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ABSTRACT

Background. Sensitization to human leukocyte antigen (HLA)
from red blood cell (RBC) transfusion is poorly quantified and
is based on outdated, insensitive methods. The objective was
to evaluate the effect of transfusion on the breadth, magnitude
and specificity of HLA antibody formation using sensitive and
specific methods.
Methods. Transfusion, demographic and clinical data from
the US Renal Data System were obtained for patients on dialy-
sis awaiting primary kidney transplant who had ≥2 HLA anti-
body measurements using the Luminex single-antigen bead
assay. One cohort included patients with a transfusion (n = 50)
between two antibody measurements matched with up to four
nontransfused patients (n = 155) by age, sex, race and vintage
(time on dialysis). A second crossover cohort (n = 25) included
patients with multiple antibody measurements before and
after transfusion. We studied changes in HLA antibody mean
fluorescence intensity (MFI) and calculated panel reactive
antibody (cPRA).
Results. In the matched cohort, 10 of 50 (20%) transfused
versus 6 of 155 (4%) nontransfused patients had a ≥10 HLA
antibodies increase of >3000 MFI (P = 0.0006); 6 of 50 (12%)

transfused patients had a ≥30 antibodies increase (P = 0.0007).
In the crossover cohort, the number of HLA antibodies increas-
ing >1000 and >3000 MFI was higher in the transfused versus
the control period, P = 0.03 and P = 0.008, respectively. Using a
≥3000 MFI threshold, cPRA significantly increased in both
matched (P = 0.01) and crossover (P = 0.002) transfused patients.
Conclusions. Among prospective primary kidney transplant
recipients, RBC transfusion results in clinically significant in-
creases in HLA antibody strength and breadth, which ad-
versely affect the opportunity for future transplant.

INTRODUCTION

Kidney transplantation is the most effective form of therapy
for end-stage renal disease (ESRD) in terms of survival,
health-related quality of life and costs [1–3]. Human leukocyte
antigen (HLA) sensitization is a major barrier to successful
kidney transplantation. In the USA, roughly 400 000 persons
require maintenance dialysis to sustain life with ∼30% ulti-
mately listed for kidney transplantation [4]. Of the >94 000
candidates currently listed for kidney transplant, about one-
third are sensitized [5]. Previous transplants, pregnancies and
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blood transfusions are the major causes of sensitization. With
average waiting times for deceased donor kidney transplan-
tation in the USA exceeding the life expectancy of most
middle-aged and older patients on dialysis and with pediatric
patients likely to need repeat transplant in their lifetimes, few
can afford barriers such as sensitization that can delay or
prevent receipt of a compatible organ [5]. Of the three major
causes of sensitization, blood transfusion is the only wide-
spread, medically discretionary, ‘preventable’ one.

Anemia is an important complication of chronic kidney
disease (CKD) and is particularly severe in patients on dialysis
[6, 7]. In addition to erythropoietin deficiency, anemia can be
due to blood loss from the vascular access, tubing and dialyzer
(artificial kidney), chronic inflammation, iron deficiency and
gastrointestinal blood loss [8]. Before the development of
erythropoiesis-stimulating agents (ESAs), patients on dialysis
were frequently transfused, typically 6–8 units of packed red
blood cells (RBCs) per year [9]. After ESAs were introduced,
RBC transfusion declined precipitously [10]. However, with
concerns regarding the safety of ESAs in patients with CKD
[11–13] and a major recent change in ESA labeling, ESA use
has declined and, in turn, transfusion use has increased
among patients on dialysis [4].

In past years, the combination of insensitive methods of
characterizing HLA antibodies and underreporting of transfu-
sions likely underestimated the degree of transfusion-related
sensitization [10]. In an effort to inform clinical decision-
making for patients awaiting transplantation, we sought to
quantify the strength and breadth of HLA sensitization due to
transfusion in prospective primary kidney transplant recipi-
ents using highly sensitive and specific HLA antibody assays.

MATERIALS AND METHODS

Data sources

After obtaining approval from the Stanford University
Institutional Review Board and the US Renal Data System
(USRDS), we merged the Stanford HLA antibody database
with data from the USRDS, including demographic factors,
cause of ESRD, waitlist time, vintage (time since initiation of
dialysis), comorbid conditions (Supplementary Table S1),
prior surgeries and reasons for acute hospitalization. Comor-
bidities were obtained from inpatient and outpatient Medicare
claims (based on ‘International Classification of Diseases,
Ninth Revision, Clinical Modification’, ICD-9-CM) in the
1-year period preceding the first HLA antibody measurement
used for the analyses [14]. We identified RBC transfusions
using billing claims with corresponding ICD-9-CM codes,
documented transfusions from medical records and also
queried for history of pregnancies. We identified proinflam-
matory events, including major surgeries and infections,
before the first and between HLA antibody measurements
(Supplementary Table S2) and used limited data sets to
perform analyses in compliance with the provisions of the
Health Insurance Portability and Accountability Act.

HLA antibody measurements

Luminex HLA Class I and II single-antigen beads and
Fusion analysis software (LabScreen, One Lambda, Canoga
Park, CA, USA) were used to determine HLA antibody specifi-
cities. All specificities with ≥1000 normalized mean fluor-
escence intensity (MFI) at baseline measurement were
considered positive. We did not distinguish between antibody
to intact and ‘denatured’ antigen. Calculated panel reactive
antibody (cPRA) was determined using HLA frequencies from
United Network of Organ Sharing (UNOS) deceased donors
procured from January 1999 through October 2008
(n = 42 671), fully typed for HLA-A, B, C, DRB1, DQB1 and,
unlike UNOS, included C locus frequencies.

Study population

We included all adult patients who were (i) listed on the
Stanford kidney transplant waiting list from 1999 to 2009 for
a primary kidney transplant, (ii) on dialysis and (iii) who
had at least two measurements for HLA antibodies (median
74 days, interquartile range 61–134 days). Six hundred and
fifty-four patients were identified. Of these, 58 patients re-
ceived one or more RBC transfusions between two HLA
antibody measurements.

Matched reference cohort

The schema for the selection of patients into the matched
and crossover cohorts is shown in Figure 1. We matched 50 of
58 transfused patients with 155 patients who did not receive a
transfusion between two HLA measurements. We matched
each transfused patient with up to four nontransfused patients
based on age (±5 years), sex, race (white, black and Asian/
other), history of transfusion (yes/no), vintage (±2 years) and
time period between HLA antibody measurements (<180 and
≥180 days). Using all six criteria, we were able to match each
transfused patient with up to four nontransfused subjects.
Eight transfused patients had no matches. The distribution of
our matching ratio was 1:4 (56%), 1:3 (16%), 1:2 (10%) and 1:1
(18%). For transfused patients, the index HLA antibody was
defined as the most proximal HLA antibody measurement
before the first transfusion event. The HLA antibody measure-
ment following a transfusion was the maximum MFI value
throughout the follow-up period (median 71 days, interquar-
tile range 44–153 days). For nontransfused controls, the index
HLA antibody was defined as the first available HLA antibody
value during the study period; the second HLA measurement
was defined as the maximum MFI value after the first HLA
measurement. The mean number of MFI determinations was
2.0 ± 1.3 in the transfused group and 2.0 ± 1.0 in the nontrans-
fused group, with the maximum number of determinations 6
and 5, respectively.

Crossover cohort

We assembled a crossover cohort from individuals (25 of
the 58 transfused patients) who had two HLA measurements
and an intervening transfusion event, but also had multiple
HLA antibody measurements preceding the transfusion event.
We compared the change in HLA antibodies between
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successive HLA antibody measurements before the transfusion
(control period) with that in HLA antibodies by MFI following
a transfusion event (transfusion period). The time periods
between successive HLA antibody measurements were <180
days for both the control and transfused periods.

Statistical analysis

Baseline patient characteristics and Class I and Class II
HLA antibody MFI values were compared using Pearson χ2

analysis and Student’s t-test, as appropriate. In the matched
cohort, we used Pearson χ2 analysis to compare the number of
patients with 10 or more (versus fewer than 10) MFI changes
of >1000 and, separately, >3000 among the transfused and
nontransfused patients. In the crossover cohort, we used the
Sign test to assess differences in the number of antibodies with
an MFI change of >1000 and >3000 before and after a RBC
transfusion. We used Pearson χ2 analysis to compare change
in cPRA in the matched cohort and the Sign test in the cross-
over cohort. We conducted various subgroup analyses where
we examined change in MFI stratified by demographic charac-
teristics: age (above and below the median 52 years), gender
(male/female), parity (nulliparous/parous) and race (white/
Asian, black and other). Since proinflammatory events have
been postulated as potential sensitizing events, we conducted
an additional analysis excluding patients with any proinflam-
matory event occurring between the index and follow-up
measurements. We considered a P-value of <0.05 statistically
significant. We conducted all analyses using SAS, version 9.2
(Cary, NC, USA).

RESULTS

Table 1 summarizes the demographic and clinical character-
istics of the two study cohorts.

Changes in antibody strength (MFI)

Overall, index Class I and Class II HLA antibody MFI
values were not significantly different between the transfused
and nontransfused groups. Significant increases of Class I B
locus (matched cohort) and A and B locus (crossover cohort)
antibodies were observed in the posttransfusion measurements
without any increases in Class II antibodies (Supplementary
Table S3).

The proportion of patients with a change in MFI of >1000
and >3000 for 10 or more HLA antibodies was significantly
higher for the transfused group compared with the matched
nontransfused group (Figure 2a and b) and the transfused
period in the crossover cohort (Figure 2c and d). Twenty-two
percent of the transfused and 8% of the matched nontrans-
fused groups had a 10 or more HLA antibodies increase of
>1000 MFI (P = 0.006); corresponding proportions with in-
creases of >3000 MFI were 20 versus 4% (P = 0.0006). In the
crossover cohort, the number of HLA antibodies increasing
>1000 and >3000 MFI was substantively higher during the
transfused period versus the control period, P = 0.03 and
P = 0.008, respectively; 24% of patients had a 10+ HLA anti-
bodies increase of >1000 MFI during the transfused period
compared with 4% in the control period. Strikingly, some

F IGURE 1 : Study population and schema for matched and crossover cohorts according to transfused versus nontransfused groups.
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patients had a >30 antibodies increase of >3000 MFI after
transfusion compared with nontransfused matched controls (6
of 50 versus 2 of 155; P = 0.0007) or their own control (non-
transfused) period (4 of 25 versus 0 of 25; P not calculated)
(Figure 2).

Changes in antibody breadth (cPRA)

The proportion of patients with an increase in cPRA was
significantly higher among transfused compared with

nontransfused patients using either ≥1000 or ≥3000 MFI as
the threshold for defining unacceptable antigens (Table 2).
Transfused patients with nonzero cPRA at baseline were
especially susceptible to increases in cPRA (Table 2). These
differences were more pronounced in the crossover cohort
owing to the low level of change during the control period.
There were large absolute increases in cPRA when comparing
the transfused with the matched nontransfused group using
MFI of ≥1000 (P = 0.0002) or ≥3000 (P = 0.01) as thresholds

Table 1. Demographic characteristics of study population and matched cohorts

Patient characteristicsa Matched cohortb Crossover cohort
(N = 25)

Nontransfused
(N = 155)

Transfused
(N = 50)

P-valuec

Demographics

Age (year), n (%)a 49.6 (11.7) 49.4 (12.3) 0.9 54.0 (11)

Female (%) 51.6 51.6 1.0 56.0

Race (%) 1.0

White 50.3 50.3 48.0

Black 4.5 4.5 8.0

Asian/Hispanic/Native
American

45.2 45.2 44.0

Cause of ESRD (%)

Diabetes 28.4 35.5 0.3 36.0

Hypertension 21.3 21.3 20.0

Glomerulonephritis 19.4 10.3 20.0

Others 30.9 32.9 24.0

Length of time on dialysis
(years)a

2.1 (0.7, 3.6) 3.0 (1.5, 4.4) 0.009 4.3 (3.2, 6.2)

Potential sensitizing events (%)

History of transfusion 3.9 3.9 1.0 8.0

History of pregnancy 41.3 42.0 0.4 64.0

Proinflammatory eventsd 5.2 52.0 <.0001 36.0

Comorbidities (%, yes)

Heart failure 3.2 7.7 0.08 16.0

Atherosclerotic heart disease 3.9 6.5 0.3 12.0

Cancer 0.0 2.6 0.04 0.0

Cerebrovascular disease 0.6 0.6 1.0 0.0

Baseline level of allosensitization, n (%)

cPRAe 20.3 (31.4) 21.9 (34.3) 0.5 23.8 (33.7)
aEstimates of central tendency are reported as means (standard deviation [SD]) or median (25th/75th percentiles), as appropriate, or
percentages (%).
bPercentage contribution within nontransfused patients weighted based on the proportion of matches out of a total of 4.
cP-values were calculated using the Pearson χ2 analysis for categorical variables and Student’s t-test for continuous variables.
dPercentage of patients with major surgeries or infections requiring hospitalization between the two HLA antibody measurements.
ecPRA: calculated panel reactive antibody level using an MFI threshold of 1000 or greater for defining unacceptable antigens.
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(Figure 3a and b) and during the transfused period compared
with the control period in the crossover cohort for MFI of
≥1000 (P = 0.01) and ≥3000 (P = 0.002) thresholds, respect-
ively (Figure 3c and d).

Subgroup analyses

In a companion analysis, we excluded patients (80 non-
transfused and 26 transfused; 53%) with any major proinflam-
matory events between the two measurements (Figure 4). In
the matched cohort, 21% of transfused and 6% of nontrans-
fused patients had 10 or more MFI changes of >3000
(P = 0.03). In the crossover cohort, 19% of patients during the
transfused period and 0% during the control period had 10 or
more MFI changes of >3000. Results were comparable across
age groups and by race/ethnicity (comparing white versus
nonwhite). Transfusion effects on changes in HLA antibody

formation by MFI and cPRA were more pronounced among
women compared with men and among parous compared
with nulliparous women (Supplementary Figure S1).

DISCUSSION

Understanding the effect of transfusion on HLA sensitization
is of importance to all prospective recipients of solid organ
and bone marrow transplants. Patients with CKD are particu-
larly prone to anemia due to erythropoietin deficiency [15].
Although existing data suggest that a substantial fraction of
transfused patients become sensitized [16–20], the effect of
RBC transfusions on sensitization in prospective kidney trans-
plant recipients has not been quantified.

F IGURE 2 : Change in MFI for each unique HLA antibody identified in all patients included in both transfused and matched nontransfused
groups (a and b) and crossover cohorts (c and d). The P-values presented in a and b are based on Pearson χ2 analyses comparing the proportion
of patients in the transfused and nontransfused groups with >10 (versus <10) HLA antibodies increasing >1000 MFI (a) and >3000 MFI (b). The
P-values presented in c and d are based on Sign tests comparing the number of HLA antibodies increasing >1000 MFI (c) and >3000 MFI (d)
during the transfused and control periods.

O
R
IG

IN
A
L
A
R
T
IC

L
E

J.M. Yabu et al.

2912

http://ndt.oxfordjournals.org/lookup/suppl/doi:10.1093/ndt/gft362/-/DC1


In the current study, we used sensitive and specific antibody
assays to determine the strength (MFI) and breadth (cPRA) of
HLA antibodies in transfused patients using both a matched
reference cohort and a crossover (pre- and posttransfusion)

cohort. As MFI strength increases and preset thresholds are
exceeded, more incompatible antigens are defined with a con-
comitant increase in cPRA. We found that transfusion signifi-
cantly increased sensitization irrespective of whether ≥1000 or

Table 2. Incidence of increases in cPRA for transfused and nontransfused (matched cohort) and
transfused and control periods (crossover cohort)

Matched cohort Crossover cohort

Nontransfused
(N = 151)a

Transfused
(N = 50)

P-valueb Control
period
(N = 25)

Transfused
period (N = 25)

MFI threshold of 1000 for defining unacceptable antigens in cPRA calculation

Patients with cPRA = 0% at
baseline

74 25 12 12c

Patients (%) with a positive
change in cPRA among
those with cPRA = 0% at
baseline

18 (24) 7 (28) 0.7 1 (8.3) 3 (25)

Patients with cPRA >0% at
baseline

77 25 13 13

Patients (%) with a positive
change in cPRA among
those with cPRA >0% at
baseline

33 (42.9) 18 (72) 0.01 1 (7.7) 9 (69.2)

Total percentage of patients
with a positive change in
cPRA over baseline value

34% 50% 0.04 8% 48%

Mean (SD) cPRA at follow-up 21 (32) 34 (41) 0.04 17 (31) 33 (39)

MFI threshold of 3000 for defining unacceptable antigens in cPRA calculation

Patients with cPRA = 0% at
baseline

109 36 17 19d

Patients (%) with a positive
change in cPRA among
those with cPRA = 0% at
baseline

14 (12.7) 5 (13.9) 0.87 0 (0) 4 (21.1)

Patients with cPRA >0% at
baseline

42 14 8 6

Patients (%) with a positive
change in cPRA among
those with cPRA >0% at
baseline

14 (33.3) 11 (78.6) 0.0032 1 (12.5) 4 (66.7)

Total percentage of patients
with a positive change in
cPRA over baseline value

18% 32% 0.05 4% 32%

Mean (SD) cPRA at follow-up 14 (29) 26 (40) 0.06 12 (28) 20 (37)
aWe were not able to calculate cPRA for four patients due to missing Class I or Class II cPRA data at baseline or the follow-up
measurement.
bP-values were calculated using Pearson χ2 analysis for categorical variables and Student’s t-test for continuous variables.
cThe baseline cPRA for one patient decreased from cPRA of >0% at baseline to cPRA of 0% for the transfused period.
dThe baseline cPRA for two patients decreased from cPRA of >0% at baseline to cPRA of 0% for the transfused period.
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≥3000 MFI was used to define unacceptable antigens, and that
the effect was independent of proinflammatory events. These
changes could not be attributed to increases in antibody to
denatured antigen due to their increased breadth and their
higher frequency in the transfused cohort. Because cPRA is
calculated based on the identified HLA antibody specificities
combined with the frequency of those HLA antigens in the
donor population, the cPRA essentially provides an estimate
of the probability of receiving a compatible transplant [21].
The increase in MFI and cPRA was sufficient to significantly
diminish the number of potentially compatible donors for
transfused patients. These data comport with previous studies
as well as UNOS and USRDS data, showing that sensitized
patients wait for a kidney longer, are more likely to die while
awaiting a transplant [22, 23] and, if transplanted, suffer a sig-
nificantly foreshortened graft survival [24–27].

Dausset [28] observed in 1954 that blood transfusions re-
sulted in antibodies reactive with leukocytes. Subsequent
methods for HLA antibody detection employed complement-
dependent cytotoxicity assays on random panels of 20–50 cells
and were insensitive and nonspecific [29]. Results were necess-
arily dependent on the composition of the panel, which could
not represent the antigenic diversity we now know exists [29].
Until recently, molecular tools and solid-phase antibody de-
tection methods to fully define HLA specificities were nonexis-
tent. Consequently, assessment of PRA and HLA sensitization
from transfusion was very likely underestimated. The use of
‘leuko-poor’ or ‘leuko-reduced’ blood products gained popular-
ity, but failed to abrogate or substantially reduce the risk of sen-
sitization [30]. Fisher et al. [31] showed that the volume of
15 × 106 residual leukocytes (equivalent of 2–3 mL of whole
blood) in a single unit of leukocyte-depleted platelets was

F IGURE 3 : Absolute change in cPRA levels for all patients in transfused and matched nontransfused groups (a and b) and crossover cohorts
(c and d). The P-values presented in a and b are based on Pearson χ2 analyses comparing the distribution of cPRA changes in the transfused and
nontransfused groups using >1000 MFI (a) and >3000 MFI (b) as the threshold for defining an unacceptable antigen. The P-values presented in
c and d are based on Sign tests comparing the change in cPRA during the transfused and control periods using >1000 MFI (c) and >3000 MFI
(d) as the threshold for defining an unacceptable antigen.
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sufficient to result in sensitization. Everett et al. [32] showed
that HLA was evident on RBCs at levels corresponding to
roughly 1014 HLA molecules per transfused unit. These authors
concluded that leukocyte or platelet depletion did not signifi-
cantly mitigate the risk of transfusion-associated sensitization
[31, 32].

Potential causes of allosensitization other than transplan-
tation, pregnancy and transfusions are thought to be second-
ary to exposure to non-HLA antigens that are cross-reactive
with specific HLA epitopes [33, 34]. Therefore, events that do
not involve exposure to HLA, such as infections or surgical
trauma, can possibly lead to, or amplify, apparent sensitization
to HLA. There is a high prevalence of infections in patients on
dialysis due in part to the effects of uremia, complications of
dialysis access (hemo- and peritoneal dialysis) and the fre-
quent need for procedures and hospitalizations [4, 35]. Locke

et al. [36] reported a strong association between infection and
increases in HLA antibodies. To address confounding by these
factors, we excluded patients who experienced proinflamma-
tory events between the two HLA antibody measurements and
found similar results.

Previously sensitized patients may acquire a wider spectrum
of antibody formation after a subsequent antigenic challenge,
such as transfusion [37]. Although we excluded patients with a
prior transplant, our study does provide evidence regarding
the risk of transfusion-induced allosensitization in other pre-
viously sensitized populations. In our cohorts, the sensitizing
effects of blood were significantly more pronounced among
patients with pre-existing sensitization at baseline (cPRA >0)
and among parous females. Previous studies report that preg-
nancy is a strong risk factor for transfusion-associated allosen-
sitization [37], and in our population, among parous women,

F IGURE 4 : Change in MFI for each unique HLA antibody identified in all patients included in transfused and matched nontransfused groups
(a and b) and crossover cohorts (c and d) excluding patients with proinflammatory events. The P-values presented in a and b are based on
Pearson χ2 analyses comparing the proportion of patients in the transfused and nontransfused groups with >10 (versus <10) HLA antibodies in-
creasing >1000 MFI (a) and >3000 MFI (b). The P-values presented in c and d are based on Sign tests comparing the number of HLA antibodies
increasing >1000 MFI (c) and >3000 MFI (d) during the transfused and control periods.
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33% of those transfused exhibited a significant antibody
response (10+ antibodies increased) compared with only 17%
among nulliparous women. This study has several strengths.
We included a well-characterized cohort of patients on dialysis
awaiting primary kidney transplantation monitored on a
regular schedule for HLA antibodies. We used Luminex
single-antigen bead assays performed in a single laboratory,
thereby decreasing variability that results from testing at
different laboratories. We provided a detailed analysis of
changes in frequency, specificity and strength of HLA anti-
bodies following a blood transfusion using increases in MFI to
define sensitization, and did so in two cohorts—one matched
and one crossover.

This study has several important limitations. First, while we
attempted to address important confounding factors such as
pregnancies and transplants in addition to using matched con-
trols, the potential for residual confounding cannot be ruled
out. A randomized clinical trial (e.g. comparing transfusion
versus no transfusion) could balance residual confounding,
but is not considered feasible. Secondly, while we benefitted
from performing all testing in a single laboratory, some
modest run-to-run variability can occur in the Luminex-based
HLA antibody assay over time. We monitor for this daily, but
have attempted to address this issue for the purposes of this
study by analyzing two different MFI thresholds. Thirdly, we
drew our patients from a single center. While diverse in age,
sex and race, the proportion of Blacks was lower and the pro-
portion of Asian and Pacific Islanders higher than that in the
US population. As such, we may have under or overestimated
the effects of transfusion on HLA antibody formation and/or
cPRA that might be seen in other regions or nationally.
Finally, we captured transfusion events from claims data. We
expect claims data to have high specificity yet moderate sensi-
tivity, which we would expect to result in an underestimation
of the true effect of transfusion on sensitization. While we
would anticipate excellent accuracy for transfusion per se, we
cannot be certain that the overall exposure to HLA antigens in
transfused blood products was accurately captured (e.g. the
number of units of packed RBCs, exposure to plasma, cryopre-
cipitate or other blood products, or whether irradiation or fil-
tering was employed).

The current study offers additional evidence that RBC
transfusions are not a benign therapy. In addition to causing
allosensitization and compromising transplantation [38], there
are well-known transfusion-related risks including trans-
mission of blood-borne diseases, the potential for iron,
volume and/or potassium overload as well as transfusion-
related acute lung injury (TRALI) [39–42] along with
unknown or yet to be identified risks [43]. Blood transfusion
should be reserved for patients with, or at risk for, severe
anemia, in keeping with recommendations from published
clinical practice guidelines [44]. Strategies to reduce blood
transfusion [45] should include education regarding transfu-
sion-related risks (directed to nontransplant physicians, sur-
geons, emergency department personnel and other providers
involved in the care of patients with CKD), efforts to reduce
unnecessary blood loss (e.g. reducing the use of tunneled cath-
eters in hemodialysis, which obligates blood wastage),

vigilance for non-CKD-related causes of anemia, such as gas-
trointestinal bleeding, chronic infection or malignancy, and
the judicious use of IV iron and ESAs.

In summary, the current study using highly sensitive and
specific HLA detection methods provides contemporary evi-
dence that blood transfusion results in clinically meaningful
increases in HLA antibody strength and breadth, which, trans-
lated into cPRA, can have important negative downstream
clinical consequences. Our data suggest that previously sensi-
tized patients and parous women may be at particularly high
risk for transfusion-related sensitization. Thus, transfusion
can jointly reduce the likelihood of receiving a kidney trans-
plant (owing to more donors becoming incompatible) and
result in accelerated allograft loss should such a transplant
occur. The sensitizing effect of blood combined with the other
known transfusion-related risks adds further evidence in favor
of transfusion-minimizing strategies. In an environment
where deceased donor organs are scarce, waiting times long
and lengthening, and dialysis-related outcomes poor, we
should attempt to limit blood exposure to all persons who may
eventually require kidney transplantation.

SUPPLEMENTARY DATA

Supplementary data are available online at http://ndt.oxford-
journals.org.
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