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Abstract
Background—ABO incompatible (ABOi) kidney transplantation is an important modality to
facilitate living donor transplant for incompatible pairs. To date, reports of the outcomes from this
practice in the United States have been limited to single-center studies.

Methods—Using the Scientific Registry of Transplant Recipients, we identified 738 patients
who underwent live-donor ABOi kidney transplantation between January 1, 1995 and March 31,
2010. These were compared with matched controls that underwent ABO compatible (ABOc) live-
donor kidney transplantation. Subgroup analyses among ABOi recipients were performed
according to donor blood type, recipient blood type, and transplant center ABOi volume.

Results—When compared to ABOc matched controls, long-term patient survival of ABOi
recipients was not significantly different between the cohorts (p=0.2). However, graft loss was
significantly higher, particularly in the first 14 days post-transplant (SHR 2.34, 95% CI 1.43–3.84,
p=0.001), with little to no difference beyond day 14 (SHR 1.28, 95% CI 0.99–1.54, p=0.058). In
subgroup analyses among ABOi recipients, no differences in survival were seen by donor blood
type, recipient blood type, or transplant center ABOi volume.

Conclusions—These results support the use and dissemination of ABOi transplantation when a
compatible live donor is not available, but caution that the highest period of risk is immediately
post-transplant.
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INTRODUCTION
With a widening organ shortage in the US, patients with end-stage renal disease and healthy,
willing, but incompatible living donors have increasingly pursued novel ways to achieve live
donor kidney transplantation (LDKT) (1–3). While kidney paired donation can facilitate
LDKT for some incompatible pairs, pairs with blood type-O recipients have low match rates
(4–7). ABO incompatible (ABOi) transplantation is thus a critical modality for many of
these recipients (8, 9). However, this practice has not yet reached widespread adoption,
possibly due to concerns of higher rates of acute antibody mediated rejection, graft loss, or
death in ABOi recipients compared to their ABO compatible (ABOc) counterparts (10, 11).

Much of the large-volume literature regarding ABOi transplantation has focused on the
experience at Japanese centers, where this practice has been more widely adopted than in the
US (12–21). However, these inferences may not generalize to other populations. In the US,
research regarding ABOi outcomes has largely consisted of smaller, single-center studies.
Although good outcomes have been reported (9, 22), such studies may be underpowered to
detect subtle differences and to conduct subgroup analysis. Furthermore, comparison groups
in most studies have been either absent or inadequately matched.

In studies that compare ABOi subgroups, analysis has been primarily focused on transplants
involving blood type A donors, comparing subtypes A1 and A2. Transplantation across the
“minor” A2 barrier (A2→O, A2→B, or A2B→B) is thought to be associated with lower risk
of adverse outcomes than those that cross the “major” A1 barrier (23, 24) because of
decreased A antigen expression on the renal endothelial surface of A2 kidneys (23, 25, 26).

Another area of recent interest is ABOi outcomes by recipient blood type. Blood type O
recipients have been shown to produce higher levels of anti-A/anti-B immunoglobulin-G
(IgG) than blood type A or B recipients (27–31), and IgG is thought to be largely
responsible for both acute antibody mediated rejection and chronic rejection (32–34).

Finally, it has been suggested that a transplant center’s size is associated with patient and
allograft outcomes in general (35, 36). However, ABOi outcomes have not yet been studied
in relation to transplant center volume.

The goals of this study were to describe the characteristics of ABOi donors and recipients in
the United States, to quantify the growth of this practice over time, to compare outcomes
between ABOi and matched ABOc recipients, and to explore ABOi outcomes in specific
subgroups.

RESULTS
Study Population

There were 738 ABOi and 77,455 ABOc transplants from 280 centers during the study
period (Table 1). Median follow-up time was 5.0 years (range 0–15 years). Since 2006,
ABOi transplants have grown to represent 1.5% of all living donor transplants in the US
(Figure 1). Of the 738 ABOi transplant recipients, 513 (69.5%) were blood type O, 101
(13.7%) were A, and 124 (16.8%) were B (Table 2). Of ABOi pairs with blood type A
donors, 46 (6.2%) were subtype A1 donors, 162 (22.0%) were subtype A2, and 306 were not
sub-typed.

Cohort Demographics
Compared with ABOc recipients, ABOi recipients had higher peak %PRA (15.9 vs. 10.2%,
p<0.001), more years of RRT (3.0 vs. 2.3 years, p<0.001), and were more likely to have had
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a previous transplant (16.9 vs. 11.7%, p<0.001), receive an organ from an unrelated donor
(42.7 vs. 32.8%, p<0.001), and have a positive crossmatch with their donor (5.3 vs. 1.9%,
p<0.001) (Table 1). They were also more likely to be college educated (59.4 vs. 53.8%,
p=0.007), but less likely to have received a previous blood transfusion (10.9 vs. 19.7%,
p<0.001) or have drug-treated hypertension (77.9 vs. 70.1%, p<0.001). ABOi recipients
were older (46.9 vs. 45.4 years, p=0.003), as were their donors (42.5 vs. 40.3 years,
p<0.001), though these differences were small and not likely to be of clinical significance.
To account for any possible differences between ABOi and ABOc patients in general, a
cohort of matched ABOc controls was selected for comparison of outcomes (Table 1).

Center Volume
Of 280 US centers performing ABOc transplants during the study period, 120 (42.9%)
performed at least one ABOi transplant (Figure 1). Of these, 11 (9.2%) centers performed
≥15 ABOi transplants and were classified as high volume; these centers performed 423
(57.3%) of all ABOi transplants. Of remaining centers, 88 (73.3%) performed ≤5 ABOi
transplants and 43 (35.8%) performed only one. ABOi recipients at high-volume centers had
higher peak %PRA (18.4 vs. 12.6%, p=0.008), more years of RRT (3.9 vs. 2.4 years,
p=0.009), and were less likely to receive a subtype A2 organ (18.2 vs. 27.0%, p=0.014).

Patient Survival
Patient survival was similar among ABOi recipients (96.8%, 93.7%, 88.3%, and 74.5% at 1,
3, 5, and 10 years) compared with ABOc matched controls (97.8%, 94.9%, 90.7%, and
75.1%) (HR 1.19 95% CI 0.93–1.51, p=0.2) (Figure 2). Among ABOi recipients, no
statistically significant differences between A1 vs. A2 donors (HR 1.75 95% CI 0.52–5.93,
p=0.4), O vs. non-O recipients (HR 1.12 95% CI 0.69–1.82, p=0.7), or high vs. low
transplant center ABOi volume (HR 1.22 95% CI 0.78–1.91, p=0.4) were detected.

Graft Loss
Cumulative incidence of graft loss (with death treated as a competing risk) was higher
among ABOi recipients (5.9%, 10.4%, 17.4%, and 27.1% at 1, 3, 5, and 10 years) than
ABOc matched controls (2.9%, 6.4%, 11.0%, and 23.9%) (p=0.001) (Figure 2). However,
these differences were primarily driven by graft losses in the first 14 days post-transplant
(SHR 2.34, 95% CI 1.43–3.84, p=0.001), with little to no difference beyond day 14 (SHR
1.28, 95% CI 0.99–1.54, p=0.058) (Table 3). Similar inferences were found over time,
although the differences between ABOi and ABOc (both in the first 14 days and thereafter)
were more pronounced in the early years (1995–2002) compared with the more recent era
(2003–2010). The results were analogous when all crossmatch positive patients were
dropped from analysis. Among ABOi recipients, no statistically significant differences
between A1 vs. A2 donors (p=0.2), O vs. non-O recipients (p=0.9), or high vs. low
transplant center ABOi volume (p=1.0) were detected in the overall allograft survival
analysis, in the first 14 days, or subsequently (Table 3).

DISCUSSION
In this national study, 738 ABOi transplants were identified as having been performed
between 1995 and 2010 in the US. To determine whether blood type compatibility
influenced allograft and patient survival, each ABOi recipient was matched with 5 ABOc
patients in the SRTR database who were most closely matched on a number of important
characteristics that can influence outcomes. Patient survival was comparable between ABOi
and ABOc transplant recipients. Overall, ABOi recipients experienced a higher incidence of
graft loss (27.1% at 10 years compared with 23.9%, p=0.001); however, this was largely
driven by graft loss during the first 14 days (SHR 2.34, 95% CI 1.43–3.84, p=0.001). After
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this period, ABOi recipients had relatively comparable graft survival to their ABOc
counterparts (SHR 1.28, 95% CI 0.99–1.54, p=0.058). Differences between ABOi and
ABOc recipients seem to have lessened in recent years; while a hopeful interpretation would
be that treatment paradigms have improved, the possibility of better patient selection and
lower risk transplants (in ways not captured in the data) cannot be excluded. Amongst ABOi
recipients, there were no significant differences in patient survival or graft loss by donor A
subtype, recipient blood type, or transplant center ABOi volume.

Our finding that ABOi transplant recipients are at a higher risk of graft loss during the early
postoperative period is consistent with some smaller single-center studies (10, 11). In ABOi
transplantation, the acceptable titer of circulating anti-A or anti-B isohemagglutinins at the
time of transplant has varied between 8–32 depending upon the center’s criteria (9, 22, 37–
40). Furthermore, rapid increases in isohemagglutinin titers in the immediate post-operative
period have been shown to increase the risk of allograft injury and antibody mediated graft
loss (22). These findings underscore the importance of careful ABOi recipient monitoring in
the immediate post-operative period, when early detection and treatment of antibody-
mediated rejection has been shown to prolong graft survival (41).

Among ABOi recipients, our finding of similar outcomes between donor A1 and A2
subtypes is consistent with a previous study by Gloor et al. (22). Likewise, we were unable
to detect higher graft loss between blood type O and non-O recipients. In a study by Toki et
al. (31), overall graft loss rates did not differ between recipient blood groups, but O
recipients were significantly more likely to experience graft loss within the first six months
after transplantation (14% vs. 3%, p=0.011). However, results from high volume single
centers the US and Sweden showed excellent results for ABOi transplantation across all
donor and recipient blood groups (9, 42).

Our analysis of outcomes by transplant center ABOi volume has several important
implications. First, it illustrates that despite excellent outcomes, a minority of transplant
centers in the US are performing ABOi transplants. While ABOi transplantation has grown
to represent 1.5% of all living donor transplants since 2006, the practice has been clustered
in a handful of centers and has not expanded appreciably since then. Second, comparable
short- and long-term outcomes between low and high volume centers suggest that there may
not be a large center-level effect on ABOi outcomes. To test this null hypothesis even
further, a sensitivity analysis of centers at the extremes of ABOi volume (centers with ≤5
total ABOi transplants vs. those with ≥40 total ABOi transplants) was conducted, and the
inferences remained unchanged. This suggests a minimal “learning curve” for ABOi
transplantation and encourages its dissemination to other centers possessing the necessary
facilities and personnel (43). Furthermore, our group has shown that successful ABOi
transplantation can be accomplished using a plasmapheresis-based protocol without anti-
CD20 antibody or splenectomy (9, 39, 44).

This study has important limitations to note. All cases were identified retrospectively. As the
SRTR contains no information on initial isohemagglutinin titers, pre-transplant
desensitization treatments, or incidence of antibody mediated rejection, we are unable to
draw any inferences regarding these factors. The matched-control study design is a useful
tool to identify a comparable control group with similar characteristics as the study group
(45); however, residual confounding may be present because of characteristics not measured
in the SRTR database. Finally, our subgroup analyses was limited to ABOi transplants only,
making it less powered to detect differences than the overall ABOi/ABOc analysis.

This is the largest study of ABOi transplants at US centers and demonstrates excellent long-
term patient and graft survival for ABOi recipients, though short-term graft survival is not
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yet equivalent to ABOc recipients. Combined with the finding that outcomes are not
associated with transplant center ABOi volume, this encourages the continued adoption of
this modality throughout the US.

MATERIALS AND METHODS
Study population

Using data organized by the Scientific Registry of Transplant Recipients (SRTR), 78,220
adult live donor renal transplants at 280 centers in the United States between January 1,
1995 and March 31, 2010 were identified. Donor and recipient blood types were captured
for all but 27 transplants which were excluded from analysis. Based on reported blood types,
a study population of 738 ABOi live donor transplant recipients at 120 centers was
identified. Using radius matching (47), five ABOc matched controls were identified for each
ABOi recipient based on the following variables: presence of diabetes, crossmatch status,
recipient age, year of transplant, recipient insurance type, peak percent panel reactive
antigen (%PRA), and years of renal replacement therapy (RRT).

Subgroup Analysis
ABOi subgroup analysis was performed according to donor blood type A subtype (A1 vs.
A2, excluding those with unclassified subtype), recipient blood type (O vs. non-O), and
transplant center volume (high ≥15 vs. low <15).

Outcomes
Death and graft-loss were ascertained by center-report and augmented by linkage to the
Social Security Death Master File (SSDMF) and the Centers for Medicare/Medicaid
Services End Stage Renal Disease (CMS-ESRD) database. Subjects who resumed
maintenance dialysis or underwent re-transplantation were classified as having graft loss.
Recipients who did not experience death or graft loss by the date of last follow-up (or end-
of-study) were censored.

Survival analysis
Characteristics of the study and control groups were compared using χ2-test for categorical
variables and two-sided Student’s t-test for continuous variables. Non-parametric competing
risks models were used to estimate the cumulative incidence of graft loss; since death with a
functioning graft precludes subsequent graft loss, methods were chosen such that death was
considered a competing risk, as previously described (48). Pepe and Mori tests were used to
compare outcomes between groups (49). To quantify the magnitude of the change in hazard
in the context of a competing risk model, the method of Fine and Gray was utilized to semi-
parametrically model the sub-hazard for the competing event of interest (i.e. graft loss) (50).
A time-varying coefficient was incorporated in this model to account for the changing sub-
hazard ratio over time (51). Because graft loss does not preclude risk of death, traditional
Kaplan-Meier functions with log-rank tests and Cox proportional hazards models were used
to study mortality.

Statistical analysis
P-values <0.05 were considered to be statistically significant. Confidence intervals are
reported as per the method of Louis and Zeger (52–54). All analysis and graphs were
generated through STATA version 11.2/SE for Linux (STATA Corp., College Station, TX)
and the stcompet package.
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FIGURE 1. ABO Incompatible Live Donor Transplants in the United States, by Year and
Transplant Center: (A) Number of Transplants; (B) National Center-Level Distribution
comparing ABO Incompatible (Dashed Line) and ABO Compatible (Solid Line) Transplants
In these Lorenz curves (B), perfect equality is represented by the diagonal reference line.
Curves that are located farther to the right represent practices that are less-equally
distributed amongst US transplant centers.
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FIGURE 2. (A) Patient Survival and (B) Graft Loss After LDKT, Comparing ABO Incompatible
Recipients (Dashed Line) with ABO Compatible Matched Controls (Solid Line)
ABOc controls were matched to ABOi recipients on presence of diabetes, crossmatch status,
recipient age, year of transplant, recipient insurance type, peak percent panel reactive
antigen, and years of renal replacement therapy.
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TABLE 2
Cohort Demographics: All ABO Compatible Pairs, Matched ABO Compatible Controls,
and ABO Incompatible Pairs

ABOc (all) ABOc (matched) ABOi

N 77,455 3,679 738

Recipient Characteristics

Age 45.4 [13.7] 46.8 [13.2] 46.9 [13.6]

Female (%) 40.8 41.6 42.1

BMI 26.7 [5.5] 27.0 [5.6] 26.9 [5.9]

College Educated (%) 53.8 55.4 59.4

Ethnicity (%)

 Caucasian 68.1 66.9 67.2

 African American 14.6 15.6 18.2

 Hispanic 12.3 12.7 10.3

Private Insurance (%) 58.1 59.4 59.4

Diabetes (%) 27.7 27.3 27.5

Sensitizing Events (%)

 Previous Transplant 11.7 15.7 16.9

 Previous Transfusion 19.7 12.6 10.9

 Previous Pregnancy 25.6 27.5 26.3

Peak %PRA 10.2 [22.4] 15.2 [28.3] 15.9 [29.5]

Years of RRT 2.3 [4.2] 2.9 [5.1] 3.0 [5.0]

Primary Diagnosis (%)

 Diabetes 23.1 22.6 22.6

 Hypertension/Large Vessel Disease 18.2 17.8 15.9

 Polycystic Kidney Disease 9.9 11.4 10.3

 Glomerulonephritis 26.1 25.0 25.6

Donor/Transplant Characteristics

Donor Age 40.3 [11.1] 40.3 [11.2] 42.5 [11.4]

Female Donor (%) 58.9 59.2 60.7

Mean HLA Mismatches 3.1 [1.7] 3.2 [1.7] 3.3 [1.7]

Crossmatch Positive (%) 1.9 5.1 5.3

Donor Relationship to Recipient (%)

 Parent 8.6 6.3 9.1

 Child 18.5 19.2 15.3

 Sibling 32.9 28.8 27.4

 Spouse/Life Partner 12.8 13.3 21.4

 Other Related 7.1 7.8 5.4

 Other Non-Related 20.1 24.7 21.3
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Age, BMI, %PRA, years of RRT, and HLA mismatches are presented as mean [standard deviation], and all other variables are presented as
proportions. ABOc, ABO compatible; ABOi, ABO incompatible; BMI, body mass index; %PRA, percent panel reactive antibody; RRT, renal
replacement therapy.
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