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What’s in Your Transfusion? A Bedside Guide to Blood 
Products and Their Preparation
Aaron S. Hess, M.D., Ph.D.

“It admits of no doubt. We must have Blood, you 
know.”

Charles Dickens, David Copperfield

A general understanding of blood products and their 
modifications will help any physician make good 

decisions about transfusion. The separation of blood into 
products makes the fullest use of every donation: it max-
imizes the lifespan of each component, allows us to treat 
specific hematologic deficits, and offers the benefit of one 
donation to many patients. Every product is also modified 
in some way to prevent clotting, extend shelf life, improve 
efficacy, or reduce the risk of adverse events. Every one 
of these steps has been developed with patient benefit in 
mind, but they still have consequences that anesthesiologists 
have to be aware of. In some cases, these consequences have 
provoked complex responses: the development of Massive 
Transfusion Protocols and balanced “1:1:1” transfusions was 
essentially a scientific, clinical, and administrative effort to 
undo the inadvertent harms of separating whole blood into 
red cells, plasma, and platelets. With a limited blood supply 
and competing clinical requirements, understanding what 
you are actually transfusing is essential.

In this narrative review, I will discuss the five basic blood 
products and five common modifications. Each product or 
modification is presented within a short clinical vignette; 
details are supplied in the figures and tables. I have also 
included a brief section on important transfusion reactions 
and their management. Finally, there is a list of additional 
resources for the interested reader.

Blood Products
Our blood supply in the United States comes from around 
8 million donors who give between 1 and 20 times each 
year.1 Although approximately 14 million products are 
collected every year, there are less than 2 weeks’ supply 
of red cells and plasma in the U.S. inventory, and some-
times less than a day’s supply of platelets.2 Forty percent 
of the U.S. blood supply is collected by the American Red 
Cross (Washington, D.C.), with most of the rest collected 
by other independent institutions like Blood Bank of 

Hawaii (Honolulu, Hawaii) or OneBlood (St. Petersburg, 
Florida).1,2 These blood centers are responsible for screen-
ing donors, collecting blood, separating them as necessary, 
labeling blood so it can be shipped in interstate com-
merce if the center is so licensed, and maintaining records 
(fig.  1).3–7 Hospitals and clinics pay blood collectors for 
their products to cover the costs of materials, testing, and 
labor, with the specific price dependent on the unit and 
local contracts. There are also many for-profit blood cen-
ters that collect plasma and cells for the commercial prepa-
rations of albumin, immunoglobins, biologic therapies, and 
other reagents. Donors to commercial centers are usually 
paid to donate, but almost all blood collected for clini-
cal transfusion in the United States comes from unpaid 
volunteers.9

Low-titer Group O Whole Blood

A 23-yr-old woman is hurt in a car crash. At the scene she has 
bilateral thigh deformities, tachycardia, hypotension, and altered 
consciousness. In the helicopter ride to the trauma center, she receives 
two units of Rh-positive low-titer group O whole blood. She does 
not ultimately require massive transfusion. After admission, records 
reveal that her blood type is A-negative, and the trauma team is 
concerned about her risk of blood type incompatibility and other 
transfusion reactions.

Low-titer group O whole blood contains all the com-
ponents of donor blood in a mildly dilute form (fig.  2, 
table 1).1,6,10–24 Whole blood has many benefits in bleed-
ing compared to crystalloid or component-based resus-
citation, including the convenience of fewer bags, less 
volume per dose, and the ease of a resuscitation automat-
ically balanced between erythrocytes, clotting factors, and 
platelets. The hemostatic advantages of whole blood also 
appear to be preserved even after several days of postcol-
lection quarantine and up to 3 weeks of storage.25 Many 
of these features make whole blood ideal for prehospi-
tal settings and air or ground ambulance transport where 
space and simplicity are at a premium.26 Since prehospi-
tal patients cannot have pretransfusion testing, the whole 
blood must be as universally compatible as possible. All 
whole blood comes from group O donors, and in order to 
avoid incompatibility between donor plasma and patient 
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red cells (“minor” ABO incompatibility), we select donors 
with naturally low titers of anti-A and anti-B antibodies, 
hence “low-titer.”

Ideally, all prehospital whole blood would also be 
Rh-negative (D-negative), in order to avoid provoking 
anti-D antibodies in patients of child-bearing potential and 
risking future hemolytic disease of the fetus or newborn. 
However, only 15% of U.S. donors are Rh-negative, so many 
centers have cautiously implemented prehospital whole 
blood programs with only Rh-positive blood or mixed Rh 
inventories. Data to date have not shown significant harm 

with this approach, and protocols using postexposure Rh 
immune globulin can further mitigate risks.27

Although we do not yet have high-level evidence on 
the relative efficacy of whole blood versus components in 
any setting, early data and anecdotal experience in civilian 
and military settings are positive.28–30 Two actively recruiting 
randomized trials will compare low-titer group O whole 
blood with component-based resuscitation in trauma over 
the next few years.31,32

The trauma team consults transfusion medicine and obstet-
rics, who arrange a discussion with the patient about her desire 
for future fertility. The patient affirms that she plans to have 
children, and an appropriate dose of Rh immune globulin is 
given.

Stored red Blood Cells

A 30-week-old, 1,050-g neonate with multiple congenital abnor-
malities is scheduled for repair of anorectal malformations. Her 
preoperative hemoglobin is 6.8 g/dl, and 10 ml/kg red blood cells 
is transfused before surgery. The transfusion is uneventful, but the 

Fig. 1. a simple blood donor screening and collection work-
flow. The principal way that we ensure a safe blood supply is 
by selecting healthy donors and deferring those who engage in 
high-risk behaviors. *The Donor History Questionnaire is used 
by essentially all blood centers in north america.3 Questions 
cover all aspects of health, emphasizing exposures that increase 
infection risk.4,5 †In phlebotomy, 450 to 500 ml of whole blood is 
drained by gravity.6 about 85% of red blood cells in the united 
States are collected by phlebotomy.7 In apheresis, blood is drawn 
into a bedside centrifuge and separated by density, and then any 
unused fraction, e.g., plasma, is returned. ‡The Food and Drug 
administration requires that all donations be tested for hepatitis 
B and C, human immunodeficiency virus 1 and 2, human T-cell 
leukemia viruses 1 and 2, syphilis, West nile virus, Chagas dis-
ease, and—in endemic donor regions—babesiosis.8

Fig. 2. Separation of whole blood into components. Donor blood 
is collected in anticoagulant and may be transfused as whole 
blood. If it is to be separated into components, then it is centri-
fuged. The plasma fraction containing most of the anticoagulant 
is expressed off the top, and the concentrated red blood cells are 
then mixed with an additive solution to improve shelf life. Some 
platelets may also be collected from the plasma or buffy coat 
(not shown). after freezing, plasma may be cold-thawed at 4°C 
to bring some proteins out of solution, or “cryoprecipitated.” One 
unit of cryoprecipitate derived from one unit of plasma is typi-
cally pooled into bags of five units for adult dosing, with 1.25 g 
fibrinogen and a volume of 100 ml. all values are approximate.
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posttransfusion hemoglobin is 8.3 g/dl. The neonatology fellow is 
concerned that the hemoglobin did not rise further, and suggests a 
hemolysis workup.

Stored red blood cells contain red cells (erythrocytes), 
citrate anticoagulant, additive solution, some white blood 
cells, and trace plasma. A unit of red cells in additive solu-
tion has a hematocrit of around 60%, although this may 
vary from 50 to 70%. Although now less common, red 
cells stored without additive solution may have a hema-
tocrit greater than 80%. One unit in additive solution will 
raise the hemoglobin in a 70-kg adult by around 1 g/dl, 
although there is substantial variation.33 In a small neonate, 
these variations are exaggerated, and the absolute rise may 
be as little as 1.0 g/dl or as much as and 3.0 g/dl after a 10- 
to 15-ml/kg dose.14

The hemoglobin level is currently the most com-
mon and widely explored guide to red cell transfusion. 
In the 24 yr since the publication of the Transfusion 
Requirements in Critical Care trial,34 greater than 
36,000 mostly adult, usually hemodynamically stable 
patients have been enrolled in experiments to identify 
the ideal trigger for a erythrocyte transfusion,35 with 
the conclusion that a “restrictive” trigger somewhere 
between 7 and 8 g/dl is appropriate for most patients 
in most circumstances.36 The lack of sharply marked 

benefit or harm for transfusions between 7 and 10 g/
dl, however, suggests that better and more physiologic 
measures to guide red cell transfusion are desperately 
needed. It should be noted that the safety and clinical 
equivalence of “older” units near the end of their shelf 
life have also been firmly established in large, random-
ized trials in adults and children.37

The neonatology attending consults with transfusion medi-
cine. A residual segment of the unit is tested and found to have a 
hematocrit of 49%, accounting for the lower-than-expected rise in 
patient hemoglobin. The child has a successful and uncomplicated 
surgery.

Plasma

A 55-yr-old woman with end-stage liver disease awaiting trans-
plant is transferred to the intensive care unit for suspected sepsis in 
the setting of spontaneous bacterial peritonitis and an upper gastro-
intestinal bleed. Her international normalized ratio (INR) is 2.9. 
The critical care resident orders two units of plasma to be transfused 
before placing a central line.

Stored plasma contains all the acellular chemical and 
protein ingredients of blood, including albumin, coagula-
tion factors, and immunoglobulins. Dilution with anticoag-
ulant lowers the coagulation factor activity in stored plasma 

Table 1. The Five Common Blood Component Products available for Clinical Transfusion

Product 
Contents and  

laboratory values volume Preservative shelf life 
Typical Purchase 

Price1 

Low-titer group O
whole blood

Hematocrit: 39%
Platelets: 150 × 103/µl*
Inr ~1.1
Fibrinogen: 240 mg/dl
<256 anti-a and anti-B ab titers10,11

515 ml Buffered citrate 21–35 d at 1–6°C12

(7–14 d for best platelet 
function)13

$500

red blood cells Hematocrit: 50–65%14

Trace plasma
250–300 ml Buffered citrate, additive 

solution
42 d at 1–6°C (in additive 

solution)6

$200–$220

Plasma† Plasma: Inr: ~1.115 200–400 ml Buffered citrate 1 yr frozen (up to 7 in 
some circumstances)6

up to 5 d after thawing16

$45–$60

Platelets Hematocrit: not applicable (trace red 
blood cells)‡ Platelets: 3–4 × 1011 
total

Inr: 1.1 (in plasma) or 2.1 (in additive 
solution)

Fibrinogen: 500 mg (in plasma)
150 mg (in additive solution)

250 ml Buffered citrate, ± additive 
solution17,18,19

up to 5 d (7 with some 
testing methods)

$500
($625 for pathogen- 

reduced)

Cryoprecipitate Fibrinogen: 300 mg (1.5 g per five-
unit pool)20

Other concentrated factors: factor VIII, 
factor XIII, vWF, fibronectin.

Trace immunoglobulins, antithrombin

20 ml (100 ml per 
five-unit pool)

Buffered citrate 1 yr frozen,
6 h after thawing

$250–$300 per five-
unit pool

*If nonleukoreduced, or if a platelet-sparing leukoreduction filter is used. †although “fresh frozen plasma” is a common term for plasma, only approximately 25% of plasma units in 
the united States are frozen within 8 h of collection and truly “fresh frozen.” Most hospitals use 8-h fresh frozen plasma and plasma frozen within 24 h (“FP24”) interchangeably.1  
‡not applicable. However, because of the trace red blood cells in any platelet unit,6,21 rh type is matched when feasible. If an rh-negative patient of childbearing potential receives 
an rh-positive unit, it may be appropriate to give anti-rh antibody (e.g., rhoGaM, Kedrion Biopharma, uSa) to prevent rh alloimmunization.22–24

Inr, international normalized ratio; vWF, von Willebrand factor.
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to around 80%, or roughly an INR of 1.1.15 Although this 
seems normal, we know that plasma transfusion only mod-
estly lowers INRs in the 1.5 to 3.0 range,38 that the effect 
weakens with each additional transfusion,39 and that pro-
phylactic plasma before invasive procedures may not reduce 
bleeding complications.40 In the complex coagulopathy and 
physiology of liver disease, attempting to correct abnormal 
results with large volumes of plasma may in fact worsen 
bleeding.41,42 With the widespread availability of prothrom-
bin complex concentrates for warfarin reversal and recom-
binant antithrombin for heparin resistance, there are now 
few indications for plasma transfusion outside of major 
hemorrhage, disseminated intravascular coagulation with 
bleeding, or apheresis exchange.43

After reviewing the orders, the transfusion medicine phy-
sician on call recommends proceeding without transfusion, or 
ordering additional coagulation testing. A rapid thromboelasto-
gram is performed, which has a normal reaction time, clotting 
time, alpha angle, and a mildly elevated maximum amplitude. 
The resident defers transfusion, and the line is placed with 
minimal bleeding.

Platelets

During separation from cardiopulmonary bypass after a combined 
aortic valve replacement and single-vessel coronary artery bypass 
graft in a 59-yr-old man, the surgeon reports severe bleeding in the 
mediastinum and urges the transfusion of several units of plate-
lets. Viscoelastic testing with heparinase sent before separation from 
bypass did not detect any coagulation deficits.

Units of platelets contain platelets (thrombocytes), 
plasma, storage solution, and trace amounts of red and 
white blood cells. Almost all platelets in the United States 
are now collected in concentrated units by apheresis from a 
single donor, although a few are still collected from whole 
blood of multiple donors and pooled (fig. 3).6 Prophylactic 
platelet transfusion triggers for stable medical patients have 
been established in adults and children, and most adults do 
not require transfusion until the platelet count is less than 
10 × 103/µl.44,45 Periprocedural or surgical platelet transfu-
sion, by contrast, suffers from a lack of high-quality trials 
or studies.46 Many guidelines recommend platelet count 
thresholds for specific surgeries or procedures, and these are 
dubiously interpreted as goals for transfusion or indications 
for prophylaxis.47,48 Part of the problem with interpreting 
suggested platelet counts as transfusion goals is that stored 
platelets do not function as well as native platelets, especially 
right after transfusion. A patient with a platelet count of 
50 × 103/µl who is transfused up to 80 × 103/µl is therefore 
not necessarily equivalent to a patient who already has a 
count of 80 × 103/µl.49,50

Platelets stored “cold” at refrigerator temperatures are 
receiving renewed interest. Cold-stored platelets appear 
to have immediate hemostatic benefits and a reduced 
risk of infection compared to standard room-temperature 

platelets, although at the expense of shortened posttransfu-
sion survival.51,52 There are also a number of studies assess-
ing freeze-dried or frozen platelet preparations, as well as 
novel biotherapies using platelet-like synthetic particles. 
Randomized trials are in process to assess their efficacy and 
safety in several settings.53

After reviewing the coagulation tests, the anesthesiologist 
informs the surgeon that there is no apparent indication for trans-
fusion. After a brief period of packing with laparotomy sponges, the 
surgeon identifies a small posterior mediastinal injury and repairs 
it. No platelet transfusions are given, and separation is completed 
uneventfully.

Cryoprecipitate

A 23-yr-old woman with no significant past medical history is in 
the third stage of labor. Her estimated blood loss so far is 1,300 ml, 
and the obstetrician reports continued bleeding. A fibrinogen drawn 
immediately after delivery is 177 mg/dl.

Cryoprecipitated antihemophilic factor, commonly 
known as “cryo,” is a plasma derivative containing concen-
trated fibrinogen, factor VIII, factor XIII, von Willebrand 
factor, and fibronectin (table 1).20 One unit of plasma will 
make one unit of cryoprecipitate (fig. 2), which is often 
combined into a five-unit pool for easy dosing in adults. 
Transfusing two five-unit pools will increase the fibrin-
ogen level by 80 to 100 mg/dl in a stable adult patient. 
Since cryoprecipitate is pooled from multiple sources, 
there is higher risk for bacterial growth, and depending 
on how it was prepared, it must be transfused within 4 to 
6 h of thawing. Use of cryoprecipitate is steadily increas-
ing across the United States.54,55 Possible explanations 
include the widespread adoption of viscoelastic testing 
platforms—which tend to emphasize fibrinogen defi-
ciencies56–58—and a generally increased awareness of the 
dangers of coagulopathy. Over the last 10 yr, most major 
perioperative societies in the United States and Europe 

Fig. 3. Collection and modification of apheresis plate-
lets. Initially, platelets are collected in a solution of citrate- 
anticoagulated donor plasma or a mixture of 35% plasma and 
65% platelet additive solution. Leukocytes are separated from 
platelets as part of the apheresis process.
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have increased their recommended fibrinogen targets in 
a variety of bleeding scenarios.59–63 The evidence behind 
these recommendations is not strong, but there are some 
data that fibrinogen replacement is a beneficial alterna-
tive to platelet transfusion in postcardiopulmonary bypass 
bleeding,64,65 and there are a few studies backed by expert 
consensus supporting cryoprecipitate in postpartum 
hemorrhage.66,67

Recently, human-derived fibrinogen concentrates and 
commercially manufactured pathogen-reduced cryoprecip-
itate have emerged as alternatives to traditional cryoprecip-
itate transfusion. Fibrinogen concentrates can be stored dry 
and reconstituted at the bedside,68 and pathogen-reduced 
cryoprecipitate can be kept thawed for up to 5 days.69 These 
features may make them attractive for situations where 
rapid delivery of traditional cryoprecipitate is not possible.

The hospital Maternal Hemorrhage Protocol is activated. The 
patient receives 10 units of cryoprecipitate, after which her fibrino-
gen is 201 mg/dl. She receives another 10 units of cryoprecipitate. 
Hemostasis is achieved shortly afterward, and her final fibrinogen 
is 244 mg/dl. Subsequent recovery is uncomplicated.

Modifications to stored Blood
Blood products may be modified during or after manufac-
ture to reduce the risk of specific complications. As many 
as 1 in 50 transfusions causes some reaction, and severe or 
life-threatening complications occur in roughly 1 in 10,000 
transfusions.1,36 Not every reaction can be avoided, but 
many risks can be greatly reduced by modification.

additive Solutions

An 81-yr-old woman arrives in the postanesthesia care unit after 
craniotomy for resection of a glioblastoma. Her first postoperative 
platelet count is 79 × 103/µl, and the neurosurgery resident orders 
one unit of apheresis platelets. Fifteen minutes after starting the 
transfusion, the recovery nurse reports that the patient has an ery-
thematous rash on her chest with a raised, central wheal. She is 
otherwise stable.

Additive solutions are buffered salt and sugar mixtures 
that can be blended into a stored product to improve the 
function or lifespan of stored cells. All available red cell 
additive solutions extend their lifespan out to 6 weeks 
(table 1), and newer additive solutions not yet in wide use 
have demonstrated improved posttransfusion recovery rates 
and even longer shelf-lives.70 Modern platelet additive solu-
tions, by contrast, do not much alter platelet function or 
lifespan.71,72 However, platelet additive solutions replace 50 
to 80% of the plasma content from the platelet unit, which 
allows more plasma to be reserved for plasma transfusions, 
reduces rates of allergic reactions, and may reduce the risk 
of hemolysis from minor plasma incompatibility.72,73

After examining the patient, the anesthesiology resident diag-
noses an allergic transfusion reaction. The patient receives 25 mg 

diphenhydramine, the rash begins to resolve, and the transfusion 
is restarted without further incident. When discussing the case, the 
transfusion medicine physician on call notes that the hospital is 
phasing out their supply of platelets in plasma in favor of platelets 
in additive solution.

Leukoreduction

A 71-yr-old, 81-kg man with a history of atrial fibrillation under-
goes repair of a traumatic hip fracture. In the postanesthesia care 
unit, his hemoglobin is 6.2 g/dl, and he receives one unit of red 
blood cells. Fifteen minutes into the transfusion, he complains of 
chills, and his temperature is 38.2°C.

White blood cells release cytokines and other inflamma-
tory mediators into the liquid portion of the unit during 
storage. These factors can cause a number of adverse events, 
of which fevers are the most common. After removing the 
white blood cells through filtration or centrifugation—“leu-
koreduction” of the blood—fever and other complications 
are less frequent (table  2).1,74–82 More than 97% of blood 
products in the United States are leukoreduced by the col-
lecting blood center before storage,79,81,83 and this practice 
is universal in Canada, the United Kingdom, Australia, and 
New Zealand.76,83 Some commercial leukoreduction filters 
will also remove platelets, and for this reason, not all whole 
blood units for transfusion are leukoreduced.81 Since febrile, 
nonhemolytic transfusion reactions are caused by donor 
rather than recipient factors, there is no benefit in routine 
transfusion premedication with an antipyretic.84

The transfusion is stopped immediately, and a reaction workup 
is started. Clerical checks reveal no errors, there is no evidence of 
hemolysis in a posttransfusion specimen, and a direct antiglobulin 
test is negative. The transfusion medicine service makes a diagnosis 
of a febrile, nonhemolytic transfusion reaction, and the remainder 
of the unit is discarded. A second transfusion is completed without 
incident.

Irradiation

An 8-yr-old girl is scheduled for resection of a tibial osteosarcoma. 
During the surgery, the anesthesiologist orders a unit of red blood 
cells to correct a hemoglobin of 6.8 g/dl. Shortly afterward, the 
blood bank calls to ask if the anesthesiologist wants the blood to 
be irradiated.

Even after leukoreduction, there are a large number of 
remaining white blood cells in any unit of whole blood, 
red cells, and platelets. In a severely immunocompromised 
patient, these white blood cells may become established and 
cause a severe multiorgan syndrome called transfusion-asso-
ciated graft-versus-host disease, which is fatal in greater than 
90% of cases.85 Fortunately, transfusion-associated graft-ver-
sus-host disease is both rare and preventable with irradia-
tion. The selected unit is exposed to a modest dose from a 
radioisotope or x-ray emitter, and the damage this causes 
to the white cell DNA stops further replication (table 2). 
Because transfusion-associated graft-versus-host disease is so 
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rare and the exact risk factors are not well-defined, differ-
ent institutions will have different triggers for irradiation.85 
Commonly shared indications include stem cell transplants, 
congenital immunodeficiencies, intrauterine transfusions, 
lymphoid malignancies, and children less than 4 to 12 
months of age. Irradiation shortens the acceptable shelf life 
of the red cell unit to either 28 days or the original expira-
tion date, whichever is sooner. Irradiation may also increase 
the potassium content of the unit, which has rarely been 
implicated in cases of transfusion-associated hyperkalemic 
arrest, usually in small children administered blood rapidly 
through a central line during a surgery.86

The anesthesiologist submits a corrected order asking for irradi-
ated blood, and the transfusion and surgery are completed without 
complications. After the case, a working group is convened between 
the operating room, surgery, anesthesiology, and the blood bank to 
create a standard procedure for ordering irradiated blood.

Pathogen reduction

A 64-yr-old man is in intensive care after open repair of a thora-
coabdominal aortic aneurysm. Three units of platelets were trans-
fused intraoperatively. On postoperative day 1, the blood bank is 
notified by the donor center that a pretransfusion surveillance cul-
ture from one of the platelet units has growth in both aerobic and 
anaerobic bottles. Patient blood cultures are all negative.

Thorough skin preparation before blood donation 
reduces, but cannot completely eliminate, the burden 

of bacteria. Some bacteria are always inoculated into the 
donated blood, although most colonies do not survive at 
refrigerator temperatures. Platelet units have the highest 
risk of bacterial transmission because they are stored at 
room temperature, with a contamination rate of approxi-
mately 1 in 1,000 units.87,88 Traditional pretransfusion bac-
terial surveillance methods were insufficient to detect most 
of these contaminations.89 It should be noted, however, that 
reactions requiring fluids, antibiotics, or vasopressor admin-
istration occur after fewer than 1:10,000 transfusions,90–92 
with an estimated 10 attributable deaths per year in the 
United States.92 Staphylococcus, Streptococcus, and Gram-
negative bacteria are usually implicated in septic reactions, 
but the majority of positive cultures are caused by generally 
nonvirulent bacteria such as Cutibacterium.

Prestorage pathogen reduction eliminates the need for 
surveillance cultures by preventing replication of viruses or 
bacteria in the unit (table 2). In most U.S.-licensed patho-
gen reduction technologies, the unit is infused with a pso-
ralen compound that covalently binds to nucleotides after 
exposure to ultraviolet light. These covalent adducts prevent 
DNA and RNA transcription and replication. A happy side 
effect is the inhibition of leukocyte division, eliminating 
the need to irradiate if irradiation was indicated.93 Although 
pathogen reduction is effective for its stated purpose, it adds 
around $125 to the cost of every unit,1 reduces the average 
posttransfusion platelet count boost from 30,000 to 20,000 
cells/mm-3, and increases transfusion requirements.94 In 

Table 2. Common Blood Component Product Modifications

Modification effects Products indication notes 

additive  
solutions

Buffers pH and provides electro-
lytes and energy substrates

red blood cells*
Platelets

Extend shelf life
Improve cell recovery
Preserve plasma for other indications
reduce transfusion reactions

addition of additive solution to platelets 
reduces fibrinogen content to 200 mg and 
increases Inr to ~3.0

Leukoreduction removes most white blood cells69 red blood cells
Whole blood†
Platelets

reduces:
Febrile reactions68

Human leukocyte antigen alloimmunization64

Cytomegalovirus infection67,70

97% of all u.S. red blood cells and platelets 
are leukoreduced at the collecting blood 
center1

Irradiation nucleotide damage prevents 
leukocyte replication

red blood cells
Whole blood
Platelets

reduces risk of transfusion-associated graft-
vs.-host disease in immunocompromised, 
immunodeficient, or patients receiving 
blood from matched or related donors

after an erythrocyte unit is irradiated, its 
total shelf life is reduced from 42 to 28 d

Pathogen 
reduction

Prevents nucleotide transcription 
and replication with using a 
covalently bonded adduct

Platelets
Plasma
Cryoprecipitate

reduces risk of bacterial and viral infection‡
Eliminates need for irradiation

Posttransfusion platelet count boost is 
reduced from ~30 × 103/µl to ~20 × 103/µl

adds ~$125 to the cost of the unit
Washing removes residual plasma and 

storage solution
red blood cells
Platelets

reduces:
allergic or anaphylactic reactions72

removes excess glycerol or potassium from 
frozen or old units

Breaks sterile seal of unit, so red cells must 
be used within 24 h, and platelets within 
4 h65

*Standard buffered citrate solution contains citrate, phosphate, and dextrose. There are four erythrocyte additive solutions in the united States: aS-1, aS-3, aS-5, and aS-7, which all 
contain additional dextrose and adenine. aS-3 includes additional phosphate and citrate. The others all include 500 to 1,000 mg mannitol.  †Some whole blood units for transfusion 
are not leukoreduced, because platelet-sparing filters are not available with all storage solutions.71 ‡Certain pathogens including hepatitis a, hepatitis E, human parvovirus B19, 
poliovirus, and Bacillus cereus spores are not inactivated.
Inr, international normalized ratio. 
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2020, the Food and Drug Administration (Silver Spring, 
Maryland) released new guidance for blood centers requir-
ing either more sensitive bacterial testing for platelet units, 
or adoption of pathogen reduction.95 Many blood collec-
tion agencies, including the American Red Cross, are tran-
sitioning to pathogen reduction for all platelet units.96

After several days of empiric therapy with broad-spectrum 
antibiotics, the laboratory identifies the surveillance cultures as 
Cutibacterium acnes. On the recommendation of the infectious 
disease department, further broad-spectrum therapy is discontinued. 
The patient never displays signs of sepsis.

Washing

A 34-yr-old woman with no history of transfusion suffers a hepatic 
artery injury during a cholecystectomy. Immediately upon transfusion 

of one unit of red blood cells, she develops severe hypotension and 
tachycardia, and increased peak ventilatory pressures. The anesthesiol-
ogist stops the transfusion immediately and administers epinephrine. 
On postoperative day 1, her hemoglobin is 4.4 g/dl. The surgeon is 
concerned that the patient cannot be safely transfused again.

Anaphylactic transfusion reactions are a rare but 
life-threatening complication of transfusion. These reac-
tions are usually idiopathic responses to an allergen in the 
donor plasma, although a subset of cases is attributed to 
anti-IgA reactions among patients with absolute IgA defi-
ciency. Washing the residual plasma from cellular products 
such as red blood cells or platelets will usually render them 
safer for transfusion, and this can be done presumptively 
even in the absence of a clearly identified allergen. The 
washing process requires breaking the sterile seal of the unit, 
so even if all precautions are taken, it must be transfused 

Table 3. Important Transfusion reactions in Perioperative Practice

Reaction (and Cause) Timing/Rate Clinical Features Management 

acute hemolytic transfusion  
reaction (usually aBO  
incompatibility)96

usually immediate (but within 
24 h)

1 in 70,000–100,000  
transfusions

Fever/chills and rigors
Back or flank pain
Dark or red urine
Diffuse bleeding or oozing
Mortality ~25%

Stop transfusion
Bolus crystalloid and loop diuretics
Close supportive care

Delayed hemolytic transfusion 
reaction (usually non-aBO 
incompatibility)96

5–10 d (but between 1 and 
28 d)

1 in 2,000–5,000 transfusions

Often asymptomatic
Possible fever, fall in hemoglobin, jaundice 

and hyperbilirubinemia
rarely, hypotension or acute kidney injury

usually no treatment required
Follow symptoms, hemoglobin, creatinine

Febrile, nonhemolytic transfusion 
reaction (usually proinflammatory 
cytokines accumulating during 
storage)96

Minutes to hours
1 in 200–2,000 red cells
1 in 20–200 platelets

Fever (>1°C rise from baseline)
rigors and chills

Stop transfusion
rule out hemolytic reaction
Treat with antipyretic
Pretreatment for future transfusions is not 

supported by evidence
anaphylaxis (severe hypersensitivity 

to donor)97

usually immediate
1 in 20,000–47,000  

transfusions

Shock
Bronchospasm/edema
rigors
normothermia

Epinephrine
Supportive care
Washed red blood cells/platelets in transfu-

sion urgently required
allergic (mild-to-moderate  

hypersensitivity to donor)97

Minutes to hours
1 in 100 transfusions

rash (localized ↔ severe)
urticaria
Pruritus
Swelling (localized ↔ severe)

Pause transfusion
Treat with antihistamines ± steroids
Consider resuming transfusion if symptoms 

are mild and resolving
Pretreatment for future transfusions is not 

supported by evidence
Sepsis (bacterial contamination)98 Minutes to hours

1 in 2,000 (bacterial  
transmission)

1 in 10,000 (reactions requiring 
support)

Fever or chills/rigors
Shock
Dyspnea
nausea/vomiting

Stop transfusion (if ongoing)
Broad-spectrum antibiotics
Supportive care

Transfusion-related acute lung 
injury (typically donor antibodies 
reacting with primed host  
neutrophils)99

usually during the transfusion, 
but must occur within 6 h

Hypoxemia
normo- or hypotension
Pulmonary edema by imaging
no cardiac cause/alternate cause of lung 

injury
Mortality 10–15%

Stop transfusion (if ongoing)
Positive pressure ventilation (required in 

~70% of cases)
no role for steroids

Transfusion-associated  
circulatory overload (acute 
volume overload)100

usually during the transfusion
1 in 100 (all transfusions)
1 in 600 (single-unit  

transfusions)

Hypoxia
Pulmonary edema
Hypertension
Tachycardia

Stop transfusion
upright position
Provide oxygen
Positive pressure ventilation as needed
Loop diuretics
If transfusion still needed, use slow rates
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promptly (table  2).75 Washing is time-consuming, so it is 
usually only suitable for planned transfusions of a limited 
number of products. Patients with anaphylactic reactions 
who require plasma transfusion may be a challenge to care 
for. Case reports of anaphylactic reactions to prothrom-
bin-complex concentrates suggest that factor concentrates 
are not necessarily safe substitutes for plasma.97 Washing is 
also used to remove glycerol from frozen units or concen-
trated electrolytes such as potassium from older units.

After consultation with the transfusion medicine service, the 
patient is issued a unit of washed red blood cells. The transfusion is 
started slowly, and the patient shows no signs of reaction. Two more 
washed erythrocyte units are transfused without incident.

Transfusion Reactions
A 35-yr-old woman with a history of autoimmune liver disease 
complicated by renal failure on hemodialysis is undergoing a simul-
taneous liver–kidney transplant. The liver transplant was uncom-
plicated, but during the kidney transplantation, the surgeon states 
that there is significant mucosal bleeding. Coagulation testing is 
notable for a platelet count of 32 × 103/µl. Shortly after trans-
fusing one unit of apheresis platelets, the anesthesiologist observes 
increased peak inspiratory pressures and frothy secretions in the 
endotracheal tube. The patient is hemodynamically stable.

Many product modifications are made with the intention 
of reducing transfusion reactions. Apart from the reactions 
encountered in cases above, there are many others that the 
anesthesiologist may encounter at the bedside. For example, 
transfusion-related acute lung injury is an inflammatory syn-
drome typically caused by donor antileukocyte antibodies 
interacting with primed recipient white blood cells in the 
lung, which leads to acute respiratory distress.98 Since the 

introduction of widespread leukoreduction and screening 
of parous donors for antileukocyte antibodies, rates of these 
reactions have fallen, but they still occur in every 5,000 to 
10,000 transfusions, and up to 5% are fatal.99 This, and other 
important reactions that may be encountered by the anesthe-
siologist, such as hemolytic reactions, allergic reactions, and 
volume overload, are summarized in table 3.98,100–104

The anesthesiologist sends an arterial blood gas that returns a 
Pao

2
 of 72 mmHg on a fractional inspired oxygen tension of 0.6. 

She makes a diagnosis of transfusion-related acute lung injury, and 
calls the transfusion medicine service to report the reaction. The 
patient’s workup is otherwise normal, and the rest of the trans-
plant proceeds without complications. In the intensive care unit, the 
patient’s chest x-ray is notable for diffuse bilateral pulmonary infil-
trates. After 2 days, she is successfully weaned from the ventilator.

summary
Stored blood is one of our greatest medical innovations. More 
than 100 yr of transfusion science has resulted in a blood 
supply that is astonishingly safe, flexible, and predictable. 
However, every transfusion is still a balance of benefits and 
risks. Blood products now come in many forms with many 
possible modifications, and the physician at the bedside must 
be aware of what they are giving and what that will mean 
for their patients. For the interested reader, I have provided 
a brief list of articles, books, and online resources for further 
education (table 4). New ideas and techniques to improve the 
efficacy and safety of stored blood are always needed.
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Table 4. Further resources

Title authors/editors notes 

Practical Transfusion Medicine, 
6th Edition

Michael F. Murphy
David J. roberts
Mark H. yazer
nancy M. Dunbar

an excellent, brief, and accessible textbook on all aspects of transfusion 
medicine.

Perioperative Transfusion  
Medicine, 2nd Edition

Bruce D. Spiess
richard K. Spence
aryeh Shander

a comprehensive textbook on blood supply, blood banking, oxygen physiology, 
and transfusion medicine written with anesthesiologists in mind.

Association for the Advancement 
of Blood and Biotherapeutics 
Technical Manual, 20th Edition

Claudia Cohn
Meghan Delaney
Susan T. Johnson
Louis M. Katz

a highly detailed reference book aimed at transfusion medicine physicians 
and technicians, but containing clearly written details about blood contents, 
processing, and regulation.

Circular of Information american red Cross
association for the advancement of Blood and 

Biotherapeutics america’s Blood Centers
armed Services Blood Program

a pamphlet with brief but comprehensive information about blood components 
and component modification intended to provide detailed information for 
any physician or provider about blood in the u.S. supply. available at: https://
www.redcrossblood.org/content/dam/redcrossblood/forms-and-certificates/
Circular%20of%20Information%202017.pdf. accessed august 3, 2023.

BBGuy.org Joseph Chaffin a free, online educational resource including videos, glossary, and podcast 
episodes with major figures in blood banking, transfusion, anesthesiology, 
and emergency care.

Copyright © 2023 American Society of Anesthesiologists. All Rights Reserved. Unauthorized reproduction of this article is prohibited.

https
://www.redcrossblood.org/content/dam/redcrossblood/forms-and-certificates/Circular%20of%20Information%202017.pdf
://www.redcrossblood.org/content/dam/redcrossblood/forms-and-certificates/Circular%20of%20Information%202017.pdf
://www.redcrossblood.org/content/dam/redcrossblood/forms-and-certificates/Circular%20of%20Information%202017.pdf


CliniCal FoCus Review

152 Anesthesiology 2024; 140:144–56 aaron S. Hess

Competing Interests

The author declares no competing interests.

Correspondence

Address correspondence to Dr. Hess: 800 University Bay 
Drive, MFCB 2126, Madison, Wisconsin 53705. ahess5@
wisc.edu. Anesthesiology’s articles are made freely acces-
sible to all readers on www.anesthesiology.org, for personal 
use only, 6 months from the cover date of the issue.

References

 1. Mowla SJ, Sapiano MRP, Jones JM, Berger JJ, Basavaraju 
SV: Supplemental findings of the 2019 National Blood 
Collection and Utilization Survey. Transfusion 2021; 
61(suppl 2):S11–35

 2. US blood supply facts: American Red Cross. 2023. 
Available at: https://www.redcrossblood.org/donate-
blood/how-to-donate/how-blood-donations-help/
blood-needs-blood-supply.html. Accessed April 10, 2023.

 3. Zou S, Eder AF, Musavi F, Notari Iv EP, Fang CT, Dodd 
RY; ARCNET Study Group: Implementation of the 
Uniform Donor History Questionnaire across the 
American Red Cross Blood Services: Increased defer-
ral among repeat presenters but no measurable impact 
on blood safety. Transfusion 2007; 47:1990–8

 4. Major changes in blood donor screening: AABB Press. 
Updated October 4, 2020. Available at: https://www.
aabb.org/news-resources/news/article/2021/10/19/
major-donor-el ig ibi l i ty-changes-implement-
ed-during-a-global-pandemic. Accessed April 10, 2023.

 5. Blood Donor History Questionnaire (DHQ) v2.1: 
AABB Press. 2022. Available at: https://www.aabb.org/
news-resources/resources/donor-history-question-
naires/blood-donor-history-questionnaires. Accessed 
April 10, 2023.

 6. Acker JRA: Whole blood and apheresis collection of 
blood components intended for transfusion, Technical 
Manual, 20th edition. Edited by Cohn CS. Bethesda, 
AABB Press, 2020, pp. 141–72

 7. Jones JM, Sapiano MRP, Mowla S, Bota D, Berger 
JJ, Basavaraju SV: Has the trend of declining blood 
transfusions in the United States ended? Findings of 
the 2019 National Blood Collection and Utilization 
Survey. Transfusion 2021; 61(suppl 2):S1–S10

 8. National Center for Emerging and Zoonotic Infectious 
Diseases. Blood safety basics: Centers for Disease 
Control and Prevention. 2022. Available at: https://
www.cdc.gov/bloodsafety/basics.html#:~:text=If%20
the%20donor%20is%20eligible,that%20matches%20
their%20blood%20type. Accessed April 10, 2023.

 9. US Department of Health and Human Services. Donate 
blood. 2023. Updated March 10, 2022. Available at: 
https://www.hhs.gov/oidp/topics/blood-tissue-safety/
donate-blood/index.html. Accessed April 10, 2023.

 10. Bailey JD, Fisher AD, Yazer MH, Howard JT, Corley JB, 
Miles EA, Cap AP: Changes in donor antibody titer 
levels over time in a military group O low-titer whole 
blood program. Transfusion 2019; 59:1499–506

 11. Bjerkvig C, Sivertsen J, Braathen H, Lunde THF, 
Strandenes G, Assmus J, Hervig T, Cap A, Kristoffersen 
EK, Fosse T, Apelseth TO: Cold-stored whole blood in 
a Norwegian emergency helicopter service: An obser-
vational study on storage conditions and product qual-
ity. Transfusion 2020; 60:1544–51

 12. Code of Federal Regulations. Dating periods for 
whole blood and blood components. 2016. 21 CFR 
610.53. Available at: https://www.ecfr.gov/current/
title-21/chapter-I/subchapter-F/part-610/subpart-F/
section-610.53. Accessed April 10, 2023.

 13. Haddaway K, Bloch EM, Tobian AAR, Frank SM, 
Sikorski R, Cho BC, Zheng G, Jani J, Lokhandwala PM, 
Lawrence CE, Blagg L, Ness PM, Kickler TS, Gehrie EA: 
Hemostatic properties of cold-stored whole blood leu-
koreduced using a platelet-sparing versus a non-plate-
let-sparing filter. Transfusion 2019; 59:1809–17

 14. Pilania RK, Saini SS, Dutta S, Das R, Marwaha N, 
Kumar P: Factors affecting efficacy of packed red 
blood cell transfusion in neonates. Eur J Pediatr 2017; 
176:67–74

 15. Dumont LJ, Cancelas JA, Maes LA, Rugg N, Whitley P, 
Herschel L, Siegel AH, Szczepiorkowski ZM, Hess JR, 
Zia M: The bioequivalence of frozen plasma prepared 
from whole blood held overnight at room temperature 
compared to fresh-frozen plasma prepared within eight 
hours of collection. Transfusion 2015; 55:476–84

 16. Standards for Blood Banks and Transfusion Services 
(BB/TS Standards). 33rd edition. Bethesda, AABB 
Press, 2022

 17. Cohn CS, Stubbs J, Schwartz J, Francis R, Goss C, 
Cushing M, Shaz B, Mair D, Brantigan B, Heaton WA: 
A comparison of adverse reaction rates for PAS C ver-
sus plasma platelet units. Transfusion 2014; 54:1927–34

 18. van der Meer PF, de Korte D: Platelet additive solutions: 
A review of the latest developments and their clinical 
implications. Transfus Med Hemother 2018; 45:98–102

 19. van Hout FMA, Bontekoe IJ, de Laleijne LAE, 
Kerkhoffs JL, de Korte D, Eikenboom J, van der Bom 
JG, van der Meer PF: Comparison of haemostatic func-
tion of PAS-C-platelets vs. plasma-platelets in reconsti-
tuted whole blood using impedance aggregometry and 
thromboelastography. Vox Sang 2017; 112:549–56

 20. Soundar EP, Reyes M, Korte L, Bracey A: Characteristics 
of thawed pooled cryoprecipitate stored at refriger-
ated temperature for 24 hours. Blood Transfus 2018; 
16:443–6

 21. Canadian Blood Services: Circular of information for 
the use of human blood components: Platelets, pooled 
platelets LR CPD, apheresis platelets. 2022. Available at: 
https://www.blood.ca/sites/default/files/IM-00003_
Revision_1.pdf. Accessed April 10, 2023.

Copyright © 2023 American Society of Anesthesiologists. All Rights Reserved. Unauthorized reproduction of this article is prohibited.

mailto:ahess5@wisc.edu
mailto:ahess5@wisc.edu
www.anesthesiology
https://www.redcrossblood.org/donate-blood/how-to-donate/how-blood-donations-help/blood-needs-blood-supply.html
https://www.redcrossblood.org/donate-blood/how-to-donate/how-blood-donations-help/blood-needs-blood-supply.html
https://www.redcrossblood.org/donate-blood/how-to-donate/how-blood-donations-help/blood-needs-blood-supply.html
https://www.aabb.org/news-resources/news/article/2021/10/19/major-donor-eligibility-changes-implemented-during-a-global-pandemic
https://www.aabb.org/news-resources/news/article/2021/10/19/major-donor-eligibility-changes-implemented-during-a-global-pandemic
https://www.aabb.org/news-resources/news/article/2021/10/19/major-donor-eligibility-changes-implemented-during-a-global-pandemic
https://www.aabb.org/news-resources/news/article/2021/10/19/major-donor-eligibility-changes-implemented-during-a-global-pandemic
https://www.aabb.org/news-resources/resources/donor-history-questionnaires/blood-donor-history-questionnaires
https://www.aabb.org/news-resources/resources/donor-history-questionnaires/blood-donor-history-questionnaires
https://www.aabb.org/news-resources/resources/donor-history-questionnaires/blood-donor-history-questionnaires
https://www.cdc.gov/bloodsafety/basics.html#:~:text=If%20the%20donor%20is%20eligible,that%20matches%20their%20blood%20type
https://www.cdc.gov/bloodsafety/basics.html#:~:text=If%20the%20donor%20is%20eligible,that%20matches%20their%20blood%20type
https://www.cdc.gov/bloodsafety/basics.html#:~:text=If%20the%20donor%20is%20eligible,that%20matches%20their%20blood%20type
https://www.cdc.gov/bloodsafety/basics.html#:~:text=If%20the%20donor%20is%20eligible,that%20matches%20their%20blood%20type
https://www.hhs.gov/oidp/topics/blood-tissue-safety/donate-blood/index.html
https://www.hhs.gov/oidp/topics/blood-tissue-safety/donate-blood/index.html
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-F/part-610/subpart-F/section-610.53
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-F/part-610/subpart-F/section-610.53
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-F/part-610/subpart-F/section-610.53
https://www.blood.ca/sites/default/files/IM-00003_Revision_1.pdf
https://www.blood.ca/sites/default/files/IM-00003_Revision_1.pdf


Blood Products and Modifications

 Anesthesiology 2024; 140:144–56 153aaron S. Hess

 22. Cid J, Harm SK, Yazer MH: Platelet transfusion - 
The art and science of compromise. Transfus Med 
Hemother 2013; 40:160–71

 23. Curtis BR, Edwards JT, Hessner MJ, Klein JP, Aster 
RH: Blood group A and B antigens are strongly 
expressed on platelets of some individuals. Blood 2000; 
96:1574–81

 24. Dunbar NM: Does ABO and RhD matching matter 
for platelet transfusion? Hematology 2020; 2020:512–7

 25. Jobes D, Wolfe Y, O’Neill D, Calder J, Jones L, Sesok-
Pizzini D, Zheng XL: Toward a definition of “fresh” 
whole blood: An in vitro characterization of coagula-
tion properties in refrigerated whole blood for transfu-
sion. Transfusion 2011; 51:43–51

 26. Sayre MR, Yang BY, Murphy DL, Counts CR, Dang 
M, Ubaldi P, Tuott EE, Hess JR: Providing whole 
blood for an urban paramedical ambulance system. 
Transfusion 2022; 62:82–6

 27. Seheult JN, Callum J, Delaney M, Drake R, Dunbar 
NM, Harm SK, Hess JR, Jackson BP, Javanbakht 
A, Moore SA, Murphy MF, Raval JS, Staves J, Tuott 
EE, Wendel S, Ziman A, Yazer MH; Biomedical 
Excellence for Safer Transfusion Collaborative: Rate 
of D-alloimmunization in trauma does not depend 
on the number of RhD-positive units transfused: The 
BEST collaborative study. Transfusion 2022; 62(suppl 
1):S185–92

 28. Avery P, Morton S, Tucker H, Green L, Weaver A, 
Davenport R: Whole blood transfusion versus compo-
nent therapy in adult trauma patients with acute major 
haemorrhage. Emerg Med J 2020; 37:370–8

 29. Guyette FX, Zenati M, Triulzi DJ, Yazer MH, Skroczky 
H, Early BJ, Adams PW, Brown JB, Alarcon L, Neal 
MD, Forsythe RM, Zuckerbraun BS, Peitzman AB, 
Billiar TR, Sperry JL: Prehospital low titer group O 
whole blood is feasible and safe: Results of a prospec-
tive randomized pilot trial. J Trauma Acute Care Surg 
2022; 92:839–47

 30. Torres CM, Kent A, Scantling D, Joseph B, Haut ER, 
Sakran JV: Association of whole blood with survival 
among patients presenting with severe hemorrhage in 
US and Canadian adult civilian trauma centers. JAMA 
Surg 2023;158:532–40

 31. Evaluation of a Transfusion Therapy Using Whole 
Blood in the Management of Coagulopathy in Patients 
With Acute Traumatic Hemorrhage (T-STORHM). 
National Library of Medicine. 2023. Available at: 
https://clinicaltrials.gov/ct2/show/NCT04431999. 
Accessed April 10, 2023.

 32. Jansen JO, Wang H, Holcomb JB, Harvin JA, Richman 
J, Avritscher E, Stephens SW, Truong VTT, Marques 
MB, DeSantis SM, Yamal JM, Pedroza C: Elicitation of 
prior probability distributions for a proposed Bayesian 
randomized clinical trial of whole blood for trauma 
resuscitation. Transfusion 2020; 60:498–506

 33. Roubinian NH, Plimier C, Woo JP, Lee C, Bruhn R, Liu 
VX, Escobar GJ, Kleinman SH, Triulzi DJ, Murphy EL, 
Busch MP: Effect of donor, component, and recipient 
characteristics on hemoglobin increments following 
red blood cell transfusion. Blood 2019; 134:1003–13

 34. Hébert PC, Wells G, Blajchman MA, Marshall J, Martin 
C, Pagliarello G, Tweeddale M, Schweitzer I, Yetisir E: 
A multicenter, randomized, controlled clinical trial of 
transfusion requirements in critical care. Transfusion 
Requirements in Critical Care Investigators, Canadian 
Critical Care Trials Group. N Engl J Med 1999; 
340:409–17

 35. Carson JL, Stanworth SJ, Dennis JA, Trivella M, 
Roubinian N, Fergusson DA, Triulzi D, Dorée C, 
Hébert PC: Transfusion thresholds for guiding red 
blood cell transfusion. Cochrane Database Syst Rev 
2021; 12:Cd002042.

 36. Carson JL, Guyatt G, Heddle NM, Grossman BJ, Cohn 
CS, Fung MK, Gernsheimer T, Holcomb JB, Kaplan 
LJ, Katz LM, Peterson N, Ramsey G, Rao SV, Roback 
JD, Shander A, Tobian AA: Clinical practice guidelines 
from the AABB: Red blood cell transfusion thresholds 
and storage. JAMA 2016; 316:2025–35

 37. Shah A, Brunskill SJ, Desborough MJR, Doree C, 
Trivella M, Stanworth SJ: Transfusion of red blood cells 
stored for shorter versus longer duration for all condi-
tions. Cochrane Database Syst Rev 2018;12:CD010801

 38. Warner MA, Hanson AC, Weister TJ, Higgins AA, 
Madde NR, Schroeder DR, Kreuter JD, Kor DJ: 
Changes in international normalized ratios after plasma 
transfusion of varying doses in unique clinical environ-
ments. Anesth Analg 2018; 127:349–57

 39. Bryan AW Jr, Staley EM, Kennell T Jr, Feldman AZ, 
Williams LA 3rd, Pham HP: Plasma transfusion 
demystified: A review of the key factors influencing 
the response to plasma transfusion. Lab Med 2017; 
48:108–12

 40. Müller MC, Arbous MS, Spoelstra-de Man AM, Vink 
R, Karakus A, Straat M, Binnekade JM, de Jonge E, 
Vroom MB, Juffermans NP: Transfusion of fresh-fro-
zen plasma in critically ill patients with a coagulopathy 
before invasive procedures: A randomized clinical trial 
(CME). Transfusion 2015; 55:26–35; quiz 25

 41. Massicotte L, Beaulieu D, Thibeault L, Roy JD, Marleau 
D, Lapointe R, Roy A: Coagulation defects do not 
predict blood product requirements during liver trans-
plantation. Transplantation 2008; 85:956–62

 42. Massicotte L, Sassine MP, Lenis S, Roy A: Transfusion 
predictors in liver transplant. Anesth Analg 2004; 
98:1245–51

 43. Frontera JA, Lewin JJ 3rd, Rabinstein AA, Aisiku IP, 
Alexandrov AW, Cook AM, del Zoppo GJ, Kumar MA, 
Peerschke EI, Stiefel MF, Teitelbaum JS, Wartenberg KE, 
Zerfoss CL: Guideline for reversal of antithrombotics 
in intracranial hemorrhage: A statement for healthcare 

Copyright © 2023 American Society of Anesthesiologists. All Rights Reserved. Unauthorized reproduction of this article is prohibited.

https://clinicaltrials.gov/ct2/show/NCT04431999


CliniCal FoCus Review

154 Anesthesiology 2024; 140:144–56 aaron S. Hess

professionals from the Neurocritical Care Society and 
Society of Critical Care Medicine. Neurocrit Care 
2016; 24:6–46

 44. Slichter SJ, Kaufman RM, Assmann SF, McCullough 
J, Triulzi DJ, Strauss RG, Gernsheimer TB, Ness PM, 
Brecher ME, Josephson CD, Konkle BA, Woodson 
RD, Ortel TL, Hillyer CD, Skerrett DL, McCrae KR, 
Sloan SR, Uhl L, George JN, Aquino VM, Manno CS, 
McFarland JG, Hess JR, Leissinger C, Granger S: Dose 
of prophylactic platelet transfusions and prevention of 
hemorrhage. N Engl J Med 2010; 362:600–13

 45. Curley A, Stanworth SJ, Willoughby K, Fustolo-
Gunnink SF, Venkatesh V, Hudson C, Deary A, Hodge 
R, Hopkins V, Lopez Santamaria B, Mora A, Llewelyn 
C, D’Amore A, Khan R, Onland W, Lopriore E, 
Fijnvandraat K, New H, Clarke P, Watts T; PlaNeT2 
MATISSE Collaborators: Randomized trial of plate-
let-transfusion thresholds in neonates. N Engl J Med 
2019; 380:242–51

 46. Hess AS, Ramamoorthy J, Hess JR: Perioperative plate-
let transfusions. Anesthesiology 2021; 134:471–9

 47. Galvagno SM Jr, Nahmias JT, Young DA: Advanced 
Trauma Life Support(®) update 2019: Management 
and applications for adults and special populations. 
Anesthesiol Clin 2019; 37:13–32

 48. Schiffer CA, Bohlke K, Delaney M, Hume H, 
Magdalinski AJ, McCullough JJ, Omel JL, Rainey JM, 
Rebulla P, Rowley SD, Troner MB, Anderson KC: 
Platelet transfusion for patients with cancer: American 
Society of Clinical Oncology clinical practice guide-
line update. J Clin Oncol 2018; 36:283–99

 49. Mack JP, Miles J, Stolla M: Cold-stored platelets: 
Review of studies in humans. Transfus Med Rev 2020; 
34:221–6

 50. Blath L, Martens J, Rahe-Meyer N: Efficacy of platelet 
transfusion in cardiac surgery. Platelets 2022; 33:987–97

 51. Becker GA, Tuccelli M, Kunicki T, Chalos MK, Aster 
RH: Studies of platelet concentrates stored at 22 C and 
4 C. Transfusion 1973; 13:61–8

 52. Aster RH: Blood platelet kinetics and platelet transfu-
sion. J Clin Invest 2013; 123:4564–5

 53. Krachey E, Viele K, Spinella PC, Steiner ME, Zantek 
ND, Lewis RJ: The design of an adaptive clinical trial 
to evaluate the efficacy of platelets stored at low tem-
perature in surgical patients. J Trauma Acute Care Surg 
2018; 84(6S suppl 1):S41–6

 54. Goel R, Chappidi MR, Patel EU, Ness PM, Cushing 
MM, Frank SM, Tobian AAR: Trends in red blood cell, 
plasma, and platelet transfusions in the United States, 
1993-2014. JAMA 2018; 319:825–7

 55. Goel R, Zhu X, Patel EU, Crowe EP, Ness PM, Katz 
LM, Bloch EM, Tobian AAR: Blood transfusion trends 
in the United States: National inpatient sample, 2015 
to 2018. Blood Adv 2021; 5:4179–84

 56. Baksaas-Aasen K, Gall LS, Stensballe J, Juffermans NP, 
Curry N, Maegele M, Brooks A, Rourke C, Gillespie 

S, Murphy J, Maroni R, Vulliamy P, Henriksen HH, 
Pedersen KH, Kolstadbraaten KM, Wirtz MR, 
Kleinveld DJB, Schäfer N, Chinna S, Davenport RA, 
Naess PA, Goslings JC, Eaglestone S, Stanworth S, 
Johansson PI, Gaarder C, Brohi K: Viscoelastic haemo-
static assay augmented protocols for major trauma hae-
morrhage (ITACTIC): A randomized, controlled trial. 
Intensive Care Med 2021; 47:49–59

 57. Trudeau J, Sham L, Petraszko T: 35th International 
Congress of the ISBT, Toronto, Canada, June 2-6, 2018. 
Vox Sang 2018; 113(suppl 1):300

 58. Nguyen-Buckley C, Gao W, Agopian V, Wray C, 
Steadman RH, Xia VW: Major thromboembolic com-
plications in liver transplantation: The role of rotational 
thromboelastometry and cryoprecipitate transfusion. 
Transplantation 2021; 105:1771–7

 59. Nuttall GA, Brost BG, Connis RT, Gessner JS, Harrison 
CR, Miller RD, Nickinovich DG, Nussmeier NA, 
Rosenberg AD, Spence R: Practice guidelines for 
perioperative blood transfusion and adjuvant thera-
pies: An updated report by the American Society of 
Anesthesiologists Task Force on Perioperative Blood 
Transfusion and Adjuvant Therapies. Anesthesiology 
2006; 105:198–208

 60. The American Society of Anesthesiologists Task Force 
on Perioperative Blood Management: Practice guide-
lines for perioperative blood management: An updated 
report by the American Society of Anesthesiologists 
Task Force on Perioperative Blood Management*. 
Anesthesiology 2015; 122:241–75

 61. O’Shaughnessy DF, Atterbury C, Bolton Maggs P, 
Murphy M, Thomas D, Yates S, Williamson LM; British 
Committee for Standards in Haematology, Blood 
Transfusion Task Force: Guidelines for the use of 
fresh-frozen plasma, cryoprecipitate and cryosuperna-
tant. Br J Haematol 2004; 126:11–28

 62. Raphael J, Mazer CD, Subramani S, Schroeder A, 
Abdalla M, Ferreira R, Roman PE, Patel N, Welsby I, 
Greilich PE, Harvey R, Ranucci M, Heller LB, Boer 
C, Wilkey A, Hill SE, Nuttall GA, Palvadi RR, Patel 
PA, Wilkey B, Gaitan B, Hill SS, Kwak J, Klick J, Bollen 
BA, Shore-Lesserson L, Abernathy J, Schwann N, Lau 
WT: Society of Cardiovascular Anesthesiologists clini-
cal practice improvement advisory for management of 
perioperative bleeding and hemostasis in cardiac sur-
gery patients. Anesth Analg 2019; 129:1209–21

 63. Shaylor R, Weiniger CF, Austin N, Tzabazis A, Shander 
A, Goodnough LT, Butwick AJ: National and inter-
national guidelines for patient blood management in 
obstetrics: A qualitative review. Anesth Analg 2017; 
124:216–32

 64. Erdoes G, Koster A, Meesters MI, Ortmann E, Bolliger 
D, Baryshnikova E, Ahmed A, Lance MD, Ravn HB, 
Ranucci M, von Heymann C, Agarwal S: The role of 
fibrinogen and fibrinogen concentrate in cardiac sur-
gery: An international consensus statement from the 

Copyright © 2023 American Society of Anesthesiologists. All Rights Reserved. Unauthorized reproduction of this article is prohibited.



Blood Products and Modifications

 Anesthesiology 2024; 140:144–56 155aaron S. Hess

Haemostasis and Transfusion Scientific Subcommittee 
of the European Association of Cardiothoracic 
Anaesthesiology. Anaesthesia 2019; 74:1589–600

 65. Tanaka KA, Egan K, Szlam F, Ogawa S, Roback JD, 
Sreeram G, Guyton RA, Chen EP: Transfusion and hema-
tologic variables after fibrinogen or platelet transfusion in 
valve replacement surgery: Preliminary data of purified 
lyophilized human fibrinogen concentrate versus con-
ventional transfusion. Transfusion 2014; 54:109–18

 66. Lasica M, Sparrow RL, Tacey M, Pollock WE, Wood 
EM, McQuilten ZK; Members of the Australian  and 
New Zealand Massive Transfusion Registry  Steering 
Committee: Haematological features, transfusion man-
agement and outcomes of massive obstetric haemor-
rhage: Findings from the Australian and New Zealand 
Massive Transfusion Registry. Br J Haematol 2020; 
190:618–28

 67. Zaidi A, Kohli R, Daru J, Estcourt L, Khan KS, 
Thangaratinam S, Green L: Early use of fibrinogen 
replacement therapy in postpartum hemorrhage-A 
systematic review. Transfus Med Rev 2020; 34:101–7

 68. Grottke O, Callum J, Cushing MM, Haas T: The use 
of coagulation factor concentrates for periopera-
tive bleeding management - A global perspective. 
Transfusion 2020; 60:663–6

 69. Cushing MM, Asmis LM, Harris RM, DeSimone RA, 
Hill S, Ivascu N, Haas T: Efficacy of a new pathogen-re-
duced cryoprecipitate stored 5 days after thawing to 
correct dilutional coagulopathy in vitro. Transfusion 
2019; 59:1818–26

 70. Cancelas JA, Dumont LJ, Maes LA, Rugg N, Herschel 
L, Whitley PH, Szczepiokowski ZM, Siegel AH, Hess 
JR, Zia M: Additive solution-7 reduces the red blood 
cell cold storage lesion. Transfusion 2015; 55:491–8

 71. van der Meer PF: PAS or plasma for storage of plate-
lets? A concise review. Transfus Med 2016; 26:339–42

 72. Gulliksson H: Platelet storage media. Vox Sang 2014; 
107:205–12

 73. Pagano MB, Katchatag BL, Khoobyari S, Van Gerwen 
M, Sen N, Rebecca Haley N, Gernsheimer TB, Hess 
JR, Metcalf RA: Evaluating safety and cost-effective-
ness of platelets stored in additive solution (PAS-F) as 
a hemolysis risk mitigation strategy. Transfusion 2019; 
59:1246–51

 74. The Trial to Reduce Alloimmunization to Platelets 
Study Group: Leukocyte reduction and ultraviolet B 
irradiation of platelets to prevent alloimmunization 
and refractoriness to platelet transfusions. N Engl J 
Med 1997; 337:1861–9

 75. Alquist CH, Harm SK: Transfusion-service-related 
activities: pretransfusion testing and storage, monitor-
ing, processing, distribution, and inventory manage-
ment of blood components, Technical Manual, 20th 
edition. Edited by Cohn CS. Bethesda, AABB Press, 
2020, pp. 503–36

 76. Cross AR: Leucodepleted blood products: Australian 
Red Cross. 2023. Available at: https://www.life-
blood.com.au/patients/blood-for-transfusion/mak-
ing-blood-components. Accessed April 10, 2023.

 77. Kekre N, Tokessy M, Mallick R, McDiarmid S, 
Huebsch L, Bredeson C, Allan D, Tay J, Tinmouth A, 
Sheppard D: Is cytomegalovirus testing of blood prod-
ucts still needed for hematopoietic stem cell transplant 
recipients in the era of universal leukoreduction? Biol 
Blood Marrow Transplant 2013; 19:1719–24

 78. King KE, Shirey RS, Thoman SK, Bensen-Kennedy D, 
Tanz WS, Ness PM: Universal leukoreduction decreases 
the incidence of febrile nonhemolytic transfusion reac-
tions to RBCs. Transfusion 2004; 44:25–9

 79. United States Food and Drug Administration: 
Pre-storage leukocyte reduction of whole blood 
and blood components intended for transfu-
sion. 2012. FDA-2001-D-0254. Available at: 
https://www.fda.gov/regulatory-information/
search-fda-guidance-documents/pre-storage-leu-
kocyte-reduction-whole-blood-and-blood-compo-
nents-intended-transfusion. Accessed April 10, 2023.

 80. Shigemura T, Yanagisawa R, Komori K, Morita 
D, Kurata T, Tanaka M, Sakashita K, Nakazawa Y: 
Prevention of transfusion-transmitted cytomegalovi-
rus infection using leukoreduced blood components 
in patients receiving seronegative umbilical cord blood 
transplantation. Transfusion 2019; 59:3065–70

 81. Sivertsen J, Braathen H, Lunde THF, Kristoffersen 
EK, Hervig T, Strandenes G, Apelseth TO: Cold-
stored leukoreduced CPDA-1 whole blood: In vitro 
quality and hemostatic properties. Transfusion 2020; 
60:1042–9

 82. Vassallo RR: Review: IgA anaphylactic transfusion 
reactions. Part I. Laboratory diagnosis, incidence, and 
supply of IgA-deficient products. Immunohematology 
2004; 20:226–33

 83. Seftel MD, Growe GH, Petraszko T, Benny WB, Le 
A, Lee CY, Spinelli JJ, Sutherland HJ, Tsang P, Hogge 
DE: Universal prestorage leukoreduction in Canada 
decreases platelet alloimmunization and refractoriness. 
Blood 2004; 103:333–9

 84. Ning S, Solh Z, Arnold DM, Morin PA: Premedication 
for the prevention of nonhemolytic transfusion 
reactions: A systematic review and meta-analysis. 
Transfusion 2019; 59:3609–16

 85. Kopolovic I, Ostro J, Tsubota H, Lin Y, Cserti-
Gazdewich CM, Messner HA, Keir AK, DenHollander 
N, Dzik WS, Callum J: A systematic review of transfu-
sion-associated graft-versus-host disease. Blood 2015; 
126:406–14

 86. Burke M, Sinha P, Luban NLC, Posnack NG: 
Transfusion-associated hyperkalemic cardiac arrest in 
neonatal, infant, and pediatric patients. Front Pediatr 
2021; 9:765306

Copyright © 2023 American Society of Anesthesiologists. All Rights Reserved. Unauthorized reproduction of this article is prohibited.

https://www.lifeblood.com.au/patients/blood-for-transfusion/making-blood-components
https://www.lifeblood.com.au/patients/blood-for-transfusion/making-blood-components
https://www.lifeblood.com.au/patients/blood-for-transfusion/making-blood-components
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/pre-storage-leukocyte-reduction-whole-blood-and-blood-components-intended-transfusion
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/pre-storage-leukocyte-reduction-whole-blood-and-blood-components-intended-transfusion
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/pre-storage-leukocyte-reduction-whole-blood-and-blood-components-intended-transfusion
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/pre-storage-leukocyte-reduction-whole-blood-and-blood-components-intended-transfusion


CliniCal FoCus Review

156 Anesthesiology 2024; 140:144–56 aaron S. Hess

 87. Hong H, Xiao W, Lazarus HM, Good CE, Maitta RW, 
Jacobs MR: Detection of septic transfusion reactions to 
platelet transfusions by active and passive surveillance. 
Blood 2016; 127:496–502

 88. Walker BS, White SK, Schmidt RL, Metcalf RA: 
Residual bacterial detection rates after primary culture 
as determined by secondary culture and rapid test-
ing in platelet components: A systematic review and 
meta-analysis. Transfusion 2020; 60:2029–37

 89. White SK, Schmidt RL, Walker BS, Metcalf RA: 
Bacterial contamination rate of platelet components by 
primary culture: A systematic review and meta-analysis. 
Transfusion 2020; 60:986–96

 90. Corash L: Bacterial contamination of platelet compo-
nents: Potential solutions to prevent transfusion-related 
sepsis. Expert Rev Hematol 2011; 4:509–25

 91. Eder AF, Kennedy JM, Dy BA, Notari EP, Skeate R, 
Bachowski G, Mair DC, Webb JS, Wagner SJ, Dodd RY, 
Benjamin RJ; American Red Cross Regional Blood 
Centers: Limiting and detecting bacterial contami-
nation of apheresis platelets: Inlet-line diversion and 
increased culture volume improve component safety. 
Transfusion 2009; 49:1554–63

 92. Jacobs MR, Good CE, Lazarus HM, Yomtovian RA: 
Relationship between bacterial load, species virulence, 
and transfusion reaction with transfusion of bacterially 
contaminated platelets. Clin Infect Dis 2008; 46:1214–20

 93. Li M, Irsch J, Corash L, Benjamin RJ: Is pathogen 
reduction an acceptable alternative to irradiation for 
risk mitigation of transfusion-associated graft versus 
host disease? Transfus Apher Sci 2022; 61:103404

 94. Estcourt LJ, Malouf R, Hopewell S, Trivella M, Doree 
C, Stanworth SJ, Murphy MF: Pathogen-reduced plate-
lets for the prevention of bleeding. Cochrane Database 
Syst Rev 2017; 7:Cd009072

 95. Lu W, Delaney M, Dunbar NM, Rossmann SN, Fung 
M: A national survey of hospital-based transfusion 

services on their approaches to platelet bacterial risk 
mitigation in response to the FDA final guidance for 
industry. Transfusion 2020; 60:1681–7

 96. Appleby J: Red Cross, hospitals at odds over expensive 
blood technology. Tampa Bay Times. May 29, 2022.

 97. Chowdary P, Nair D, Davies N, Malde R, Gatt A: 
Anaphylactic reaction with prothrombin complex con-
centrate in a patient with IgA deficiency and anti-IgA 
antibodies. Blood Coagul Fibrinolysis 2010; 21:764–5

 98. Semple JW, Rebetz J, Kapur R: Transfusion-associated 
circulatory overload and transfusion-related acute lung 
injury. Blood 2019; 133:1840–53

 99. Carson JL, Triulzi DJ, Ness PM: Indications for and 
adverse effects of red-cell transfusion. N Engl J Med 
2017; 377:1261–72

 100. Massey EJ, Robertson DR, Kaufman RM: Haemolytic 
transfusion reactions, Practical Transfusion Medicine, 
6th edition. Edited by Murphy MF, Roberts DJ, Yazer 
MH, Dunbar NN. Hoboken, John Wiley & Sons, 2022, 
pp. 91–107

 101. Harm SK, Fung MK: Febrile and allergic transfusion 
reactions, Practical Transfusion Medicine, 6th edition. 
Edited by Murphy MF, Roberts DJ, Yazer MH, Dunbar 
NN. Hoboken, John Wiley & Sons, 2022, pp. 108–19

 102. Ramirez-Arcos S, Goldman M: Bacterial contami-
nation, Practical Transfusion Medicine, 6th edition. 
Edited by Murphy MF, Roberts DJ, Yazer MH, Dunbar 
NN. Hoboken, John Wiley & Sons, 2022, pp. 221–8

 103. Vlaar APJ, Kapur R: Transfusion-related acute lung 
injury. Practical Transfusion Medicine, 6th edition. 
Edited by Murphy MF, Roberts DJ, Yazer MH, Dunbar 
NN. Hoboken, John Wiley & Sons, 2022, pp. 130–44

 104. Klanderman RB, Vlaar APJ: Transfusion-associated cir-
culatory overload. Practical Transfusion Medicine, 6th 
edition. Edited by Murphy MF, Roberts DJ, Yazer MH, 
Dunbar NN. Hoboken, John Wiley & Sons, 2022, pp. 
120–9.

Copyright © 2023 American Society of Anesthesiologists. All Rights Reserved. Unauthorized reproduction of this article is prohibited.


