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. and intravenous

who have received
diagnostic challenges with regard to the timing of presentation, predictability,
symptom overlap with other complications, and antibody identification and manage-
ment.> Owing to increases in solid-organ and
tion,

HISTORY

The earliest description of an incompatible hemolytic transfusion reaction dates to
the experimental start of transfusion therapy in the century. While treating

a nobleman who had eiisodes of violent with infusions of

described what has become the classic
reaction:

The patient was transfused with 5-6 ounces of calves’ blood. During the pro-
cedure, the patient complained that the vein in his right arm became quite pain-
ful. The procedure was repeated 2 days later; a larger transfusion was given.
Following the transfusion, however, the patient complained of pain in the arm
vein; his pulse rose, he vomited, and he had a severe nosebleed, pain over the
kidney, and an “oppressive sensation in the chest.” The next day, he “made a
great glass of urine with a color as black as if it had been mixed with the soot
of a chimney.””

The severity of the reaction prompted the Parlement of Paris (the appellate court),

along with most of Europe, to ban all human transfusions. These signs and symptoms
have come to define acute immune-mediated hemolysis.

With discovery of blood groups in
became the for blood. Ottenberg
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HEMOLYTIC TRANSFUSION REACTIONS
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| -ABO single

antibody

recent years.

Figure 1._ in the United -from -Transfusion Reactions.

The data, reported by the Food and Drug Administration for fiscal years 2005 through 2016,° show an overall de-
cline in deaths related to hemolytic transfusion reactions, with persistently low numbers of reported deaths in more

applied this technique to routine pretransfusion
testing as a way to prevent hemolytic transfusion
reactions.® The development of anticoagulant—
preservative solutions allowed not only storage of
typed blood but also sufficient time to perform
extended laboratory testing before transfusion.
and
of the correspondin
to provide

, to select compatible units,
and to help establish the diagnosis when hemo-
Iytic reactions are suspected.

EPIDEMIOLOGIC FEATURES

The Food and Drug Administration .) requires
reporting of transfusion-related deaths in the
United States under the Code of Federal Regu-
lations, Title 21, Section 606.170(b), and publish-
es annual compilations of hemolysis-associated
deaths (Fig. 1).° Any effort to discern national
trends should take into account that the classi-
fication was modified in fiscal year 2015 to ensure
consistency with other national and international
agencies and that deaths attributed to transfu-
sion are probably underreported. The United States

eriod® but has become one of the
of transfusion

with an estimated risk o
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red-cell units transfused in 2016."* Much of this
decline can be to a in trans-
fusion of blood. Fatal hemo-
lytic transfusion reactions continued to decrease
from fiscal year 2005 through fiscal year 2010,
but one to four deaths continue to be reported
annually (Fi

tients with an
of acute
among patients receiving
of blood that has . been
mon practice in the management of trauma, is
estimated at
Robust data regardin
fusion reactions are largely because
of subclinical presentations and lack of rigorous
reporting. Consequently, theﬂ

reactions is estimated to
range from ransfusions to
transfusions. Certain patients, such as those with
disease, appear to be at

hemolytic trans-
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HEMOLYTIC TRANSFUSION REACTIONS

Figure 2 (facing page). Features of
- and - Transfusion Reactions.

Panel A shows the pathophysiological features of
hemolytic transfusion reactions. Immunologic
between and results in

foreign blood-group antigen recognition and binding
oy ciclting Igh, activating tenal Gomplement

and leading to formation of the membrane attack com-
plex . The MAC , re-
leasing into the

space, which results in end-organ damage, includin
e. Early
components cause damage and in-
creased through activation of
mast cells, polymorphonuclear cells, monocytes, and
endothelial cells, which release and interleu-
kins. denotes disseminated intravascular coagula-
tion, and « tumor necrosis factor a.
shows the pathophysiological features of’
molytic transfusion reactions.

sulting in
red cells

transported to the
is excreted as

transfusion reactions.

with th hemolytic transfu-
sion reactions and hyperhemolysis ranging from
of transfusions.’® On the basis of an
international hemovigilance database,
account for
and - of all

of
transfusion
reactions.'18

PATHOPHYSIOLOGICAL AND
CLINICAL MANIFESTATIONS

to red cells transfused in patients with

against incompatible transfusions have been
implicated in a cases.”

interact with
commonly with hemolytic IgG antibodies, both of

N ENGL ) MED 381;2

which fix and Formation
of excessive terminal membrane attack com-
plexes consisting of components C5 through C9
creates multiple pores in the transfused red-cell
membranes, initiatin,
resulting excess
capacity of plasma
and can be measured with

Free heme induces

may ensue.”
activation generates

cells, releasing and

These cells, along with the by-products of hemo-
lysis, including residual red-cell stromal compo-
nents, activated monocytes and leukocytes, en-
zymes, and anaphylatoxins, mediate the
and chemokines
factor a and interleukin-8). Fur-
and kalli-

In extreme cases, the

face area resultin
spherocytes. This
cess, with
in the plasma, may also be mediated by
i that are recruited by B-cell growth and
differentiation factors (interleukin-18 and inter-
leukin-6). Reactions to and to

may be manifested in

Such hemolytic reactions typically occu
ut be

(Fig. 2B).%

hemolytic transfusion reactions,
hemolytic transfusion reactions are almost

in patients
allogeneic stem-cell
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bleeding

Suspected AHTR

Signs and symptoms: fever, chills, rigors, flank
pain, reddish urine, hypotension, dyspnea,
sense of “impending doom,” oliguria, anuria,

Timing: minutes to hours after transfusion

or infusion

Suspected DHTR

Signs and symptoms: fatigue, pallor, jaundice
Timing: 2 days to 1 month after transfusion

'

!

Ancillary tests: positive DAT,
hemoglobinemia, hemoglobinuria,

pm—
-

Stop transfusion immediately,
repeat clerical check

Ancillary tests: new positive
antibody screen, incompatible
cross-match, decreased hemo-

globin, positive DAT or IAT, low
haptoglobin, high LDH, elevated

Obtain detailed patient history:
record of multiple or recent
transfusions, including
IVIG, platelets, plasma;
HSCT; history of alloimmuni-

zation, pregnancies, or

low haptoglobin, high LDH, ¥
transplantation

elevated direct or indirect bilirubin, or microspherocytes on peripheral
high p-dimers, increased fibrino- Repeat and confirm ABO, smear, reticulocytosis
gen, PT or PTT (if DIC is present), | Rh, antibody compatibility;
BUN, or creatinine repeat DAT l

indirect bilirubin, spherocytes

Management: cautious transfusion with antigen-negative, cross-match—
compatible units

[ 1.
Positive Negative In severe cases: immune modulators (glucocorticoids, IVIG, rituximab,
erythropoietin-stimulating agents)
Immune-mediated hemolysis: Perform Gram's stain and blood l
aggressive hydration cultures to rule out acute
Severe cases: pressor support, infections Prevention: prospective extended antigen-matched red-cell transfusions

renal consultation, manage-
ment of coagulopathies

Rule out drug-induced hemolysis,
nonimmune causes

for high-risk groups (patients with SCD)

Medical alert cards for alloimmunized patients

PLS: donors and recipient compatible blood products in the peritrans-
plantation period

IVIG-mediated hemolysis: report reaction to regulatory agencies, identify
and avoid or quarantine high-titer anti-A or anti-B products

Prevention: electronic verification systems to avoid labeling errors,
WBIT; careful handling and administration of blood products

Figure 3. Clinical Manfestation, Laborsory Diagro's, and Management of Hemalytic ransfusion Reactions.
Clinical_of- hemolytic transfusion reactions (AHTRs) may include one or more of the listed signs and symptoms. If an
should be stopped immediately, and clerical checks should be repeated, along with testing.
If an AHTR is confirmed, care are initiated. Prevention includes measures to and
errors. Cross-matching and, in are measures. To prevent careful handling
of blood products to make sure they are not exposed to changes is critical. In patients with hemolytic transfusion reactions -,

findings often ‘signs and symptoms. When a DHTR is suspected, a care-
ful medical history must be obtained as detailed. consists of a cautious approach to transfusions, with the use of| products. In se-
vere cases, in which transfusions worsen i , additional treatment may be needed. strategies
include prospective The abbreviation aPTT denotes activated partial-thromboplastin time, BUN blood urea nitrogen, DAT direct antiglob-
ulin test, DIC disseminated intravascular coagulation, HSCT hematopoietic stem-cell transplantation, IAT indirect antiglobulin test, IVIG intravenous immune globulin, LDH lac-
tate dehydrogenase, PLS passenger lymphocyte syndrome, PT prothrombin time, and SCD sickle cell disease.

reaction is transfusion

reactions are often
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HEMOLYTIC TRANSFUSION REACTIONS

These reactions - constitute a
In many instances,
in the blood

bank (reported as °

events. manifestations, if they occur, in-

followed by hemoglobin deg-

radation and into the
Fever, and hemoglobi-

nemia are even 2122 Differences in the
clinical presentations of acute hemolytic transfu-
sion reactions and delayed hemolytic transfusion
reactions are detailed in Figure 3.

thalas-

cells. The

The decrease in reticulocytes in this context prob-
ably results from contact lysis of red-cell precur-
sors by macrophages. This process may b

ongoing hemolysis,
with the exogenous (transfused) antigen probably
triggering the development of a temporary pseudo-
autoimmune state.?*?
may also occur
after infusion of

atibility, with subsequent
is the most common cause of clini-

cally significant hemolysis in such cases.” How-

Life-threatening hemo-
lysis due to passenger lymphocyte syndrome has

s well as after hematopoietic stem-cell
infusions.” Reduced-intensity conditioning regi-

mens and cyclosporine as prophylaxis against
graft-versus-host disease i) or rejection have

been associated with an increased risk of passen-
ger lymphocyte syndrome.* Umbilical cord blood
hematopoietic stem-cell grafts with predominantly
naive T cells have not been associated with minor
ABO-incompatible hemolysis. An illustrative case
of delayed hemolysis after allogeneic stem-cell
transplantation is shown in Figure 4. The evolu-
tion of preparative regimens (e.g., fludarabine),
newer immunosuppressive agents, and modified
combinations for GVHD prophylaxis (methotrex-
ate-containing regimens) has significantly reduced
the incidence of passenger lymphocyte syndrome.?
Hematopoietic transplantation may also result in
acute hemolysis due to incompatible red-cell de-
struction in the graft by recipient antibodies
(major ABO incompatibility). Prolonged destruc-
tion of graft red-cell precursors in the recipient’s
bone marrow may result in pure red-cell aplasia
for up to 1 year after transplantation.®

Mostﬁ transfused in the United
are collected by means o

of apheresis
according to the date

complementary to

transfu-

sion of implicated units from °
in group However, there is no uni-
versal definition of high-titer antibodies.?® Simi-

immune globulin
they can i
larly high risk.”#°

been observed with
concentrates used for the treatment of
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HSCT Infusion
(Group O donor to Group A recipient) Group O Red-Cell Transfusions

ALK f

<
Eluate =
<
DAT g g 82
Urine & &0 + +
hemoglobin z z =] Gn
12+ ~1000
114
% 104 Hemoglobin
£ 800
s 9
£
S s
@ 1600 —
— 71 S
2 ES
L 6 5
5 s i I
E 400 e
s 45
:g
_gb > 200
E 2
I
14 Total bilirubin
O 1T T T 0

T T T T T T T T T T T T T T
-2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Day

Figure 4. Development of Passenger Lymphocyte Syndrome ate Allogeneic HSCT.

A 46-year-old man with acute lymphoblastic leukemia underwent peripheral-blood HSCT from an HLA-matched,
unrelated donor with minor ABO incompatibility. The patient’s blood was originally typed as group A, RhD-positive,
and the donor’s blood was group O, RhD-positive. Three days before the transplantation, the patient began reduced-
intensity conditioning chemotherapy with cyclophosphamide and total-body irradiation. Shown are the patient’s lab-
oratory values after transplantation. All red-cell units transfused after transplantation were group O. The patient’s
clinical course was unremarkable until day 9 after transplantation, when he had an altered mental status, fever, and
back discomfort, with a drop in the hemoglobin level accompanied by hemoglobinuria, a marked rise in the LDH
level, and an increased total bilirubin level (to convert the values for bilirubin to micromoles per liter, multiply by
17.1). A DAT, which had been negative on days 1 and 5 after transplantation, became positive for IgG and negative
for C3. An eluate of antibody bound to the patient’s red cells revealed anti-A antibodies. The patient was transfused
aggressively with additional group O red cells. The DAT became negative 8 hours later. The episode was self-limiting.

of blood
“ transfusion of
blood,* and transfusion of

Although with the adminis-
tration of intravenous - is gener-
ally-and is detected most often in retrospect
by laboratory methods, the occasional reports of
severe cases should alert clinicians to the impor-
tance of this association.

in with is
attributed almost re to mecha-
nisms. However, a variety of

448 may be exacerbated by transfusion and
can therefore hemolytic transfusion reac-
of hemolysis have been reported, and these cases tions. Transfusion of blood contaminated with
differ from immune-mediated hemolysis with and transfusion in patients with

respect to diagnosis, management, and outcome. may immune-mediated hemolysis,*
mechanisms of hemolysis include as can transfusion of donor red cells with intrin-
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HEMOLYTIC TRANSFUSION REACTIONS

sic defects (e.g.,
%) or transfusion in recipients with
these red-cell defects.”® Categories of hemolytic
transfusion reactions are listed in Table 1.

- CONSIDERATIONS

An hemolytic transfusion reaction is consid-
ered to be a Although -
represent the classic
triad of an hemolytic transfusion reaction,
this type of reaction may also be suspected if one
or more of the following signs or symptoms ap-
a transfu-

sion: a

rigors, respiratory distress, anxiet
infusion site, _

One fascinating early symptom, a
> has been reported by nu-
merous patients and is possibly the equivalent of
the “oppressive sensation in the chest” reported

in the 17th century by Denis’s patient; it should

not be ignored.
The h of - hemolytic transfusion

reactions may be related to th

or both in the
of incom-
of transfu-
have been associated with in-
of incompatible blood,
although volumes as small as 25 ml have been
fatal, particularly in children. Laboratory testing
does not predict the severity of the reaction.
When an acute hemolytic transfusion reaction
the transfusion should be sto

patible blood
sion. Most

. Visual
as well as testing for urine and
is standard. i

from the circulation. Simultaneously, alternative

causes, including infectious agents, must be ruled

out by means of Gran' tining dnd cultes of

the remaining transfused component.
A newly identified

(Fig. 5). Conversely, the antiglobulin test

N ENGL ) MED 381;2
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T1ble 1. Categores of Hemolytc Transfusion Reactions.

-mediated reactions

Acute hemolytic transfusion reaction due to emergency transfusion of blood
that was not cross-matched

Delayed hemolytic transfusion reaction due to prior (evanescent) antibodies

Hyperhemolysis (with bystander hemolysis [i.e., hemolysis of autologous red
cells]) in patients receiving long-term transfusions (for SCD or thalas-
semia)

Hemolysis due to intravenous immune globulin or Rh immune globulin

Passenger lymphocyte syndrome after hematologic or solid-organ transplan-
tation

Pure red-cell aplasia after transplantation (destruction of erythroid precur-
sors in bone marrow)

-immune-mediated reactions

Thermal injury (excess heat or cold)
Osmotic lysis (from dextrose or inadequate deglycerolization)

Mechanical injury (from pressurized or rapid infusions or infusion through
a narrow leukodepletion filter)

Conditions with_hemolysis after transfusion
Autoimmune hemolytic anemia (warm or cold agglutinin disease)
Drug-induced immune-mediated hemolytic anemia

Sepsis in recipient or infusion of infected donor blood

Red-cell membrane defects in donor or recipient

* The listed mechanistic categories may overlap in clinical scenarios. SCD de-
notes sickle cell disease.

detects the of

in the Although severe
hemolytic episodes produce strong reactions to
the direct antiglobulin test, the

The test result may occasionally be
negative in a patient with acute severe immune-
mediated hemolysis if the antigen—antibody com-
plexes are cleared from the circulation before the
test sample is obtained.

occurring
is less evident than an acute
hemolytic transfusion reaction, since the tempo-
ral relationship to transfusion is often overlooked.

recipient, or the

likelihood of preformed but often _
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Transfused incompatible
(donor) red cells coated

with antibodies or complement %

Addition of Coombs’ reagent
(antihuman 1gG or antihuman C3)
B

Compatible donor red cells 4
3

. Addition of Coombs’ reagent
(antihuman 1gG or antihuman C3)

Figure 5.
A is performed by mixing the patient’s (transfused) red cells with

in vitro. If the transfused red cells are incompatible and , the resulting agglutination
is defined as a reaction (Panel A). In the of 1gG- or complement% red cells,
after the addition of antihuman globulin (negative reaction) (Panel B). A false negative reaction may occur in cases in

which hemolysis is brisk and short-lived and the resulting 1gG- or complement-coated red cells are cleared from the circulation before
testing. In the IAT , from the with suspected immune-mediated hemoly-
sis is , followed by the In vitro represents a- IAT.

Clinically significant acute hemolytic transfusion
reactions often occur in situations in which cli-
nicians are unfamiliar with these high-risk inci-
dents. Once an immune-mediated _
reaction has been recognized,
management is Prompt inter-
ruption of the transfusion, saving of the remain-
ing blood in the unit for testing, early blood and
urine sampling to establish baseline values, and
transfusion a thorough clerical check to interdict a possible

second misidentified transfusion are crucial ini-
tial steps.

In vitro clumping of transfused Positive DAT
incompatible (donor) red cells

ditional evaluation for delayed hemolytic trans-
fusion reactions. A

can result in
in cases of
transfusion reactions. In patients with a delayed
hemolytic transfusion reaction,
may indicate the

along with a renal consultation
since dialysis may be required.
to maintain

s recommended to mini-
mize the effects of free heme-mediated renal and

vascular injury. The common practice of-
administration is not evidence based and should

measured by the

3 Classic laboratory findings are shown in
Figure 3.
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HEMOLYTIC TRANSFUSION REACTIONS

mia and limited cardiac reserve. Supplemental
diuretics (a 40-mg intravenous bolus of

(130 mmol per liter in 5% dextrose or water) is
administered through a separate intravenous line
at a starting rate of 200 ml per hour to achieve a
urinary pH of more than 6.5. The infusion is

if either the

Electrolyte abnormalities such as

areﬁ and warrant swift correction. In the
event of hypotension, pressor support with a dopa-
mine infusion (2 to 10 ug per kilogram per min-
ute) is commonly used. In patients with
and severe
and

to main-

fresh-frozen

count of more than
bic millimeter, an international normalized ratio
of less than and a level of
than mg per deciliter, respectively.
upports the routine use of thera-
intravenous im-

However,

peutic high-dose
mune globulin, or

cortisone at a dose of 100 mg, administered just
before transfusion and repeated 24 hours later)
and intravenous 12to20g
per kilogram, administered over a period of 2 to
3 days, with the first dos

e given just before the
incompatible transfusion) h” Acute

hemolytic reactions to transfusion of incompat-

ible units, although frightening and potentially

The most important aspect of management is
Rates of acute hemolytic transfusion
reactions due to erroneous patient identification
and specimen collection or labeling have decreased
significantly as hospitals have instituted relatively
inexpensive, safe, and efficient preventive strate-
gies.>*>® Errors due to mislabeling of samples
have been reduced by

(i.e.| full name of reciiientl date of

enerated labels and identification bands.>

-. For patients receiving multiple trans-
fusions who are or more serious delayed

to sample-collection errors and is required by the
College of American Pathologists and by the AABB
(the American Association of Blood Banks).> Cen-
tralized transfusion databases help track blood
types and transfusion requirements and can iden-
tify errors involving the wrong blood in the tube.®®

hemolytic transfusion reactions are of-

ing. These episodes do

must always be reiorted to the transfusion facilii

in order to

hemolytic transfusion reactions (especially patients
with hemoglobinopathies)
red-cell transfusions or

such as those in the Rh system,

are desirable.>
Guidelines for the extent of forl
red-cell - to hemolytic
transfusion reactions have been published.”” Iden-
tification of and tailored transfusions for recipi-
such as those of

particular value in certain instances (e.g., for pa-
tients with and anemia who
receive daratumumab, an anti-CD38 monoclonal
antibody known to interfere with and delay sero-
logic testing and transfusion support).”: Amon
patients who are

(one or two 1000-mg doses
administered intravenously, 2 weeks apart in the
case of two doses, along with 10 mg of intrave-
nous methylprednisolone, with the last dose given
10 to 30 days before transplantation) has been
with 62

have _3 directed treatment strat-

egies have included immune modulators such
as intravenous
and 62 as well as erythropoiesis-stim-
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ulating agents, since the endogenous erythropoi-
etic response may be inadequate or delayed.®®
Blood H are generally- except
in patients with profound anemia and symptoms
of hypoperfusion.®* Plasma exchange,’>® hemo-
globin-based red-cell substitutes,* eculizumab,®’
and tocilizumab, an anti-interleukin-6 mono-
clonal antibody,*® have been used in instances of
life-threatening hemolysis but are of uncertain
benefit. Newer agents such as and
free heme scavengers in preclinical models.*>”°
Strategies for
include

blood types in the pretransplantation
period. A recipient with blood group A receiving
a transplant from a group O donor should re-
ceive group O red cells and group AB plasma.®
Severe cases have been managed with prophylac-
tic plasma reduction in the donor graft, partial
red-cell exchange in the recipient before trans-
plantation, or both. However, the results of these
interventions are equivocal.”>’? Red-cell aplasia
due to immune-mediated lysis of donor red-cell
precursors by recipient isohemagglutinins has
been managed with transfusions, plasma ex-
change, rapid discontinuation of cyclosporine,
donor lymphocyte infusions, erythropoietin, aza-
thioprine, and rituximab with some success.”
Recently, daratumumab, a human IgGlk mono-
clonal antibody targeting CD38 (expressed at high
levels on antibody-secreting plasma cells), was
successfully used in a case of treatment-refractory
pure red-cell aplasia after ABO-mismatched allo-
geneic stem-cell transplantation.”

ABO- or Rh-incompatible platelet transfusions

due to passive antibody transfer may be mitigated

screening donors for high-titer antirecipient an-
tibodies and avoiding transfusion of units from

Reactions
should be
tiously, and
s should be considered.
Key points in the diagnosis and management of
acute hemolytic transfusion reactions and delayed
hemolytic transfusion reactions are summarized
in Figure 3.

SUMMARY

transfusion are recognized

immune-incompatible reactions to ABO-

with the introduction o
Other reactions, including
hemolytic transfusion reactions, hyperhemolysis,
and passenger lymphocyte syndrome in trans-
lant recipients, iﬁ and therapeutic
H Preventive strategies have been effec-
tive in reducing hemolysis-associated morbidity
and mortality in all categories of hemolytic trans-
fusion reactions. Established, systematic protocols
for quickly identifying and responding to suspect-
ed reactions, as well as reporting them, remain the

cornerstone of timely management of hemolytic
transfusion reactions.

No potential conflict of interest relevant to this article was
reported.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.
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