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BACKGROUND: The new kidney allocation systems (KAS) instituted December 2014 permitted A2 to B deceased
donor kidney transplantation (DDKTx) to improve access and reduce disparities in wait time for
minorities. A recent United Network for Organ Sharing (UNOS) analysis, however, indicated
only 4.5% of B candidates were registered for A2 kidneys. Cited barriers to A2 to B DDKTx
include titer thresholds, patient eligibility, and increased costs. There are little published data
on post-transplantation anti-A titers or outcomes of A2 to BDDKTx since this allocation change.

STUDY DESIGN: We conducted a retrospective, single center, cohort analysis of 29 consecutive A2 to B and
50 B to B DDKTx from December 2014 to December 2017. Pre- and postoperative anti-
A titers were monitored prospectively. Outcomes included post-transplant anti-A titers,
patient and graft survival, renal function, and hospital costs.

RESULTS: African Americans comprised 72% of the A2 to B and 60% of the B to B group. There was
no difference in mean wait time (58.8 vs 70.8 months). Paired tests indicated that anti-A IgG
titers in A2 to B DDKTx were increased at discharge (p ¼ 0.001) and at 4 weeks (p ¼
0.037). There were no significant differences in patient or graft survival, serum creatinine
(SCr), or estimated glomerular filtration rate (eGFR), but the trajectories of SCr and eGFR
differed between groups over the follow-up period. A2 to B had significantly higher mean
transplant total hospital costs ($114,638 vs $91,697, p < 0.001) and hospital costs net organ
acquisition costs ($42,356 vs $20,983, p < 0.001).

CONCLUSIONS: Initial experience under KAS shows comparable outcomes for A2 to B vs B to B DDKTx.
Anti-A titers increased significantly post-transplantation, but did not adversely affect out-
comes. Hospital costs were significantly higher with A2 to B DDKTx. Transplant programs,
regulators, and payors will need to weigh improved access for minorities with increased
costs. (J Am Coll Surg 2019;228:635e643. � 2019 by the American College of Surgeons.
Published by Elsevier Inc. All rights reserved.)
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Historically, blood group B candidates, the majority of
whom are minorities, have had lower kidney transplanta-
tion rates than blood group O or A candidates.1,2 Blood
subgroup ABO A2 kidneys express lower levels of A anti-
gen on the cell surface and are therefore less immunogenic
toward anti-A immunoglobulin present in blood type B
or O recipients.3,4 Previous studies have shown that select
B recipients of donor A2 kidneys have equivalent out-
comes compared with ABO compatible kidney trans-
plants.5-8 A recent multicenter study of an A2 to B
allocation variance in 5 donor service areas showed an
overall increase of 9.4% in the proportion of B recipients
receiving transplants.9

In December 2014 the United Network for Organ
Sharing (UNOS) instituted a new national Kidney Allo-
cation System (KAS) with a provision to allow centers
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Abbreviations and Acronyms

cPRA ¼ calculated panel-reactive antibody
DDKtx ¼ deceased donor kidney transplantation
DTT ¼ dithiothreitol
eGFR ¼ estimated glomerular filtration rate
KAS ¼ Kidney Allocation System
SCr ¼ serum creatinine
UNOS ¼ United Network for Organ Sharing
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to use blood group A2 kidneys for B recipients, the major-
ity of whom are African American or Hispanic, to
improve access and reduce disparities in wait time for
these minority populations. Actual terminology in the
new KAS is “non-A1/non-A1B” but “A2” is used in this
manuscript for simplicity and to be consistent with previ-
ous literature.
Eligibility criteria of B recipients for A2 donor kidneys

was left up to individual transplant centers, but previous
published data required low (<1:8) recipient IgG anti-A
titers.2,9 Despite the putative advantages, A2 to B kidney
transplantation has been underused under KAS,10,11 and
a recent UNOS analysis indicated only 4.5% of waitlisted
B candidates were registered as eligible for A2 donor kid-
neys.12 A recent analysis of the Scientific Registry of
Transplant Recipients (SRTR) database found that only
one-quarter of transplant centers had performed any A2
to B kidney transplants post-KAS.13 Cited barriers to us-
ing A2 to B transplants include concern over pre-
transplant titers and patient eligibility, as well as increased
costs.10,14 There have been few published data on out-
comes of A2 to B deceased donor kidney transplants
(DDKTx) since this allocation change, and no studies
have prospectively evaluated the relevance of anti-A titers
post-transplant.
We report a 3-year experience of A2 to B DDKTx un-

der KAS, including a prospective study of post-transplant
anti-A titers and a cost analysis comparing A2 to B with a
concurrent group of B to B DDKTx.

METHODS

Study population

This retrospective, single center, cohort analysis included
29 consecutive A2 to B and 50 B to B DDKTx at our
institution, from December 2014 to December 2017.
Eligibility for A2 to B DDKTx included at least 2 consec-
utive anti-A IgG titers < 1:8 and anti-A IgG/M titers
� 1:64. Waitlisted B candidates with pre-transplant
anti-A titers of IgG � 1:8 or IgG/M � 1:128 were not
eligible to receive A2 donors. Written informed consent
for A2 to B DDKTx was obtained at time of initial
UNOS listing for A2 to B DDKTx and again at the
time of transplant. This study protocol was approved by
the Vanderbilt University Institutional Review Board
(IRB #180388).

Measurement of titers

Anti-A titers were measured quarterly in all blood group B
waitlisted candidates pre-transplant and monitored pro-
spectively at discharge, 2 weeks, 1 month, and 3 months
post-transplant in A2 to B recipients. Anti-A1 titers were
measured in untreated serum (containing both IgG and
IgM antibodies) and dithiothreitol (DTT)-treated serum
(IgG antibodies only). The DTT pre-treatment consisted
of adding 1 part 50 mM DTT to 9 parts of serum and
incubating the mixture for 30 minutes in a 37�C water
bath. The untreated and DTT-treated sera underwent se-
rial 2-fold dilutions from 1:1 to 1:128. Fifty mL of a 3%
red blood cell suspension of A1 cells was added to 100 mL
of each dilution. The serum and cells were incubated for
30 minutes at room temperature, centrifuged at 3,400
rpm for 15 to 30 seconds, and read for agglutination (Sal-
lyanne Fossey, DCI Labs, personal communication).

Immunosuppression protocol

All A2 to B DDKTx patients received induction with
methylprednisolone 500 mg and a single intravenous
dose of alemtuzumab 30 mg intraoperatively, followed
by a 2-day solumedrol taper of 250 mg on postoperative
day 1, 125 mg on postoperative day 2, and maintenance
immunosuppression with tacrolimus, mycophenolate
mofetil, and prednisone. For anti-A titers IgG < 1:8
and IgM/G � 1:8, no additional immunosuppression
was given. If IgM/G > 1:8 but � 1:64, recipients also
received plasma exchange (PLEX) daily for 5 days begin-
ning on postoperative day 1, followed by a single dose of
intravenous immunoglobulin (IVIG) 2 g/kg and rituxi-
mab 375 mg/m2.
All B to B DDKTx received our standard immunosup-

pression protocol consisting of induction with methyl-
prednisolone and alemtuzumab and methylprednisolone
taper as described previously, and maintenance immuno-
suppression with tacrolimus and mycophenolate mofetil
for unsensitized primary transplants or tacrolimus, myco-
phenolate mofetil, and prednisone for retransplants or
sensitized patients.

Outcomes measures

The primary outcomes measures were post-transplant anti-
A titers, both IgG and IgG/M, and their change relative to
pre-transplant. Additional outcomes measures included
pre-transplant waiting time; patient and graft survival; lon-
gitudinal post-transplant serum creatinine, and estimated
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glomerular filtration rate (eGFR), calculated using the
modification of diet in renal disease study equation; the
change in anti-A IgG or IgG/M titers measured at 4 weeks;
and hospital costs. Calculation of waiting time changed un-
der KAS to begin at initiation of dialysis. Although many
patients in both groups were listed before KAS, because
calculation of waiting time changed under KAS to begin
at initiation of dialysis, we used the dialysis initiation
date for calculation of waiting times. For patients receiving
transplants before dialysis, we used the listing activation
date to calculate wait times. Change in titers at post-
transplant week 4 was computed as the difference in dilu-
tions compared with those pre-transplant.

Statistical analysis

Data were analyzed using summary statistics, parametric
or nonparametric between-group comparisons as indi-
cated by the data, and Kaplan-Meier survival methods
with log rank tests. Mixed effects models that adjusted
for kidney donor profile index (KDPI) and waiting time
(months) evaluated the effects of change in titers at
post-transplant week 4 on longitudinal renal function in
A2 to B recipients. Mixed effects models also tested the
effects of time and transplant type on longitudinal SCr
and eGFR, and whether the trajectory of renal function
differed over time on the basis of transplant type. Some
data were collected and managed using Research Elec-
tronic Data Capture (REDCap) tools hosted at Vander-
bilt University Medical Center. REDCap is a secure,
web-based application designed to support data capture
Table 1. Recipient Characteristics by Group

Characteristic B to B (n ¼ 50)

Age at transplant, y, mean (SD) 47.2 (13.8)

Sex, n (%)

Female 24 (48.0)

Male

Race, n (%)

African American 30 (60.0)

White 15 (30.0)

Asian 4 (8.0)

Other 1 (2.0)

KDPI stratum, n (%)

A (�20%) 22 (44.0)

B (21%e34%) 7 (14.0)

C (35%e85%) 17 (34.0)

D (>85%) 4 (8.0)

cPRA, mean (SD) 35 (45.2)

Antigen mismatch, n, median (IQR) 4 (3, 5)

Waiting time, mo, mean (SD) 70.8 (49.1)

cPRA, calculated panel-reactive antibody; IQR, interquartile range; KDPI, kidn
for research studies.15 Data were analyzed using IBM
SPSS statistical software (version 24).

RESULTS

Baseline characteristics

Recipient demographic and clinical characteristics are
summarized in Table 1. The A2 to B recipients were
significantly younger and had a significantly lower calcu-
lated panel-reactive antibody (cPRA) than the B to B
cohort. There was no significant difference in sex, race,
kidney donor profile index, antigen mismatch, or waiting
time. African Americans comprised 72% of the A2 to B
and 60% of the B to B group. There was no significant
between-group difference in mean wait time (58.5 vs
70.8 months, p ¼ 0.142) or follow-up time (25.9 vs
25.1 months, p¼ 0.773) for A2 to B and B to B DDKTx,
respectively.
The significantly higher cPRA in the B to B group

likely reflects the effect of another allocation change under
the new KAS, which gives priority to highly sensitized pa-
tients. Twelve B to B recipients (24%) had a cPRA of
98% to 100% compared with only 1 (3%) in the A2 to
B group (p ¼ 0.025).

Anti-A titers

Pre-transplant IgG titers ranged from 1:1 to 1:4 and pre-
transplant IgG/M titers ranged from 1:4 to 1:64. Post-
transplant IgG titers over the 3-month monitoring period
ranged from 1:1 to 1:2,048 and IgG/M titers ranged from
1:2 to 1:2,048.
A2 to B (n ¼ 29) p Value Total, (n ¼ 79)

54.0 (10.7) 0.026 49.7 (13.1)

0.098

8 (27.6) 32 (40.5)

47 (59.5)

0.337

21 (72.4) 51 (64.6)

8 (27.6) 23 (29.1)

0 (0.0) 5 (5.1)

0 (0.0) 1 (1.3)

0.327

7 (24.1) 29 (36.7)

6 (20.7) 13 (16.5)

14 (48.3) 31 (39.2)

2 (6.9) 6 (7.6)

6.6 (20.8) < 0.001 24.5 (40.4)

0.774 5 (4, 5)

58.5 (24.5) 0.142 66.4 (41.9)

ey donor profile index.



Figure 1. Anti-A titers.
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Cross-sectional anti-A titer data are summarized in
Figure 1. Paired tests indicated that anti-A IgG titers in
A2 to B DDKTx were increased at discharge (p ¼
0.001) and 4 weeks (p ¼ 0.037) vs pre-transplant, but
not at 2 weeks or 3 months. Anti-A IgG/M titers were
increased at 4 weeks (p ¼ 0.002) but not at discharge,
2 weeks, or 3 months.

Patient and graft survival

Patient follow-up time did not differ between the recip-
ient groups (p ¼ 0.773) and averaged 25.9 � 12.4 and
25.1 � 11.8 months in A2 to B and B to B recipients,
respectively. One- and 2-year patient survivals were
93% and 88% for A2 to B DDKTx vs 92% and 90%
for B to B DDKTx, respectively (Fig. 2A). One- and 2-
year graft survivals were 93% and 88% vs 92% and
87% for A2 to B vs B to B, respectively (Fig. 2B). There
was no significant difference in patient or graft survival
between the 2 recipient groups (all log rank p � 0.795).

Renal function

Cross-sectional analyses demonstrated no between-group
differences in renal function as measured either by serum
creatinine or eGFR at post-transplant years 1 through 3
(all p � 0.078) (Table 2). Longitudinal mixed effects
models of post-transplant renal function demonstrated
that the trajectories of SCr and eGFR differed between
the 2 groups (time by group interaction effects
p � 0.007), with renal function declining over the full
follow-up period among A2 to B recipients in comparison
to B to B recipients (Fig. 3).
In A2 to B DDKTx, post-transplant mean anti-A IgG

titers were significantly increased at discharge and 4
weeks, and anti-IgG/M titers were increased at 4 weeks.
The mixed effects models of longitudinal SCr and
eGFR demonstrated that, after adjusting for the effects
of time (all p � 0.0034) and kidney donor profile index
(all p � 0.001) and the nonsignificant effect of waiting
time (all p � 0.689), there was no relationship between
the change in IgG or IgG/M titers at 4 weeks and post-
transplant renal function (all p � 0.4308).

Costs

Pre-transplant anti-A titer screening added total costs of
$76,550 over the 3-year study period, excluding addi-
tional administrative and coordinator time costs. For
the transplant hospitalization, A2 to B DDKTx had
significantly higher mean total hospital costs ($114,638
vs $91,697, p < 0.001) and hospital costs net organ
acquisition costs ($42,356 vs $20,983, p < 0.001)
compared with concurrent B to B DDKTx.
DISCUSSION
The new KAS, adopted nationwide in December 2014,
gave transplant centers the option of accepting blood
group subtype A2 donor kidneys for eligible waitlisted
blood group B candidates, with the goal of reducing
disparities in access to transplants for minorities. To our
knowledge, this is the first study directly comparing
outcomes of B recipients of A2 donor kidneys with a con-
current cohort of B recipients of B donor kidneys since
instituting this allocation change. Moreover, this is the
first study to report on post-transplant monitoring of
anti-A titers and to correlate pre- and post-transplant
anti-A titers with outcomes.
Previous studies have shown that low anti-A titers are

necessary for good outcomes after A2 to B transplants
and the general consensus requires an anti-A IgG titer
threshold of �1:8 for eligibility.2,9,10 There is less
consensus regarding the significance of pre-transplant
IgG/M titers (ie non-DTT treated serum) and whether
they affect eligibility or post-transplant immunosuppres-
sion and management. Based on our previous experience
with A2 to O living donor transplants16 and another
report of A2 to B and O transplants,17 we set a pre-
transplant IgG/M titer threshold of �1:64 and chose to
mitigate potential adverse effects of high IgG/M titers
with a postoperative protocol of plasma exchange
(PLEX), intravenous immunoglobulin (IVIG), and ritux-
imab (Roche) to reduce circulating anti-A antibody.
Because 17 (59%) of our A2 to B transplants had
IgG/M >1:8 but �1:64, restricting eligibility of both
IgG and IgG/M to �1:8 would significantly limit access
of some B recipients to A2 donor kidneys. How relevant
pre-transplant IgG/M titers compared with IgG alone are
for recipient selection, what titer threshold, if any, should



Figure 2. (A) Patient and (B) graft survival.
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be set for IgG/M, and whether and/or how much addi-
tional immunosuppression is required to attain equivalent
outcomes for patients with high IgG/M cannot be
answered by this study and should be the focus of future
studies.
Although elevated IgG titers in ABO incompatible

living donor kidney transplants are associated with acute
antibody-mediated rejection,18 and previous reports noted
high post-transplant anti-A IgG titers associated with
rejection and graft loss in an A2 to O kidney trans-
plants,2,19,20 there are no prospective data on
post-transplant anti-A IgG or IgG/M levels after A2 to
B transplants, and no data specifically evaluating whether
elevated post-transplant anti-A titers have any prognostic
significance or require intervention. This study is the first
to show that anti-A titers, both IgG and IgM, increased
significantly at week 4 post-transplant and then decreased
spontaneously back to baseline without intervention and
without adversely affecting outcomes. We found no rela-
tionship between the change in IgG or IgM titers at 4
weeks and either patient or graft survival or renal func-
tion. Therefore, although critical to monitor pre-
transplantation, and perhaps intriguing from a biologic
standpoint post-transplantation, early elevations in post-
transplant anti-A titers do not appear to correlate with
Table 2. Renal Function

Variable A2 to B, mean (SD)

1 y Cr, mg/dL 1.7 (1.1)

1 y eGFR, mL/min/1.73 m2 49.6 (12.3)

2 y Cr, mg/dL 1.8 (1.1)

2 y eGFR, mL/min/1.73 m2 46.8 (15.1)

3 y Cr, mg/dL 2.4 (1.7)

3 y eGFR, mL/min/1.73 m2 42.9 (19.3)

Cr, serum creatinine; eGFR, estimated glomerular filtration rate.
allograft dysfunction, do not appear to require a change
in clinical management, and are likely unnecessary to
monitor on a routine basis.
A primary objective of KAS is to reduce disparity for

minorities, particularly African Americans, as measured
by transplant rates and waiting times of blood group B
patients, the majority of whom are African Americans.
Although previous studies pre-KAS have shown both a
decrease in B candidate wait times21 and an increase in
blood group B and African-American transplant rates2,9,22

using an A2 to B allocation variance, in our study,
although A2 to B candidates waited 58.8 months vs
70.8 months for B to B candidates, this was not a
statistically significant difference. This is may be due to
several factors, including small sample size, that most
recipients were already waitlisted at time of allocation
change, and therefore, their waiting times partially reflect
the previous allocation system, and the concomitant allo-
cation change giving priority to high cPRA candidates,
which increased access and reduced wait times for highly
sensitized B to B DDKTx. To see whether this A2 to B
allocation change improves access by reducing wait time
will require studies with larger numbers of patients with
wait times beginning after the allocation change in
December 2014.
B to B, mean (SD) p Value

1.5 (0.7) 0.358

49.8 (13.0) 0.941

1.3 (0.3) 0.127

53.7 (8.4) 0.124

1.4 (0.4) 0.078

52.5 (11.5) 0.182



Figure 3. Longitudinal mixed effects model of post-transplant (A) serum creatinine (SCr) and (B) estimated
glomerular filtration rate (eGFR).
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Seventy-two percent of patients receiving A2 to B trans-
plants at our center were African-American, and this allo-
cation change may be an advantage to this group at our
center over time. However, a recent large database evalu-
ation post-KAS failed to show a difference in A2 to B
DDKTx in minorities compared with whites,13 suggesting
that nationwide, the demographics of the relatively few
centers offering this option to patients may not have wait-
lists with a majority of B recipients composed of ethnic
minorities.
Although a previous study showed increased overall

costs in ABO incompatible kidney transplants,23 this is
the first study to report the effects on costs specifically
of A2 to B transplants post-KAS. We found that establish-
ing an A2 to B kidney transplant program increases both
pre- and post-transplant costs. Although the frequency of
measurement of pre-transplant anti-A titers is up to
individual centers per UNOS policy,10 and without clear
published data or guidelines given intra-patient and inter-
laboratory variability in titer measurements,2,24 we and
others have elected to perform this test quarterly for wai-
tlisted patients and require 2 consecutive IgG titers <1:8
for eligibility.2,9 With each titer measurement costing
$100/blood group B waitlist candidate/quarter, added
pre-transplant lab costs alone over our initial 3-year A2
to B experience amounted to $76,550, excluding addi-
tional administrative and coordinator time costs.
(Sallyanne Fossey, DCI Labs, Nashville, TN, personal
communication.) Post-transplant, both total hospital
costs and hospital costs net organ acquisition costs were
significantly higher for A2 to B recipients compared
with concurrent B to B recipients. Part of the increased
post-transplant hospital cost is certainly due to increased
dialysis and pharmacy costs associated with our antibody
reduction protocol for high IgG/M titer recipients. Indi-
vidual transplant programs, payors, and policy makers
will need to weigh the desirability and benefits of using
A2 to B allocation to try to improve access to kidney
transplants for minorities with apparent increased pro-
gram and hospital costs.
This study shows, overall, comparable patient and graft

survival and renal function with A2 to B compared with a
concurrent group of B to B DDKTx at a single center af-
ter the introduction of KAS. However, multivariable
modelling also indicated that the temporal trajectory of
renal function differed between the 2 groups and diverge
with a decline in renal function by 2 years in the A2 to B
group. Whether this becomes clinically significant or leads
to long-term differences in graft survival, retransplant
rates, and costs requires longer follow-up.
Strengths of this study are its single center design that

afforded uniform pre- and post-transplant protocols, pro-
spective anti-A titer monitoring done in a single lab, long-
term follow-up, uniform cost data, and multivariable
modeling that shows no adjusted effect of the change in
anti-A titers and post-transplant renal function. The pri-
mary limitation of this study is the small subject-level
sample size, which precluded multivariable modelling
for patient and graft survival. Finally, although the
decision to use additional measures (PLEX, IVIG, rituxi-
mab) to treat high pre-transplant IgG/M titers were based
on limited data from our group and others,16,17 others
have obtained good outcomes with high pre-transplant
recipient IgG/M titers without additional immunosup-
pression,25 and there are no randomized data to support
this intensive immunosuppressive protocol, which
certainly contributed to increased costs in the A2 to B
group. Additional studies are required to determine the
significance of elevated pre-transplant IgG/M titers and
their management post-transplant.
CONCLUSIONS
In conclusion, we report an initial 3-year experience un-
der KAS showing comparable outcomes with A2 to B vs
B to B kidney transplants. The majority of the recipients
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of A2 kidneys at our center were African American, so this
allocation change may improve access to kidney trans-
plantation for this group, at least in our center. Anti-A
titers, both IgG and IgM, increased significantly in the
early post-transplant period, but did not portend allograft
dysfunction or correlate with 1- or 2-year outcomes and
therefore appear unnecessary to routinely monitor.
Performing A2 to B transplants appears to significantly
increase transplant center and hospital costs. To the extent
that increased costs constitute a barrier to more wide-
spread adoption, alternative payments models should be
considered for A2 to B DDKTx.
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