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B LOOD transfusion is the most frequent procedure 
performed during hospital admissions1 and many 

transfusions are administered in the perioperative period, 
often on a time-sensitive basis. In this clinical commentary, 
key points related to pretransfusion testing are reviewed with 
an emphasis on the electronic crossmatch, as well as the use 
of uncrossmatched erythrocytes in situations where cross-
match-compatible units are not yet available for transfusion.

Preoperative Blood Orders
For the typical surgical patient, a determination is made pre-
operatively as to the level of pretransfusion testing ordered 
(none, type and screen only, or number of units to cross-
match). Such determinations may be based on individual 
physician judgment of the expected/typical amount of surgi-
cal blood loss for a given procedure, the patient’s preoperative 
hemoglobin concentration, or on an institution’s maximum 
surgical blood order schedule (MSBOS). The MSBOS lists 
the recommended extent of pretransfusion testing for com-
mon surgical procedures and is intended to optimize the 
amount of pretransfusion testing performed on each patient 
thereby reducing costs and unnecessary testing.2

Limitations of the traditional MSBOS include that it 
may not be based on local data and may be updated infre-
quently. More recently, advances in medical informatics have 
allowed the MSBOS to be updated based on institution- and 
procedure-specific median transfusion rates, an approach 
with the potential to significantly reduce unnecessary test-
ing and crossmatching.3 The accuracy of the MSBOS in 
predicting transfusion requirements may also be improved 
by accounting for patient-specific variables such as preop-
erative hematocrit and the lowest tolerable hematocrit.4 An 

advantage of using a data-driven MSBOS is that once the 
mechanism to collect data is in place, data-driven revisions 
can easily be made on an annual basis or whenever there is a 
significant change in practice (such as using tranexamic acid 
in joint replacement surgeries). In any case, the MSBOS rep-
resents a guideline to direct pretransfusion testing; the num-
ber of units ordered for any given patient may need to be 
modified in the light of the patient’s preoperative condition, 
coagulation status, and clinically significant antibodies that 
may make finding compatible erythrocytes difficult. In other 
words, the recommendations made in the MSBOS should 
be interpreted for each individual patient and their underly-
ing disease and antibody status.

Pretransfusion Testing
Pretransfusion testing is a multistep process aimed at avoid-
ing potentially fatal hemolytic transfusion reactions. The 
process begins on the clinical ward with identification of the 
intended recipient and collection of a properly labeled blood 
sample. When the sample and requisition are received in 
the transfusion laboratory, blood bank personnel review the 
recipient’s transfusion history, perform the necessary testing, 
and if ordered, crossmatch erythrocytes.

Historical Review
The patient’s electronic blood bank record is reviewed for 
previous ABO and RhD type results and the presence of 
anti-erythrocyte antibodies. Previous ABO and RhD type 
results are important because discrepancies between previ-
ous and current results can signal a “wrong-blood-in-tube” 
miscollection and prompt recollection of a patient sample. 
Historical antibodies are important because, although their 
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titers may have decreased to below the threshold of detect-
ability in the current specimen, they may result in a clinically 
significant hemolytic reaction if the recipient is transfused 
with erythrocytes bearing the corresponding antigen (an 
anamnestic immune response). Thus, the historical review 
is a first pass look at the patient’s transfusion history and 
provides some information on the likelihood that the patient 
will present with clinically significant antibodies.

Blood Type (or Group) Determination
Determination of the recipient’s ABO type is performed using 
both forward and reverse testing phases; these two phases of 
testing produce complementary information that serves to 
confirm each other’s result. Forward typing is performed by 
mixing the recipient’s erythrocytes with commercially avail-
able anti-A and anti-B sera and observing for agglutination 
(clumping together of cells indicating antibody has bound to 
its target on the erythrocytes). The reverse type is performed 
using the recipient’s serum and commercially available group 
A and B erythrocytes. Agglutination patterns of the forward 
and reverse types and the compatible erythrocytes for trans-
fusion are listed in table 1.

Typing for the RhD antigen is performed in a similar 
manner as the forward type, with commercially available 
anti-D sera reacting with RhD antigen expressed on recipi-
ent erythrocytes. Unlike the ABO blood group, antibod-
ies directed against antigens in the Rh blood group do not 
occur naturally and are only made in response to a sensitiz-
ing exposure such as previous transfusion or pregnancy. Such 
antibodies are detected by the antibody screen.5

Antibody Screen
The antibody screen is an antibody detection test in which 
the recipient’s serum is added to a reference panel of com-
mercially available erythrocytes with a known pattern of 
antigen expression that, between them, include all clinically 
significant non-ABO antigens known to cause clinically sig-
nificant hemolysis.

A positive antibody screen signifies the presence of at 
least one antibody directed against red cell surface antigens. 
Development of red cell antibodies, known as alloimmu-
nization, occurs as a result of exposure to erythrocyte anti-
gens during pregnancy or a previous transfusion.6 When an 

antibody is detected in the antibody screen, the blood bank 
must perform additional testing to identify the specificity 
of the antibody. If the antibody is clinically significant, that 
is, if it can cause the premature destruction of transfused 
erythrocytes, antigen-negative erythrocyte units must be 
located. This search for compatible (i.e., antigen-negative) 
erythrocytes can take several hours or even longer (e.g., days 
and weeks) depending on the number and nature of the anti-
bodies and can result in significant surgical delays (median 
delay of 12 h in one report).5 To reduce surgical delays and 
cancellations related to unexpected antibodies, pretransfu-
sion testing can be completed up to 30 to 45 days in advance 
provided the patient has not been pregnant or transfused 
in the preceding 90 days. If a patient has been pregnant or 
transfused in the preceding 90 days, a type and screen is valid 
for up to 72 h.5 The patient must also commit to maintain-
ing their identification from the blood bank (usually a brace-
let applied at the time of sample collection) that links the 
patient to their blood bank testing.5

Serologic Crossmatch
Serologic crossmatching involves physically mixing donor 
erythrocytes with recipient’s plasma and it can be performed 
in two ways. An “immediate spin” crossmatch was the tra-
ditional method of confirming ABO compatibility between 
a potential donor unit and the recipient’s plasma. A more 
extensive crossmatch involving antihuman globulin (some-
times referred to as “Coomb’s reagent”) is used to ensure 
compatibility between antigen-negative erythrocytes and the 
serum of a recipient with a current or historical non-ABO 
antibody; incompatibility in either of these crossmatches 
is indicated by the presence of erythrocyte agglutination 
or hemolysis. Serologic crossmatching adds approximately 
10 min to pretransfusion testing using the immediate spin 
method, and approximately 45 min to perform an antihu-
man globulin crossmatch (table 2).

Computer or Electronic Crossmatch
With the improved sensitivity of modern antibody screen-
ing methods for detecting nearly all clinically significant 
erythrocyte antibodies, it was recognized that a patient who 
has a negative antibody screen and no historical antibodies 
can safely be issued any ABO and RhD type–specific unit 

Table 1.  Forward and Reverse Type Agglutination Patterns of Recipient Blood Types in the ABO Antigen System

Recipient Type

Forward Reverse

Compatible DonorsAnti-A Anti-B A cells B cells

A + − − + A, O
B − + + − B, O
AB + + − − AB, A, B, O
O − − + + O

“+” indicates the presence of agglutination (a positive finding indicating an antibody–antigen interaction), “−” indicates no agglutination. 
Group O is the universal erythrocyte donor, whereas group AB recipients can receive erythrocytes from any donor blood type.
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without performing an immediate spin crossmatch. Start-
ing in the 1980s, blood banks began selectively replacing 
conventional immediate spin serologic crossmatching with 
computerized systems involving bar codes and laser wands to 
identify and issue ABO-compatible units.7 The blood bank’s 
computer has logic that recognizes when an incompatible 
unit has been selected for transfusion and will not permit 
that unit to be issued. To be eligible for erythrocyte issu-
ing using the electronic crossmatch, the recipient must have 
had their ABO and RhD group determined twice, a negative 
antibody screen, and no prior record of non-ABO antieryth-
rocyte antibodies.7 As non-ABO antierythrocyte antibodies 
are found in only a small percentage of all recipients (i.e., in 
approximately 5% of hospitalized surgical patients who do 
not have sickle-cell disease), most patients qualify for this 
crossmatch system. Electronic crossmatch technology allows 
compatible units to be issued in less than 5 min because 
physically mixing the recipient’s plasma with the donor’s 
erythrocytes is not required. If any of the above-mentioned 
requirements are not met, the electronic crossmatch cannot 
be used and serologic crossmatching is necessary.8

The main advantage of the electronic crossmatch is that 
erythrocytes can be issued in mere minutes. This can lead 
to reductions in the costs associated with laboratory testing, 
in the number of units ordered but not transfused, and in 
improved blood inventory management.

A logical extension of electronic crossmatch systems, 
remote electronic blood issue systems have been imple-
mented with substantial improvements in both blood 
availability and system efficiency.9 In effect, these systems 
are vending machines containing erythrocytes that can be 
accessed if and when a patient requires a transfusion; these 
systems incorporate a mechanism to capture essential infor-
mation such as the member of the healthcare team who 
acquires the units, the time that the units were removed, 
the number of units and specific units removed as well as 
a mechanism for the main blood bank to be electronically 
contacted (signaled) when the system is accessed and/or 
units are removed. They can be installed in locations that are 
remote from the blood bank itself, such as near an operat-
ing room or intensive care unit, thereby reducing the time 
required to transport the units to the patient. One such 
electronically controlled blood refrigerator system installed 

in a cardiac surgical operating theater reduced the median 
time to delivery of urgently required erythrocyte units from 
24 min to 59 s and brought about significant reductions in 
unnecessary requests for erythrocyte units.10

Emergency-release Uncrossmatched Erythrocytes
Uncrossmatched group O (universal donor) erythrocytes are 
issued in emergencies when transfusion is required before 
compatibility testing is complete. Because group O erythro-
cytes do not express A or B antigens, ABO-incompatibility 
hemolytic transfusion reactions are avoided. Blood banks 
maintain a supply of group O erythrocytes that can be issued 
immediately or even stored in a refrigerator at the point-
of-care, such as in the emergency room or operating room 
environments. The use of uncrossmatched erythrocytes 
is indicated when the recipient’s bleeding and/or anemia 
is so severe that even the typically short delay necessary to 
complete pretransfusion testing and provide crossmatched 
erythrocytes would jeopardize the patient’s survival. Because 
the blood bank’s inventory of group O erythrocytes (and 
perhaps to a greater extent, group AB plasma) is finite, it is 
of critical importance to send a bleeding patient’s sample to 
the laboratory as soon as possible so that type-specific cross-
matched erythrocytes can be issued.

The main risk associated with transfusion of uncross-
matched erythrocytes (aside from the risks common to all 
red cell transfusions) is the risk of a hemolytic transfusion 
reaction in a recipient with a preexisting red cell antibody 
who is transfused with erythrocytes expressing the corre-
sponding antigen. Because uncrossmatched erythrocytes 
are issued before the antibody screen is complete, the 
uncrossmatched erythrocytes could be incompatible with a 
recipient’s antibody leading to hemolysis of the donor unit 
with an associated risk of organ injury if the antibody fixes 
complement, or if the hemolysis is brisk. The prevalence of 
these clinically significant red cell antibodies was recently 
found to be 1.9% in a tertiary hospital emergency depart-
ment population, and only 0.5% in patients younger than 
30 yr, although the incidence can be higher in other popu-
lations.11 However, estimates of the actual risk of hemolysis 
after the transfusion of uncrossmatched erythrocytes are 
lower still (typically <1%) as summarized in table 3. Again, 
although acute hemolysis due to ABO incompatibility 

Table 2.  Time Required for Various Pretransfusion Testing Methods

Test Approximate Time Required

ABO type 10 min
Antibody screen* 45–60 min depending on the technique used
Serologic crossmatch (assuming compatible units are in inventory) Immediate spin: 10 min antihuman globulin: 45 min
Electronic crossmatch 5 min
Emergency-release uncrossmatched erythrocytes <5 min

* As the ABO type part of a type and screen is usually performed concomitantly with the antibody screen, the time required to complete 
a type and screen is usually determined by the speed at which the antibody screen is performed. Note that crossmatched erythrocytes 
cannot be issued until both parts of a type and screen are completed.
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will not occur with group O erythrocytes, there is a small 
chance that the recipient will have an antibody against 
another erythrocyte antigen. Although hemolytic reac-
tions are infrequent and those mediated by the majority of 
non-ABO antibodies tend to be less severe than hemolytic 
reactions caused by an ABO-incompatible transfusion (or 
other antibodies that fix complement), close clinical and 
laboratory monitoring for hemolysis and indices of organ 
injury is advised for patients who turn out to have received 
antigen-incompatible units.

It should be noted that for patients with negative antibody 
screens, erythrocytes are not routinely matched for antigens 
other than ABO and RhD. Thus, uncrossmatched erythro-
cytes would not be expected to confer any increased risk of 
causing the recipient to become alloimmunized compared 
with crossmatched erythrocytes. Studies of uncrossmatched 
erythrocyte transfusions have detected new antierythrocyte 
antibodies after 1.8 to 3% of uncrossmatched transfusion 
episodes (table 3), comparable with observations with cross-
matched erythrocytes.12 Confounding of these estimates is 
likely due to massively transfused patients often receiving 
both uncrossmatched and crossmatched units during their 
hospital course.

Group O RhD-negative blood is typically used in 
emergencies when the recipient’s RhD status is unknown. 
Because RhD-negative blood is a scarce resource, priority 
for its use is given to RhD-negative females with child-
bearing potential to prevent alloimmunization against D 
antigen and subsequent risk of hemolytic disease of the 
fetus and newborn. RhD-positive erythrocytes can be 
transfused to RhD-negative patients who have not made 
anti-D antibodies as a result of prior exposure to RhD 
antigen because D-negative individuals do not constitu-
tively produce anti-D antibodies. In experimental studies, 

anti-D antibodies are detected in approximately 80% of 
healthy RhD-negative volunteers immunized with RhD-
positive blood,13 but the alloimmunization rate observed 
in clinical studies of hospitalized patients who were trans-
fused at least one unit of RhD-positive blood ranges from 
only 10 to 33%.14–16

In summary, preoperative blood orders should be based 
on an MSBOS that is informed whenever possible by 
institution-specific data. The pretransfusion testing process 
demands accuracy at each step, and for maximum efficiency 
should be completed before the day of surgery. For most 
surgeries, a type and screen is sufficient, particularly given 
the rapidity with which blood can be issued by blood banks 
using the computer crossmatch. When crossmatched blood 
is not yet available, the published experience supports the 
safety of transfusing uncrossmatched erythrocytes; clini-
cians should not hesitate to use them when clinically indi-
cated in the management of patients with life-threatening 
hemorrhage.
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Table 3.  Summary of Uncrossmatched Transfusion Studies

Study Number of Recipients

Number of  
Uncrossmatched 
Erythrocyte Units 

Issued
Rate of  

Hemolysis
Rate of New  

Antibody Formation

Mulay, 201217 1,407 4,144 1/1,407 (0.02%) 7/232* (3%)
Radkay, 20126 218 1,065 1/218 (0.5%) 4/218 (1.8%)

Miraflor, 201115 132 1,570 1/132 (0.8%) 1/132

Goodell, 201018 262 1,002 1/262 (0.4%) Not reported

Ball, 200919 153 511 0 Not reported

Dutton, 200514 161 581 0 1/161 (0.6%)

Unkle, 199120 135 Not reported 0 3/135 (2.2%)

Lefebre, 198721 133 537 0 Not reported

Schwab, 198622 99 410 0 Not reported

Gervin, 198423 160 875 0 Not reported

Blumberg, 197824 46 221 0 Not reported
Total 2,906 10,916 4/2,906 (0.1%) 16/878 (1.8%)

Incidence of hemolysis and alloimmunization after emergency-release uncrossmatched blood transfusion in civilian centers.
* Denominator includes only patients with a subsequent antibody screen available.
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ning of this issue. Anesthesiology’s articles are made freely 
accessible to all readers, for personal use only, 6 months 
from the cover date of the issue.
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