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Hematopoietic stem cell patients regularly require transfusion support. Indications for transfusion in this
population are similar to other patients being treated with chemoradiation; however, special consid-
erations must be made in regards to pretransfusion testing, ABO compatibility, product modifications,

and anticipated challenges while patients undergo engraftment. Additionally, infusion of hematopoietic
stem cells requires acute understanding of product collection, modification, and potential side effects.
As these patients often require numerous platelet transfusions, platelet refractoriness may be encoun-
tered and practice options are discussed. We review current indications and guidelines for transfusion in
hematopoietic stem cell patients and make recommendations for best practice based on current litera-

ture.

© 2020 Published by Elsevier Inc.

Introduction

Patients undergoing hematopoietic stem cell transplant (HSCT)
often require transfusion support secondary to ongoing chemother-
apy and radiotherapy induced cytopenia [1]. The last 2 decades
of medical advances have rapidly expanded the range of disease
types for which HSCT can be considered. HSCT is now consid-
ered an option with curative potential for both neoplastic as well
as non-neoplastic disorders. Furthermore, expansion into nonma-
lignant benign hematologic conditions like sickle cell disease and
thalassemia, as well as hereditary disorders of the immune sys-
tem are now routinely treated with HSCT. The indications for blood
product transfusion mirror those in other oncology patients but in-
clude special considerations in the pretransplant, transplant, and
post-transplant periods. Herein we review standards and provide
background based on the currently available literature.

Stem cell infusion

The stem cell transplant process begins with conditioning or
preparative regimens, tailored to optimize stem cell harvesting.
Not all donors or patients are candidates for varying prepara-
tive chemotherapy or mobilizing agents, as such the total number
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and composition of the stem cell source has varied over time [2].
Whether a patient receives an autologous peripheral blood stem
cell product, a matched unrelated allogeneic hematopoietic stem
cell product, bone marrow, or umbilical cord blood product, there
will always be clinical and product factors to consider at time of
infusion.

Adverse reactions to HSC infusion are common and range in
severity from mild to potentially life threatening [3]. Common re-
actions include gastrointestinal manifestations such as nausea or
vomiting, flushing, fever, malodor, hypertension, and cough and
more rarely respiratory compromise, neurologic abnormalities or
fatal arrhythmia [3-6]. Frozen cells must be suspended in a cry-
oprotective agent, typically dimethyl sulfoxide (DMSO), which has
been implicated as the cause for numerous adverse reactions and
can cause malodor, histamine release, and nervous system abnor-
malities [7]. Though infused products generally contain less than
15% DMSO, further efforts have been made in certain conditions
to remove DMSO prior to infusion, though this manipulation may
lead to cell loss [7]. Of interest, HSC infusion products can contain
lysed cells, debris, metabolites, and electrolytes which may induce
symptoms associated with infusion, as evidenced by the persis-
tence of reactions in DMSO-free or DMSO-depleted HSC [8]. Symp-
toms associated with infusion are likely multifactorial and related
not only to DMSO or substances within the product but clinical
circumstances in individual patients as well.

Numerous steps are taken to ensure sterility of HSC and regu-
lations, exemplified by Foundation for the Accreditation of Cellular
Therapy (FACT) standards that require microbiological cultures be
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performed on minimally manipulated HSC, despite this, contam-
ination rates have been reported between 0.2% and 26.3% [9,10].
The suspected etiologic of this microbiologic contamination may
be secondary to collection or transfer bag leaks or microfractures,
inadvertent collection of skin plugs and associated skin commen-
sal contaminants, subclinical donor bacteremia, or other etiolo-
gies [11,12]. Common organisms are Gram-positive skin commen-
sal bacteria or rarely Gram negative or fungal pathogens [11,12].

Infusion of products containing known infectious pathogens
is occasionally necessitated due to clinical circumstance. Patients
generally receiving products with positive cultures are already un-
dergoing a pretransplantation preparative regimen schedules and
the transplant cannot be delayed, but with appropriate antimicro-
bial therapy these patients show no significant difference in out-
comes [9,13]. Patients receiving contaminated stem cell products
may develop positive blood cultures, paradoxically to different bac-
teria than that identified in the product, and develop neutropenic
fever at similar times compared to those receiving uncontaminated
stem cells [9,13]. Transplant recipients with viral illnesses such as
hepatitis B or C and HIV require monitoring as well as prophylac-
tic therapy for optimal outcomes; likewise, special considerations
must be undertaken for processing and storage of HSC graft col-
lected from donor with these viral illnesses [14,15].

Pretransfusion testing

HSCT patients continue to undergo routine pretransfusion test-
ing as long as transfusion support is required. Donors must un-
dergo ABO/Rh, human leukocyte antigen (HLA), and we recom-
mend initial indirect antibody screen [16,17]. A recipient cross
match should be performed in ABO compatible stem cell trans-
plants [18]. Recipients will undergo initial type and screen and
testing will be followed throughout the transplant course to iden-
tify emerging minor red blood cell antibodies or changing ABO
blood types. ABO typing on both the donor and recipient must be
performed in duplicate on two separate samples, with resolution
and documentation of any discrepancies [19]. Incompatibilities in
ABO blood types of HSCT donor and recipient will affect plasma,
red blood cell (pRBC), and platelet (PLT) transfusions and as such,
transfusion services should be made aware of HSCT patients.

Although HLA compatibility is key for successful outcomes in
HSCT, ABO is inherited independently and as such, the ABO bar-
rier has been crossed in HSCT. Transplants involving ABO compat-
ible donor-recipient pairs are optimal, but outcomes are generally
similar in terms of mortality, relapse, and GVHD, in the 25% to 50%
allogeneic transplants that are ABO incompatible [17,18]. Incompat-
ibilities are categorized as major with recipient antibodies against
donor, minor with donor antibodies against recipient ABO, or bidi-
rectional. The immediate concern for infusion of ABO incompati-
ble stem cell products is hemolysis due to incompatible RBCs or
ABO antibodies, isohemagglutinins, though there are other specific
manifestations associated with each type of incompatibility.

Major incompatibility involves infusion of ABO incompatible red
cells. Retrospective data exists showing <50 to 80 mL in acciden-
tal incompatible red cell transfusion was not associated with death
and caused minor symptoms, and stem cell products contain sig-
nificantly lower quantities of red cells [20,21]. Though no stan-
dards exist for red cell content, peripheral blood stem cell products
generally contain <15 mL whereas bone marrow products contain
much greater amounts [21-23]. Reduction in red cell mass may be
performed with a target of less than <20 to 25 mL and can be ac-
complished by RBC sedimentation or density gradient separation
[22]. This however can be associated with reduction in hematopoi-
etic stem cells, which may be especially impactful in products con-
taining a lower volume of stem cells, such as those collected from
cord blood [22]. Preinfusion plasma exchange may also be per-

formed in patients with high titers of isohemagglutinins, though
again standardization is problematic, and we suggest slowing of
infusion with continued monitoring for hemolysis [24]. Infusion of
secretor plasma to bind ABO antibodies may also be considered as
a means of mitigating high circulating isohemagglutinins [17]. Ma-
jor ABO incompatible HSCT patients have delayed red cell engraft-
ment which may manifest as pure red cell aplasia which will be
detailed later [18].

In minor ABO incompatible transplants, incompatible donor iso-
hemagglutinins and lymphocytes are infused into the recipient.
As theoretically anticipated, there is hemolysis associated with in-
fusion of incompatible isohemagglutinins and stem cell products
may be modified prior to by centrifugation and plasma reduction,
with minimal loss in stem cell mass. Reduction of recipient red
cells by red cell exchange or transfusion of compatible red cells
may be performed, though this is not extensively employed do
to mixed results [22]. Though not well-described in the literature,
immune tolerance with a lack of antibodies against recipient red
cells is an anticipated outcome in a number of minor incompatible
transplants [20,25,26]. However, donor lymphocytes may mount an
immune response against recipient red cell antigens in passenger
lymphocyte syndrome, which is detailed below.

(1) Bidirectional incompatibility is complicated by issues as de-
scribed in major and minor incompatibility

HSCT results in a change for recipient to donor blood type
change following engraftment of the erythroid lineage. Varying
timelines for beginning to transfuse the recipient with donor type
RBCs have been suggested, but the best timing for this change
this corresponds to preparative regimen, source and type of ABO
incompatibility. Cohn suggests presence of 1% reticulocytes or 30
days after last red cell transfusion [21]. A recent publication sug-
gest that reticulocytes more accurately characterize red cell en-
graftment than does ABO typing, although practically identifica-
tion of typing by blood bank staff is key [26]. Resolving recipi-
ent’s blood type may also be difficult, as secretors may produce
ABO antigens that adhere to type O cells, causing forward typing
challenges or lack of back typing in some patients [18]. Until en-
graftment is complete, selecting products compatible with both the
donor and recipient is necessary but places significant stress on
product management within the blood bank since the transfusion
of group O RBCs and group AB plasma is often required.

Product Modification

When preparing blood products for transfusion in HSCT pa-
tients, steps must be in place to ensure appropriate product prepa-
ration. Specifically, products must be modified in order to prevent
infection as well as transfusion associated graft vs host disease in
these relatively immune compromised patients.

HSCT patients are at increased risk for transfusion transmit-
ted cytomegalovirus (CMV) [27]. CMV latently infects monocytes in
asymptomatic blood donors with historic infection. As such leuko-
reduction serves to ameliorate this issue; however, there is vi-
ral shedding by endothelial cells into plasma during active infec-
tion [27]. Leukoreduced products from CMV serologically negative
donors are also available. The watershed publication on this issue
demonstrated no increase in CMV transmission between leukore-
duced and CMV-seronegative blood in HSCT patients, and a re-
cent survey reported that leukoreduction remains most prevalent
means of preventing transfusion transmitted CMV [28,29]. Further-
more, donors acutely infected in the window period prior to de-
tectable antibodies are known to have circulating CMV cell-free
virus, and there is some interest in transfusion from long-term
seropositive donors as they are less likely to have cell-free virus
[27].
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Pathogen reduced PLTs and plasma are licensed in both the
European Union (EU) and the United States of America (US) [30-
33]. These blood products significantly reduce the risk of CMV as
well as HIV in addition to bacteria, viruses, and parasites [33].
Promising research has also demonstrated efficacy of pathogen re-
duction in preventing transfusion associated graft vs host disease
(TA-GVHD) by inactivation of donor T lymphocytes [32]. However,
pathogen reduced products are not widely in use at this time,
and more traditional methods for product modification are still the
norm.

Irradiation is the primary method for reducing the risk of TA-
GVHD, and is indicated for all patients undergoing stem cell trans-
plantation [33]. Product irradiation can lead to red cell membrane
fragility and a resultant increase in the concentration of potassium
in the product, which may be of concern low body weight patients
[36]. Additionally, the shelf life of the product is reduced to 28
days after irradiation, or the original expiration date, whichever is
the soonest temporally [33,34].

Indications for transfusion

Due to cytopenia induced by preparative chemo radiation and
prior to marrow recovery, HSCT patients generally require trans-
fusion support. Specifically, patients require transfusion prior to
engraftment in order to maintain oxygen delivery and maintain
hemostasis. However, the thresholds for transfusion are similar to
those in other critically ill patient populations.

The AABB recommends restrictive red cell transfusion prac-
tice with a hemoglobin threshold of 7 g/dL in a majority of pa-
tients, with the caveat that there is insufficient evidence in pa-
tients with “severe thrombocytopenia (patients treated for hema-
tological or oncological disorders who at risk of bleeding)” [35].
They attribute this to superior PLT transfusion response in bleeding
patients with higher hemoglobin levels as support by a number of
studies. Randomized controlled trials in oncology patients compar-
ing liberal vs restricted transfusion strategies have identified that
lower hemoglobin thresholds of 7 to 9 g/dL are no worse than lib-
eral transfusion triggers of 10 g/dL or higher [36]. Our group cur-
rently recommends a restrictive red cell transfusion strategy in the
absence of symptomatic anemia or hemorrhage.

The AABB recommends prophylactic transfusion at a thresh-
old of 10,000/uL for all hospitalized patients [37]. The TOPPS trial
demonstrated reduced bleeding with prophylactic transfusion in
patients below this level [38]. A similar trial compared prophylactic
transfusion at 10,000/uL vs PLT transfusion for symptomatic bleed-
ing among acute myeloid leukemia and autologous HSCT patients:
no increase in severe bleeds (WHO grade 3 or higher) with only
therapeutic transfusion in autologous SCT patients [39]. Based on
the literature and our experience, we recommend prophylaxis at
10,000/uL, with an exception that therapeutic PLT transfusion for
autologous transplant patients is acceptable.

Granulocyte transfusions are available but not routinely uti-
lized by many transplantation services [1]. In a randomized control
trial of 104 neutropenic patients comparing high-dose granulocyte
transfusion and standard antimicrobial therapy, there was no sig-
nificant difference in survival or provable bacterial or fungal infec-
tions [40].

Delayed complications from ABO mismatched transplants
Case vignette 1
A 73-year-old male (O positive) underwent a reduced intensity

transplant from a fully HLA-matched unrelated A positive donor for
acute myeloid leukemia. He received single-agent targeted therapy

prior to transplant and never received any pRBC or PLT transfu-
sions. At 3 months post-transplant, hemoglobin began to decline.
At 4 months post-transplant, he requires pRBC transfusions weekly.
Sorted chimerism of peripheral blood CD3 and CD33 cells shows
that he is fully donor chimeric. Blood group testing reveals O posi-
tive pRBCs. He does not have graft vs host disease and he is not on
any myelosuppressive medications. No evidence of viral or bacte-
rial infections. Bone marrow biopsy confirms remission of underly-
ing cancer, and virtual absence of erythroid precursors. How would
you manage this patient?

Pure red cell aplasia from Major ABO mismatched transplant

Allogeneic hematopoietic cell transplantation is a curative ap-
proach for benign and malignant hematologic conditions. Since
HLA and ABO genes are inherited independently, ABO incompati-
bility can exist despite HLA matching [23]. Fig. 1 shows the differ-
ent kinds of ABO mismatch in transplants.

Pure red cell aplasia occurs when there is a major ABO mis-
match, such that the recipient has preformed antibodies in the re-
cipient (O recipient, A or B donor) [17,41]. Since recipient plasma
cells are likely the last to switch to donor chimerism, the recipi-
ent’s plasma cells continue to make antibodies against donor RBC
antigens. The result is intramedullary hemolysis; hence, the retic-
ulocyte count is low or undetectable. This clinical presentation is
in contrast to the usual hemolysis, in which a robust reticulocyte
count is prominent. In addition, erythroid precursors are absent in
the marrow, along with detection of high titers of antidonor iso-
hemagglutinins. Other conditions such as disease relapse, drug tox-
icity and concomitant infections should be excluded. Red cell apla-
sia can delay RBC engraftment for several months. This condition
is frustrating to both patient and provider, since patients require
PRBCs every week, resulting in severe iron overload. Pure red cell
aplasia (PRCA) risk is higher in O recipients from A donors [42].

There is no standard of care of management of PRCA due to
major ABO mismatch transplants. Currently available therapies,
used alone or in combination, include: tapering of immunosup-
pression [41], bortezomib [43], high dose steroids [44], plasma
exchange, rituximab (anti-CD20) [45], erythropoiesis-stimulating
agents (ESAs) [46], and donor lymphocyte infusions [47].

Often the first intervention is taper of immunosuppressive med-
ications to promote an alloreactive effect against recipient plasma
cells. Another approach to promote alloreactivity is to administer
donor lymphocyte infusion. However, patients may have concomi-
tant conditions such as graft-vs-host disease, which may preclude
either of these strategies. Usually corticosteroids, ESAs or rituximab
are employed. Rituximab acts against mature B-lymphocytes and
spares CD20 negative plasma cells.

Effects of plasma exchange are usually transient and not ef-
fective long-term. Recent case reports have shown responses with
daratumumab, hypothesizing that direct targeting of CD38 posi-
tive plasma cells would decrease antibody production removing
the barrier for donor cell recovery [48,49].

Case vignette 2

A 45-year-old male (A positive) undergoes reduced inten-
sity conditioning for myelodysplastic syndrome, following which
he receives a peripheral blood stem cell graft from an O pos-
itive, matched unrelated donor. Around day 12, absolute neu-
trophil counts begin to rise. However, hemoglobin drops precip-
itously from 8 to 5 gm/dL in 24 hours. The sample is tagged
as “hemolyzed,” and the clinical team repeats testing to deter-
mine the hemoglobin level. Lactate dehydrogenase is elevated,
haptoglobin is decreased, and the hemoglobin is even lower at 4
gms/dL upon repeat testing. How would you evaluate this patient?
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Fig. 1. Rationale for blood product selection in ABO-mismatched transplantation.

Passenger lymphocyte syndrome from minor ABO mismatched
transplant

Passenger lymphocyte syndrome is an immune-mediated
hemolytic process caused by donor lymphocytes sensitized to pa-
tient red blood cells [50]. While plasma reduction of the stem
cell graft is always performed prior to infusion, the viable donor
B-lymphocytes infused along with the stem cell allograft develop
antibodies against recipient red cell antigens. This syndrome also
occurs with solid organ transplantation and if there is a discrep-
ancy between donor and recipient minor RBC antigens (Kidd, Rh,
and Fya) [51,52]. There may be massive, life-threatening hemolysis
[53]. Transplant centers should have standard policies to monitor
closely for passenger lymphocyte syndrome, between days +5 and
+21 post-transplant. Since the transferred B-lymphocytes do not
engraft, the syndrome is self-limited.

Several risk factors have been postulated, such as stem cell as
allograft source and use of cyclosporine without methotrexate as
GVHD prophylaxis [54]. In a review of over 17 publications involv-
ing 27 patients, the median duration of hemolysis was 8 days with
a median pRBC transfusion requirement of nine units [55]. Rarely,
rituximab has been utilized for severe hemolysis [55].

HLA alloimmunization and PLT transfusion-refractoriness
Case vignette 3

A 36-year-old multiparous woman received myeloablative con-
ditioning for acute myeloid leukemia in first complete remission
prior to 6/6 HLA matched peripheral blood stem cell transplant
from her brother. Conditioning was with busulfan and fludarabine
and graft-vs-host disease prophylaxis was tacrolimus and short-
course methotrexate. At day +2, she is noted to have severe oral
hemorrhagic mucositis with PLT count <10 K/uL requiring daily
PLT transfusions. Post-transfusion PLT counts show poor responses

to PLT transfusions; from a pretransfusion PLT count of 12K, she
has a PLT count of 8 K after transfusion. Percentage reactive an-
tibody for HLA antibodies shows 100% reactivity suggesting se-
vere alloimmunization. Besides oral bleeding, she does not have
any other bleeding symptoms. How would we support this patient
through engraftment?

Issues

This patient has HLA alloimmunization resulting in transfusion-
refractory thrombocytopenia. This condition may present with or
without donor-specific antibodies. The reader is referred to com-
prehensive reviews for a detailed discussion of donor-specific an-
tibodies, where the major issue is one of promoting engraft-
ment [56]. Since she received a fully matched graft, she does not
have donor-specific antibodies. HLA antibodies increase her risk
of bleeding due to transfusion-refractory thrombocytopenia, pre-
engraftment.

How prevalent is transfusion-refractory thrombocytopenia?

In a large prospective trial of prophylactic PLT, transfusions in
816 patients (PLADO study) showed that the incidence of HLA al-
loimmunization was 8%. [57] In this study HLA alloimmunization
was defined as defined as (1) an increase in HLA Class I panel-
reactive antibodies to >20%, and (2) clinical refractoriness, defined
as 2 consecutive <4 hours post transfusion corrected PLT count in-
crements (CCI) of <5000. Corrected PLTPLT CCI are calculated us-
ing patient’s body surface area, Platelets (PLTPLT) count increment
(calculated by using the 15 minutes - 1 hour post-transfusion PLT-
PLT count).

The CCI x 10°/L (CCI) is calculated from the PLT Increment, pa-
tient’s body surface area in m2(BSA) and the dose of PLTs trans-
fused x 10" (PD):-

CCI = PI x BSA x PD™!
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With a median follow up of 30 days in this study, Poor CCI
was prevalent in 17% of recipients. Most providers taking care of
transplant patients are unlikely to use this formula on a daily
basis since they will likely not have access to the dose of PLTs
transfused. Centers should collaborate closely with their transfu-
sion medicine departments in such challenging patient scenarios to
determine whether transfusion-refractoriness is immune-mediated
and to determine the threshold for prophylactic PLTs transfusions
in patients with severe HLA alloimmunization.

There can be both immune and nonimmune causes of poor
response to PLT transfusions (Active bleeding, sepsis, medica-
tions, disseminated intravascular coagulation, Splenomegaly). De-
tection of high percentage of HLA antibodies and excluding non-
immune conditions increase the likelihood of a serologic etiology
for transfusion-refractoriness.

Given lack of prospective studies of management, a recent re-
view summarized clinical dilemmas and strategies for managing
alloimmunization when definitive evidence based strategies do not
exist [58,59]. Virtually all patients with hematological malignancies
already receive apheresis PLTs, which lower the risk of HLA alloim-
munization.

In patients with severe alloimmunization (multiparous females),
HLA matching of PLTs can be performed. The transfusion medicine
departments supporting transfusion management in the care of
hematopoietic stem cell patients usually have policies for provision
of HLA selected products using a strategy of antibody avoidance, or
HLA matching or cross matching of PLTs.

Gavya et al. evaluated if there was a difference between using
random apheresis PLTs vs HLA-selected PLTs vs pooled PLTs in HLA-
sensitized patients in a single-institution retrospective study [G0].
The success rates of random apheresis PLTs, HLA-selected PLTs and
pooled PLTs was 31%, 80%, and 35%, respectively. They concluded
that HLA-selected PLTs resulted in higher mean CCIs and more suc-
cessful transfusions.

There is currently a threshold of 20K PLTs for patients with
hematological malignancies. In inpatient settings where PLT counts
are closely monitored, the PLT threshold is lower at 10K, with ex-
ceptions for active bleeding and procedures [59,61]. There is not
a clear standard of care in the United States for PLT transfusion
thresholds in patients with HLA alloimmunization. Most of the
published data regarding treatment strategies comes from the NHS
experience.

Other strategies reports as case series involve 24 hours continu-
ous infusion of PLTs [62]. These are resource-intensive approaches
that may be prohibitive in the setting of PLT shortages. Academic
transplant centers work closely with their collaborating transfu-
sion medicine departments to establish standard of care guidelines
within each institution. Novel HLA matching strategies have been
studied, mostly in single-center studies to help effectively utilize a
precious resource [63].

In summary, transfusion medicine is critical important for op-
timal supportive care of the post-transplant patient, both in the
immediate setting of transplant and later post-engraftment. While
progress has been made in product selection and thresholds for
transfusion, future studies are needed to develop evidence-based
strategies or curative approaches for patients with one of the most
vexing problems such as HLA alloimmunization and refractori-
ness to platelet transfusions. Close collaboration between trans-
plant centers and transfusion medicine departments is vital to pro-
vide the best supportive and cost-effective care.
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