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THE ABO SYSTEM (001}
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"Sera from group O individuals contain an anti-
body specificity known as “anti-A,B” because it
is reactive with both A and B red cells. Such
anti-A and anti-B reactivity cannot be separated
by differential adsorption, suggesting that the
antibody recognizes a common epitope shared
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becomes apparent if serum testing includes an
incubation phase at 37 C.ﬁ-emolysis caused by
IABO antibodies should be suspected when ei-
ther the supernatant serum is pink to red or the
icell button is smaller or absent. Hemolysis is in-
terpreted as a positive result.fl'he use of plasma
for testing or of reagent red cells suspended in
solutions that contain EDTA prevents comple-
ment activation and hemolysis.

Anti-A,B

by the A and B antigens.’"“ﬁhis is the reason

]

(O

¥

why ISBT has acknowledged A,B as the third
antigen of the ABO system. Saliva containing se-
creted A or B substance can inhibit the activity
E.anti-A,B against both A and B red cells.

Anti-A1

Anti-Al is present as an alloantibody in the se-
rum of 1% to 8% of A, individuals and 22% to
35% of A,B individuals, and is sometimes pres-
ent in the sera of individuals with other weak A
subgroups. Group O serum contains a mixture
of anti-A and anti-A1.%° Because of the presence
of the antibody, ISBT has recognized the Al an-
tigen as the fourth antigen in the ABO system.
Anti-Al can cause ABO discrepancies during
routine testing and lead to incompatible cross-
matches with A, and A;B red cellsJAnt-Al is
usually of IgM isotype, reacting best at room
temperature or below, and is usually considered
clinically insignificant. Anti-Al is considered
clinically significant if reactivity is observed at
37 C.*° Group A, patients with an anti-A1 that is
Teactive at 37 C should receive group A, or O
red cells for transfusion; group A,B patients
should receive group A,, A,B, B, or O red cells.

Routine Testing for ABO

Donor blood samples are routinely typed for
ABO at the time of donation and on receipt of

red cell units in the hospital transfusion service

(confirmatory typing]l Theiilatter
practiced outside the Uniteq s,
samples are typed before: g
grouping requires both antige
cells for A and B antigen (req ell
forward type) and screening of o
for the presence of anti-A and an
glutinins (serum/plasma group
type). Both red cell and serum /p|
are required for donors and patie
each grouping serves as a conrg
Reverse or serum groupi’ng’?‘fis n
two circumstances: 1) for' confirm,
of labeled, previously typed: dong
2) in infants younger than 4 montt
previously discussed, isohemagglutining
present at birth and develop’ onl
months of age. i
Commercially available anti-A
red cell typing are extremely pot
nate most antigen-positive::red ¢
even without centrifugation. M

ot

inserts for specific reagent ) A
tional reagents (anti-Al and-an

helpful for resolving ABO typing di

In contrast to commercial AB
agents, human anti-A and ariti-B i
patients and donors can be relativel
quiring incubation and centrifugatios
serum grouping, therefore, shduld' ep
using a method that adequately d_ete“’é
anti-A and anti-B. Several method
for determining ABO group, inclt
tube, microplate, and column agglut
techniques. ¥

ABO Discrepancies

Table 10-1 shows the results and int
of routine red cell and serum tests:
discrepancy exists when the results
tests do not agree with those of §
usually due to unexpected negati
results in either the forward or rev
(See Table 10-3.) ABO discrepancie
from intrinsic problems with either I¢
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undergo hyperacute humoral rejection if the pa-
tient has not been pretreated to remove natural-
ly occurring anti-A and/or anti-B from plasma.
Because of the serious clinical consequences as-
17\/ sociated with ABO incompatibﬂities, ABO typ-
' ing and ABO compatibility testing remain the
foundation of safe pretransfusion testing and a
crucial part of a pretransplantation workup.

The ABO system contains four major ABO
groups: A, B, O, and AB. The four phenotypes
are determined by the presence or absence of
l 3 (Wo antigens (A and B) on red cells. (See Table
10-1.) The ABO System gs also characterized by
the presence or absence of naturally occurring
antibodies, termed isohemagglutim‘ns, directed
2gainst the missing A and B antigens [As shown
in Table 10-1, an inverse relationship exists be-
tween the presence of A and/or B antigens on
red cells and the presence of anti-A, anti-B, or
both, in Sera, a phenomenon often referred to as

%';l_agdsteiner’s rule. | For example, group O indi-
iduals, who lack A and B antigens on red cells,
possess both anti-A and anti-B, Itis believed that

45 e immunizing sources for such naturally oc-
urring antibodies are gut and environmental
acteria, such as the Enterobacteﬁaceae, Which

anchored in the Golgi membrai_ﬁ;e (A)
glycosyltransferase (B). The arrow 3

have been shown to possess ABO
on their lipopolysaccharide coats.

Biochemistry

The A and B antigens are defined by thr
terminal epitopes on glycolipids
teins.” As shown in Fig 10-2; th
characterized by a terminal al,2 fu
Is the immediate ang required bios
cursor for expression of either th
gen. The presence of this fucose
the A and B glycosyltransferases 0
use the oligosaccharide chain as the
substrate. In group A individuals, an
lactosamine is added in an o1-3]
subterminal galactose of the H an
the A antigen. In group B individual
galactose is added to the same sub
lactose to form the B antigen.In gr
Viduals, both A and B structures are sy
In group O individuals, neither A
are synthesized as a result of alte
ABO genes.”" Consequentl oup
als express only H antigen. Aand B
also absent in the very rare Bomba
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RBC transfusion also need to be balanced

against the benefits of transfusion.

associated with an alloantibody. The transfused

levels below the pretransfusion hemoglobin and
characteristic reticulocytopenia. Subsequent RBC

ansfusion is also likely to result in hyperhe-
molysis.***’ Transfusion avoidance, intravenous
immune globulin (IVIG), corticosteroids, and
erythropoiesis—sﬁmulating agents for anemia and
reticulocytopenia have been used to treat hyper-
hemolysis.®** Other interventions that have
L‘b‘e’En described include the use of rituximab to
prevent subsequent delayed hemolytic transfu-
sion reactions in the presence of alloantibodies
and potentially eculizumab for the treatment of

hyperhemolysis.*’

emoglobin substitutes, or hemoglobin-
based oxygen carriers (HBOCs), have also been
described in the treatment of sickle cell patients
with contraindications to RBC transfusions, in-
cluding those with rare blood types or extensive
alloimmunization resulting in widespread do-
nor incompatibility, as well as in individuals
who refuse blood because of religious beliefs. Al-
though the safety profile of early HBOGs result-
ed in premature withdrawat-of select agents, a
number of second-generation products may be
better tolerated.*® Case reports® have demop-
Strated clinical benefits in recipients, leading to
growing interest in expanding the applications
of HBOGs, especially in the sickle cell popula-
tion} Currently, the availability of such products
In the United States is confined to pharmaceuti-
cal clinical trials or expanded access (compas-
sionate use) granted by the Food and Drug Ad-
ministration (FDA).

To reduce the risk of alloimmunization, pa-
tients with sickle cell disease, similar to patients
with thalassemia, often receive selected RBC
units (ie, units matched for Cc, Ee, K) in addi-

tion to the usual matching for ABO and

Hyperhemolysis refers to the development of
severe anemia where the hemoglobin leve] fol-
lowing transfusion is lower than that before
transfusion. Hyperhemolysis may be acute or
delayed. It may be associated with anew alloan-
rfi_f)ody Or a previous antibody that was not de-
tected with antibody Screening, or it may not be

cells as well as the patient’s own cells are hemo-
lyzed, resulting in a reduction of hemoglobin to

RhD.j:” Nonetheless,
. occur in these pati

matching, due tg genetic va'rid It
Neous epitope expressiop,
gen. In one study, 385 o
curred  in  recipiens Wh
expressed the corresponding
Genotyping for red cell antige
costs; however, the cost of g
be balanced against the peeq
nization in those at mgh risk
quent transfusions. For'patien;
oped an alloantibody,;exten ,
(fe, including antigens of the FY ang
and S} are also often ysed ¥

volume, thereby significantly r
bin § levels and reducing th A
load. RBCs are administered acg
ically as prophylaxis or. for
such as pulmonary hypertensio
tions for the use of RBCs are
evidence and, in the absence of
ical guidelines. Tablei19-3 s
transfusion recommendation
ease from a recent National
Blood Institute (NHLBI) guide
Stroke Prevention Trial-in Sic
(STOP trial) showed: that chr
sions  significantly reduced
stroke in sickle cell patiénts determ
high risk based on tran rani
ultrasonography (middle cerebral t
nal carotid artery flow velocity of 20
higher).* The subsequerit STOP2 |
that discontinuing chronic transf
tient population results in'a reversion ol
risk of abnormal flow velocities.
the recent TCD With Transfusio
Hydroxyurea (TWITCH) trial, chi
sickle cell disease and abnormal TCD
were randomly assigned to mont
or hydroxycarbamide (hydroxyurea)!
Hydroxycarbamide was found to E
to chronic transfusion for.the prima!
of stroke but was associated ?gith
risk of vaso-occlusive crises. RB
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m Certain circumstances, the FDA may deter-
mine that the product made using the
change may be distributed immediately upon
receipt of the Changes Being Effected
Supplement (CBE) by the FDA [21 CFR
601.12 (c)(5)].

inor Change: A change that has a minimal
potential to have an adverse effect on the
safety or effectiveness of the product. Minor
changes do not need prior approval from the
FDA but must be described by the manufac-
turer in an annual report [21 CFR 601 12(d))

B

3]

Blood-Related Devices

rC_BER has the lead responsibility for devices
marketed for transfusion and the collection and
processing of blood products and hematopojetic
progenitor cells (HPCs). These devices include
apheresis machines;‘devices and reagents used
ToT compatibility testing; blood establishment
computer software; and blood and human cells,
tissues, and cellular and tissue-based product
(HCT/P) screening tests for infectious diseases.

he medical device classifications are based
on the risks the device poses to the patient and
the user or on the leve] of controls that may be
necessary to ensure the device can be operated
safely and effectively's:

i

e

o Class I medical devices represent the lowest:
level risks to the patient or user. Such devices
are subject to a comprehensive set of regula-
tory authorities called general controls. Gen-
eral controls are applicable to all classes of
devices. Examples of Class | devices include
opper sulfate solutidns for hemoglobin
screening, blood grouping view boxes, and
heat sealers.
p Class II medical devices carry greater patient
Or user risks than Class I devices. These are
devices for which general controls alone are
insufficient to provide reasonable assurance
of the safety and effectiveness of the device,
and for which there is sufficient information
to establish special controls to provide such

assurance. Most blood-related devices are in
"Class Il and cleared through the 510(k) path-
way, where a device is found to show equiva-
lence to a predicate.

|
B
’
i

@ Class Il medical devices carry the.
risk of the three device classiﬁcations,
are devices for which general conty
themselves, are insufficient angd for
there is insufficient information to. e
Special controls to provide reasonable
ance of their safety and efficacy, Fg
Ple, tests used to determine red cell of
type by molecular methods are regula
Class IIT devices, requiring premarkg
proval (PMA). o

The FDA approves some blood-relateq g
es as biologics under the PHS Act and ther
requires the submission of BLAs or rejjteg
Plements. These devices include reagents
for immunohematology testing by sen
methods and most donor-screening infeq]
disease assays [eg, tests for human immung
ciency virus (HIV), hepatitis B virus (HBY)
hepatitis C virus (HCV)). /i

The FDA requires device manufacturef
register and list the products they manufad
(21 CFR 807). Each device category is "assi
a code, and all cleared or approved m’anufai
ers and products for that code are searchab
the Establishment Registration and Device:
ing database on the CDRH website. !¢

Manufacturers and importers of medical
vices must report deaths and serious injurie
lated to medical devices to the FDA ‘(21
803)."7 User facilities must report deathis and

life threatening, causing permanent impairm
or damage, or needing medical or surgiCal.ig
vention. For user facilities, reports of serious!
juries are sent to the device manufacturer us
FDA MedWatch Form 3500A within 10 WOl
ing days of the event, or to the FDA if the de i
manufacturer is unknown. Deaths must be
ported {0 both the manufacturer and the FD
In years when a Form 3500A report {s:subil
ted, the user facility must send an annual
facility report (Form 3419) to the FDA by Jart
ary 1 of the following year.'® Users may Vol
tarily report other device-related adverse evet
or malfunctions to the FDA (Form 3500). 4
possible adverse events, whether reported.!
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nized to platelet HLA antigens either by prior
;+pregnancy, organ transplantation, or transfusion.
Platelets express HLA Class [ antigens, but they
are relatively poor immunogens. When immune
refractoriness occurs in platelet transfusion re-
cipients, the HLA antibody response is mainly
provoked by “contaminating” white cells in the
unit rather than the platelets themselves.''® The
Trial to Reduce Alloimmunization to Platelets
(TRAP) confirmed that leukocyte reduction sig-
nificantly reduces the risk of HLA alloimmuniza-
tion.!"® Pregnancy is by far the most important
risk factor for primary HLA sensitization.!”” In
the era of leukocyte-reduced blood components,
immune refractoriness, often reflecting a sec-
ondary immune response to HLA antigens, is a
particular problem in multiparous women.''
- ldentifying HLA antibodies is a second im-
portant step in approaching immune refractori-

rlb\ ness. HLA antibody detection is most commonly

performed using flow cytometry of multiantigen-
coated beads, although other methods (eg, lym-
phocytoxicity assays, enzyme-linked immuno-
sorbent assays) are also used.lLaboratories his-
torically reported a panel-Teactive antibody
(PRA) score based on the number of reactive

zﬁwells observed on cytotoxicity assays to deter-

mine the degree of HLA alloimmunization,!'®
but this practice has been largely replaced by de-
termination of the calculated PRA (cPRA) based
on antigen frequencies in the United Network
for Organ Sharing (UNOS) network.'{® There is
no standard definition of a meaningful cPRA
score, and thresholds for defining platelet refrac-
toriness may vary by institution.

Maneuvers to mitigate platelet immune re-
fractoriness were recently, reviewed.!'®'?* Op-
tions to manage immune refractoriness include
providing HLA-matched platelets, HLA-antibody
avoidance (ie, identifying HLA-antibody specific-
ity and providing antigen-negative platelet units,
analogous to similar strategies with RBC units),
land platelet crossmatching.'” When providing
HLA-matched platelet units, donor units with
closely matching Class | A and B antigens (see
Chapters 15 and 16 for more information on
platelet matching) have been demonstrated to
result in improved transfusion response, al-
though a failure to achieve a good increment is
still seen in 20% of cases.'|! A recent systematic

review''® examineq the
HLA-matched "platelet
tients. Most of the exisging &
servational studies pep
fore the routine Use
testing methods, Posttry
were the most: commgpn
among  immune-tefracte,
HLA-matched Platelets,
success. A 2014 single.
study'” found - that p
units was associated vyis

patients. Although better
dom units, transfusing H

bleeding outcom
formed.

es vhavgi
When HLA-mziﬂ_:hed p

may cause further ‘sensitization o 4
HLA antigens. In cases of blee
tions in such patients, unmatch
may provide temporary he
should not be withheld to avo
tion. IVIG and other therape c

er measures that may
tifibrinolytic agents. ¢

A minority of refractory patien
have an HLA alloantibody or have
sponse to HLA-matched pl
may harbor alloantibodies ¢
HPAs.' In addition to’platelet.
HPA antibodies are also*associated
neonatal alloimmune thrombocyto
and posttransfusion purpura (PTR):
ters 15 and 23.) Such patients m
additional testing such as'HPA
and HPA antibody determination. i
may not be available outside of
lection centers or specialized refere
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methods have been described for creating an
institution-specific MSBOS derived from elec-
tronic data.’} The actual document for that
MSBOS, created as a guide for preoperative
blood orders, includes 135 types of surgical pro-
cedures and the associated recommended blood
order for each (Fig 20-1). Of course, these rec-
ommendations can be modified—for example,
in patients with preoperative anemia or in those
with red cell antibodies for whom compatible
umts may be difficult to find.

™ It has been shown that a data-driven MSBOS
not only improves the blood ordering process
but can also decrease costs by reducing unnec-
essary blood orders ($150,000-$300,000/
year).” The crossmatch-to-transfusion ratio, a
classic measure of blood-ordering efficiency, can
be improved (decreased) by using an accurate
[MSBOS. 7 For those procedures in which blood
is rarely or never transfused, the authors specify
that no preoperative blood orders are needed. In
the case of unexpected bleeding, the backup
plan is emergency-release, uncrossmatched
blood, Wthh is much safer than many clinicians
believe.*®
"~ Having an up-to-date MSBOS has other bene-
fits as well. First, blood units will not be set

aside unnecessarily for cases that have a low
likelihood of transfusion. Overordering of preop-
erative crossmatches and setting aside RBC
its leads to potential outdating and Wastage.
On the other extreme, patients who truly need
blood prepared are more likely to have blood
units ready when they are needed. When cases
are identified that clearly should have blood
ready to transfuse, the p"rocess of type and
screen or type and crossmatch is best completed
before the day of surgery, thereby decreasing the
risk that surgery will begin before the blood is

.ready.[The Joint Commission has recognized

this particular problem as a potential perfor-
mance measure,* and use of an MSBOS helps
to reduce the problem by specifying which pa-
tients need blood prepared ahead of time. Many
centers now use the 30-day time limit for expi-
ration of the type and screen or crossmatch, as
ong as the patient has not been pregnant or re-
“elved transfusion within the last 90 days.

Optlmlzmg Coagula io

An important way Ato
necessary transf,

before surgery For ey
such as clopldogre

possible, in.time fop e
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HTR to be 1 in 76,000 to 80,000 and the risk of
a fatal ABO HTR to be 1:1.8 million.® Of the
transfusion-related fatalities reported to the FDA
from 2012 to 2016, 8% and 10% were caused
by ABO and non-ABO HTRs, respectively.'

Treatment

Prompt recognition of an AHTR and immediate
cessation of the transfusion are crucial. The unit
of blood should be returned to the blood bank
for investigation. Saline should be infused to
maintain venous access, treat hypotension, and
maintain renal blood flow, with a goal of a urine
flow rate of >1 mL/kg/hour. Consultation with
transfusion medicine, critical care, renal, and
hematology experts should be considered.

— The addition of the diuretic furosemide pro-
motes increased urine output and further en-
hances renal cortical blood flow. If urine output

\‘\GF remains diminished after a liter of saline has

been infused, acute tubular necrosis may have
occurred, and the patient may be at risk of de-
veloping pulmonary edema.lOliguric renal fail-

ure may be complicated by hyperkalemia and
subsequent cardiac arrest. Metabolic acidosis
and uremia often necessitate the institution of
dialysis.

DIC is an equally serious component of an
AHTR. DIC is difficult to treat and may be the
first indication that hemolysis has occurred in an
anuric or anesthetized patient.\Traditional thera-
py for DIC includes treating or removing the un-
derlying cause and providing supportive care via
the administration of platelets, plasma, and cryo-
precipitate.

Unconscious or anesthetized patients may re-
ceive multiple units of incompatible blood be-
fore acute hemolysis is recognized lBecause the
|severity of an AHTR is related to the amount of
incompatible red cells transfused, exchange
transfusion may be considered. Some severe re-
actions to a single unit of strongly incompatible
blood may require exchange transfusion as well.
Antigen-negative blood must be used for the red
cell exchange. Likewise, plasma and platelets
that will not contribute to hemolysis should be

E(:rsen
inally, inhibiting the complement cascade
may be beneficial, especially early in the hemo-
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improved neurodevelopmental outcome in the
ESA group.? In contrast, earlier studies showed
possible increased severity of retinopathy of pre-
maturity** and increased incidence of infantile
hemangiomas® with use of ESAs in preterm and
low-birthweight infants.| As compliance with
rs-trict transfusion threshold criteria has im-
proved, clinicians have decreased phlebotomy
rates and volumes and used point-of-care testing
in VLBW infants, resulting in a decrease in the
[ Jates of iatrogenic anemia and need for transfu-
sions.2%¥” Thus, in most cases, this approach
combined with the use of aliquots from a single-
donor blood component unit for multiple trans-

fusions achieves the same goal (ie, decreases

number of transfusions and donor exposures)
without the need for EPO therapy.

P

Cold Stress

—H'ypothermia in the neonate can trigger or exag-
gerate several responses, including 1) increased
metabolic rate, 2) hypoglycemia, 3) metabolic
acidosis, and 4) potential apneic events that may
lead to hypoxia, hypotension, and cardiac ar-
rest.”® In-line blood warmers are recommended
for large-volume transfusions, including red cell
exchange transfusions, to combat the effects of
_Eypothermia. A radiant heater should never be
used to warm the blood being transfused be-
cause of the risk of hemolysis. Furthermore, to

>

prevent hemolysis in neonates undergoing
phototherapy, the blood-administration tubing

should be positioned to minimize exposure to
phototherapy light.?

RBC Additive Solutions

2
o

Historically, RBCs transfused to children con-
tained only citrate-phosphate-dextrose-adenine
(CPDA}-1 anticoagulant-preservative solution 2!
However, as the use of additive solutions (AS)
containing adenine and mannito] evolved to ex-
tend the shelf life of RBCs, many experts began

to question their safety in neonates. One con-
cern is the dose of adenine in AS and its relation
to renal toxicity. Mannito] is g potent diuretic
with effects on fluid dynamics that can result in
fluctuations in the cerebral blood flow of
preterm infants. However, because the use of AS
extends shelf life, the number of aliquots that

can be used from  g;
which may reduce the
to a patient. =7
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