.9-141.4) 106.1 (70.7-159.1)

Conventional Paired Donation

1 6.4 (565.8) NA NA NA NA

2 5.8 (512.7) 1.5 (132.6) 1.3 (114.9) 1.1 (97.2) 42

3 6.5 (574.6) 1.0 (88.4) 1.0 (88.4) 1.2 (106.1) 30

4 7.5 (663.0) 2.8 (247.5) 1.1 (97.2) 1.2 (106.1) 30

5 5.1 (450.8) 1.2 (106.1) 0.8 (70.7) 1.1 (97.2) 23

6 (cellular 2A) 11.6 (1025.4) 2.2 (194.5) 1.2 (106.1) 1.4 (123.8) 23

7 3.5 (309.4) 1.2 (106.1) 1.6 (141.4) 1.5 (132.6) 6

8 7.7 (680.7) 0.9 (79.6) 0.9 (79.6) 1.0 (88.4) 6

9 8.9 (786.8) 1.0 (88.4) 1.0 (88.4) NA 4

10 3.2 (282.9) 1.1 (97.2) 1.3 (114.9) NA 4

11 3.3 (291.7) 2.8 (247.5) NA NA 1

12 5.1 (450.8) 0.9 (79.6) NA NA 1

Overall median (range) 6 (1-42)

mg/dL 6.1 (3.2-11.6) 1.2 (0.9-2.8) 1.1 (0.8-1.6) 1.2 (1.0-1.5)

µmol/L 539.24 (282.9-1025.4) 106.1 (79.6-247.5) 97.2 (70.7-141.4) 106.1 (88.4-132.6)

Unconventional Paired Donation

1 8.8 (777.9) 1.4 (123.8) 1.3 (114.9) 1.5 (132.6) 19

2 5.3 (468.5) 1.1 (97.2) 1.4 (123.8) 1.4 (123.8) 19

3 4.8 (424.3) 0.9 (79.6) 0.7 (61.9) 0.8 (70.7) 16

4 (cellular 1A) 9.3 (822.1) 1.1 (97.2) 1.1 (97.2) 1.1 (97.2) 16

5 6.0 (530.4) 0.6 (53.0) 0.8 (70.7) 1.1 (97.2) 16

6 9.8 (866.3) 0.9 (79.6) 0.9 (79.6) 1.0 (88.4) 13

7 11.5 (1016.6) 1.7 (150.3) 1.6 (141.4) 1.8 (159.1) 13

8 9.1 (804.4) 1.5 (132.6) 1.2 (106.1) 1.4 (123.8) 9

9 (cellular 1A) 3.0 (265.2) 1.6 (141.4) 1.4 (123.8) 1.5 (132.6) 9

10 (cellular 2B) 9.0 (795.6) 2.7 (238.7)‡ 1.5 (132.6) 1.7 (150.3) 9

Overall median (range) 14.5 (9-19)

mg/dL 8.9 (3.0-11.5) 1.1 (0.6-2.7) 1.2 (0.7-1.6) 1.3 (0.8-1.8)

µmol/L 786.8 (265.2-1016.6) 97.2 (53.0-238.7) 106.1 (61.9-141.4) 114.9 (70.7-159.1)
Abbreviation: NA, data not available.
*Unless otherwise indicated.
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tation had a creatinine level of 1.1 mg/dL
(97.2 µmol/L).

Pair 2
Unconventional KPD patient 9 was a
31-year-old white woman with blood
type O and end-stage renal disease sec-
ondary to type 1 diabetes mellitus. She
continued to undergo dialysis for 2
years. She had a PRA of 98% and had a
high titer positive crossmatch (dilu-
tion �1:1024) with her father, the in-
tended donor. Among others, the pa-
tient had antibodies to HLA antigen A2
and Bw4. She presented with 9 poten-
tial donors, all of whom had HLA an-
tigens A2 or Bw4. However, the in-
tended donor of unconventional KPD
patient 8 carried neither HLA anti-
gens A2 nor Bw4. The final flow cross-
match was negative and unconven-
tional KPD patient 9 underwent an
unremarkable transplant. She had 1A
cellular rejection and was successfully
treated with pulse steroids. At 9 months
after transplantation, she did not have
additional episodes of rejection and had
a stable serum creatinine level of 1.3
mg/dL (114.9 µmol/L).

Pair 3

Unconventional KPD patient 10 was a
34-year-old white man with blood type
O and end-stage renal disease second-
ary to IgA nephropathy. He had a pre-
vious deceased donor renal transplant
in 1985 that was lost to chronic rejec-
tion. He was highly sensitized due to his
previous transplant and multiple blood
transfusions. His PRA was 82% and he
had continued to undergo dialysis for 4
years. He had high titer antibodies
against HLA antigens DRw51, w53,
DQ1, and DQ3 and a positive cyto-
toxic crossmatch (dilution �1:1024)
with his wife, the intended donor, was
identified. However, he was identical to
the father of unconventional KPD pa-
tient 9 at the HLA class II loci and had
a negative flow crossmatch with this do-
nor. Following an unremarkable trans-
plant, the patient’s serum creatinine level
increased on day 4 and a biopsy re-
vealed a 2B cellular rejection for which
he received a course of anti–human thy-

mocyte globulin. He did not have any
additional episodes of rejection and at
9 months after transplantation had a
stable serum creatinine level of 1.7
mg/dL (150.3 µmol/L).

COMMENT
The results of 6 conventional (blood
groups A and B incompatible donor/
recipient pairs) and 4 unconventional
(2 double and 2 triple exchanges) KPD
transplants performed at a single cen-
ter were presented herein. The patient
and graft survival in this cohort was
100% and 95.5%, respectively, with a
median follow-up of 13 months. This
compares favorably with the 2001
United Network for Organ Sharing live
donor 1-year adjusted patient and graft
survival of 98.3% and 94.3%.1 For un-
conventional KPD transplants in which
the average PRA was higher than 50%,
our graft survival was 100% compared
with the US Organ Procurement and
Transplantation Network and the Sci-

entific Registry of Transplant Recipi-
ents 2004 rate of 92% for patients with
similar levels of sensitization. There was
an 18% acute cellular rejection rate and
no episodes of AMR. This compares fa-
vorably with the 30% acute cellular re-
jection rate reported by Fuller et al22 for
living unrelated transplant recipients.
Seven (32%) of the 22 recipients had
prior transplants. All patients with posi-
tive crossmatches with their intended
donors had high titer donor-specific
antibodies making them ineligible for
desensitization by our current accep-
tance criteria. Through the KPD trans-
plant program, 4 of 5 highly sensi-
tized recipients were successfully paired
with donors for whom they had no re-
activity on a flow crossmatch and re-
quired no preconditioning. The remain-
ing patient was matched with a donor
who did not have HLA molecules for
which he showed strong reactivity but
persisted with a low–titer-positive cross-
match amenable to desensitization.

Figure 2. Use of a Triple Match
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The concept of the KPD transplant
was first described by Rapaport in
1986.23 Ross et al24 provided the ethi-
cal construct for KPD transplant in
1997. Further refinements of the eth-
ics of various types of exchanges were
introduced in subsequent publica-
tions by this group.25-27 The ethical
concerns abated and barriers to imple-
mentation were administrative and lo-
gistical. Single centers did not have
enough incompatible pairs to provide
a large enough pool to generate a sig-
nificant number of matches and it be-
came clear that regional or national sys-
tems of listing and matching would be
necessary. The challenges inherent in
organizing complex cooperative pro-
grams between transplant centers (eg,
should donors travel or kidneys be
shipped) have dominated the land-
scape and as a result only 53 patients
have received a transplant through KPD
in the United States to date.1

Two types of paired donation have
been performed by our group and
others.26 In the conventional live KPD
transplant, individuals with blood
types A and B are matched with a pair
who have the opposite incompatibil-
ity. Unfortunately, this is the rarest
blood type combination and only
affects about 3% to 5% of the live
donor/recipient pairs.2

The unconventional live KPD trans-
plant, however, allows blood type O do-
nors and recipients to benefit from
paired donation. This significantly in-
creases the impact of the KPD trans-
plant on the live donor pool. In this type
of exchange, a blood type O recipient
who has a positive crossmatch or in-
compatible blood type with his/her in-
tended donor is matched with a blood
type O donor of another crossmatch in-
compatible pair. More than 2 donor/
recipient pairs can participate in this ex-
change.28 This type of KPD transplant
solves the problem of the excess of
blood type O recipients with incompa-
tiable blood type donors. It also al-
lows patients who are broadly sensi-
tized to common antigens to have the
opportunity to receive a kidney with a
negative crossmatch.

Immunologic risk varies depending
on the donor/recipient profile (repeat
HLA antigen mismatches from previ-
ous transplants or strength of cross-
match reactivity) between a sensitized
patient and the intended donor.21

Likewise, factors such as donor blood
group (A1 vs A2 or B) and recipient
blood group antibody titers define
immunologic risk for a patient under-
going desensitization for an incompat-
ible blood type transplant. When a
patient presents with an incompatible
donor, the risk of AMR and graft loss
can be estimated. In some cases, this
risk is so high that the patient would
benefit from receiving a kidney from
another donor with more favorable
HLA antigens or blood type. By elimi-
nating the requirement for a negative
crossmatch or blood type compatibil-
ity for all participants in a KPD trans-
plant, patients could be matched with
a paired donor against whom they
have lower immunologic risk and
undergo pretransplant desensitiza-
tion. We are not aware of any other
instances other than the one pre-
sented herein in which the KPD trans-
plant has been performed to facilitate
desensitization. We think this could
have a dramatic impact on the field of
desensitization, yielding better results
and lower cost of therapy.

This study demonstrates that KPD
transplants can be performed with
outcomes similar to compatible living
donor kidney transplants. The cost
savings and decrease in waiting time
that could be realized by a wider
application of this concept are sub-
stantial.14 Because the likelihood of
finding a suitable match is dependent
on the size of the pool, a national list
could enable many more trans-
plants.13,29 We estimate that about half
of the incompatible pairs could
receive transplants using a national
KPD transplant scheme with blood
type compatible, negative crossmatch
kidneys, including as many as 14% of
the highly sensitized patients.1 3

Patients unable to be matched by KPD
could undergo desensitization with
their intended donor. Those who

were not deemed acceptable for
desensitization due to high titer or
immunologic risk could participate in
a less restricted KPD search in which
a more favorable, but not completely
compatible, donor could be identified.
This single-center experience demon-
strates that KPD is feasible, successful,
and if applied to larger donor pools,
capable of expanding access to renal
transplantation.
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Reading a book is like rewriting it for yourself. . . . You
bring to . . . anything you read, all your experience of
the world. You bring your history and you read it in
your own terms.

—Angela Carter (1940-1992)
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