




Figure 1. | Lymphocytotoxic antibody reactivity against randomdonor test panel in relation to the number of blood transfusions. Fractions of
patients reacting against,10%, 10%–50%, 51%–90%, and.90%of the panel donors are plotted. All 737 patientswere undergoing long-term
hemodialysis and were waiting for a first kidney transplant. Numbers of patients after 2, 5, 10, 15, and 20 transfusions are indicated at top of
graphs. (A) Male and female patients. (B) Female patients categorized by the number of previous pregnancies. (C) Lymphocytotoxic antibodies
in patients who were studied prospectively throughout the course of treatment (32).
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essentially unresponsive (,10% antibody reactivity against
the panel) and 10% developed reactivity to 10%–50% of
the panel (Figure 1C). In contrast, after 10 transfusions,
6% of the women demonstrated .90% reactivity, 23%
showed 51%–90% reactivity, 11% showed 10%–50% reacti-
vity, and only 60% were “unresponsive” (Figure 1C). These
and other data suggested that the main drivers of HLA
sensitization after red cell transfusion are previous preg-
nancies and previous transplantation. Men seemed to
have a much lower risk of HLA sensitization after trans-
fusion than women, and women with multiple pregnancies
seemed to have a much greater risk of HLA sensitization
than nulliparous women.
Studies performed in the last two decades showed that

the risk of sensitization with blood transfusion was ap-
parently lower than previously reported, with an overall
response rate ranging from 2% to 21% (19,33,34). A possi-
ble explanation for this lower sensitization rate is that red
blood cell transfusions in recent years are less immuno-
genic because they contain fewer leukocytes as a result
of more widespread use of blood filters (see below).
Other conclusions that can be drawn from previous

studies include the following: (1) washed red blood cells
do not appear to be less immunogenic than nonwashed
red blood cells (32); (2) no consistent reduction in sensiti-
zation has been demonstrated with donor-specific (33) and
DR-matched (35) transfusions; and (3) higher numbers of
blood transfusions have been associated with an increased
risk of sensitization in some studies (11,36) but not in oth-
ers (32,37).
Further data relevant to this issue are found in the 2010

USRDS annual report (24). This report suggests that the
risk of sensitization with blood transfusions is substantial.
For example, compared with patients who have never
received a blood transfusion, patients who received trans-
fusions have a 2.38 odds of a PRA . 80%. Interestingly, in
this analysis the risk of being highly sensitized at the time
of transplantation was higher for men than for women
(Figure 2) (24). The 3-year cumulative incidence of trans-
fusion in wait-listed patients was highest among patients
who were highly sensitized at the time of transplant (PRA
$ 80%) (38).

Effect of Leukocyte Depletion on Risk of HLA
Sensitization after Blood Transfusion
Leukocytes often contaminate cellular blood components

and have been implicated with several adverse effects of
blood transfusions. The most common adverse effects are
mediated by immune mechanisms and include graft-
versus-host disease, reactivation of viral or bacterial dis-
eases, immunosuppression, and allosensitization to HLA
antigens. The latter may result in red blood cell alloimmu-
nization, transplant rejection, febrile reactions, and refrac-
toriness to platelet transfusions (39). Despite mounting
evidence regarding the adverse consequences of leukocyte
contamination of blood products, it continues to be a mat-
ter of debate whether the evidence is compelling enough
to justify the cost of universal prestorage leukoreduction
of blood products (40–47). Despite the debate, many European
countries have already adopted universal leukoreduction
of blood products. In the United States, approximately 75%
of blood is leukoreduced.
Previous studies have also reported that leukoreduction

of blood products is ineffective in decreasing sensitization
in previously transplanted patients and in potential kidney
transplant candidates (48–50). A possible reason for this
finding is that the number of HLA molecules contributed
by the red blood cells is similar to that of the leukocytes
(51).

Effect of Increased HLA Sensitization on Waiting
Time for Transplantation
Increased PRA titers due to blood transfusions and other

factors are associated with longer waiting times for finding
compatible donors and may completely preclude trans-
plantation. For example, the median wait time for patients
with a 0% PRA was 2.5 years in 2005, whereas for patients
with a PRA of 1%–19% and 20%–79% the median wait
times were 2.9 and 4.3 years, respectively. Not unexpect-
edly, wait times for highly sensitized patients (those with a
PRA $ 80%) listed in 2005 were still to be observed in 2010
(24). Consequently, the distribution of PRA values among
wait-listed patients tends toward higher levels of sensiti-
zation with longer periods from the date of listing,

Figure 2. | Effect of pretransplant transfusion on the risk of elevated panel-reactive antibody in transplant patients, by sex, 2004–2008 (24).
PRA, panel-reactive antibody. Error bars are 95% confidence intervals. Reproduced from reference 24.
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reflecting the difficulty of finding suitable donors for
highly sensitized candidates. As an example, the percent-
age of patients with PRA $ 80% increased from 7.5% at
listing to 13.3% at 5 years after listing (24).
It is important to note that waiting times in the United

States have a large regional variation. Compared with a
national average of 2.1 years, median waiting times for
adults who underwent transplantation in 2008 exceeded
3 years in Alabama, Hawaii, New Jersey, California, and
Illinois. Likewise, projected median wait times for listed
adults in California and Alabama were 7.2 and 9.3 years,
respectively (24). Thus, in these venues the sensitized pa-
tient will probably die on dialysis, making transfusions
even more problematic.

Effect of HLA Sensitization on Outcomes after Renal
Transplantation
Not being transplanted or having to wait longer for

transplantation is associated with lower survival (52,53).
Indeed, receiving a transfusion while on the transplant
wait list in the first 5 years is associated with a nearly

five-fold higher risk of dying and an 11% reduction in
the likelihood of ever receiving a transplant (24). The
risk of sensitization is therefore not trivial (54). Further-
more, even after transplantation, the presence of pre-
formed HLA antibodies is associated with an increased
risk of early and late graft loss (55–58). Recent data also
suggest that pre-existing donor-specific HLA antibodies
identified by Luminex single-antigen assay at the time of
transplantation are associated with a higher incidence of
antibody-mediated rejection and inferior graft survival
(59).
It is important to note, however, that the strength and

specificities of anti-HLA antibodies of sensitized patients
allow for estimation of the percentage of donors who
will be crossmatch-incompatible for a candidate. For that
reason, the United Network for Organ Sharing recently
introduced a new measure of sensitization for transplant
candidates, the so-called calculated PRA (60). Under this
scheme, kidney transplant candidates who are sensitized
to .20% of potential deceased donors have access to
HLA-matched kidneys from anywhere in the United
States. Those with calculated PRA of $80% are assigned

Figure 3. | Clinical algorithm to guide the use of red cell transfusions in patients with CKD. ESA, erythropoiesis-stimulating agent.
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Table 1. Indications for Blood Transfusions

Indication Comments

When rapid correction of anemia is
required to stabilize the patient’s
condition (e.g., acute hemorrhage,
unstable coronary artery disease)

Red cell transfusion in patientswith acute hemorrhage is indicatedwhen
there is: (1) rapid acute hemorrhage without immediate control; (2)
estimated blood loss of.30%–40% (1500–2000 ml) with symptoms of
severe blood loss; and (3) estimated blood loss ,25%–30% with no
evidence of uncontrolled hemorrhage if there are recurrent signs of
hypovolemia despite colloid/crystalloid resuscitation. In patients
with certain comorbid factors, transfusionsmay be necessarywith less
blood loss (69).

Studies evaluating the importance of anemia and the role of transfusion
in the setting of an acute coronary syndrome (i.e., unstable angina,
myocardial infarction) have reached differing conclusions.

The American College of Cardiology/American Heart Association and
American College of Chest Physicians guidelines did not make any
recommendations concerning the potential benefit or risk of blood
transfusion in the setting of an acute coronary syndrome (70,71).

Although anemia occurs frequently in patients with heart failure,
limited data are available on treatment of anemia in this population.

Correction of anemia has not been established as a routine treatment in
heart failure, as noted in the 2005 American College of Cardiology/
AmericanHeart Association guidelines, the 2006Heart Failure Society
of America guidelines, and the 2008 European Society of Cardiology
guidelines (72–74).

General indications for red cell transfusion may be applied to patients
with acute coronary syndrome and/or heart failure; however, careful
attention to volume status is indicated when there is coexistent renal
impairment.

When rapid preoperative hemoglobin
correction is required

Criteria have been proposed for the administration of perioperative
transfusions, as follows (69):
Red cell transfusions are generally not recommended when
hemoglobin level is $10 g/dl in otherwise healthy person.
Red cell transfusions should be givenwhen hemoglobin level is,7 g/
dl.
When hemoglobin level is,7 g/dl and the patient is otherwise stable,
2 units of packed red cells should be transfused, following which the
patient’s clinical status and circulating hemoglobin should be
reassessed.
High-risk patients (those age .65 years or those with cardiovascular
or respiratory disease) may tolerate anemia poorly and may be
transfused when hemoglobin level is ,8 g/dl.
For hemoglobin level 7–10 g/dl, the correct strategy is unclear.

When symptoms and signs related to
anemia are present in patients in whom
ESA therapy is ineffective (e.g., those
with bone marrow failure,
hemoglobinopathies, ESA resistance)

Patients with chronic anemia (e.g., those with bone marrow failure
syndromes or hemoglobinopathies) may be dependent on red cell
replacement over a period of months or years, which can lead to iron
overload.

Approximately 200 mg of iron are delivered per unit of red cell; this iron
is released when hemoglobin from the transfused red cell is recycled
after red cell death.

Given the progressive loss of red cell viability that occurs during storage,
the “freshest available” units should be selected to maximize post-
transfusion survival

Hemosiderosis can produce organ damagewhen the total iron delivered
approaches 15–20 g, the amount of iron present in 75–100 units of red
cells, as occurs in conditions such as thalassemia or sickle cell disease.

The issue of red cell transfusion in patients with congenital or acquired
hemolytic anemia is more complex.

When symptoms and signs related to
anemia are present in patients in whom
the risks of ESA
therapy may outweigh the benefits

ESAs should be used with great caution, if at all, in patients with CKD
with activemalignancy, a history ofmalignancy, or a history of stroke.

ESA, erythropoiesis-stimulating agent.
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additional priority points when a compatible kidney is the
best option (61).
On the other hand, novel immunosuppressive protocols

incorporating intravenous immunoglobulin and plasma-
pheresis enable successful transplantation for sensitized
patients (62–65). Although encouraging, these protocols
are available to only a small proportion of sensitized po-
tential recipients and will probably do little to address the
disparity in access to transplantation.
As an alternative to desensitization protocols, paired

kidney exchanges enable kidney recipients who have
willing living donors to swap incompatible kidneys for
compatible ones (66). However, for most broadly sensi-
tized patients, neither of these two options is feasible
(61). Clearly, transplanting compatible kidneys is the
best approach, and, thus, strategies to prevent allosensiti-
zation are likely to have a greater impact for patients with
ESRD.

Conclusions and Recommendations
The older data suggested that the risk of allosensitization

with blood transfusions is low when they are given to
transplant-naive male patients or nulliparous female pa-
tients who have not received repeated transfusions in the
past. Patients who have lost a previous kidney graft and
multiparous women, on the other hand, were thought to be
at high risk of developing broadly reactive antibodies,
especially after blood transfusions. More recent data from
the USRDS, however, have challenged this and have sug-
gested that men may be at higher risk than was previously
believed. Despite some uncertainties, the available data sup-
port the premise that blood transfusions are sensitizing
events that can cause an increase in HLA antibodies, and
thus, should be minimized or avoided if possible in all
potentially transplantable patients with CKD.
Although the evidence is conflicting, the majority view is

that leukoreduction of blood products is ineffective in de-
creasing sensitization in previously transplanted patients
and potential kidney transplant candidates. Increased PRA
titers due to blood transfusions are associated with longer
waiting times for finding compatible donors and may
completely preclude transplantation. Not being transplan-
ted or having to wait longer for transplantation is associated
with lower survival. Furthermore, even after transplanta-
tion, the presence of preformed HLA antibodies is associ-
ated with an increased risk of early and late graft loss.
Despite the risks associated with HLA allosensitization,

the introduction of calculated PRA and the emphasis on
strengths and specificities of donor-specific antibodies as
opposed to non–donor-specific antibodies have resulted
in a paradigm shift regarding the management of sensitized
patients for transplantation. Furthermore, desensitization
protocols and paired kidney exchanges offer additional op-
tions, although they are limited to only a small proportion
of sensitized potential recipients.
The decision to transfuse patients with CKD should be

based on a careful analysis of benefits and risks (Figure 3).
Individualization of anemia management has appeared
as a consistent theme throughout several recent guideline
and recommendation documents, and this is highly perti-
nent to the use of red cell transfusions in patients with

CKD. Thus, in certain acute situations (e.g., acute severe
hemorrhage), the use of blood transfusions is mandatory
and may be life-saving (Table 1). In other clinical scenarios
(such as when major surgery is planned and the preoper-
ative hemoglobin level is , 7 g/dl), the balance of benefit
versus risk may also favor transfusion. In the critical care
setting, in which anemia is common, data from a random-
ized, controlled trial showed that a restrictive transfusion
strategy (transfusing red cells at a hemoglobin , 7 g/dl) is
at least as effective as and possibly superior to a liberal
transfusion strategy (transfusing red cells at a hemoglobin
level , 10 g/dl) in critically ill patients, with the possible
exception of patients with acute myocardial infarction and
unstable angina (67). Recommendations following a recent
systematic review on the management of anemia in heart
disease, however, suggested that in acute coronary syn-
dromes, the use of blood transfusions to correct anemia
when the hemoglobin level is 8–9 g/dl is questionable
(68). In chronic anemia, when ESA therapy is likely, or
has been demonstrated, to be ineffective (e.g., sickle cell
disease, myeloma), the appropriate use of blood transfu-
sions is less clear.
A relevant factor in this situation is the likelihood of the

patient being listed for kidney transplantation. In an older
patient in whom kidney transplantation is contraindicated
because of severe cardiovascular disease, for example, the
threshold for using blood transfusions might be lower.
However, in a 29-year-old, otherwise fit mother of two who
is contemplating kidney transplantation, greater efforts
should probably be made to avoid the use of transfusions,
given the risk of allosensitization and subsequent out-
comes. Conversely, in patients at high risk of serious
complications with ESAs (those with previous or current
malignancy, or previous stroke), and in those who require
high doses of ESA to achieve a certain hemoglobin level, the
balance of benefits and risks may favor transfusion.
Clearly, further research is needed to confirm the older

data on the risk of allosensitization after blood transfusion
and to continue searching for alternative ways to reduce
sensitization with blood products. In the short term, this is
likely to take the form of prospective observational studies
monitoring the use of transfused blood in patients with
CKD and collecting data on HLA sensitization and sub-
sequent transplant outcomes. In the longer term, there is
also a pressing need for randomized, controlled trials, al-
though the design, funding, and implementation of such
trials will not be straightforward.
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