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Ke y Points
 1 Perioperative blood component therapy accounts for at least 

23% of transfusions.
 2 Blood must not only be maintained as a luid in normal circulation, 

but also be capable of forming a solid clot to stanch leaks in the 
vascular wall—and then dismantling the clot when the need has 
passed.

 3 Clotting factors in the plasma are activated at sites of endothelial 
injury and assemble in enzymatic complexes to activate 
thrombin.

 4 Fibrin clots must be broken down after their job is done, 
and fibrinolysis is a complex process with checks and 
balances.

 5 The irst screening test for hemostatic problems should always 
be the patient’s medical history.

 6 Platelet aggregation is the most detailed overall platelet function 
test.

 7 A general oversight of plasma clotting factor activity is obtained 
by the prothrombin time (PT) for the intrinsic (tissue) pathway 
and the activated partial thromboplastin time (aPTT) for the 
extrinsic (contact) pathway.

 8 Disseminated intravascular coagulopathy (DIC) describes un-
checked coagulation initiated by pathologic systemic activation 
of the intrinsic clotting pathway.

C h A P T E R 

 9 The risk for venous thromboembolism is increased by intercur-
rent factors such as physical inactivity or immobilization, ma-
lignancy, oral contraceptives, estrogen therapy, and pregnancy.

 10 Most anticoagulant therapies need ongoing or selective testing 
for assessment of therapeutic effect.

 11 Leukoreduction to remove WBCs from RBCs and platelets 
reduces the risk of HLA alloimmunization, febrile nonhemolytic 
transfusion reactions, and CMV transmission in patients who 
require these precautions.

 12 Plasma derivatives are proteins processed from plasma for 
therapeutic infusions.

 13 Techniques have been developed to kill microbial pathogens in 
blood components.

 14 Many years of effort have gone into the search for an oxygen-
carrying substitute for RBCs.

 15 Routine RBC compatibility testing includes ABO and RhD 
typing, an antibody screen for IgG non-ABO RBC antibodies, 
and an RBC cross-match.

 16 Over the past decade, transfusion practices for medical 
and surgical patients shifted from a liberal strategy to more 
restrictive management with lower thresholds and careful 
consideration of the balance between transfusion risks and the 
physiologic consequences of anemia.
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 17 Oxygen delivery to the tissues (DO2) is dependent on cardiac 
output (CO), regional blood low, and oxygen-carrying capacity 
also known as the oxygen content (CaO2) of blood.

 18 Numerous recommendations provide guidance for the trans-
fusion management of thrombocytopenia and acquired or 
 inherited platelet disorders.

 19 Cryoprecipitate is created by a controlled thaw of frozen 
plasma which allows for precipitation of large molecules.

 20 Over the past few decades, the risk beneit ratio of blood product 
transfusion has been the subject of several studies and review 
articles.

 21 Given the extensive use of more sensitive methods for screening 
and controlling the infectious risks of blood product transfusion, 
noninfectious complications have emerged as the major source 
of transfusion-related morbidity and mortality.

 22 Transfusion-related acute lung injury (TRALI) is a clinical 
diagnosis that can be clouded by confounding comorbidities 
or patient acuity; therefore, TRALI tends to be underreported 
in the literature and is extremely dificult if not impossible to 
study with randomized prospective clinical trials.

 23 Acute normovolemic hemodilution is the process of extracting 
multiple units of blood immediately before surgical incision 
while maintaining euvolemia with crystalloids or colloid 
supplementation.

 24 Over the past decade, RBC salvage techniques have improved 
drastically and now offer an eficient, cost-effective, and safe 
method for perioperative blood conservation.

 25 Disorders of hemostasis can be classiied as those that cause a 
propensity for hemorrhage and those that facilitate inappro-
priate thrombosis.

 26 Symptomatically disorders of primary hemostasis often present 
with supericial signs of bleeding on the skin or mucosa.

 27 Von Willebrand disease (vWD) is the most common hereditary 
bleeding disorder with a prevalence of approximately 1% in 
the general population.

 28 Hemophilia is a genetic disease that results from deiciencies or 
dysfunction of speciic clotting factors.

 29 Antiplatelet therapy is indicated for patients at risk of cerebral 
vascular accident, myocardial infarction, or other vascular 
thrombosis complications.

 30 Heparin-induced thrombocytopenia (HIT) is a clinical 
disorder that develops after extended use of heparin therapy. 
It occurs in approximately 1% to 5% of patients receiving 
heparin and is associated with morbidity from thromboembolic 
complications.

 31 Recombinant activated factor VII (rFVIIa) is now indicated for 
the treatment of acquired hemophilia and factor VII deiciency.

 32 Prothrombin Complex Concentrates are now the drug of 
choice for emergent reversal of oral anticoagulants in place of 
rFVIIa and fresh frozen plasma.

 33 Antiibrinolytic agents have been used to prevent and treat 
surgical blood loss for several decades.

INTRODUCTION

Over 23 million blood products were transfused throughout the 
United States during the year 2008 alone. This included over  
15 million units of red blood cells (RBCs), about 2 million packs 
of platelets, over 4.4 million units of plasma, and approximately 
1.1 million doses of cryoprecipitate. Perioperative blood com-
ponent therapy accounts for at least 23% of these transfusions.1

Consequently, it is imperative for the anesthesia provider 
to understand the treatment beneits, the rare and common 
adverse effects, and the speciic therapeutic details of blood 
product preparation and delivery in order to best manage their 
patients.

This chapter begins with a review of primary and second-
ary hemostasis, ibrinolysis, and regulation of the coagulation 
pathway. We continue with a description of the most common 
coagulation proile tests followed by the method for blood prod-
uct collection and storage. The therapeutic indications and risks 
associated with blood component therapy are discussed at length. 
The chapter also includes extensive clinical sections discussing 
congenital and acquired deiciencies in hemostasis and coagula-
tion, as well as an up-to-date presentation of available pharmaco-
logic treatment medications to maintain a balanced hemostatic 
mechanism.

1

HEMOSTASIS AND COAgULATION

Primary hemostasis

Blood must not only be maintained as a luid in normal circulation, 
but also be capable of forming a solid clot to staunch leaks in the vas-
cular wall—and then dismantling the clot when the need has passed. 
This delicate equilibrium between anticoagulation and coagulation  
is maintained by a complex system of counterbalanced blood pro-
teins and cells (platelets). Many congenital and acquired disorders 
can push the system toward either bleeding or thrombosis. The 
patient care team has a number of tests to evaluate the system and 
many therapeutic modalities to correct these imbalances.

Platelets adhere to sites of endothelial disruption, undergo 
activation to recruit more platelets and amplify the platelet 
response, and then cross-link with ibrin, the end product of the 
plasma clotting factor cascade, to form a platelet plug. Primary 
hemostasis (Fig. 16-1) describes the initiation of the platelet plug 
and clotting mechanism.

Adherence

When the endothelial lining is disrupted to expose the underlying 
matrix, platelets attach to collagen via surface integrin  receptors—

2
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glycoproteins (GP) Ia/IIa and GP VI (Fig. 161A). Collagen adher
ence is favored in lowshear conditions such as venous circulation.2

In highshear arterial blood low, von Willebrand factor (vWF) 
from endothelial cells and from preexisting clot binds to integrin  
Ib/IX, the other major adherence anchor.3 In capillary blood 
low, platelets are pushed to the periphery by RBCs, so anemia 
lessens platelet contact and reduces platelet function.2

Activation

Platelet activation can be mediated by numerous signaling path-
ways from the platelet surface (Fig. 16-1B). In “outside-in” sig-
naling, a central target is phospholipase C (PLC). The above 
adherence integrins trigger pathways to activate PLC.2 Another 

set of surface receptors, G-protein–coupled receptors (GPCRs), 
are activated by an array of corresponding agonists, including 
thrombin from the factor clotting cascade, adenosine diphos-
phate (ADP), thromboxane A2 (TxA2), serotonin, epinephrine, 
and vasopressin. Each of these agonist–GPCR pairings set off acti-
vation pathways for PLC as well.4

Activated PLC leads to several structural changes in the 
platelets. Via inositol-1,4,5-triphosphate (IP3), calcium (Ca2+) 
is released from storage tubules. Calcium ions catalyze release 
of dense granules and α-granules at the platelet surface. These 
granules contain ADP, serotonin, and more Ca2+, all of which can 
activate more platelets.2 α-granules contain numerous pro-
teins, including factor V, ibrinogen, and platelet factor 4 (PF-4), 
which promotes clotting by binding and neutralizing heparin-like  

FIgURE 16-1. Overview of platelet pathways for adherence, activation, stabilization, and physiologic inhibition. Thin arrows, 
signaling pathways; thick arrows, ligand binding; curved arrows, catalysis; clear arrows, secretion; slashed circles, inhibitory 
signaling pathways; round circles, antiplatelet drug targets; pentagons, targets of antiplatelet drugs in development. (A) Adher-
ence: vWF, von Willebrand factor. Glycoproteins Ib/IX, Ia/IIa, and VI. (B) Activation: Agonists: TxA2, thromboxane A2; ADP, 
adenosine diphosphate. Receptors: GPCR, G-protein–coupled receptor; TP, thromboxane prostanoid; PAR, protease-activated 
receptor. Intermediaries: PLC, phospholipase C; IP3, inositol-1,4,5-triphosphate; DAG, diacylglycerol; PKC, protein kinase C; Ca2+, 
calcium; PLA2, phospholipase A2; AA, arachidonic acid; COX, cyclooxygenase. (C) Stabilization: Glycoprotein IIb/IIIa. (D) Inhibi-
tion: NO, nitric oxide; PGI2, prostaglandin I2 (prostacyclin); IP, PGI2 receptor; AC, adenylate cyclase; cAMP, cyclic adenosine mono-
phosphate; PDE, phosphodiesterase; cGMP, cyclic guanosine monophosphate; PKA, protein kinase A; PKG, protein kinase G. 
Targets of antiplatelet drugs. COX-1: Aspirin and nonsteroidal antiinflammatory drugs (NSAIDs). P2Y12: Clopidogrel, prasugrel, 
ticlopidine, and, in clinical trials, cangrelor, elinogrel, and ticagrelor. cAMP PDE: Dipyridamole and cilostazol. IIb/IIIa: Abciximab, 
eptifibatide, and tirofiban. Other drugs in clinical trials—TP: Terutroban; PAR-1: E5555, SCH 530348; vWF: AJW200, ARC1779.
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compounds and heparin.2 (This heparin–PF4 complex is the 
target antigen for the antibodies causing heparininduced throm
bocytopenia [HIT], discussed in depth later in this chapter.) Cal
cium also facilitates rearrangement of the platelet microskeleton 
to change the platelet shape from round and discoid to lat and 
spiky. Furthermore, the Ca2+ helps activate phospholipase A2 
(PLA2), which releases arachidonic acid (AA) from the platelet 
membrane. AA, as catalyzed by cyclooxygenase-1 (COX-1), is 
modiied to TxA2, which can then activate more platelets.3 Acti-
vated platelets also have surface P-selectin and surface-bound 
and released CD40 ligand, and they release circulating micropar-
ticles and attract and activate leukocytes; these features further 
contribute to hemostasis and also play a role in inlammation.2

Stabilization

The activated PLC initiates “inside-out” signaling of GP IIb/IIIa 
via diacylglycerol (DAG) and protein kinase C (Fig. 16-1C). This 
changes the shape of GP IIb/IIIa, which permits it to better bind 
ibrin and vWF. These proteins can bridge to other activated  
platelets.3 The ibrin binding can also enmesh the platelets, 
 contributing to the formation of the platelet plug in the conver-
gence of the platelet and clotting factor systems.

Inhibition

To maintain hemostatic balance, platelets are naturally inhibited in 
their endothelial environment. Endothelial cells secrete prostaglan-
din I2 (PGI2), which binds to a surface receptor to signal increased 
cyclic adenosine monophosphate (cAMP). Elevated cAMP acti-
vates protein kinase A (PKA), a multisite inhibitor of vWF adher-
ence, TxA2 activation, and PLC internal signaling. However, cAMP 
is metabolized by cAMP phosphodiesterase (PDE). Endothelial 
cells also secrete nitric oxide (NO), which at high levels initiates a  
signaling pathway leading to inhibition of the TxA2 receptor.4

mechanisms of Antiplatelet medications

Figure 16-1 shows the sites of action for antiplatelet medications 
in use or in development. No drugs are available to counteract 
the irst step, platelet adherence (Fig. 16-1A), although at least 
two compounds are under development to affect vWF’s binding 
to GP Ib/IX. Aspirin and nonsteroidal antiinlammatory agents 
dampen the secretion of TxA2 by inhibiting COX-1, the enzyme 
which converts AA into TxA2 (Fig. 16-1B). Another agonist, ADP, 
has its P2Y12 receptor blocked by clopidogrel and its analogues. 
Drugs are in development to block surface receptors for TxA2 and 
thrombin. The formation and stabilization of the platelet plug is 
blocked by abciximab, eptiibatide, and tiroiban, which act at 
GP IIb/IIIa (Fig. 16-1C). Finally, the major inhibitory pathway 
mediated by endothelial PGI2 is upregulated by dipyridamole and 
cilostazol (Fig. 16-1D). These medications are discussed further 
later in this chapter.

Secondary hemostasis

Clotting factors in the plasma are activated at sites of endothelial 
injury and assemble in enzymatic complexes to activate throm-
bin. This initiates secondary hemostasis. Thrombin then amplifies 
production of itself by activating other more eficient enzymes 
which propagate a thrombin burst. Thrombin also converts 
ibrinogen to ibrin, which cross-links with activated platelets to 
form the platelet plug. Each of the three enzymatic complexes in 
the clotting process consists of four parts: An enzyme in the ser-
ine protease family, a cofactor, a plasma membrane phospholipid 
surface such as the platelet, and calcium ion (Ca2+). The proteases 
convert other clotting factors from their inactive circulating con-
iguration to an active form (termed [factor number]a).5

The extrinsic pathway (Fig. 16-2A–E). The process begins 
when endothelial disruption exposes tissue factor (TF) on 
underlying cell membranes (A), extrinsic to the circulation—

3

FIgURE 16-2. Summary of secondary hemostasis and the 
intrinsic, extrinsic, and common coagulation pathways. See 
text for details. TF, tissue factor; TFPI, tissue factor pathway 
inhibitor; vWF-VIII, circulating factor VIII bound to von Wil-
lebrand factor. (Reproduced with permission from: John C. 
Drummond, MD, and Charise T. Petrovitch, MD.)
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hence the term “extrinsic pathway.” TF binds both VII and VIIa, 
which circulates at low levels, and is a cofactor for the activa
tion of factor VII (B). VIIa enzyme, TF cofactor, cell membrane 
phospholipid, and Ca2+ form the irst complex, a low-eficiency 
extrinsic-pathway “tenase” which activates factor X and fac-
tor IX (C). Then Xa enzyme, its cofactor Va (derived in large 
part from factor V released from activated platelet α-granules), 
phospholipid, and Ca2+ assemble to form the second complex, a 
“prothrombinase,” which converts prothrombin (II) to throm-
bin (IIa) (E).5

The intrinsic pathway (Fig. 16-2F–J). Thrombin has several 
central functions. It activates platelets via surface receptors PAR-1 
and PAR-4 (see Primary Hemostasis), cleaves more V to Va (F), 
and initiates the “intrinsic” (intravascular) coagulation pathway 
by cleaving factor XI to XIa (G). XIa cleaves more IX to IXa (H). 
Thrombin also activates VIII to VIIIa (G). (VIII is carried and stabi-
lized in the plasma by vWF until needed, and vWF deiciency results 
in low plasma VIII levels also.) The third complex is then formed: 
IXa enzyme, VIIIa cofactor, phospholipid, and Ca2+. This is a high-
eficiency intrinsic-pathway “tenase” (I) which provides many times 
more Xa for more prothrombinase complex (J). Ultimately, throm-
bin cleaves ibrinogen to ibrin monomers, which then polymerize 
extensively. Fibrin polymers are cross-linked by factor XIIIa (also 
activated by thrombin) to form the stable ibrin clot (K). Fibrin 
also cross-links activated platelets by their GP IIb/IIIa receptors to 
enmesh platelets and ibrin in the platelet plug (see Primary 
 Hemostasis).5

All of these clotting factors are primarily produced in the liver, 
except for VIII, which is also released by endothelial cells and is 
well maintained in liver disease. The plasma half-life of most clot-
ting factors is around 1.5 to 3 days, but those of the initiating fac-
tor VII (6 hours) and the cofactors V and VIII (8 to 12 hours) are 
much shorter. Four critical enzyme factors—VII in the extrinsic 
tenase, IX in the intrinsic tenase, X in the prothrombinase, and 
prothrombin (II)—must be carboxylated at multiple glutamic 
acid residues after translation, in order to interact with phos-
pholipid and Ca2+. Vitamin K in its reduced form is the cofactor 
for the glutamyl-carboxylase enzyme, and thus these factors are 
 vitamin K–dependent.5

Inhibition of Clotting Factors

The clotting pathways have three main regulatory inhibitors:  
(1) TF pathway inhibitor (TFPI), (2) antithrombin-III (AT-III), 
and (3) protein C and its activation by the “protein C-ase” com-
plex (Fig. 16-3).1–5 (1) TFPI inhibits the external tenase com-
plex by binding to the VIIa protease and to its Xa product. TFPI 
is produced in endothelial cells, from which its release is stimu-
lated by heparin. Heparin in turn binds to and raises the inhibi-
tory eficiency of TFPI. (2) AT-III is a serine protease inhibitor, 
or serpin. Serpins disrupt the active sites and increase the clear-
ance of their target proteases. AT-III inhibits proteases in all 
clotting pathways: VIIa in intrinsic tenase, Xa in prothrombi-
nase, XIa and IXa in the intrinsic tenase pathway, and thrombin. 
AT-III’s inhibitory function is greatly increased when bound to 
heparin. (3) Protein C-ase is an enzymatic complex with the 
same structure as the coagulation complexes above: An enzyme, 
thrombin, its cofactor thrombomodulin, phospholipid, and 
Ca2+. Thrombomodulin is expressed on endothelial cell mem-
branes. In the protein C-ase complex, thrombin cleaves and 
activates protein C. Activated protein C (APC) brakes clotting 
by cleaving VIIIa and Va, the cofactors for the external tenase 
and the prothrombinase complexes. Protein C has a short half-
life of 6 hours.  Protein S is thought to be a cofactor for protein 
C; both are  vitamin K–dependent.5
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FIgURE 16-3. Depiction of the antithrombotic regulation of hemo-
stasis. Five mechanisms serve to prevent unrestrained coagulation.  
(1) Tissue factor pathway inhibitor (TFPI) inhibits the initial activation of 
factor X by the extrinsic pathway. (2) A complex of thrombomodulin 
(TM) and thrombin (IIa) activates protein C, which, with protein S (Prot 
S) as a cofactor, inhibits activated factors V and VIII. (3) Intact vascular 
endothelium releases several substances that have a platelet-inhibiting 
or clot-lysing effect, including nitric oxide (eNO), prostacyclin (PgI2), 
adenosine diphosphatase (ADPase), and tissue plasminogen activator 
(tPA). (4) In addition to TM, other coagulation-inhibiting substances 
including heparan sulfate and dermatan sulfate (latter not shown) are 
present in the intact glycocalyx. (5) Antithrombin-III binds, and thereby 
inhibits, several activated clotting factors (XIIa, XIa, IXa, Xa, and IIa). TF, 
tissue factor; aPC, activated protein C. (Reproduced with permission 
from: John C. Drummond, MD, and Charise T. Petrovitch, MD.)

Fibrinolysis

Fibrin clots must be broken down after their job is done, and 
ibrinolysis is also a complex process with checks and balances. 
In the end, plasminogen is activated to plasmin, which breaks 
down ibrin polymers (Fig. 16-4). Plasminogen activation has a 
minor and a major pathway. In the minor pathway, IXa, XIIa, 
and kallikrein can each activate plasminogen. The latter two 
factors are part of the “contact factors” which initiate in vitro 
clotting in the activated partial thromboplastin (activated partial 
thromboplastin time [aPTT]) test, but are not thought to take 
part in clotting in vivo. The minor pathway is thought to account 
for a small fraction of ibrinolysis.

The major activator of plasminogen in the blood is tissue plas-
minogen activator (tPA), which is secreted from endothelial cells. 
When associated with cross-linked ibrin, tPA becomes much 
more eficient. Once some plasmin is formed, it cleaves tPA to 
a more active form. tPA also directly cleaves ibrin polymers. In 
tissues, urokinase plasminogen activator is important in ibri-
nolysis. Urokinase is secreted from the endothelial cells and the 
kidney. Plasmin also activates urokinase to a more active form.

Inhibition of Fibrinolysis

Plasminogen activation inhibitor-1 (PAI-1) is a serpin which 
binds to tPA and urokinase and accelerates their clearance from 
plasma (Fig. 16-4). Activated platelets release PAI-1 from α-
granules. Thrombin-activated ibrinolysis inhibitor (TAFI) is 
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activated by the thrombin–thrombomodulin protein Case com
plex. TAFI cleaves ibrin and ibrin polymers in a fashion which 
inhibits the action of tPA, and TAFI also inhibits the action of 
plasmin on ibrin. α2-antiplasmin binds to plasmin and blocks its 
action, although this also slows the metabolism of plasmin.

LAbORATORY EVALUATION  

OF HEMOSTASIS

The irst screening test for hemostatic problems should always 
be the patient’s medical history.6 The nature of any abnor-
mal bleeding is helpful; dermal or mucosal bleeding may sug-
gest platelet dysfunction, whereas hemarthroses or soft tissue 
bleeding suggests factor deiciencies. Besides any direct past 
history of bleeding, thrombosis, or laboratory abnormalities, 
the patient’s experience with hemostatic challenges such as 
surgery, dental procedures, and menstruation may help rule 
out clinical problems or suggest a lifelong congenital or more 
recent acquired disorder. The family history is helpful in diag-
nosing a congenital problem and the possible pattern of inheri-
tance. Anticoagulants and antiplatelet medications, including 
over-the-counter drugs, should always be reviewed before 
ordering laboratory analysis.

laboratory Evaluation of Primary 
hemostasis

The normal automated platelet count in adults is approximately 
150,000 to 400,000/µL. The peripheral blood smear should be 
examined in specimens with abnormal platelet counts or size. 

5

Microscopic review may reveal clotted specimens, artifactual 
platelet clumping in vitro, or abnormal platelet morphology. 
Large platelets are seen in some congenital disorders. One of the 
irst platelet function tests (PFTs) was the template bleeding time, 
in which a standardized small cut is made on the subject’s forearm 
and the bleeding duration timed. However, this test is invasive, 
labor-intensive, impractical to repeat frequently, poorly repro-
ducible, and only modestly predictive for bleeding problems.

In vitro PFTs use various platelet agonists to activate and aggre-
gate the patient’s platelets.7 For example, the PFA-100® device 
(Siemens, Munich, Germany) simulates capillary blood low 
through a chamber after activation by collagen and either epineph-
rine or ADP. Prolonged “closure time” with collagen/epinephrine 
but not collagen/ADP suggests aspirin or other antiplatelet medica-
tions, whereas when both pairs are abnormal, other congenital or 
acquired platelet dysfunctions may be present. This type of testing 
is sometimes used as a screen in patients with a history suggesting 
platelet problems or von Willebrand disease (vWD). However, the 
sensitivity and speciicity are low. False negatives are common, and 
abnormal results can also be caused by thrombocytopenia, uremia, 
or anemia. Several other devices test for speciic antiplatelet medi-
cation effects from aspirin or P2Y12 inhibitors.7

Platelet aggregation is the most detailed overall PFT. Platelets 
are tested with multiple isolated agonists to assess their patterns 
of physical aggregation and, in turn, the platelets’ own agonist 
release. Some uncommon congenital disorders lack responses to 
speciic agonists in a characteristic fashion. More detailed testing 
may be needed for a speciic diagnosis, such as electron micros-
copy for granule defects, low cytometry for surface receptors and 
granule markers, or genetic testing.8

vWD is a factor deiciency which imparts clinical features 
of platelet dysfunction, due to the central role of vWF in cross-
linking activated platelets to form the platelet plug.9 Up to 1% 
of all patients have vWD, with a wide range of severity due to 
either quantitative or functional defects of vWF. Diagnostic test-
ing is integral to deciphering the speciic defect and type of vWD 
to ensure the appropriate treatment. Since vWF is the carrier for 
factor VIII (FVIII) in plasma, vWF protein levels usually correlate 
with FVIII levels. Initial testing for vWD should include the vWF 
antigen level, vWF activity level, and FVIII activity level for com-
parison with vWF. Blood group O persons have shorter plasma 
half-life and lower normal levels of vWF, so ABO blood typing may 
be needed to interpret a borderline vWF level. Type 1 vWD is a 
quantitative deiciency, with decreased antigen and activity. Type 2 
vWD may have normal antigen levels, but decreased activity from 
a defective protein. Within type 2, there are several subtypes with 
different molecular defects, and specialized identiication is needed 
in order to determine the best therapy. Type 3 vWD is a rare, very 
severe autosomal recessive deiciency.9 The clinical features and 
management of vWD are discussed later in this chapter.

laboratory Evaluation of Secondary 
hemostasis and Coagulation

A general oversight of plasma clotting factor activity is obtained 
by the prothrombin time (PT) for the intrinsic (tissue) pathway 
and the aPTT for the extrinsic (contact) pathway (Fig. 16-2), 
with both tests completed through the common pathway.6 
These clotting tests are performed in blood specimens collected 
in a chelator (3.2% citrate) which binds Ca2+ to prevent clotting 
in the tube. The in vitro clotting test is activated by TF in the 
PT or negatively charged surfaces in the aPTT, using phospho-
lipid as a platform (substituting for platelets). Ca2+ is then added 
to overcome the specimen chelation, and the time is measured 
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FIgURE 16-4. The mechanism and regulation of fibrinolysis. Fibrin is 
formed from fibrinogen by the action of thrombin (FIIa). Thrombin also 
converts factor XIII (FXIII) to activated factor XIII (FXIIIa), which in turn 
stabilizes the evolving fibrin clot by cross-linkage. Circulating plasmino-
gen binds to fibrin and is converted to plasmin by tissue plasminogen 
activator (tPA) released from normal endothelium in areas remote from 
sites of vascular injury. Plasmin digests fibrin to its various degradation 
products (FDPs). The action of tPA can be inhibited by plasminogen 
activator inhibitor (PAI-1) released by endothelium and platelets. The 
action of plasmin is also inhibited by thrombin-activated fibrinolysis 
inhibitor (TAFI). (Reproduced with permission from: John C. Drummond, 
MD, and Charise T. Petrovitch, MD.)
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until complete ibrin clotting is observed. Representative normal 
ranges are around 12 to 15 seconds for the PT and 25 to 35 sec-
onds for the aPTT, but are deined by each laboratory using its 
own equipment, reagents, and normal specimens. Testing is rou-
tinely performed at 37°C, but hypothermia in the patient impairs 
the enzymatic reactions of clot formation.

Clotting physiology is more complicated than the traditional 
diagrams of separate cascade pathways for these two tests. We 
have seen that thrombin from the intrinsic pathway activates the 
extrinsic pathway. In vitro, the aPTT clotting test is activated by 
synthetic contact materials which initiate via factor XII, so dei-
ciencies of XII and other related contact factors cause a prolonged 
aPTT. However, deiciencies of these contact factors do not cause 
bleeding and may in fact be associated with impaired ibrinolysis 
and thrombosis. Fibrinogen activity is also a critical parameter. 
Most assays measure the functional conversion of ibrinogen to 
ibrin, although the ibrinogen protein level can also be measured 
for comparison to assess ibrinogen dysfunction. Normal ibrino-
gen levels are around 150 to 400 mg/dL.

mixing Studies

To investigate unexpectedly elevated PT or aPTT values, the test 
should be repeated after mixing the patient’s plasma with equal 
volumes of normal plasma. Even in severe factor deiciencies, the 
PT or aPTT shows substantial correction toward normal in a mix-
ing study. However, if the patient’s plasma contains an inhibitor 
or an anticoagulant, the normal plasma will also be affected and 
the PT or aPTT will not be correct.

Individual factor level activities are determined by the degree 
of correction which patient plasma gives when mixed with factor-
deicient plasma. The classic congenital factor deiciencies are 
FVIII deiciency (hemophilia A) and factor IX deiciency (hemo-
philia B). Both are X-linked and thus nearly always in males. Fac-
tor XI deiciency is most often seen in persons of Ashkenazi Jewish  
descent. Acquired factor deiciencies usually involve multiple 
factors.10 The vitamin K–dependent factors are II (thrombin), 
VII, IX, and X. In liver disease, all factor synthesis is deicient 
except FVIII, which also comes from endothelium. However, 
FVIII and other factors can be low in disseminated intravascular 
coagulation (DIC). As noted, FVIII may be low as part of vWD. 
Isolated factor X deiciency occurs in some patients with amyloi-
dosis because the abnormal protein absorbs this factor. Perform-
ing a set of factors V, VII, and VIII may suggest a pattern to aid in 
the diagnosis of speciic clinical syndromes.

Coagulation inhibitors are substances, usually antibodies, 
which block one or more clotting factors. Most do not cause 
bleeding; the most common examples are lupus anticoagulants 
(LAs), one type of antiphospholipid antibodies (APLA) discussed 
below in thrombosis tests. However, factor-speciic inhibitor 
antibodies can block clotting in vivo and cause bleeding.10 They 
are identiied by their effect on the plasma factor’s activity and 
semiquantiied by assessing how much interference the patient’s 
plasma gives to factor level measurements in normal plasma. 
Some severe hemophiliacs and other factor-deicient patients 
develop alloantibodies to therapeutic clotting factors, interfering 
with treatment and necessitating alternative factor therapies or 
immunosuppression. Bovine thrombin used for topical hemosta-
sis can induce cross-reacting antibodies to the patient’s own fac-
tor V. Autoantibodies to speciic clotting factors, most commonly 
FVIII, can cause serious coagulopathy.

DIC describes unchecked coagulation initiated by pathologic 
systemic activation of the intrinsic clotting pathway. The speciic 
pathophysiology of DIC is discussed later in this chapter, but 
diagnostic criteria require an inciting condition such as extensive 
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tissue injury or a systemic inlammatory response secondary to 
infection, obstetrical complication, or malignancy. Intravascular 
platelet activation and ibrin formation lead to thrombocytope-
nia, hypoibrinogenemia, and RBCs sheared by ibrin strands 
(schistocytes). The results of coagulation proile tests vary, but 
often show prolonged PT and aPTT. In some patients, thrombo-
sis is the most prominent clinical inding, but in most patients, 
the depletion of platelets and clotting factors with accompanying 
activation of ibrinolysis leads to diffuse consumptive coagulopa-
thy. Fibrin formation followed by ibrinolysis generates the ibrin 
fragments called D-dimers, which when quantiied in immuno-
logic testing are a useful indicator of DIC.

Three other tests are commonly performed during surgery 
with whole-blood specimens: The activated clotting time (ACT), 
ecarin clotting time (ECT), and viscoelastic whole-blood clotting 
with thromboelastography. The ACT, a point of care test, assesses 
the intrinsic clotting pathway and is used mainly to monitor hep-
arin anticoagulation and its protamine reversal during cardiopul-
monary bypass or vascular surgery. The ECT also describes the 
intrinsic clotting function, but it is primarily used for measuring 
the clinical effects of direct thrombin inhibitors (DTIs) such as 
bivalirudin. These agents are often used for patients with HIT. 
The ACT and aPTT also relect the clinical eficacy of DTIs, but 
at high doses required for cardiopulmonary bypass, ECT is more 
accurate.11

Thromboelastography

Whole-blood clotting and ibrinolysis can be assessed by vis-
coelastic testing in thromboelastography (TEG®, Haemo-
scope Corp., Niles, IL, USA) or rotation thromboelastometry 
(ROTEM®, Pentapharm GmBH, Munich, Germany). These 
tests measure the rate, strength, and lysis, if any, of clot forma-
tion. Numerous parameters can be measured with these tests; 
accordingly the TEG–ROTEM working group attempted to 
standardize the parameters obtained from both testing modali-
ties in order to make them more clinically relevant. There are 
minor differences in the mechanisms for TEG versus ROTEM; 
however, both involve the use of whole blood in a heated cup 
with the addition of a sensor pin. The cup or the pin oscillates 
while the blood clots. The increasing resistance to oscillation 
is transmitted through the sensor pin and a graphic depiction 
of clot formation is displayed in the thromboelastogram.12 The 
patterns obtained can implicate defects in factor levels, platelet 
function, ibrinogen concentration, and the presence of abnor-
mal ibrinolysis, the latter which is dificult to measure rapidly 
otherwise. Testing can be performed in the presence of inhibi-
tors of heparin or ibrinolysis to help judge whether these drugs 
would be effective. This test format has also been adapted to 
assess antiplatelet therapy in patients with ventricular assist 
devices.13 Thromboelastography is helpful in determining the 
appropriate therapy, including platelets, plasma, ibrinogen 
replacement, or antiibrinolytics, as complex bleeding syn-
dromes such as massive hemorrhage with consumptive or dilu-
tional coagulopathy progress.

Diagnosis of Thromboembolic Disorders

The risk for DVT, PE, VTE, and other thromboses is increased by 
intercurrent factors such as physical inactivity or immobilization, 
malignancy, oral contraceptives, estrogen therapy, and pregnancy. 
However, in addition to or especially in the absence of such fac-
tors, laboratory testing often identiies an underlying congenital 
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or acquired predisposing abnormality which tips the hemostatic 
systems toward thrombosis. Discovery of one or more risk fac
tors may inluence the course of therapy and suggest  beneit from 
family studies.

Congenital Risk Factors for Thrombosis

The most commonly tested congenital problems discussed below 
increase the risk of VTE.14 Although arterial thrombosis may 
involve a few of these factors, platelets are more directly involved 
on the arterial side, and congenital contributions are less well 
deined. Some investigators have described a “sticky platelet syn-
drome,” with hyperactive platelet aggregometry. Although severe 
congenital problems may present in childhood, they are rare; 
most thrombotic presentations are in adulthood over a lifetime 
of potential risk. Congenital problems are mostly categorized 
as deiciencies in antithrombotic pathways or hypercoagulable 
 clotting factors.

Several congenital factors involve the protein C-ase complex 
and its function. The most common hypercoagulable muta-
tion is factor V Leiden (FVL), in about 5% of Caucasians.15 FV 
is the cofactor for factor X when the latter activates prothrom-
bin to thrombin. APC is the natural brake on FV, by cleaving 
it at Arg506. FVL carries the autosomal dominant mutation 
 Arg506Gln, rendering FV fairly resistant to APC. Thus FV is 
overactive and thrombin formation is favored. The FVL poly-
morphism is readily identiied genetically. However, a small per-
centage of persons with resistance to APC have other mutations 
in FV or other  conditions. Therefore, slightly more inclusive is 
the functional clotting test for APC resistance, which assesses 
plasma clotting time with and without reagent APC.

Protein C itself is functionally deicient in up to 0.5% of the 
population, with autosomal dominant inheritance. This leads 
to overactive FVIII and FV cofactors in their respective intrin-
sic tenase and prothrombinase complexes. Most have low activ-
ity and antigen (type I), but some have low activity with normal 
antigen levels (type II). Homozygous protein C deiciency is a 
very severe thrombotic disorder beginning in infancy. Protein 
S deiciency can lead to thrombosis because of its cofactor role 
to protein C. Around 1 in 700 persons has autosomal dominant 
deiciency. Protein S circulates partly bound to the complement 
C4 binding protein and partly as the unbound (free) active form. 
Nearly all cases of protein S deiciency can be identiied by assay-
ing the free antigen and then categorized as to whether the total 
antigen is low (type I) or normal (type II). Type II has low func-
tion but normal antigen levels, but this is rare. Both protein C 
and protein S are vitamin K–dependent, and therefore vitamin 
K deiciency or warfarin interferes with laboratory assessment of 
their activities. Warfarin-induced skin necrosis in protein C or S 
deiciencies is discussed in antithrombotic therapy testing below. 
In AT-III deiciency, the relative lack of its normal blocking func-
tion on the key enzymes VIIa, IXa, Xa, and XIa leads to throm-
bosis risk. Testing for AT-III activity will detect both quantitative 
and qualitative defects.

The best characterized congenital gain in function is the pro-
thrombin mutation G20210A (guanine to adenine). This auto-
somal dominant condition is found in about 1 in 50 Caucasians, 
but is much less prevalent in African and Asian backgrounds. Per-
sons with this variant have high circulating prothrombin levels 
as the reason for thrombosis risk. Genetic testing for the muta-
tion is more deinitive than prothrombin levels. Elevated FVIII 
levels may be a modest risk factor for thrombosis, but FVIII is an 
acute-phase reactant and rises in many intercurrent conditions. 
Whether there is an inherited element to persistently elevated 
FVIII levels is unclear.

Acquired Risk Factors for Thrombosis

Several factors increase the risk of thrombosis.16 APLA are 
associated with both arterial and venous thrombosis risk. These 
antibodies bind to phospholipid–protein complexes. Several pos-
sible mechanisms for their in vivo effects have been proposed. 
They may bind to and activate endothelial cells, which in turn 
could directly tip off coagulation and/or cause vascular injury. 
They may interfere with phospholipids in the protein C-ase 
enzyme complex, leading to diminution of protein C’s regula-
tory function. The various antigenic targets and mechanisms of 
APLA require multiple tests for their detection. Studies should 
include tests of clotting function, most notably LA tests, and tests 
of solid-phase binding to antigen targets, such as anticardiolipin 
antibodies (ACLA) and anti-β2-glycoprotein-1 (AβGP). AβGP is 
a protein often present in the phospholipid–protein complex tar-
geted by these antibodies.

LA antibodies are a common cause of prolonged aPTT which 
does not correct by mixing with normal plasma. It should be 
emphasized that the prolonged aPTT is a phenomenon of the 
in vitro test and is NOT associated with bleeding. However, not 
all LAs prolong the aPTT. Laboratories testing for LA should use 
at least two different tests to improve detection. One is usually a 
test based on the aPTT, but modiied with phospholipid reagent 
selected to be sensitive to LA interference. A second clotting-
based test is also recommended, such as the dilute Russell viper 
venom time (DRVVT), in which the snake venom activates fac-
tor X in the common pathway, leading to thrombin formation.  
This test’s reagent phospholipid is adjusted by dilution to be LA-
sensitive, but because the venom bypasses the usual initiating 
factors, the DVVRT is not affected by autoantibody inhibitors of 
FVIII or other upstream factors, a potential cause of confusion in 
the PTT-based assays.

ACLA and AβGP antibody tests usually employ enzyme 
immunoassays (EIA). AβGP may be more speciic for physiologic 
thrombotic effect, by presenting an actual target of in vivo anti-
bodies, whereas ACLA may develop in other conditions such as 
infections. For example, false-positive non-treponemal syphilis 
serology is sometimes seen with ACLA.

Hyperhomocysteinemia is a risk factor for venous and pos-
sibly arterial thrombosis. This amino acid is made from methio-
nine and is then either converted back or processed to cysteine. 
The mechanism for thrombosis risk is unclear, but endothelial 
cell injury has been proposed. Fasting total homocysteine is the 
initial screening test. Hyperhomocysteinemia can be due to vari-
ous congenital mutations in homocysteine’s metabolic pathways 
or can be acquired via vitamin deiciencies affecting its metabo-
lism (folate, B12, B6) or in many other medical conditions.

monitoring Anticoagulation  
Therapeutic Agents

Most anticoagulant therapies need ongoing or selective testing 
for assessment of therapeutic effect. Appropriate monitoring 
ensures that these agents are maintained within the therapeu-
tic range; otherwise patients are at risk of thromboembolism 
and bleeding complications both of which can have devastating 
 consequences.

Warfarin Anticoagulation

Warfarin therapy must be monitored by the PT and its ana-
logue for this purpose, the international normalized ratio (INR), 
in order to avoid under- or overcoagulation. PT methods and 
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reagents can widely differ between laboratories, yielding vary
ing PT values for the same degree of factor deiciency. However,  
each PT test vendor supplies a conversion parameter to express 
the PT as the INR in patients on warfarin. The INR is a normal-
ized value which is intended to compare results across laborato-
ries for evaluating combined deiciencies of factors II, VII, IX, and 
X, the warfarin-dependent factors. The INR’s therapeutic range 
for warfarin anticoagulation is generally 2.0 to 3.0, except for 
mechanical heart valves and prevention of myocardial infarction 
(INR 2.5 to 3.5).17

When warfarin is started or stopped, the factors with the fast-
est plasma turnover, that is, the shortest half-lives, decline or rise 
the fastest, respectively. Thus, the inhibitor protein C, with a 6 hr 
half-life, declines faster than most clotting factors when warfa-
rin takes effect, and this can cause an imbalance toward clotting 
during the initiation of warfarin therapy. Warfarin-induced skin 
necrosis is a thrombotic complication often occurring when pre-
viously unrecognized congenital protein C deiciency accentuates 
this imbalance.

Warfarin’s pharmacology is affected by genetic variations in 
the metabolism of the drug (cytochrome P450, CYP2C9) or its 
counterbalancing vitamin K (vitamin K epoxide reductase com-
plex subunit 1, VKORC1). Genetic polymorphism testing has 
been advocated for achieving more rapid therapeutic effect when 
initiating therapy or in assessing dificulty achieving the target 
INR, but indications for genetic testing are still under investiga-
tion. The INR is not calibrated to evaluate non-warfarin deicien-
cies such as liver disease, which affects most other clotting factors, 
and thus strictly speaking, the INR should not be used in other 
conditions including liver disease.

heparin Anticoagulation Testing

The aPTT is used to assess heparin anticoagulation. Each labora-
tory determines its own therapeutic target range for heparin anti-
coagulation, typically on the order of 1.5 to 2.5 times the normal 
mean. The laboratory determines the exact range for their test 
system based on a functional enzymatic test for heparin action, 
the anti-factor Xa activity (aFXa). (This is a different test than 
the factor X activity level.) Using the aFXa assay, therapeutic tar-
get heparin levels of 0.3 to 0.7 aFXa units/mL are correlated with 
aPTT results for that range. aFXa testing can be helpful in assess-
ing heparin resistance.

Low-molecular-weight heparin (LMWH) drugs and their 
analogue, synthetic pentasaccharide (e.g., fondaparinux), do 
not affect the aPTT assay, and coagulation testing is usually not 
needed. However, if necessary, the drugs’ plasma activity levels 
can be assessed by the aFXa assay. This may be helpful in renal 
failure affecting drug excretion or in pregnant women, obese, and 
neonates for whom drug levels are less certain after subcutaneous 
injection. Like heparin, these agents inhibit factor Xa indirectly, 
that is, via their enhancing effect on antithrombin.

Heparin and to a lesser degree LMWH can stimulate the pro-
duction of antibodies against the heparin–PF-4 complex. These 
antibodies can in turn cause HIT and/or activation of platelets 
to induce thrombosis.18 If thrombocytopenia or thrombosis 
develops in a patient on these drugs, tests for HIT antibodies 
are available by EIA or by functional measures such as serotonin 
release. Patients with HIT must avoid heparin and LMWH.

Several newer anticoagulants have entered clinical practice, as 
alternatives to heparin in patients with HIT or as alternatives to 
warfarin. These are direct anticoagulants which are not mediated 
by antithrombin. The “xaban” class of drugs, including rivar-
oxaban and apixaban, directly inhibit factor Xa.19 They prolong 
the PT and aPTT, but monitoring is not recommended and the 

INR should not be used. An aFXa-type assay adapted for these 
drugs is being researched.

DTIs also pose challenges for coagulation testing. These 
include hirudin from leeches, its recombinant “-rudin” mim-
icking molecules (bivalirudin, desirudin, lepirudin), and small 
synthetic molecules acting at the same site as hirudin on throm-
bin (argatroban, dabigatran). They all prolong the PT and aPTT 
and interfere with clot-based ibrinogen assays. There is no con-
sensus on how to quantify the effect of these drugs. The ECT  
has been promulgated.20 Ecarin, an enzyme in snake venom, 
cleaves prothrombin to a metabolic intermediate which is 
inhibited by hirudin and its analogues. However, the ECT is not 
widely available.

bLOOD COMpONENT pRODUCTION

Blood Collection

The production of blood components is highly controlled by reg-
ulations and accreditation requirements in the interests of donor 
and recipient safety and therapeutic eficacy. Blood donors are 
carefully screened and tested, and blood products are made in 
specialized laboratories and other facilities. Regional blood cen-
ters collect and provide most blood components for transfusion, 
although some hospitals collect blood or platelets to augment 
their supply. Virtually all blood components come from volun-
teer unpaid donors. Pharmaceutical companies process plasma 
into various derivatives or synthesize some desired proteins for 
infusion.

Blood donors undergo a conidential interview to screen for 
medical problems in their donation safety and for risks of disease 
transmission to their recipients.21 They are questioned about 
risk factors, exposure, or signs of human immunodeiciency virus 
(HIV), hepatitis, and other infections. There are geographically 
based deferral criteria for tropical exposure to malaria and (in 
American donors) European exposure to variant Creutzfeldt–
Jakob disease (vCJD). The donor’s pulse, blood pressure, and 
hemoglobin/hematocrit level (US minimum 12.5 g/dL or 38%) 
are checked. Phlebotomy is performed with validated antiseptic 
measures to reduce the risk of bacterial contamination in the 
blood bags. In the United States, donors are deferred for 8 weeks 
after a whole-blood donation to avoid iron deiciency.

Table 16-1 shows the contents and storage parameters for 
blood components. In whole-blood donations, 450 to 500 mL of 
blood is collected into citrate anticoagulant and then separated 
by centrifugation into RBCs, platelets, and/or plasma. The RBC 
units usually have most plasma removed and replaced with pre-
servative. In the United States, the plasma must be frozen within 
6 hours of collection to be labeled fresh frozen plasma (FFP). A 
large proportion of plasma is now made as plasma frozen within 
24 hours, with minimal effect on clotting factor content compared 
to FFP. Cryoprecipitate is made from barely thawed FFP, which 
has a precipitate enriched in ibrinogen; the precipitate is isolated  
by centrifugation and refrozen.22 Five bags of “cryo” comprise 
a typical adult dose. Whole-blood–derived platelets (sometimes 
called “random-donor platelets”) are derived from platelet-rich 
plasma in the United States and from the buffy-coat centrifuga-
tion layer in other countries.23 Four to six units are pooled to yield 
one adult-sized dose of platelets. Traditionally, pooling was done 
at the hospital just before transfusion, but blood centers can now 
provide pre-pooled platelets to hospitals.

Blood components are also collected by apheresis, in which 
the donor’s blood is processed by ex vivo centrifugation, the 
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desired component(s) are siphoned off into citrate anticoagulant, 
and the rest returned to the donor. Most platelets are produced by 
apheresis (sometimes called singledonor platelets). Plasma and 
RBCs can also be collected by apheresis, and if the donor’s blood 
volume and cell counts permit, two doses of the desired compo
nent can be obtained in one collection session.

All donors are checked against iles of deferred donors, and all 
donations are tested for blood-borne infectious agents. Tests for 
HIV, hepatitis B virus (HBV), and hepatitis C virus (HCV) are  
universally required.24 The addition of sensitive nucleic acid 
testing (NAT; e.g., polymerase chain reaction) to routine serology 
shortens the window period in a recently infected donor down 
to 7 to 10 days for HIV and HCV and 1 month for HBV. The 
US FDA also requires testing for syphilis, human T-cell lympho-
tropic virus (HTLV), and West Nile virus (WNV). Also available 
for donors at risk is a test for Trypanosoma cruzi (Chagas disease). 
Cytomegalovirus (CMV) is mainly in WBCs; selected patients at 
risk for complications of infection from cellular components can 
receive either CMV-negative units or leukoreduced units.

At some centers, directed donations can be made by family or 
friends for a speciic patient. These donations augment the over-
all supply of blood and donors, and could reduce the number of 
donor exposures by using the same donor(s) more than once. 
However, the infectious risk from these units is not considered any 
less than from community volunteer donors. Cellular components 
from blood relatives must be irradiated to prevent the risk of trans-
fusion graft-versus-host disease (GVHD) from closely matched 
donor lymphocytes which are not rejected by the recipient.

Autologous donations by the patient can be made in advance 
of scheduled surgery, with physician approval. The usual mini-
mum hemoglobin or hematocrit is 11 g/dL or 33%, respectively, 
which is lower than the minimum allowed for regular donors. 
Patients should be on erythropoietin or iron supplementation 
to support RBC replenishment. In order to achieve a net gain in 
RBC mass, donations should be scheduled with some lead time 
within the 6-week storage period to permit erythropoiesis before 
surgery. Erythropoietin assists with multiple donations. Autolo-
gous units are only used for the patient and cannot be given to 
anyone else, since they often have a lower RBC content than nor-
mal requirements, and surgical patients frequently have condi-
tions disqualifying them for regular donation.

Component Processing and Storage

Leukoreduction (LR) to remove WBCs from RBCs and platelets 
reduces the risk of human leukocyte antigen (HLA) alloimmu-
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nization, febrile nonhemolytic transfusion reactions (FNHTRs), 
and CMV transmission in patients who require these precau-
tions. LR is usually performed by iltration, although some 
apheresis collections have suficiently precise cell separation to 
minimize WBC content. The WBC content is reduced from around  
109 WBCs to ≤1 × 106 to 5 × 106 WBCs/unit.

In addition to the routine indications above, LR has been 
studied for the prevention of transfusion-related acute lung 
injury (TRALI) and so-called transfusion-related immuno-
modulation (TRIM), that is, possible immunosuppressive and 
pro-inlammatory effects mediated by donor WBCs. “Universal” 
LR of all cellular components is done in many countries, for this 
and other reasons. However, randomized controlled trials have 
been mostly inconclusive for beneit. Meta-analysis of available 
data has highlighted cardiac surgery as a setting in which there 
may be postoperative survival beneit associated with leukore-
duced blood components, based on a small number of studies to  
date.25

Washing cellular components with saline is mostly done to 
remove plasma in patients with allergic transfusion reactions 
such as those who are IgA deicient. It does not affect the anti-
gens on the cells and does not remove enough WBCs to prevent 
GVHD or HLA alloimmunization.

Irradiation of cellular components is performed to prevent 
transfusion GVHD from directed-donor units from blood rela-
tives and in highly immunosuppressed patients at risk for this 
complication: Leukemia, lymphoma, hematopoietic stem cell  
transplants, congenital cellular immunodeiciencies.26 The 
units are exposed to gamma irradiation (2,500 cGy) to damage 
donor WBC DNA and prevent a cellular immune proliferative 
response to the recipient’s tissues. Irradiation is usually per-
formed in cesium-137 blood irradiators. The blood units do not 
come in contact with the radioisotope and are not radioactive, 
but laboratory personnel must comply with radiation safety reg-
ulations. Blood units can also be irradiated by cobalt-60 beams 
in radiation therapy facilities, but in the United States, the FDA 
regulates this function closely. In recent years, X-ray genera-
tors which do not contain radioisotopes have been approved for 
blood components.

Platelets are stored at room temperature to preserve clotting 
function, but this increases the risk of bacterial growth in con-
taminated units, compared to other blood components. Accord-
ingly, bacterial detection has become routine in many countries. 
Platelet testing must be done after a short period of storage in 
order to detect growing bacteria. Blood centers can take culture 
samples from plateletpheresis units and pre-pooled whole-blood–
derived platelets before product release. However, culturing is not  

TAbLE 16-1. blood ComPonents

Component Average Volume Storage Parameters

Packed red blood cells 300 mL 1–6°C for 21–35 days or 42 
days with additive solution

Red blood cells, frozen 300 mL <–65°C for 10 years
Platelets, whole-blood-derived 50 mL per bag, usual dose 4–6 bags 20–24°C for 5 days
Platelets, apheresis 300 mL 20–24°C for 5 days
Plasma, fresh frozen 250 mL <–18°C for 1 year or <–65°C 

for 7 years
Plasma, frozen within 24 h 250 mL <–18°C for 1 year
Cryoprecipitate 15 mL per bag, usual dose 4–6 bags <–18°C for 1 year
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feasible from the small volumes of individual wholeblood–
derived platelets when the transfusion service is pooling the units 
just before use. In this situation, bacterial antigen testing is avail
able to transfusion services and is required by accrediting agen
cies in the United States.

RBC preservation solutions use CDPA—Citrate for anticoagu
lation, Phosphate as a buffer, Adenine, and 1 to 2 g of dextrose 
(dglucose)—to maintain adenosine triphosphate (ATP) levels 
and RBC membrane integrity. However, despite preservatives, 
several metabolic changes occur during RBC storage. 2,3Diphos
phoglycerate (2,3DPG) is depleted in the irst 2 weeks, thus 
shifting the oxygen dissociation curve to the left and making 
hemoglobin more avid for O2, although this reverses after transfu-
sion. Furthermore, by the end of the 42-day shelf life of additive-
solution RBCs, the pH is 6.5, the plasma K+ is 50 mmol/L from 
RBC leakage and hemolysis, and 15% to 20% of the RBCs are  
nonviable.27 RBC storage lesions could be involved in observa-
tions linking older units to adverse outcomes such as short-term 
mortality and multiple organ failure.28 Randomized trials are 
underway to address this important question.

Plasma Derivatives

Plasma derivatives are proteins processed from plasma for thera-
peutic infusions. They include albumin, immunoglobulins (IGs), 
clotting factors, and other proteins. Derivatives are puriied from 
plasma using physicochemical fractionation methods developed 
by Edwin J. Cohn in the 1930s. Donors for plasma derivatives 
are screened and tested just as blood component donors, and 
the separation techniques provide a degree of puriication from 
microbial pathogens. However, the large numbers of donor units 
which must be pooled together for production of plasma deriva-
tives introduce the possibility of contamination of an entire lot by 
a small number of infected donors. Such was the case in the early 
years of HIV when factor concentrates infected a large proportion 
of hemophiliacs before the risk was known. Because intact cells 
are not required, many derivatives can undergo puriication and 
pathogen inactivation methods which are impractical for blood 
components.

Albumin is produced in large quantities for intravascular vol-
ume support and is pasteurized at 60°C for sterility. IGs are given 
for immune support or for immunomodulation to suppress 
native antibody production. IGs can also withstand robust patho-
gen inactivation processes, and in some cases are nanoiltered to 
remove viruses. To be given intravenously, IGs need extra pro-
cessing to avoid reaction-provoking protein aggregates. Hyper-
immune globulins are fractionated from the plasma of donors 
with high levels of antibody to speciic antigens of interest, such 
as viruses (HBV, CMV, varicella zoster) or the Rh blood group 
D antigen (RhIG to prevent anti-D formation in RhD-negative 
women).

Factor concentrates for patients with congenital deiciencies 
are made with special techniques to ultrapurify factors VIII, IX, 
XIII, vWF, ibrinogen, and in some countries, factor XI—while 
also applying pathogen inactivation methods and viral iltration 
to remove microbes. However, plasma-free recombinant factors 
VIII and IX are also available to further allay concern about dis-
ease transmission, and recombinant activated factor VII (rFVIIa) 
is approved for rare VII-deicient patients. Some hemophiliacs 
develop inhibitory antibodies to the FVIII or factor IX they are 
missing. These inhibitor patients often need products which 
“bypass” their missing clotting step. The therapeutic poten-
tial of prothrombin complex concentrates (PCCs) containing 
multiple factors, or FVIIa to bypass secondary hemostasis and 
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 generate a thrombin burst is discussed later in this chapter. On 
the  antithrombotic side of hemostasis, antithrombin concentrate 
is available.

Other plasma proteins which are puriied for selected deicien-
cies are complement C1 esterase inhibitor (for hereditary angio-
edema) and α1-antitrypsin.

Pathogen Inactivation

Techniques have been developed to kill microbial pathogens in 
blood components. This approach has the major advantage of 
 protection against unrecognized infectious agents. None of these 
processes have been approved in the United States to date. The 
methods vary by blood component. In Europe and other coun-
tries,  solvent-detergent and methylene blue treatments have been 
approved for plasma, and psoralen and ribolavin treatments for 
plasma and platelets. Cell-free plasma, either in pools or as individual 
units, can be treated with membrane-disrupting  solvent-detergent  
treatments for enveloped viruses. Non-enveloped viruses, most 
prominently hepatitis A and parvovirus, are less  susceptible, but 
NAT can be added to detect these agents.

More robust methods involve agents which damage nucleic 
acids. When methylene blue, psoralen, or ribolavin is added to 
the blood bag, they bind to nucleic acids. Then photoactivation is 
performed with speciic wavelengths of light, cross-linking DNA 
and RNA to prevent microbial function. Not yet approved but 
under investigation is ultraviolet light treatment of platelets. RBC 
units are less amenable to photoactivation through the hemo-
globin, although ribolavin is being explored. Certain alkylating 
agents have shown promising microbicidal activity, but modify 
the RBC membrane enough that subjects have formed antibodies 
against the treated RBCs.

The adverse effects that limit these techniques include the 
potential for reduced platelet count increments, alterations in 
plasma clotting factor levels, and potential toxicity from some 
of the added agents if they are not suficiently removed after 
 treatment.

RBC and Platelet Substitutes

Many years of effort have gone into the search for an oxygen-
carrying substitute for RBCs. Oxygen-avid perluorocarbon 
chemicals underwent international trials, but 100% O2 admin-
istration was needed and clinical trials were unsuccessful (Cas-
tro). Several hemoglobin solutions have been made from pools of 
human or bovine hemoglobin, or from recombinant hemoglobin, 
all of which were chemically modiied to facilitate extracellular  
O2 ofloading.29 However, the potentially toxic effects of free 
hemoglobin, including intravascular binding of the vasodilator 
nitrous oxide (NO), are not suficiently understood for regulatory 
approval. US clinical trials were unsuccessful in demonstrating 
clinical advantage in pre-hospital trauma management. None of 
these agents appear to hold much promise for clinical application 
in the near future. A more recent avenue of exploration is the pos-
sibility of “growing” RBCs in cell culture systems. They would be 
biocompatible and low in pathogen risk, and their RBC antigens 
could be engineered to some extent to maximize compatibility. 
The biology of cultivating mature normal RBCs in large scale is 
under investigation.

Platelets are so complex that it would be dificult to replace their 
functions fully. However, some early work has emerged on pre-
served platelets (e.g., freeze-dried or ixed) and on biocompatible 
platforms bearing hemostatic proteins, such as ibrinogen-coated 
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albumin beads, which could supply some degree of plateletlike 
clotting function. Culturing platelets in vitro for therapeutic uses 
is also being pursued.30

bLOOD pRODUCTS AND  

TRANSFUSION THRESHOLDS

Compatibility Testing

Routine RBC compatibility testing includes ABO and RhD typ
ing, an antibody screen for IgG nonABO RBC antibodies, and 
an RBC crossmatch. RBCs must be ABOcompatible to avoid 
intravascular hemolysis, and RhDnegative patients should 
receive Dnegative RBCs to avoid antiD alloimmunization. Rh, 
Kell, Kidd, Duffy, and some other nonABO antibodies can also 
hemolyze transfused RBCs; 1% of all patients and 5% to 20% of 
heavily transfused patients have such antibodies. If no antibodies 
are present, the crossmatch can be electronic; that is, RBC units 
are selected by the laboratory computer to be ABO and RhD
compatible. But if hemolytic antibodies are detected or are on 
record, RBC units negative for the incompatible antigen(s) must 
be found, and a serologic crossmatch of patient plasma versus 
donor RBCs is performed to conirm compatibility. Most hospi-
tals have blood order schedules for their most common surgical 
procedures, which set forth a recommended number of RBC units 
to cover 80% to 90% of patients undergoing each procedure.

RBC compatibility testing takes 45 to 60 minutes, and much 
longer if antibodies are found. Hence, testing in advance of sched-
uled surgery is desirable. In emergencies, uncross-matched group 
O RBCs can be given, albeit with the risk of non-ABO antibody 
incompatibility. Group AB is the universal plasma which avoids 
transfusing anti-A or -B versus the patient’s RBCs.

Red Blood Cells

Over the past decade, transfusion practices for medical and sur-
gical patients shifted from a liberal strategy to more restrictive 
management with lower thresholds and careful consideration of 
the balance between transfusion risks and the physiologic conse-
quences of anemia. The American Society for Anesthesiologists 
(ASA) Practice Guidelines for Blood Component Therapy state that 
“red blood cell transfusion is rarely indicated when the hemoglo-
bin concentration is greater than 10 g/dL and is almost always  
indicated when it is less than 6 g/dL”.31 This leaves little guid-
ance for the majority of anemic patients whose hemoglobin lies 
between 7 and 10 g/dL. In 1999, the Transfusion Requirements 
in Critical Care (TRICC) Investigators, Hebert et al., set a new 
precedent for the tolerance of hemoglobin levels as low as 7 g/dL 
without increasing morbidity or mortality.32 The literature clearly 
supports a lower transfusion trigger for young healthy patients 
as evidence by trauma studies and case discussions of Jehovah’s 
Witnesses.33 However, the question of when to transfuse those at 
risk for tissue hypoxia such as patients with cardiovascular, cere-
brovascular, or renal insuficiency remains controversial.

The original TRICC trial included critically ill but euvolemic 
patients in a large multicenter randomized control trial. The inves-
tigators compared the survival of patients transfused to hemoglobin 
levels greater than 10 g/dL in the liberal group with patients under a 
restrictive strategy who were not transfused until their hemoglobin  
fell to less than 7 g/dL. Overall survival for more than 800 patients 
did not differ between the groups.32 Subsequent subgroup analysis 
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of the TRICC trial and several meta-analysis and systematic reviews 
over the past 10 years not only conirmed these results, but estab-
lished a possible morbidity and mortality risk associated with 
liberal transfusion management for a variety of different patient 
populations including those less than 55 years old, trauma patients, 
and those with stable cardiovascular disease.33–36

Traditionally, patients with cardiovascular disease and ane-
mia were considered to be at signiicant risk of tissue ischemia 
and therefore thought to beneit from higher hemoglobin goals 
in the perioperative and critical care setting. These recommen-
dations were based on two studies which showed an association 
between anemia in patients with cardiovascular disease and mor-
tality that improved with transfusion.37,38 Several retrospective 
studies and systematic reviews have since contradicted these 
indings by documenting the safety of hematocrits less than 24% 
during cardiac surgery with cardiopulmonary bypass.34,39 The 
Transfusion Requirements After Cardiac Surgery (TRACS) trial 
randomized postcardiac surgery patients to restrictive (hemato-
crit >24%) versus liberal (hematocrit >30%) transfusion strat-
egies and found no difference in 30-day mortality or severe 
morbidity. Furthermore, they found that transfusion was an 
independent risk factor for morbidity and mortality.34,40 The most 
recent update to the Society of Thoracic Surgeons and the Soci-
ety of Cardiovascular Anesthesiologists Blood Conservation Clini-
cal Practice Guidelines recognizes that all cardiac surgery patients 
are at risk for tissue hypoxia and transfusion. These guidelines 
report that tissue oxygenation does not improve with transfusion 
for hemoglobin levels greater than 10 g/dL; and they state that 
“Transfusion is reasonable in most postoperative patients whose 
hemoglobin is less than 7 g/dL.” For patients with hemoglobin 
levels between 7 and 10 g/dL the two societies recommend trans-
fusion in patients with “critical noncardiac end-organ ischemia,” 
active blood loss, or clinical indication of tissue hypoxia (low 
mixed venous oxygen saturation or electrocardiographic or echo-
cardiographic evidence of myocardial ischemia).41

Patients with cerebrovascular disease or acute neurologic ill-
ness such as ischemic stroke, subarachnoid hemorrhage, and trau-
matic brain injury are at signiicant risk for secondary injury from 
tissue hypoxia. There are several studies and reviews devoted to 
the question of optimal brain tissue oxygen delivery during acute 
neurologic illness. Acute and chronic anemia initiates physiologic 
compensatory mechanisms discussed below as well as neuro-
protective strategies for tolerating decreases in cerebral oxygen 
delivery; however, the hemoglobin level at which anemia induces 
detrimental patient outcomes remains unclear.42 Evidence indi-
cates that a hemoglobin level less than 9 g/dL is independently 
predictive of poor outcome especially in patients with cerebrovas-
cular injury.43,44 RBC transfusion perioperatively or during critical 
illness is also independently associated with morbidity and mor-
tality.43,45,46 This leaves the clinician with little guidance to decide 
when and who should be transfused. Clearly transfused RBCs do 
not function as well as endogenous erythrocytes and it remains 
unclear if transfused blood improves overall outcomes.

Physiologic Compensation for Anemia

There is ample evidence for the human tolerance of anemia both 
acute and chronic. Oxygen delivery to the tissues (DO2) is depen-
dent on cardiac output (CO), regional blood low, and oxygen-
carrying capacity also known as the oxygen content (CaO2) of 
blood.42,47 The relationship between all of these variables is 
shown in Table 16-2. Hemoglobin plays an integral role in oxy-
gen transport and delivery to the tissues. The clinical justiica-
tion for RBC transfusion assumes that increasing the hemoglobin 
will improve oxygen-carrying capacity and therefore avoid tissue 
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hypoxia. However, given the ability of the body to compensate 
for anemia, it is unclear whether increasing hemoglobin in a sta
ble anemic patient actually improves tissue oxygenation. There 
are several compensatory mechanisms for anemia, most notably 
(1) increased CO; (2) altered microcirculatory blood low; and 
(3) improved tissue oxygen extraction from hemoglobin. These 
physiologic changes in conjunction with the detrimental impact 
of RBC storage limit the therapeutic effects of transfusion.48

 1. Increased CO. There are several mechanisms for the increase
in CO that occurs as compensation for isovolemic hemodilu-
tion. First of all, the heart rate increases secondary to a sym-
pathetic surge initiated by anemia and hypoxia.49–51 Secondly, 
higher stroke volume results from increased preload and 
decreased systemic vascular resistance and afterload. Isovolemic 
hemodilution occurs when acute blood loss is resuscitated with 
crystalloid or colloid luids, thereby maintaining blood volume 
with lower hemoglobin. This decreases blood viscosity, one 
component of systemic vascular resistance, and decreases after-
load by arterial vasodilation. The arterioles dilate as a result of 
the release of NO from endothelial cells. Lastly, tissue hypoxia 
will induce arteriovenous shunting and recruitment of new cir-
culatory beds thereby increasing microcirculatory blood low.49

 2. Altered Microcirculatory Blood Flow. The decrease in blood vis-
cosity associated with isovolemic hemodilution and chronic 
anemia improves blood low especially through the micro-
circulation where lower shear force rates cause a pronounced 
vasodilation of capillary beds.47,49,50 This improves venous 
return by lowering the resistance of venous beds and there-
fore increases preload and left ventricular illing. Patients with 
chronic anemia also increase angiogenesis and overall micro-
circulatory blood volume to compensate for the decreased 
oxygen-carrying capacity.49 These mechanisms are extremely 
eficient. In fact, studies in anemic critically ill patients fail 
to show improvements in tissue oxygenation measures after 
transfusion.48

 3. Increased Tissue Oxygen Extraction. Anemia causes the oxygen 
dissociation curve for oxyhemoglobin to shift to the right sec-
ondary to increased levels of 2,3-DPG in erythrocytes. This 
adaptive process is particularly inluential for the physiologic 
compensation of chronic anemia and often the only mecha-
nism necessary to maintain oxygen delivery. Isovolemic 
hemodilution to hematocrit levels less than 25% generates an 
increase in 2,3-DPG levels. Furthermore, acidemia associated 
with acute hemorrhage also shifts the oxygen dissociation 
curve to the right thereby decreasing the afinity of oxygen 
for hemoglobin at any partial pressure and improving the tis-
sue oxygen extraction ratio.49,50

There continues to be controversy about RBC transfusion 
given the lack of evidence to support a universal transfusion 
threshold. Despite the wealth of literature documenting the 
potential harm, transfusion continues to be the mainstay of 
treatment for acute and chronic anemia. Healthy patients are 
most often able to compensate for anemia and tolerate criti-
cally low hemoglobin levels; however, the risk of tissue hypoxia 
in acute situations or in patients who are unable to compensate 
such as those with low cardiovascular reserve remains unclear. 
Each clinician must take into account the patient’s comor-
bidities, the acuity of anemia, and their ability to compensate 
adequately without signs or symptoms of tissue hypoxia (Table  
16-3).52 Furthermore, it is important to measure the response 
to transfusion with follow-up hemoglobin levels in order to aid 
in the diagnosis of consumptive anemia, hemolysis, or ongo-
ing bleeding as well as to guide further transfusions. In stable 
patients without ongoing bleeding, the hemoglobin should rise  
1 g/dL with approximately 3% rise in hematocrit for each unit of 
packed RBCs given.52

The above discussion focuses on isovolemic hemodilution 
secondary to chronic anemia or acute hemorrhage post luid 
resuscitation when compensatory mechanisms have had time to 
balance the detrimental effects of decreased hemoglobin levels. 
It is important to recognize that transfusion may be necessary 

TAbLE 16-2. equations for tissue oxygenation42,47

Parameter Unit Equation

Oxygen delivery (DO2) mL O2/min DO2 = CO (L/min) × CaO2 (mL/dL)
Arterial oxygen content (CaO2)
Venous oxygen content (CvO2)

mL O2/dL CaO2 = 1.36 × Hgb (g/dL) × SaO2 (%) + [PaO2 × 0.003]
CvO2 = 1.36 × Hgb (g/dL) × SvO2 (%) + [PvO2 × 0.003]

Blood low, cardiac output (CO) L/min Flow = πr4∆P/8ηL (r = radius, ∆P = change in pressure, η = viscosity, 
and L = length of the vessel)

Oxygen consumption (VO2) mL O2/min VO2 = CO (L/min) × [CaO2 – CvO2]
Oxygen extraction ratio (O2EF) % O2EF = [CaO2 – CvO2]/CaO2 × 100% or = VO2/DO2 × 100%

Hgb, hemoglobin; PaO2, partial pressure of oxygen in arterial blood; PvO2, partial pressure of oxygen in venous blood.

TAbLE 16-3.  CliniCal indiCations of 

tissue hyPoxia52,53

• Unstable vital signs
• Tachycardia
• Hypotension
• Tachypnea or dyspnea

• Laboratory and invasive monitor indices
• Mixed venous O2 saturation (SVmO2) <50%
• Central venous O2 saturation (SVcO2) <60%
• Increased O2 extraction ratio (O2ER) >50%
• Lactic acidosis (metabolic acidemia with lactate >2 mmol/L)

• Signs of end-organ dysfunction
• Electrocardiographic (ST changes, onset of arrhythmias) 

or echocardiographic indications of myocardial ischemia
• Electroencephalographic indications of cerebral 

hypoperfusion
• New onset oliguria (less than 0.5 mL/kg/h for >6 h)
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prior to the availability of measured hemoglobin and hematocrit 
levels such as during acute hemorrhage, intraoperative bleeding, 
or trauma resuscitation. In the case of uncompensated blood 
loss, hemoglobin levels may be normal or misleadingly high. In 
these situations, the clinician must estimate blood loss from the 
patient’s hemodynamic picture and assessment of the operative 
ield in order to guide their transfusion management. Recent 
recommendations for intraoperative transfusion during massive 
bleeding focus on patients with class II hemorrhage (blood loss 
of 15% to 30% estimated blood volume) with preexisting ane-
mia or cardiovascular disease and all patients with class III to IV 
hemorrhagic shock (blood loss of 30% to 40% estimated blood 
volume).53 In these cases, the British Committee for Standards in 
Haematology guidelines for the management of massive transfu-
sion recommend a goal hemoglobin over 8 g/dL.54

Platelets

Numerous recommendations provide guidance for the trans-
fusion management of thrombocytopenia and acquired or 
inherited platelet disorders.31,52,53,55–58 The indications for 
platelet transfusion depend on both quantitative and qualita-
tive measures of platelet activity as well as the clinical setting. 
Table 16-4 outlines typical platelet thresholds for transfusion 
based on the clinical situation and patient history. For stable 
patients with severe thrombocytopenia, transfusion can be held 
until counts fall below 10,000 to 20,000/µL as long as they have 
no signs or symptoms of bleeding.53,55,56,58 Prophylactic platelet 
transfusion is necessary for patient with severe thrombocytopenia 
<50,000/µL about to undergo major surgery or invasive proce-
dures such as lumbar puncture, liver biopsy, neuraxial anesthesia, 
central venous catheterization, or endoscopy with biopsy.56,57 In 
preparation for surgery on the eye or the central nervous system, 
the platelet count should be raised to >100,000/µL.56,57

Transfusion is not necessary for platelet counts >100,000/µL 
in clinically stable patients without suspicion of platelet dysfunc-
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tion. Most patients with counts <50,000/µL and clinical bleeding 
require therapeutic transfusion.31,55,56 There are several relative 
indications for transfusion of platelet counts between 50,000 
and 100,000/µL. In particular, patients having surgery on vital 
organs such as the eye or central nervous system, or patients 
with multiple traumatic injuries, beneit from higher transfusion 
goals.53,55,56 Furthermore, patients undergoing massive transfu-
sion or hemorrhage with estimated blood loss of more than two 
blood volumes and ongoing bleeding should have a transfusion 
threshold of at least 75,000/µL to ensure the level does not fall 
below 50,000/µL.53,54

Platelet transfusion should not be guided by platelet counts 
alone, but also by the clinical suspicion of platelet dysfunction 
which can be inherited or acquired. Qualitative dysfunction is 
often associated with systemic diseases such as uremia, liver fail-
ure, and disseminated intravascular coagulopathy. It also occurs 
after cardiopulmonary bypass, extracorporeal circulation such 
as dialysis or plasmaphoresis, and as a result of medication side 
effects59 (Table 16-5). Regardless of the platelet count, if bleeding 
is out of proportion to the level of thrombocytopenia, qualitative 
deiciency should be suspected and treated.53,56

The average dose of platelets is one concentrate from apheresis 
donation or pools of ive to eight concentrates from whole-blood 
or buffy-coat collections. These “units” generally contain about 
3 × 1011 to 4 × 1011 platelets each.53,55,56 Once platelets are given, 
a posttransfusion response should be followed to guide further 
therapy and to rule out ongoing consumptive pathophysiology. 
Refractoriness at 20 to 24 hours is generally associated with older 
platelets or increased consumption secondary to fever, infec-
tion, bleeding, or medications.56 Adjunctive therapy for platelet 
dysfunction can be established with antiibrinolytics, DDAVP 
(1-deamino-8-d-arginine vasopressin, desmopressin), PCCs, or 
rFVIIa as discussed later in this chapter.55,58

Fresh Frozen Plasma

FFP is a blood component that contains all the factors involved 
in hemostasis. (As used here, “FFP” also includes plasma frozen 
within 24 hours.) The preparation and storage method discussed 
previously in this chapter involves either separation from whole 

TAbLE 16-4.  indiCations for Platelet 

transfusion31,53,55,57,58

Stable patients without evidence of 
bleeding or coagulopathy

<10,000/µL

Prophylaxis for invasive procedures 
such as lumbar puncture, neuraxial 
anesthesia, central venous 
catheterization, endoscopy with 
biopsy, liver biopsy, or major surgery

<50,000/µL

Stable patients with clinical evidence of 
bleeding or coagulopathy

<50,000/µL

Patients with DIC and signs of ongoing 
bleeding

<50,000/µL

Patients undergoing massive transfusion <75,000/µL
Patients having surgery at critical sites 

such as the eye or central nervous 
system

<100,000/µL

Microvascular bleeding attributed to 
platelet dysfunction such as uremia, 
liver disease, post-cardiopulmonary 
bypass

Clinician 
judgment

DIC, disseminated intravascular coagulation.

TAbLE 16-5.  Causes of aCquired Platelet 

dysfunCtion57,59

• Uremia
• Liver disease
• Paraproteinemia (multiple myeloma, Waldenström 

macroglobulinemia, monoclonal gammopathy, or 
polyclonal hypergammaglobulinemia)

• Myeloproliferative disease
• Myelodysplastic syndrome
• Disseminated intravascular coagulopathy
• Extracorporeal circulation (dialysis, cardiopulmonary 

bypass, plasmapheresis)
• Medications (aspirin, NSAIDS, thienopyridines, 

GP IIb/IIa antagonists, β-lactam antibiotics, 
antidepressants, phenothiazines)

• Herbal remedies (ish oil, laxseed oil, ginger seed 
extract, Ginkgo biloba, garlic, turmeric)

NSAIDS, nonsteroidal antiinlammatory drugs; GP, glycoprotein.
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irst with luid and red cell units only to receive FFP based on 
the results of coagulation tests.54 This method perpetuates
dilutional coagulopathy resulting in prolonged microvascu-
lar bleeding.65 More recent studies show improved outcomes 
with higher ratios of red cell units to FFP (more than 3:2).65,66 
However, these indings are mostly retrospective and likely con-
founded by injury severity and the potential “survivor bias” that 
occurs when patients die of massive hemorrhage before FFP can 
be thawed and transfused.66,67 The optimal management strategy 
for immediate resuscitation of trauma patients and those with 
acute massive hemorrhage is still under investigation. How-
ever, it is clear that coagulopathy driven by ongoing bleeding 
requires rapid response, and the best treatment strategies involve 
active management protocols to maintain intravascular volume, 
avoid platelet dysfunction, and facilitate hemoglobin and factor 
replacement.

Cryoprecipitate

Cryoprecipitate is created by a controlled thaw of frozen plasma 
which allows for precipitation of large molecules. It is then cen-
trifuged with the inal product containing ibrinogen, ibronectin, 
vWF, FVIII, and factor XIII.68 One unit of plasma typically gen-
erates 10 to 20 mL of cryoprecipitate. These small concentrates 
are combined for a single adult dose of ive bags and frozen at 
–20°C.68,69 Current use of cryoprecipitate is limited to a few 
countries (United States and Canada) and generally only indi-
cated for hypoibrinogenemia (Table 16-7). Compared to FFP, 
cryoprecipitate contains more ibrinogen per volume (15 vs.  
2.5 g/L in FFP)60 and therefore functions as a low-volume alter-
native for ibrinogen replacement especially during acquired 
hypoibrinogenemia states such as disseminated intravascular 
coagulopathy and massive hemorrhage. It carries similar transfu-
sion risks as FFP and consequently has been replaced in several 
countries including Europe with ibrinogen concentrates, cur-
rently unavailable in the United States.69

Fibrinogen is primarily responsible for clot stabilization, 
but it also assists with platelet activation and aggregation and, 
at adequate concentrations, may compensate for low thrombin 
states.69 Traditionally, the threshold for ibrinogen replace-
ment has been levels less than 80 to 100 mg/dL.31,60,68 However, 
a few studies of acquired hypoibrinogenemia with massive 
bleeding document the need for higher levels (150 to 200 mg/
dL) to optimize clot stabilization.70,71 A single dose of ive 
pooled bags typically raises the ibrinogen concentration by  
50 mg/dL.68

19

blood or apheresis; both maintain normal levels of stable factors 
and at least 70% normal levels of labile factors such as FVIII and 
FV. Prior to use, each unit must be thawed at 30 to 37°C, but can 
be stored at 4 ± 2°C for up to 24 hours as thawed FFP or 5 days 
as thawed plasma.53,56 FFP must be ABO-compatible with the 
recipient to avoid transfusion of donor anti-A and anti-B anti-
bodies that may lead to hemolysis.60

FFP is indicated for the treatment of coagulopathy second-
ary to congenital or acquired factor deiciencies. The speciic 
indications for FFP outlined in Table 16-6 are based on a com-
pilation of guidelines from the ASA, the British Committee for 
Standards in Haematology, and the Italian Society of Transfu-
sion Medicine and Immunohaematology (SIMTI).31,53,56,60,61 
The initial therapeutic dose of FFP averages 10 to 15 mL/kg in 
an attempt to obtain at least 30% factor activity. Repeat dosing 
should follow the results of serial diagnostic coagulation tests 
such as the PT and aPTT.31,53,56,60,61 Although the guidelines 
for FFP continue to recommend prophylactic transfusions in 
patients at risk for bleeding, there is no evidence to support the 
eficacy of FFP reducing red cell transfusion, morbidity, or mor-
tality, especially when given to patients with mild derangements 
in PT or aPTT and no clinical signs of bleeding.61,62 The trans-
fusion of plasma carries risks of several transfusion reactions, 
most notably TRALI, allergic reactions, and cardiopulmonary 
overload. The burden of adverse reactions in conjunction with 
limited prophylactic beneits and high frequency of inappropri-
ate use makes FFP arguably the riskiest blood component trans-
fused.60,61,63,64

Over the past decade there has been growing debate over 
formula-driven resuscitation protocols for trauma patients with 
major bleeding. Traditionally trauma patients were resuscitated 

TAbLE 16-6.  indiCations for the use of fresh 

froZen Plasma31,53,56,60,61

• Correction of inherited factor deiciencies when there is 
no speciic factor concentrate (e.g., factor V) and when 
the PT or aPTT is >1.5 times the mean control

• Correction of acquired multi-factor deiciencies with 
clinical evidence of bleeding or in anticipation of major 
surgery or an invasive procedure with PT or aPTT >1.5 
times the control
• Liver dysfunction with clinical signs of bleeding
• DIC with clinical signs of bleeding
• Microvascular bleeding associated with massive 

transfusion and estimated blood loss > one blood 
volume (when PT and aPTT are >1.5 times the control 
or cannot be obtained)

• Reversal of vitamin K antagonists (warfarin)a

• Heparin resistance secondary to antithrombin 
deiciency when AT concentrate is not available

• Treatment of thrombotic microangiopathies (thrombotic 
thrombocytopenic Purpura, HELLP syndrome, or 
hemolytic uremic syndrome)

• Treatment of hereditary angioedema when C1-esterase 
inhibitor is not available

aProthrombin complex concentrates (II, VII, IX, X) are more effective than 
FFP.41

DIC, disseminated intravascular coagulation; PT, prothrombin time; aPTT, 
 activated partial thromboplastin time; AT, antithrombin; HELLP, hemolytic  
anemia elevated liver enzymes and low platelet count.

TAbLE 16-7.  indiCations for the use of 

CryoPreCiPitate31,60,68–70

• Microvascular bleeding with hypoibrinogenemia
• DIC with ibrinogen <80–100 mg/dL
• Hemorrhage or massive transfusion with ibrinogen 

<100–150 mg/dL
• Prophylaxis in patients with hemophilia A and vWD (if 

speciic factor concentrates are unavailable or ineffective 
due to inhibitors)

• Prophylaxis for patients with congenital 
dysibrinogenemias

DIC, disseminated intravascular coagulation; vWD, von Willebrand disease.
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THE RISKS OF bLOOD pRODUCT 

ADMINISTRATION

Over the past few decades, the risk beneit ratio of blood product 
transfusion has been the subject of several studies and review arti-
cles. In the mid-1980s, the realization of transfusion-transmissible 
infections such as HIV and hepatitis initiated concerns about 
the infectious risks of blood product administration. Now that 
donor screening and product testing have drastically decreased 
the transmission of viral infections, nonviral risks of transfusion 
have gained emphasis and proven to be just as concerning if not 
associated with worse morbidity and mortality.

Infectious Risks of Blood Product 
Administration

Since the introduction of NAT for the major transfusion-trans-
mittable viral infections (HCV in 2000, HIV in 2003, and HBV 
in 2006) the residual risk of infection from blood product trans-
fusion has decreased substantially.72 Prior to the institution of 
NAT, the blood supply was simply tested for the presence of viral 
antibodies leaving a long window period when the blood is infec-
tious, but there was not suficient time for the donor to mount 
a large enough antibody response to be detected by conven-
tional testing. NAT increased the sensitivity of donor screening 
by testing for the presence of speciic viral DNA. This signii-
cantly shortens the window period between when a donor gets 
infected and when the viral load is detectable. The residual risk of 
transfusion-transmitted infections depends mostly on the rela-
tive length of this window period determined by the reproduc-
tive rate of each virus and the prevalence of the disease. There is 
an additional risk of false negatives or mistaken release of quar-
antined blood products; however, these events account for less 
than 0.5% of the residual risk of transfusion-transmitted viral 
infection.73
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The true risk of transfusion-transmittable infections is difi-
cult if not impossible to accurately quantify given the variability 
of donor response to inoculation and the immune state of the 
recipient. However, the residual risk can be mathematically mod-
eled from the prevalence of infection in donors and the known 
window period of each viral illness. The estimated residual risk 
of major viral infection and the viral-speciic window periods are 
shown in Table 16-8 based on the reported incidence of infec-
tion in donors for the American Red Cross Blood Services.73 
These residual risks are likely overestimates since not all transfu-
sions of known infected blood products result in recipient infec-
tion.74,75 The mathematical modeling of residual risk assumes 
100% infectivity with even one infectious unit of viral particles 
per blood bag. It also presumes that the collection and storage 
process is harmless to viral reproduction. Furthermore, viral 
infectivity will vary depending on the acute phase of infection 
when an immunocompetent recipient could resist transmission, 
or the chronic phase of infection when antibodies are present and 
reduce infectivity.75

Transfusion-transmitted viral infections have retained the 
most focus likely secondary to their associated morbidity and 
mortality. Despite increased awareness and public health initia-
tives, the incidence of HIV and HCV in the donor population 
continues to increase secondary to the prolonged survival of 
patients, making the prevalence of HIV and HCV in the general 
population higher. Contrary to HIV and HCV, the incidence of 
HBV has decreased since 1999 presumably due to the drastic rise 
in vaccination rates especially among the youth. Overall, given 
the static sensitivity of testing methods, the prevalence of dis-
ease in the general population is now the largest determinant of 
 transfusion-transmittable infection risk.73

human Immunodeficiency Virus

HIV is the retroviral etiology of the large epidemic that emerged 
in the early 1980s. As a retrovirus, it is transmitted as RNA and 
requires translation into DNA prior to replication. This virus was 

TAbLE 16-8. residual risK of transfusion-transmitted infeCtions

Infection Residual Risk Window Period and Comments

viral infections

Human immunodeiciency virus (HIV) 1/1,860,800 9.1-day window
Hepatitis C (HCV) 1/1,657,700 7.4-day window
Hepatitis B (HBV) 1/366,500 38-day window
Human T-cell lymphotrophic virus (HTLV) 1/3,394,000 51-day window
West Nile virus (WNV) Rare 11 cases reported from 2003–2010
Cytomegalovirus (CMV)—all donors 1–3%
Leukoreduced products 0.023%

emerging infections Rare Incidence is too small to estimate
Chagas and malaria Donor screening limits risk in the United States
Creutzfeldt–Jakob (vCJD) Incubation for years
Dengue virus and Babesia species Transient epidemics increase risks
Parvovirus (B19v) May cause aplastic anemia in immunosuppressed patients

bacterial contamination—all types 1/3,000
Packed red blood cells 1/35,000 Lower risk than platelet concentrates
Platelets 1/15,000 Apheresis decreases risk

Data derived from several sources.72–74,76–79
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highly transmittable in the US blood supply until sensitive NAT 
and donor screening became available. Incidence of transfusion 
transmission of HIV was as high as 1 in every 100 donation in 
the early 1980s and 1 in every 400,000 in 1997.80 The residual 
risk of HIV has fallen to lower than 1 per 1.8 million blood prod
uct transfusions. Over the past few years, the prevalence of HIV 
has risen in the general population and therefore the residual 
risk of HIV transmission via blood supply has increased linearly; 
this is likely secondary to improved treatment and prolonged  
survival.73,76

hepatitis C Virus

Although HCV is rarer than the other types of transmitted 
hepatitis and has a relatively benign acute phase, it progresses 
to chronic carrier state in up to 85% of infections and is asso
ciated with signiicant risk of fulminant hepatic failure, cirrho-
sis, hepatocellular carcinoma, and death.74 Similar to HIV, the 
transfusion risk of HCV decreased drastically with the increased 
sensitivity of modern tests with NAT and donor screening. How-
ever, the incidence of donor HCV increased over the past 5 to  
7 years secondary to increases in both incidence and prevalence 
in the general population. Recent reports have implicated higher 
infectivity rates in nonhospital-based health-care facilities and  
endoscopic procedures.73,74 Furthermore, HCV infections 
become more aggressive and transmittable in patients coinfected 
with HIV  secondary to the increased viral load that results from 
immunosuppression.72

hepatitis B Virus

HBV is a common blood-borne pathogen with fairly high inci-
dence of infection in the general population and over 300 million 
carriers worldwide.74 The United States has a low prevalence rate 
of 2% compared to 8% to 15% in the Middle East, Africa, and 
parts of South America, and Asia.72,74 The acute infection associ-
ated with contraction of HBV is asymptomatic in most patients or 
limited to mild constitutional signs and jaundice; however, rarely, 
it can progress to fulminant hepatic failure. The residual risk of 
transfusion-transmitted HBV remains high given the common 
prevalence of the disease and a long window period. This risk is 
now decreasing with substantial reductions in the incidence of 
HBV in the youth population likely secondary to the increasing 
availability and compliance with HBV vaccine.73,74

human T-cell lymphotropic Virus (hTlV)-1 and -2

HTLV-1 causes T-cell leukemia and lymphoma or HTLV- 
associated myelopathy in a small percentage of infected persons. 
HTLV-2 does not have any signiicant consequences for immuno-
competent or even HIV coinfected patients.72 Regardless of the 
relatively infrequent disease association with HTLV, the US blood 
supply is routinely tested for anti-HTLV antibodies indicative of 
previous infection.73

Cytomegalovirus

CMV is the most common transfusion-transmitted disease with 
an incidence of 1% to 3%.73,77 In immune-competent recipients 
the infection is often asymptomatic or mild and self-limited. 
However, in immunocompromised patients, in particular, neo-
nates, patients with HIV, and transplant recipients, the disease can 
be associated with severe multi-organ failure involving the liver, 
lungs, kidneys, hematologic system, gastrointestinal tract, and the 
central nervous system.73,77 The CMV virus is carried by white 

blood cells and transmitted via CMV-seropositive cellular com-
ponents. LR drastically decreases the infectivity of CMV-positive 
donor products, but has not completely eradicated the transfu-
sion transmission of CMV.77 Therefore, it is recommended that 
patients at risk for CMV infection receive leukoreduced blood 
products from CMV-seronegative–only donors.73

Emerging Infections

HIV remains the most noteworthy emergent microbial found to 
have infected the blood supply prior to clinical recognition. Since 
then several pathogens have also emerged through changes in 
ecologic and geographic factors such as travel, climate change, or 
new insect and animal vectors. The most recent example of a sig-
niicant new transfusion-transmissible infection was the WNV, a 
mosquito-borne lavivirus which emerged in 1999. WNV causes 
only a mild febrile illness in healthy patients but it may progress 
to encephalitis or meningitis in immunosuppressed patients in 
40% of infections.72 Since the institution of widespread donor 
screening, the incidence of transfusion-transmitted WNV has 
dropped to only 11 reported cases from 2003 to 2010.73 In order 
for a newly discovered pathogen to be concerning for transfusion 
transmission, it must pose a signiicant clinical risk, be transmis-
sible via transfusion or transplantation, and it must be viable in 
collected and stored blood products.78

A few other pathogens have been red lagged by the American 
Association of Blood Banks (AABB) Transfusion-Transmitted 
Disease Committee as potential threats to the safety of the US 
blood supply including human vCJD, Babesia species, Parvovi-
rus B19, dengue virus, Chagas disease, and Plasmodium species 
which cause malaria. vCJD is the human form of bovine spongi-
form encephalitis. It results in fatal degenerative neurologic dis-
ease secondary to prion proteins which precipitate an abnormal 
formation and structure of other proteins. It gained attention 
after an epidemic of cases in the 1980s to 1990s throughout the 
United Kingdom. Thus far, there have been three cases of con-
irmed transfusion-transmitted vCJD.81 There are no known 
effective treatments and the incubation period is reported in 
years. Currently no testing regimens exist for diagnosis of prion 
disease in donors or collected blood, but donor deferral for those 
who resided in the United Kingdom during the epidemic has 
avoided any known cases within the United States.78,81 The inci-
dence and infectivity of other viral and parasitic pathogens is so 
rare, they do not warrant a careful discussion here; however, it 
is important to remember that there may be emerging infections 
that are unrecognized as of yet leaving the blood supply at con-
stant risk.

Bacterial Contamination

Despite signiicant public concern for transfusion-transmitted 
viral disease, bacterial contamination of blood components 
marks the largest risk of transfusion-related infection by two or 
three orders of magnitude. It can progress to sepsis and has been 
reported to be one of the major causes of transfusion-associated 
fatality according to the FDA and the European Serious Hazards 
of Transfusion (SHOT) database.79,82 Frequent pathogens impli-
cated in bacterial contamination of blood products stem from 
skin lora, including Staphylococcus, Corynebacterium, Bacillus, 
and Streptococcus or secondary to Gram-negative species such as 
Escherichia coli and Enterobacter cloacae.79 Platelet concentrates 
carry the highest risk of bacterial contamination since they are 
stored at 20 to 24°C, which provides a more suitable environ-
ment for bacterial replication, as opposed to red cell concentrates 
stored at 4°C or plasma which is frozen.79
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Several methods aimed at reducing the risk of transfusion
transmitted bacterial infections have proven beneicial. Single-
donor collections are associated with less contamination than 
platelet concentrates from pooled units likely secondary to fewer 
venipunctures and exposures to skin lora and collection pro-
cesses. It is now standard practice to divert the irst 20 to 40 mL 
of collected blood into a separate collection chamber to avoid 
contaminating the whole donation with blood and epidermal 
tissue from the initial venipuncture. Standards for skin prepara-
tion prior to blood donation and sterile techniques for collection 
and processing procedures have also decreased contaminants. 
 Furthermore, all apheresis platelets are culture tested prior to 
storage.79,83

Bacterial sepsis continues to be a signiicant cause of transfu-
sion morbidity and mortality especially as the incidence of trans-
fusion-transmitted viral infections continues to decrease. Most 
fatal cases are secondary to Gram-negative species resulting from 
bacteremia that was asymptomatic at the time of donation.79 
Clinical signs of bacterial sepsis associated with transfusion 
include constitutional symptoms of fever, chills, dyspnea, and 
malaise that can progress to hemodynamic instability, organ 
dysfunction, and septic shock. Should bacterial contamination 
of blood components be considered after a transfusion, the 
blood bank should be notiied immediately so they can culture 
the blood bag, quarantine other products derived from the same 
donor, and complete a full investigation.

Noninfectious Risks of Blood  
Product Administration

Given the extensive use of more sensitive methods for screening 
and controlling the infectious risks of blood product transfusion, 
noninfectious complications have emerged as the major source 
of transfusion-related morbidity and mortality. Table 16-9 sum-
marizes the relative incidence and main features of the most com-
mon noninfectious risk of blood product administration.

Immune-mediated Transfusion Reactions

Febrile Non-Hemolytic Transfusion Reactions

Allergic and febrile reactions are the most common types of com-
plications of transfused blood products although the incidence of 
both has decreased with the prominence of LR and single-donor 
apheresis platelet units.88 FNHTRs classically present within 
4 hours of transfusion with an increase in temperature of 1°C 
and may be associated with chills, rigors, anxiety, and headache.89 
They are often self-limited but can be prevented or treated with 
antiinlammatory or antipyretic medication. The pathophysiol-
ogy of FNHTRs involves recipient alloimmunization to HLAs 
from donor white blood cells and the release of leukocyte-derived 
cytokines during product storage.88,89 Subsequently the risk of 
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TAbLE 16-9. noninfeCtious transfusion reaCtions

Adverse Reaction Incidence Notes

immune-mediated reactions

Febrile non-hemolytic transfusion reaction 0.03–2%
Minor allergic reactions (urticaria, lushing) 1–3%
Anaphylactic/toid reactions IgA deiciency increases risk
 Packed red blood cells 0.5/100,000 Washing may avoid reaction
 Fresh frozen plasma and platelets 2–3/100,000 More prevalent with plasma-containing  

products82

Acute hemolytic transfusion reaction (AHTR) 1/80,000
Delayed hemolytic transfusion reaction (DHTR) 1/1,500 Associated with alloantibodies to minor RBC 

antigens, Kidd, or Rh
One-third have clinical reaction

Transfusion-related immunomodulation (TRIM) 100%
Alloimmunization 2% For all patients, risk increases with number of 

units transfused84,85

Transfusion-related acute lung injury (TRALI) 1/1,300–5,000 Varies with blood product component and 
patient population86

Graft-versus-host disease (TA-GVHD) 1/5,000 Related to immunosuppression; reduced risk 
with irradiation82

Posttransfusion purpura (PTP) Rare Attributed to antihuman platelet antigen-1a82

reactions related to patient comorbidities or transfusion practice

Transfusion-associated cardiovascular overload (TACO) 1–8% Higher in critically ill patients87

Metabolic derangements
 Hyperkalemia
 Citrate toxicity
 Iron overload
 Hypothermia
 Infusion of microaggregate

Frequencies are presented as percentages when >0.1% and otherwise as ratios.
IgA, immunoglobulin A.
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febrile reactions increases with repetitive transfusions. Prior to 
the widespread institution of LR, the incidence of FNHTR was as 
high as 30%, but currently it decreased to a range between 0.03% 
and 2.18%.88,89 Although these reactions are common, more seri
ous adverse effects of transfusion, such as sepsis and hemolysis, 
may also present with fever and should be ruled out prior to diag
nosing an FNHTR.

Allergic Reactions

Minor allergic reactions, a relatively common type of transfusion 
reaction, occur in about 1% to 3% of transfusions. Symptoms 
are most commonly described as urticaria, hives with or with
out pruritis, or angioedema.88,89 The speciic cause of allergic 
reactions is unclear but likely involves an immune response to 
recipient leukocyte antigens or transfused plasma proteins.89 
Major allergic reactions present as anaphylactoid or anaphy-
laxis with hemodynamic instability, bronchospasm, rash, and 
digestive upset.82,88,90 These reactions are rare (Table 16-9), 
but can be fatal if unrecognized. Pathophysiologically, the 
donor mounts an immediate immune response to transfused 
plasma proteins or cellular antigens. The most commonly 
identiied cause of transfusion-related anaphylaxis occurs in 
patients who are IgA deicient with anti-IgA antibodies. Classi-
cally anaphylaxis requires an immediate type I hypersensitivity 
IgE-mediated reaction; most major allergic responses to blood 
transfusions do not show laboratory evidence of IgE antibod-
ies and are therefore technically anaphylactoid reactions.90 
These transfusion complications can be prevented in patients 
with known IgA deiciency by washing blood products prior to 
transfusion or by using products obtained from IgA-deicient 
donors.89

Acute hemolytic transfusion reactions (AHTRs) remain one of 
the leading causes of transfusion-related mortality. They occur 
with the transfusion of incompatible blood products when anti-
bodies in recipient plasma complex with donor cellular antigens 
causing compliment activation and subsequent hemolysis. Clas-
sically AHTRs result from ABO incompatibility secondary to 
native anti-A or anti-B antibodies, and careful adherence to pro-
tocols for specimen phlebotomy and blood component adminis-
tration is vital for prevention. However, growing evidence exists 
for the implication of other RBC antigens such as Kidd, Kell, and 
Duffy causing acute hemolytic reactions in patients with a his-
tory of transfusion exposure and alloimmunization.89 Rarely, 
the transfusion of incompatible plasma (type O FFP to a patient  
with type A, B, or AB blood) has resulted in AHTRs as 
well.82,89 These reactions are rare and have become less frequent 
with the institution of safety measures to reduce clerical error and 
improve the availability of cross-matched blood products. Recent 
data from national surveillance databases in the United States, 
the United Kingdom, and France report the risk of incompatible 
transfusions as 1/40,000 red cell units, and the risk of it causing 
AHTR is less than 1/80,000.91

AHTRs occur secondary to IgM-mediated antibody–antigen 
complexes that activate complement and result in hemolysis 
intravascularly and extravascularly in the spleen and liver. The 
release of bradykinin causes fever, hypotension, and hemody-
namic instability while histamine release from mast cells leads 
to bronchospasm and urticaria as well as symptoms of dyspnea, 
lushing, and severe anxiety. Hemolysis results in the release of 
free hemoglobin which is bound by haptoglobin and plasma pro-
teins but will also be eliminated by the kidney when these proteins 
are unavailable.89,91 Severe hemolysis may lead to renal  failure, 
disseminated intravascular coagulopathy, and death in 50% of 
cases.91 General anesthesia can mask several of the  presenting 

symptoms of AHTRs; therefore vigilance during transfusion of 
an anesthetized patient must remain high.

The diagnosis of hemolytic reactions is conirmed with labo-
ratory analysis of free hemoglobin levels, low haptoglobin, bili-
rubin increases, direct antiglobulin (Coombs) test, and evidence 
of hematuria. Suspicion of a transfusion reaction should prompt 
immediate discontinuation of the transfusion and investigation 
into the donor and recipient blood type and antigen–antibody 
components. Treatment of AHTR involves supportive care for 
hemodynamic instability and microvascular bleeding as well as the 
maintenance of adequate urine output to avoid the renal failure 
associated with hematuria.

Delayed hemolytic transfusion reactions (DHTRs) result from 
alloantibodies to minor RBC antigens in the Rh, Kell, Kidd, 
Duffy, MNSs, and other blood groups. They generally present 3 
to 10 days after transfusion of an apparent “compatible” blood 
component.89 Typically the recipient has IgG alloantibodies to a 
particular RBC antigen and will mount an anamnestic immune 
response, but the pre-transfusion antibody levels are too low for 
serologic detection. Symptoms are much milder than AHTRs and 
rarely result in major morbidity or mortality because the hemo-
lysis occurs extravascularly in the liver and spleen. Patients expe-
rience mild fever and possible rash with laboratory and clinical 
signs of hemolysis such as jaundice, hematuria, low haptoglobin,  
positive direct Coombs test, and decreasing hemoglobin levels.89 
The incidence of delayed hemolytic serologic reactions where 
there is serologic evidence of a hemolytic reaction occurs in 1 out 
of every 1,500 transfusions; however, only about a third of these 
result in clinical signs of DHTR. Symptoms are generally self- 
limited and treated supportively with hydration to protect the 
renal tubules during hemolysis and further compatible transfu-
sions to support anemia as indicated.89

Transfusion-related Immunomodulation

Several decades ago in the 1970s, TRIM was discovered from 
improved survival of renal allografts for patients who had 
received a transfusion pre-transplant. This highlighted the 
potential immunosuppressant effects of stored allogeneic blood 
products. Immunosuppression associated with blood transfu-
sion was further conirmed by the decreased rate of miscarriages 
for women with a history of recurrent spontaneous abortions 
and the reduced risk of recurrent Crohn’s disease in patients 
who received transfusions. However, these beneicial effects are 
patient speciic. Immunosuppression also proved to increase the 
recurrence of malignancies and possibly facilitate reactivation of 
latent infections such as CMV, HIV, and tuberculosis.25 Since the 
landmark results of the TRICC trial by Hebert et al. documented 
detrimental effects of transfusions including TRALI, multi-
organ system failure, and increased rates of infection, further 
studies have investigated a second source of immunomodulation 
involving pro-inlammatory mechanisms in addition to immu-
nosuppression.25,32,92,93

Over the past 30 years, several investigators have tried to iden-
tify the exact mechanism for immunomodulation, but results 
point to a multifactorial pathophysiology that implicates the 
role of transfused WBCs, donor plasma HLA class 1 peptides, 
cytokines, and immune mediators released during blood prod-
uct storage as well as the immune function of transfused RBCs 
within the microvasculature of the recipient.25,92 Several experts 
propose a “two-insult” model for TRIM similar to the pathophys-
iologic mechanism for TRALI and acute respiratory distress syn-
drome.92,94,95 Presumably most patients requiring blood products 
are suffering from a precondition that “primes” the immune sys-
tem and vascular endothelium such as trauma, surgery, or acute 
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illness. This constitutes the irst insult and causes active neutro-
phils to adhere to vascular endothelial cells and become hyper-
sensitive to blood-bound immune mediators. The second insult 
occurs with the infusion of transfused blood products which con-
tain WBCs with HLA class I antigens as well as soluble immune 
response modiiers in the form of cytokines, complement factors, 
and the breakdown products of lipid membranes.25,92,94,95 Fur-
thermore, RBC function within the microvasculature depends on 
their ability to retain deformability and shape. Alterations of the 
membrane surface proteins in stored RBCs result in decreased 
lexibility and increased aggregation and adhesion to the vascular 
endothelium that has previously been activated by a heightened 
systemic immune response.92 Prestorage LR and post-storage 
WBC iltration have been investigated as a means of limiting the 
deleterious effects of TRIM; however, results thus far are variable 
and unconvincing.25 Nevertheless, the vast evidence collected 
over the past 30 years from clinical trials and animal studies sup-
ports the hypothesis that TRIM involves both pro-inlammatory 
mechanisms and systemic immunosuppression.

Alloimmunization

Alloimmunization refers to the induction of an immune response 
to allogenic antigen exposure. This process occurs occasion-
ally through pregnancy, but the majority of alloimmunization 
results from transfusion of blood products containing immuno-
genic antigens on the surface of RBCs. Unlike classic ABO anti-
gens which consist of carbohydrate chains, most of the non-ABO 
alloantigens (Kell, Kidd, Duffy, etc.) result from single amino 
acid polymorphisms between the recipient and donor.84 AHTRs 
result in an immediate IgM-mediated immune response to ABO 
incompatibility with naturally occurring anti-A or anti-B anti-
bodies. In contrast, alloimmunization prompts an amnestic IgG-
mediated humoral immunity to foreign proteins and does not 
result in RBC destruction until the second antigen exposure.84 
Thus the clinical consequences of alloimmunization are rarely 
immediate or fatal, but the generation of antibodies may cause 
DHTRs and adds dificulty to subsequent cross-matched blood 
product availability.

The incidence of alloimmunization is approximately 1.8% 
to 8% depending on the patient’s immunocompetency and the 
number of units transfused with incremental risks associated 
with higher number of transfusion exposures.85 Adverse effects 
of alloimmunization become apparent with repeat transfusions 
as patients develop a risk of hemolytic transfusion reactions and 
become therapeutically refractory to blood products. This is espe-
cially evident for patients who require frequent platelet transfu-
sion. Platelets carry signiicant levels of multiple human platelet 
antigens (HPA 1 to 15) which are also polymorphisms and result 
in the destruction of transfused platelets and subsequent refrac-
tory thrombocytopenia.84 The use of single-donor apheresis 
units may limit the exposure to HPA and HLA but patients who 
receive one pooled unit of platelets have an 8% risk of alloimmu-
nization to HPA.84

Transfusion-related Acute Lung Injury

Over the course of the past decade, the incidence of transfusion-
transmissible infections has declined, leaving TRALI the lead-
ing cause of transfusion-associated mortality according to the 
United Kingdom’s SHOT database and the most recent data 
from the United States Federal Drug Administration report.96,97 
 Transfusion-related lung injury was irst described in the 
1950s, but it was not until 20 years later that an immunologic 
source was postulated. In the early 1980s, Popovsky reported ive 

cases of TRALI with HLA antibody and antigen matches identi-
ied for three of the ive cases. All of the patients had received 
products from multiparous female donors.98 Recently a formal 
deinition for the clinical diagnosis of TRALI was written and 
accepted. It was deined by the US National Heart, Lung, and 
Blood Institute as a new acute lung injury (ALI) within 6 hours of 
blood component therapy. Criteria for the diagnosis of ALI were 
published in 1994 by the North American-European Consensus 
Conference as non-cardiogenic pulmonary edema with acute 
bilateral iniltrates and hypoxemia (PaO2/FiO2 ≤300 mm Hg or 
oxygen saturation ≤90% on room air and no evidence of left atrial  
hypertension).86,99,100

TRALI is a clinical diagnosis that can be clouded by confound-
ing comorbidities or patient acuity; therefore, TRALI tends to be 
underreported in the literature and is extremely dificult if not 
impossible to study with randomized prospective clinical tri-
als.86,100 This leads to a wide range of incidence reports based 
mostly on observational studies and voluntary reporting to regu-
latory agencies. Furthermore, the incidence of TRALI varies with 
patient population and different blood product components 
depending on their degree of plasma volume, storage time, and 
collection process.86 Previously published incidence rates for 
TRALI quote a risk of 1/5,408 units transfused or 1/625 patients 
transfused with any blood product, or 1/2,000 plasma-contain-
ing units.86,100 However, this refers to early retrospective stud-
ies prior to the institution of a formal deinition and diagnostic 
criteria. More recent data report an incidence of at least 1/1,323 
units transfused with plasma-containing products. Random-
donor platelets and FFP account for the vast majority of cases of 
TRALI.86 According to the FDA report on TRALI fatalities from 
2005 to 2010, FFP resulted in 43% of all fatal cases of TRALI 
while RBCs were only implicated in 28%.97 The patient popula-
tions at the highest risk for TRALI include critical care patients, 
especially those receiving massive transfusion, and those with 
preexisting propensity for ALI such as sepsis, aspiration, burns,  
or patients who underwent cardiopulmonary bypass.86,100,101 In a 
large prospective observational trial, Gajic et al. showed 8% inci-
dence of TRALI in transfused critically ill patients.101

The pathophysiology of TRALI is complex and not yet fully 
understood. The clinical picture involves low-pressure pulmo-
nary edema secondary to neutrophil activation and sequestration 
in the lungs. This results in endothelial injury and capillary leak-
age of proteinaceous luid into the interstitium and intra-alveolar 
spaces.98,102 There are two leading theories on the mechanism of 
lung injury, both with sound experimental and clinical evidence. 
The antibody-mediated model stems from evidence of anti-
body–antigen complexes in the plasma of transfusion recipients 
who suffered from TRALI.98,99,102 These antibodies are mostly 
against HLAs (class I and II) and human neutrophil antigens  
(HNAs).102,103 Antibodies form in the donor plasma after alloim-
munization from pregnancy or prior transfusion or transplan-
tation. Accordingly plasma donation from multiparous women 
has been implicated as one of the highest risks associated with  
TRALI.99 Once the antibodies are transfused into the recipient, 
they complex with native WBC antigens on the surface of mono-
cytes (HLA class II), endothelial cells (HLA class I), and neutro-
phils (HNAs and HLA class I) thereby activating the neutrophils 
to facilitate aggregation and release of cytotoxic mediators.102,103 
Subsequently, the endothelial lining of capillaries in the lung is 
damaged resulting in the extravasation of WBCs and the leakage 
of edema luid.98,102,103

The second proposed mechanism of TRALI was termed the 
“Two-Hit Model” in the late 1990s by Silliman et al. when they dis-
covered the role of biologic response modiiers in the pathophysi-
ology. Stored blood components accumulate lipid degradation 
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products, mostly phosphatidylcholine derivatives, which function 
to activate neutrophils primed and sequestered on the endothelial 
vascular lining of lung tissue.94 Patients with the highest incidence 
of TRALI often suffer from a preexisting condition associated with 
a proinlammatory state such as active infection, trauma, surgery, 
or multiple transfusions.99,102 Acute illness causes the immune 
system to be hyperreactive with polymorphonuclear leukocytes 
(PMNs) poised on the endothelial lining of microvasculature 
“primed” and ready to be activated by various biologic response 
modiiers, including cytokines, compliment, and leukotrienes.94,102 
The transfusion of stored blood products which accumulate reac-
tive lipid particles, namely lysophosphatidylcholine derivatives, 
marks the second “hit” which activates primed PMNs and results in 
the destruction of the capillary lining of lung microvasculature.94,102 
The overall pathophysiology of TRALI likely involves both mecha-
nisms of a preexisting primed immune system vulnerable to the 
transfusion of antibodies and biologic response modiiers present 
in stored blood products.

The management of TRALI focuses on supportive measures to 
limit lung injury and optimize oxygenation. This includes maxi-
mizing positive end expiratory pressures, avoiding volume over-
load, and low tidal volume strategies for mechanical ventilation 
in accordance with recommendations for ALI from any cause.86 
Furthermore, subsequent transfusions should be restricted as 
much as possible for patients with ALI and although there is little 
supportive evidence for the use of washed RBCs, all preventative 
measures should be encouraged for this high-risk population.86 
Several studies including the SHOT database from the UK and 
the FDA report of US transfusion-related fatalities have demon-
strated decreased incidence of TRALI with the use of male-only 
plasma donation.96,104 Male donors have fewer HLA antibodies 
than women, in particular those who have had previous pregnan-
cies.58,99 As discussed earlier, storage lesions of transfused blood 
components are also implicated in the pathophysiology of TRALI, 
and accordingly older transfusion products have been associated 
with increased incidence of TRALI. Furthermore the method of 
collection may impact the amount of antibodies in stored plasma. 
For instance, pooled platelets from multiple donors have a higher 
rate of causing TRALI than apheresis platelet units.105 Lastly, the 
buffy-coat method of preparation of packed RBCs may decrease 
TRALI since it results in less plasma volume per unit of red cells.98 
Overall, prevention is the best treatment for TRALI and is cur-
rently a large focus of clinical and experimental study.

Transfusion-associated Graft-Versus-Host Disease

Transfusion-associated GVHD (TA-GVHD) is a rare but fulmi-
nant and fatal complication of blood products containing cellular 
components (platelets and packed RBCs). Mortality is more than 
90% although incidence is decreasing across the globe secondary 
to preventative gamma irradiation and LR. It occurs when donor 
lymphocytes engraft in the recipient and attack host cells they 
recognize as foreign. Patients at risk for TA-GVHD include those 
immunocompromised from stem cell transplants, B-cell malig-
nancies such as multiple myeloma, non-Hodgkin lymphoma, or 
acute lymphocytic leukemia, Hodgkin’s disease, and congenital 
immunodeiciency syndromes.106 Immunocompetent patients 
may also be at risk when transfused with directed donations from 
blood relations with similar HLA types because transfused donor 
lymphocytes are not recognized as foreign but still reject the 
recipient’s tissue. TA-GVHD classically present 4 to 21 days after 
transfusion but clinical suspicion should exist for up to 6 weeks. 
Symptoms progress rapidly and generally affect the skin, hepatic, 
digestive, and hematopoietic organ systems causing fever, rash, 
liver dysfunction, diarrhea, and pancytopenia.89,106

Posttransfusion Purpura

Deined as severe thrombocytopenia with purpura occurring 
5 to 10 days posttransfusion, posttransfusion purpura (PTP) is 
a very rare complication of transfusion (less than 300 reported 
cases), but associated with high morbidity and mortality.82,89 
Most patients have platelet-speciic alloantibodies such as anti-
HPA-1a, formerly termed anti-PLA1. These antibodies are almost 
exclusively found in previously pregnant women and cause plate-
let destruction of both transfused and autologous platelets.82,89 
Intravenous IG is the irst line of treatment, but plasmapheresis 
may be necessary to remove antibody and avoid bleeding com-
plications.89

Nonimmune-mediated Transfusion Reactions

Transfusion-associated Cardiovascular Overload

Transfusion-associated cardiovascular overload (TACO) 
describes the occurrence of hydrostatic pulmonary edema after 
transfusion of blood component therapy. It differs from TRALI 
in that it is not immune mediated or associated with increased 
capillary permeability, and it responds rapidly to diuretic therapy 
and afterload reduction.107 Similar to TRALI, TACO can be dif-
icult to diagnose and is likely unreported in the literature. The 
diagnosis depends on clinical, radiographic, laboratory, or echo-
cardiographic evidence of volume overload with left atrial hyper-
tension after transfusion.107 Studies explored the diagnostic utility 
of brain natriuretic peptide but the sensitivity and speciicity are 
too low to be particularly helpful especially for critically ill patients 
or those with the suspicion of TRALI.107 The overall incidence of 
TACO ranges from 1% to 8% of transfused patients and is more 
prevalent in critically ill patients with a history of cardiovascular 
disease and left ventricular dysfunction.87 Other risk factors that 
predict TACO include the volume and rate of transfusion, espe-
cially plasma products, and overall luid balance.87 A few years 
ago, TACO was reported to be associated with transfusion-related 
fatalities and it continues to be implicated in lengthening hospi-
tal stay, but it is not signiicantly associated with decreased long-
term survival; the original indings are likely secondary to patient 
comorbidities and acuity of illness.108 Nevertheless, transfusion 
practices should be altered to reduce the risk of TACO by slowing 
infusion rates of blood products when possible and the use of low-
volume alternatives to FFP.87

Metabolic Derangements

The metabolic derangements that occur as a consequence of trans-
fusion are usually not evident unless patients received a large vol-
ume transfusion or rapid infusion rates, but these often include 
hyperkalemia, citrate toxicity, and hypothermia.89 As storage time 
for blood products increases the cellular components leak potas-
sium and metabolize glucose into lactate which can result in hyper-
kalemia and/or acidemia in the recipient especially with rapid 
transfusion.89 The acidosis is quickly cleared by physiologic buffers 
and the elimination of carbon dioxide, but hyperkalemia can be of 
concern for patients at risk of cardiovascular complications such as 
neonates and patients with renal insuficiency.

Citrate is a common anticoagulant used in stored blood 
products and is generally metabolized by the liver and quickly 
eliminated. However, with rapid infusion rates, massive trans-
fusion, or in patients with liver dysfunction, citrate accumulates 
in the plasma and chelates calcium resulting in hypocalcemia. 
Severe hypocalcemia leads to muscle weakness, tetany, arrhyth-
mias, myocardial dysfunction, and acquired coagulopathy.89
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Blood product transfusion can also lead to hypothermia 
especially during rapid infusion of previously cold or recently 
thawed blood products. The infusion of 1 unit of RBCs at 4°C 
can decrease the core body temperature by 0.25°C. Fluid warmers 
are standard of care for rapid transfusion; nevertheless hypother
mia is commonly associated with massive transfusion and can 
result in platelet and coagulation factor dysfunction, arrhyth
mias, and myocardial depression. Several studies including a 
recent prospective randomized trial found mild hypothermia to 
be associated with increased blood loss, postoperative infections, 
cardiopulmonary morbidities, and longer hospitalization.109

Iron Overload

Packed RBCs contain approximately 250 mg of iron per unit 
which can accumulate in patients who require frequent transfu
sions for chronic anemia or hemoglobinopathies. Iron overload 
occurs when deposits in the liver, heart, and endocrine systems 
result in organ dysfunction.89 Chelation therapy is the irst line of 
treatment and prevention but dificult to administer secondary 
to the bioavailability and side effect proile of chelating agents. 
Exchange transfusion therapy decreases the iron load in com-
parison to traditional transfusion but it is expensive and associ-
ated with complications from central venous access and a larger 
amount of blood products.89

Microaggregate Administration

During storage, blood products collect microaggregates of cel-
lular debris, platelets, ibrin composition, and even erythrocytes 
and WBCs. Standard 170 µm blood ilters avoid aggregate infu-
sion; however, it was traditionally taught that blood should not 
be diluted or lushed with calcium-containing luids such as 
lactated Ringer, because theoretically, calcium could chelate the 
citrate anticoagulant preservative in stored blood products and 
result in blood clots prior to infusion.110 Several studies have 
since negated this presumption and in fact conirmed the safety 
of ratios of more than 2:1 packed RBC to lactated Ringer’s dilu-
tion luid and lush without any clinical or experimental evi-
dence of clot formation.110

bLOOD CONSERVATION STRATEgIES

Most healthy patients undergoing routine surgery will not require 
allogenic blood transfusion. However, there are some elective 
procedures such as liver resection, orthopedic surgery, cardiac 
surgery, and scoliosis correction where anticipated blood loss 
exceeds 30% of estimated blood volume increasing the possibil-
ity of needing red cell replacement. As discussed in detail earlier, 
blood component therapy is associated with signiicant morbid-
ity and mortality for all patient populations. It is also a scarce 
resource and economically costly. This raises the focus on any 
methodology with the potential to conserve perioperative trans-
fusion (Table 16-10).

Autologous Blood Transfusion

Autologous blood transfusion (ABT) irst gained popularity 
because of the rising risk of transfusion-transmitted viral infec-
tions. All forms of ABT reduce the need for allogenic blood com-
ponents; however, now that the incidence of infectious risks with 
allogenic blood has declined substantially, the utility of ABT is 

not as certain, especially when the process involves blood stor-
age. ABT includes three separate processes: (1) preoperative 
autologous blood donation (PAD); (2) acute normovolemic 
hemodilution (ANH); and (3) perioperative blood cell salvage. 
Each method will be explored for its eficacy, indications, and 
 disadvantages.

PAD summarizes the process of patients donating their own 
whole blood in the weeks preceding a planned surgical proce-
dure to ensure that should red cell replacement be necessary, 
they receive autologous blood. PAD was initially popular in the 
1980s when concern for transfusion-transmitted HIV was high; 
however, it has since become less useful given the reduced risk 
of transfusion-related infections and new realizations about the 
disadvantages of receiving stored blood. A recent meta-analysis 
showed a 63% reduced risk of allogenic blood transfusion with 
the use of PAD although total red cell transfusion (allogenic 
and autologous) requirements increased by 30%, and preop-
erative hemoglobin levels after blood donation prior to sur-
gery decreased by more than 1 g/dL.57,111–113 PAD eliminates 
the risk of viral infection and alloimmunization; however, it 
still requires blood collection and storage which carry risks of 
clerical error, cardiovascular overload, bacterial infection, and 
TRIM.

Current indications for PAD include patients in whom it 
would be dificult to ind compatible blood products second-
ary to multiple antibodies or rare blood types, those who refuse 
to receive allogenic transfusion, and adolescent scoliosis sur-
gery.57,112–114 Typically each donation session collects 450 mL of 
whole blood not to exceed 6 mL/kg and can be repeated weekly 
until 72 hours prior to the scheduled procedure.57 Patients are 
rarely able to donate more than 4 units because of the lim-
ited storage time and hemoglobin must remain above 11 g/dL 
before donation.57 However, in the case of patients with mul-
tiple antibodies, donated units may be frozen. The timing and 
total amount for collection during PAD is controversial. The 
earlier the donation the more time a patient has to recover from 

TAbLE 16-10.  PerioPerative blood 

Conservation strategies

Technique Comments

Preoperative autologous 
donation (PAD)

Increased transfusion 
requirement; lower 
preoperative hemoglobin

Acute normovolemic 
hemodilution (ANH)

Limited beneit; contains 
clotting factors and platelets

Intraoperative blood 
salvage (IOBS)

Cost-effective, low risk, and 
highly eficacious

Postoperative blood 
salvage (POBS)

Proven eficacious for 
orthopedic surgery

Pharmacologic agents

 Stimulants of 
erythropoiesis

Erythropoietin, vitamin B12, 
folate

 Prohemostatic agents Vitamin K, DDAVP, 
antiibrinolytics, rFVIIa

 Blood substitutes Hemoglobin-based oxygen-
carrying solutions

DDAVP, 1-deamino-8-d-arginine vasopressin; rFVIIa, recombinant activated 
factor VII.
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 iatrogenic anemia, but the effects of storage time on the func
tionality of transfused blood have yet to be clariied.57,113 PAD 
is most effective when used in conjunction with preoperative 
erythropoietin which has been shown to increase the tolerance 
for repeat donations.57,112,114 Iron supplementation is not indi-
cated and generally not helpful in patients who are already iron 
replete; however, oral iron should be administered to patients 
known to be iron deicient prior to autologous donation and  
surgery.57,111

PAD should not be used unless the scheduled procedure is 
unlikely to be postponed so that the donated units are not wasted. 
Autologous donated units are not subjected to the same testing 
or deferral procedures as allogenic blood collection and there-
fore cannot be used by the general population if they are not re-
transfused into the patient. Wastage reports for PAD vary from 
18% to over 50%.113 However, avoiding wastage is not an indica-
tion for transfusion of autologous blood; patients should not be  
over-transfused simply because they have stored autologous 
units.57,112,113 The contraindications for PAD include children 
under the age of 10 years, active infection or high risk of bacte-
remia, aortic stenosis, recent myocardial infarction, or cerebral 
vascular accident, congenital heart disease, and uncontrolled 
hypertension.57,112 A history of coronary artery disease is not an 
absolute contraindication for PAD, especially if the patient is 
medically optimized and asymptomatic. As with any periopera-
tive management plan, the advantages and disadvantages should 
be evaluated for individual circumstances of the patient’s his-
tory, planned procedure, and physical state before implementing 
a PAD program.

ANH is the process of extracting multiple units of blood imme-
diately before surgical incision while maintaining euvolemia with 
crystalloids or colloid supplementation. The withdrawn blood is 
high in hematocrit and contains clotting factors and functional 
platelets. After ANH, the patient loses blood with lower hemoglo-
bin and fewer red cells. This process reduces the oxygen-carrying 
capacity of blood, but healthy patients maintain oxygen delivery 
with intact compensatory mechanisms such as increased CO 
and oxygen extraction.112 At the end of surgery, the autologous 
units are reinfused thereby replacing RBCs, platelets, and plasma 
proteins including the factors active in hemostasis. This process 
eliminates the infectious and alloimmunization risks of allo-
genic transfusion and the immunomodulatory risks associated 
with blood storage. ANH was irst used in the 1970s and several 
observational studies reported reduced rates of allogenic transfu-
sion; however, a large meta-analysis documented no signiicant 
decrease in the need for allogenic blood products especially when 
the patient is managed with a transfusion protocol or other phar-
macologic therapy for blood conservation.53,112,115

Procedurally, ANH involves the removal of a predetermined 
volume of blood after the induction of anesthesia but prior to 
surgical incision. Target hematocrit nadirs will vary based on 
individual patient history and baseline physiologic state, how-
ever, usually ranges from 25% to 30%.112 The simple formula 
for allowable blood loss is used to calculate the volume to be 
removed. Volume to be removed = EBV × [(Hcti – Hctt)/Hctave] 
where EBV is the estimated blood volume; Hcti, the starting 
hematocrit; Hctt, the target low hematocrit; Hctave, the average 
of Hct.53,112 Euvolemia should be maintained with either crys-
talloids at a ratio of 3:1 with the volume of blood removed or 
colloids at a ratio of 1:1.53 The blood must be stored at room 
temperature within the operating room for no longer than  
6 hours.53

Given the limited evidence of beneit from ANH it is not rec-
ommended for routine use. However, it should be considered 
for patients undergoing surgical procedures where blood loss 
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is anticipated to exceed 50% of the patient’s circulating blood  
volume and when a patient has multiple antibodies or a rare 
blood type that creates dificulty with inding compatible prod-
ucts or for patients who do not consent to allogenic transfu-
sion such as Jehovah’s Witnesses.53,112 The contraindications to 
ANH include preoperative anemia, signiicant cardiopulmonary 
comorbidity such as uncontrolled hypertension, aortic stenosis 
or recent myocardial infarction or cerebral vascular accident, or 
active infection.112

Perioperative Erythropoietin

Erythropoietin is the main regulator of erythropoiesis. Its endog-
enous release is stimulated by hematocrit levels below 30% or 
physiologic hypoxia.53,112,113 It is generally indicated for refrac-
tory anemia in particular for patients with renal failure, but it 
has also been used to optimize patients with preoperative ane-
mia or for those undergoing PAD. Conventional PAD programs 
keep hematocrit levels well above the threshold for endogenous 
erythropoietin release causing insuficient stimulation of eryth-
ropoiesis.53,111–113 Several studies have shown a clear decrease in 
the requirements for allogenic blood transfusion especially when 
erythropoietin is used in conjunction with a PAD program for 
adolescent spine, orthopedic, or cardiac surgery.53,111,112 However, 
the cost effectiveness of recombinant erythropoietin is not clear 
nor is the appropriate dosing regimen. For these reasons, routine 
use of erythropoietin is not recommended at this time, but fur-
ther research may prove useful.

Perioperative Blood Salvage

RBC salvage was irst attempted in the early nineteenth century 
for patients with postpartum hemorrhage. Not surprisingly, it 
was wrought with complications throughout its early develop-
ment. It was not until the 1970s that commercial cell salvage 
devices became available for clinical use and yet there were still 
frequent complications such as hemolysis, air embolism, and 
coagulopathy.116 Over the past decade RBC salvage techniques 
have improved drastically and now offer an eficient, cost-effective, 
and safe method for perioperative blood conservation. In general, 
cell salvage involves the collection of shed blood, which is iltered 
and/or washed prior to reinfusion. This process can be carried 
out intraoperatively with direct suction of the surgical ield or 
postoperatively in the case of orthopedic, cardiac, and thoracic 
surgery with the use of blood from wound drainage.

Intraoperative blood salvage (IOBS) requires the use of a 
 double-lumen suction catheter with one port for aspiration from 
the surgical ield and the other for the addition of an anticoagu-
lant solution, usually heparin or citrate. Suctioned blood is then 
collected in a reservoir, iltered to remove large debris, and centri-
fuged resulting in red cell concentrates. The inal step of washing 
clears the product of residual contaminants such as plasma, plate-
lets, free hemoglobin, cellular fragments, WBCs, and the remain-
ing heparin or citrate. The resultant red cells are resuspended in 
saline and ready for reinfusion. This is usually given back to the 
patient immediately through standard blood ilters, but may be 
stored at 4°C for up to 6 hours with careful patient and product 
identiication.53,116 On average, IOBS yields a hematocrit ranging 
from 50% to 80%.53,116 The eficiency depends on several factors 
including the volume of blood processed at a time, the length of 
time that blood remains in the wound, and the rate and preci-
sion of suctioning since increased turbulence from the surgical 
ield adds shear stress which damages RBCs. Most modern-day 
cell savers, when used appropriately, provide red cell concentrates 
with a hematocrit of 60% to 70%.53

24
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IOBS has proven beneits for reducing allogenic blood trans-
fusion in major surgery, particularly orthopedics, spine fusion, 
and off-pump high-risk cardiac surgery when estimated 
blood loss is greater than 1,000 mL or 20% of the patient’s 
blood volume is with anticipated recovery of 1.2 to 2 units of 
RBCs.53,112,114,116 It is also indicated for patients with low preop-
erative hemoglobin who cannot tolerate PAD, in those unwill-
ing to consent to allogenic transfusion, and for patients with 
preexisting bleeding risks or multiple alloantibodies.53,112,114,116 
Evidence shows that salvaged blood has better oxygen-carrying 
capacity and tissue oxygenation than stored blood secondary 
to the retained viability of red cell’s biconcave disc shape and 
increased levels of 2,3-DPG and ATP.116 There are very few 
studies directly comparing IOBS to ANH and PAD. One com-
parison for radical prostatectomy demonstrated that IOBS was 
as effective as PAD at reducing the requirement for allogenic 
transfusion. The patients in this study who underwent IOBS 
were less likely to receive any transfusion of stored blood and 
had signiicantly higher preoperative and postoperative hemo-
globin levels.117 Overall IOBS is cost-effective, convenient, and 
advantageous for emergency procedures when PAD is not fea-
sible and when aggressive preoperative donation programs that 
provide adequate stimulus and time for erythropoiesis cannot 
be accomplished.118

The complications of IOBS are rare and mostly associated 
with the method of suctioning or contamination from the sur-
gical ield. Risks include nonimmunogenic hemolysis, fever, and 
contamination with various substances such as topical antico-
agulants, urine, amniotic luid, or bacteria. Washing the salvaged 
blood clears most contaminants and variable suction devices 
limit the sheer stress that causes hemolysis. Reinfusion of sal-
vaged blood in volumes greater than 50% of the estimated blood 
volume can result in dilutional coagulopathy similar to the com-
plication of massive transfusion of allogenic RBCs since neither 
contains clotting factors or platelets.53,112,116 Lastly, IOBS can 
cause gas embolism when the reinfusion bag is connected in a 
continuous circuit with the patient.112 Careful adherence to the 
recommended application of modern cell-saver devices effec-
tively eliminates many of these concerns.

Traditionally, cell salvage was contraindicated in cancer sur-
gery and operations where blood loss is contaminated by urine, 
anticoagulants, or amniotic luid. However, several recent 
studies demonstrate the safety of cell salvage when blood is 
processed, washed, and administered through a leukodepletion 
ilter.116 Surgery for prostate cancer and gynecologic oncology, 
which often involves urine and malignant cells contaminat-
ing the ield, has not shown signiicant increases in morbidity, 
mortality, or cancer recurrence. However, it is recommended 
that IOBS be iltered and irradiated when there is concern for 
malignancy and avoided completely when the tumor is rup-
tured causing an overwhelming concentration of cancer cells 
in shed blood.112,116,117 The use of IOBS for obstetric cases 
raises concerns about amniotic luid embolism recently termed 
“anaphylactoid syndrome of pregnancy.” This syndrome is 
very rare and therefore it is dificult to establish the safety of 
a new technique; however, two systematic reviews of IOBS for 
caesarian delivery did not show any increase in amniotic luid 
emboli.116 Leukodepletion ilters remove most of the amniotic 
luid and debris although fetal RBCs cannot be differentiated 
from maternal red cells and may potentiate alloimmunization. 
This risk is already present during delivery and not exacerbated 
by the use of IOBS.116 The only absolute contraindications to 
IOBS are microbial contamination of the surgical ield and 
 cancer surgery where tumor rupture or direct manipulation is 
likely.116

Postoperative blood salvage (POBS) involves the collection 
and reinfusion of blood shed into surgical wound drains in the 
immediate postoperative period. The recovered blood product 
can be processed in one of two ways: “Washed” POBS is cen-
trifuged, washed, and resuspended as RBC concentrates, while 
“unwashed” POBS is iltered twice, once through a 100 to 200 µm 
ilter to remove large debris and ibrin, then through the standard 
40 µm ilter to collect microaggregates.52 The resultant hemato-
crit of unwashed POBS ranges from 20% to 30% and should not 
be expected to increase the patient’s hemoglobin level, but rather 
it will avoid dilutional anemia associated with the luid resus-
citation for postoperative bleeding.52 There are advantages and 
disadvantages to both techniques resulting in continued contro-
versies over the safety and eficacy of postoperative cell salvage. 
Overall, POBS is indicated mainly for orthopedic procedures 
when postoperative blood loss is expected to exceed 750 to 1,500 
mL.119 Washed POBS has also been studied in post-cardiac sur-
gery patients and shown to be eficacious at reducing the need for 
allogenic blood transfusion.52,114,119

Shed blood from surgical wounds differs from venous col-
lected blood in that it contains inlammatory mediators, acti-
vated clotting factors, ibrin and ibrin split products, and the 
products of hemolysis such as free hemoglobin. These substances 
can precipitate renal damage, lung injury, or coagulopathy, and 
thus they are the source of controversy over POBS. Unwashed 
salvaged blood is not cleared of these bioactive contaminants 
but has yet to be associated with signiicant morbidity or mor-
tality for orthopedic procedures.52,119 POBS for cardiac surgery 
should be washed prior to reinfusion. There are increased levels 
of immune mediators and fat cells in blood shed from the thorax 
and mediastinum that are removed with washing, thus avoiding 
the hemostatic derangements associated with unwashed POBS 
in cardiac surgery.52,119 As mentioned above, studies compar-
ing washed and unwashed POBS for orthopedic procedures 
have yet to show signiicant differences in outcomes. Unwashed 
shed blood will have higher levels of free hemoglobin, but most 
patients free of preexisting liver and kidney disease have enough 
intravascular haptoglobin to bind the free hemoglobin thereby 
avoiding any renal damage.119 Unwashed POBS is most com-
monly used for total knee arthroplasty; it is highly eficacious, 
is cost-effective, and requires little additional training in com-
parison to washed POBS. Theoretically washing the blood that is 
shed should lead to less hemostatic derangements and immuno-
modulation; however, meta-analysis and systemic reviews have 
yet to clearly show any beneit to washing POBS in orthopedic 
surgery and a few studies have questioned the viability of red 
cells after processing.52,114,119

POBS is a safe and eficacious means for reducing periopera-
tive blood transfusion in orthopedic and cardiac surgery. The 
complications associated with both washed and iltered blood 
salvage are mostly theoretical and rare especially when the vol-
ume of blood reinfused is limited to less than 1,000 mls in the irst 
six postoperative hours.119 POBS is contraindicated for patients 
with preexisting hemoglobinopathies such as sickle cell disease 
and thalassemia.52,119 Furthermore, similar to IOBS, blood should 
not be reinfused if it has been contaminated with microbials or 
drugs used topically in the surgical ield that are not indicated for 
systemic use such as betadine, chlorhexidine, and topical antibi-
otics. Lastly, it is not recommended to use POBS from surgical 
sites with local infections or malignancy.52,119

Jehovah’s Witnesses belong to an international well-estab-
lished religious society that believes in a literal translation of the 
bible. Passages such as Leviticus 7 verse 25 which states “You 
must not eat the blood of any bird or animal” and Leviticus 17 
verse 12, “None of you may eat blood,” lead to a proscription  
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against consenting to blood transfusion. Followers believe that 
once the blood has left the body it should not be returned to 
anyone. Receipt of a blood transfusion would be grounds for 
excommunication with no hope of eternal life.120 Most Jehovah’s 
Witnesses understand and accept the threat of death as a 
possible result of refusing therapeutic transfusion. Clearly this 
is challenging for treating physicians especially in the case of 
emergent hemorrhage. The best management for Jehovah’s 
Witnesses is to have a wellprescribed perioperative manage
ment plan to maximize alternative blood conservation therapies 
and a clear conversation about the patient’s individual concerns. 
Some patients consent to blood component therapy, factor 
concentrates derived from blood such as albumin or PCCs, or 
extracorporeal circulation which may include cardiopulmonary 
bypass, ANH, and intraoperative cell salvage if left in continu
ous circulation with the body.

Jehovah’s Witnesses are one of the largest growing religious 
groups in the world with over 7 million congregants across 
over 230 countries.120 Some of the most challenging questions 
arise with minors, emergencies, and unconscious patients when 
the physician is unable to have a clear conversation about the 
patient’s speciic beliefs. There is a great deal of individual vari-
ability within the religion and this can lead to drastically different 
management plans for bleeding and acute anemia. Often adult 
Jehovah’s Witnesses will carry cards with an advance directive; 
however, if questions arise, physicians should seek the guidance 
of their hospital ethics committee and legal advisors and even an 
urgent application to the court system in the case of minors or 
unconscious patients where their wishes are unclear.

In preparation for elective surgery for a Jehovah’s Witness, 
the use of prohemostatic medications such as antiibrinolytics, 
vitamin K, rFVIIa, and desmopressin should be considered and 
remain available perioperatively. In addition, the patients’ preop-
erative hemoglobin should be optimized by stimulating erythro-
poiesis with recombinant erythropoietin, iron, and supplemental 
vitamin B12 and folate.120 There is ongoing research into the clini-
cal use of hemoglobin-based oxygen carriers which could revo-
lutionize the treatment of not only Jehovah’s Witnesses, but all 
patients given the signiicant risks of infectious and noninfectious 
adverse effects of blood transfusion. Several of these products are 
under investigation but have yet to be approved in the United 
States for concern of methemoglobinemia and toxicity including 
renal damage, liver dysfunction, and cardiovascular complica-
tions.121

DISORDERS OF HEMOSTASIS: 

DIAgNOSIS AND TREATMENT

As discussed in a previous section of this chapter, hemostasis is 
a complex mechanism of checks and balances that aims to con-
trol bleeding from sites of vascular injury while maintaining 
blood low throughout the rest of the body. It involves count-
less proteins, enzymes, ligands, and molecules to serve as activa-
tors, cofactors, regulators, and inhibitors in hemostasis. When 
the equilibrium of this process is disrupted, it results in abnor-
mal bleeding or clotting depending on the speciic dysfunction 
or deiciency. Accordingly, disorders of hemostasis can be clas-
siied as those that cause a propensity for hemorrhage and those 
that facilitate inappropriate thrombosis. The disorders are further 
separated by the involvement in primary hemostasis, the initial 
platelet plug, or secondary hemostasis including the clotting cas-
cade and ibrin cross-linkage. Lastly, hemostatic disorders are 

25

pathologically caused by inherited genetic disease or acquired 
deiciencies.

Symptomatically disorders of primary hemostasis often 
present with supericial signs of bleeding on the skin or mucosa. 
Patients complain of petechia, mucosal bleeding, and easy 
bruising. They often suffer from prolonged bleeding from 
minor injury, frequent epistaxis, and menorrhagia secondary 
to deicient or dysfunctional platelet activity. In contrast, dis-
orders of secondary hemostasis involve qualitative or quan-
titative dysfunction of clotting factors and cause more severe 
and deep tissue bleeding. These patients present with sponta-
neous hemarthroses, hematomas, and hemorrhage after trau-
matic injuries. Treatments depend on the speciic cause of the 
disorder and often involve blood component therapy such as 
platelets, plasma, factor concentrates, or pharmacologic agents 
that enhance, inhibit, or bypass speciic sites in the hemostatic 
process.

Disorders of Primary hemostasis

Primary hemostasis involves the initial recruitment of platelets at 
the site of vascular injury to form a fragile platelet plug. Once 
platelets bind to the injured subendothelium, they become acti-
vated, thereby exposing additional receptor sites and releasing 
factors involved in further platelet recruitment, activation, aggre-
gation, and the initiation of secondary hemostasis.

Hereditary disorders of platelets are rare and usually associated 
with defective receptor binding. Bernard–Soulier syndrome is 
an autosomal recessive disorder that results from an abnormal-
ity of the GP Ib receptor. This qualitative and quantitative dys-
function impairs platelet adhesion to exposed vWF at the site 
of vascular injury.122 Glanzmann thrombasthenia occurs after 
a defect in the platelet integrin αIIbβ3 receptor which, under 
normal circumstances, allows ibrinogen and other ligands to 
bind and facilitate platelet aggregation. It is also an autosomal 
recessive genetic disorder. Other inherited disorders of platelets 
generally involve ligand receptors or defects in the signaling cas-
cade for the release of molecules involved in platelet activation 
such as thromboxane and adenine diphosphate.122

vWD is the most common hereditary bleeding disorder with a 
prevalence of approximately 1% in the general population.123,124 
The clinical features and severity of vWD vary immensely since 
it has several different types and classiications depending on the 
nature of the genetic mutation and its effect on the functionality 
of vWF (Table 16-11). vWF is a large multimeric protein with 
two different functions in hemostasis. There are several different 
genetic mutations that affect the various domains of vWF caus-
ing different quantitative and functional deiciencies. Each type 
of vWD presents differently, and in fact there are several com-
plex laboratory evaluations necessary to classify the exact type of 
disease for each patient. It is still important to reach the correct 
diagnosis since appropriate treatment and prophylaxis differs for 
each class of the disorder.

vWF serves a central role in hemostasis. First of all, it func-
tions in primary platelet adhesion and aggregation at the site of 
vascular injury through interaction with the GP Ib receptor on 
the platelet surface. Once exposed, vWF facilitates the interac-
tion of platelets with collagen within the subendothelium and 
 platelet–platelet interactions, both of which result in the initial 
platelet plug and subsequent platelet activation.125 Secondly, it 
circulates as a complex with FVIII providing stability to the oth-
erwise labile clotting factor until vWF binds to activated plate-
lets via the GP IIb/IIIa receptor. This localizes FVIII to the site 
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of injury.124–126 The clinical features of vWD vary with differing 
levels of functionality that result from inherited disorders in pro
tein synthesis, structure, function, and clearance. However, most 
types of vWD result from decreased levels or deicient function in 
primary hemostasis which presents with mucocutaneous bleed-
ing such as epistaxis, menorrhagia, and prolonged bleeding from 
minor wounds and dental extractions. Frequently patients are not 
aware of the disorder until they undergo a bleeding questionnaire 
in anticipation of major surgery.123

There are three types of vWD. Types 1 and 3 result from quan-
titative deiciencies of vWF whereas type 2 occurs with various 
mutations causing qualitative dysfunction; it is further classiied 
(A, B, M, and N) depending on the domain of the protein that is 
affected and the functional defect (Table 16-11).123,124,126 Type 1 
has an autosomal dominant inheritance pattern and results from a 
partial quantitative deiciency in vWF levels either from decreased 
synthesis and secretion from megakaryocytes and endothelial cells 
or from accelerated proteolysis and clearance. It is the most com-
mon and mildest type of vWD.123 Type 3 is the most severe, but 
also the rarest; it has a recessive pattern of inheritance and results 
in signiicantly depressed levels of vWF. This is the only type likely 
to cause spontaneous hemorrhage in joints and soft tissues.123 
Type 2 has four subclassiications depending on the functional 
deicit. Types 2A and 2M result in deiciencies in platelet adhesion 
and decreased activity of vWF relative to the factor levels within 
the plasma. Type 2B involves increased afinity of vWF for the GP 
Ib receptor on the platelet surface. This causes spontaneous bind-
ing of vWF to platelets in circulation thereby increasing the cleav-
age and clearance of vWF. This type of vWD can be associated 
with thrombocytopenia and in fact, treatment with desmopressin 
commonly used to increase cleavage from FVIII and overall avail-
ability of vWF will precipitate thrombocytopenia.123 Lastly, type 
2N is characterized by decreased afinity for FVIII and deiciencies 
in secondary hemostasis. This type is often confused with hemo-
philia A given the depressed levels of FVIII associated with signii-
cantly decreased factor half-life.123

There are three primary criteria for the diagnosis of vWD 
including (1) a history of mucosal bleeding or prolonged bleed-
ing after dental extractions, surgical procedures, or postpartum 
hemorrhage; (2) a family history of bleeding disorders although 
understandably this can be unreliable or unavailable; and (3) 
reduced activity of vWF demonstrated by various assays designed 
to test platelet adhesion, aggregation, and levels of vWF or FVIII 
complexes (e.g., vWF:factor antigen, vWF:ristocetin cofactor 
activity, and vWR:collagen-binding activity).123,126 The laboratory 
diagnosis and classiication of vWD is complex and often requires 
the expertise of a hematologist to correctly specify the type of dis-
order and consequently prescribe the appropriate prophylaxis 
regiment and treatment options. Overall, it is important to recog-
nize that traditional coagulation proile tests such as PT and aPTT 

are often normal in patients with vWD. Speciic diagnostic tests 
should be recommended for patients suspected of having vWD 
based on personal or family history of bleeding or positive vali-
dated bleeding questionnaires.126

There are two primary treatment options for patients with 
vWD including DDAVP and factor concentrates. DDAVP pro-
motes the cleavage of vWF from FVIII and increases the avail-
ability of both; this is beneicial for most patients with type I 
partial deiciency and some type 2 subclassiications of vWD 
with the exception of type 2B as discussed above. DDAVP may 
not be therapeutic by itself for patients with type 3 and severely 
depressed levels of vWF. Often these patients require treatment 
with additional hemostatic medications such as antiibrinolytics 
and/or factor replacement with plasma-derived vWF/FVIII con-
centrates (Heamate P/Humate P).127 These concentrates are only 
needed in approximately 20% of patients with vWD who do not 
respond to DDAVP and may vary in eficacy. Accordingly it is 
important to obtain the correct diagnosis in order to best manage 
each patient prophylactically before surgery and therapeutically 
in the event of uncontrolled bleeding.127

On rare occasions, vWD may be acquired in association with 
various disease processes such as lymphoproliferative or myelo-
proliferative disorders, autoimmune disease, cardiac dysfunction, 
mainly aortic stenosis and ventricular assist devices, or medica-
tion induced from quinolones, valproic acid, and hydroxyl ethyl 
starches. The pathophysiology of acquired vWD is multifacto-
rial and may involve various mechanisms including immune- 
mediated clearance, binding or absorption into malignant cells or 
large molecules such as the starches, or enhanced proteolysis sec-
ondary to shear stress.124,128 Treatment starts with discontinuation 
of the offending agent or management of the underlying condition; 
however, adjunctive therapeutic measures with DDAVP and/or 
antiibrinolytics to limit perioperative bleeding may be necessary. 
Treatment with factor concentrates, steroids, intravenous IG, or 
plasmapheresis is still under investigation.128

Disorders of Secondary hemostasis

The hemophilias

Hemophilia is a genetic disease that results from deiciencies 
or dysfunction of speciic clotting factors. The most common 
form is hemophilia A which accounts for about 85% of the dis-
ease and stems from deiciencies of FVIII. Hemophilia B or the 
Christmas disease occurs in 14% of hemophiliacs and involves a 
defect in the production of factor IX. Both hemophilia A and B are 
X-linked recessive disorders and found almost exclusively in male 
patients.129,130 Hemophilia was originally called the royal disease 
since Queen Victoria of England was a carrier of hemophilia B and 
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TAbLE 16-11. ClassifiCation of inherited von willebrand disease123

Type Pathophysiology Comments

Type 1 Partial quantitative deiciency of vWF Mildest; most common; responds to DDAVP
Type 2A Dysfunction in platelet adhesion May respond to DDAVP
Type 2M Dysfunction in platelet adhesion May respond to DDAVP
Type 2B Increased platelet-binding afinity Thrombocytopenia with DDAVP
Type 2N Decreased F VIII-binding afinity Often confused with hemophilia A
Type 3 Severe quantitative deiciency of vWF Rarest; most severe; usually requires factor concentrates

vWF, von Willebrand factor; DDAVP, 1-deamino-8-d-arginine vasopressin; FVIII, factor VIII.
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passed the disorder to the royal families of Spain, Germany, and 
Russia. Lastly, hemophilia C is very rare, only 1% of all hemophili
acs, and results from genetic mutations in factor XI; it is the only 
form that has an autosomal recessive inheritance pattern.

Hemophilia A affects approximately 1:5,000 males worldwide. 
Clinically, these patients suffer from spontaneous bleeding into 
their joints, muscles, and internal organs often requiring orthope
dic surgery for longterm complications of hemarthroses. Central 
nervous system bleeding is rare, but can lead to severe disability and 
death.131 Normal plasma concentrations of FVIII range between 100 
and 200 ng/mL and the severity of disease varies depending on the 
residual factor activity. Patients with mild disease maintain factor 
levels between 5% and 30% and account for about 50% of patients 
with hemophilia A. Approximately 10% of patients have moderate 
disease with 2% to 5% of residual FVIII activity. The most severely 
affected patients account for about 40% of the disease prevalence 
and have less than 1% of normal factor activity.131,132 Incidentally 
carrier females generally maintain about 50% of FVIII activity with 
no clinical signs of bleeding. Homozygous females may present 
with hemophilia, but this is rare and often associated with Turner’s 
syndrome or Xchromosomal mosaicism.131 Diagnosis starts with 
patients reporting a personal and/or family history of bleeding dis
orders among male relations. Conirmatory laboratory evidence 
includes prolonged aPTT and low factor activity levels. Typically 
the PT and bleeding times will be normal.130,131

Treatment for all hemophilia patients involves replacement of 
coagulation factor deiciencies which can be accomplished with 
plasma transfusion or factor concentrates. Historically hemophili-
acs were exposed to several transfusion-related infectious risks prior 
to the availability of recombinant and virally inactivated factor con-
centrates. In the 1980s, more than 40% of patients with hemophilia 
suffered from AIDS.131 Frequent transfusions for these patients 
are clearly associated with numerous infectious and noninfectious 
transfusion risks including the development of factor inhibitors 
and alloantibodies. Up to 30% of patients with severe hemophilia 
develop inhibitor antibodies to FVIII by the time they reach adult-
hood making them less responsive to factor concentrates.133,134

The goals of management of hemophilia continue to focus on 
prophylaxis against spontaneous bleeding as well as aggressive blood 
conservation strategies for anticipated invasive procedures. Patients 
with mild hemophilia A and hemophilia C often beneit from treat-
ment with DDAVP which effectively raises the circulating availabil-
ity of FVIII by increasing dissociation from vWF.135 However, those 
with more severe disease require treatment of spontaneous and 
traumatic bleeding episodes as well as prophylaxis to avoid the long-
term complications of hemarthroses. This is accomplished with 
transfusion of speciic factor concentrates derived from virally inac-
tivated plasma-derived or recombinant products.130,132 Patients with 
inhibitors to FVIII or FIX often respond to rFVIIa or PCCs.130–132 In 
anticipation of surgery or invasive procedures, the recommended 
dose of FVIII concentrates starts with 50 IU/kg ideal body weight 
in the average adult with severe disease. This should raise the factor 
activity to close to 100% (1 IU/mL plasma) and should be re-dosed 
every 8 to 12 hours until hemostasis is achieved.130 The appropriate 
dosing regimen for prophylaxis is highly variable among patients 
given differing levels of disease severity and the impact of factor 
inhibitors. Titration of the dose of factor concentrates to trough lev-
els of no less than 1 IU/dL (1% of normal) is recommended during 
long-term prophylaxis.130,136

Hemophilia B is clinically and pathophysiologically similar 
to hemophilia A, except it involves FIX and is much less com-
mon worldwide affecting roughly 1:25,000 males.130 This form 
of hemophilia is treated with recombinant FIX concentrates but 
requires less frequent dosing regimens than FVIII concentrates 
due to a longer half-life (18 hours as opposed to 12 hours).133 

Luckily the development of factor inhibitors is much less preva-
lent in hemophilia B than in patients with hemophilia A and 
occurs in only 1% to 6% of severe patients. These patients are also 
generally responsive to bypass treatment with PCCs or rFVIIa in 
the case of urgent bleeding.133

Acquired hemophilia is a rare disease that usually develops 
in association with connective tissue disorders, pregnancy, or 
malignancy. It rarely occurs in young patients and stems from 
the development of antibodies to FVIII. The clinical symptoms 
of acquired hemophilia typically include subcutaneous bleeding 
episodes and soft tissue hematomas as opposed to the hemar-
throses common to congenital hemophilia.128 Diagnostically the 
aPTT is prolonged in conjunction with decreased FVIII activity 
levels, both due to the presence of inhibitors. The treatment for 
acquired hemophilia with acute bleeding depends on rFVIIa or 
PCCs to bypass FVIII, but some patients with mild disease will 
respond to adjunctive therapies such as DDAVP and antiibri-
nolytics. Once hemostasis is achieved, long-term management 
involves immunosuppression with steroids or cytotoxic agents. 
Remission occurs in approximately 70% of patients.128

hereditary hypercoagulability

The FVL genetic mutation causes resistance to the anticoagulant 
effects of APC on clotting factor V. It is the most common heredi-
tary risk factor for hypercoagulability. Heterozygous patients have 
a ivefold increase in the risk of venous thromboembolism. This 
rises to 20- to 80-fold increased risk in homozygotes. Treatment 
involves lifelong therapeutic anticoagulation. The prevalence 
amongst Caucasians is approximately 5% throughout North 
America and Europe. Some investigators propose that the high 
prevalence in Caucasian stems from a protective genetic interplay 
against bleeding and mortality risk associated with hemophilia.135

Protein C and S deficiencies are autosomal dominant genetic 
diseases that result in increased risk of venous thromboembo-
lism. Protein C inactivates factor V to curb the clotting cascade; 
it depends on protein S as a cofactor for appropriate function. 
Accordingly, deiciencies or dysfunction in either protein C or S 
result in a prothrombotic state.137 Clinically, patients present with 
venous thromboembolism in early adulthood; arterial thrombosis 
is rare. Treatment of acute thrombosis requires therapeutic anti-
coagulation. Warfarin is indicated for long-term management but 
should be started slowly and only once the patient is therapeutic on 
heparin to avoid the risk of warfarin limb necrosis, a complication 
signiicantly associated with patients with protein C deiciency.137

Acquired Disorders of hemostasis

Vitamin K Deficiency

Vitamin K is one of the essential fat-soluble vitamins required for 
the synthesis and inal processing of several hemostatic factors, 
including factors II, VII, IX, X, and proteins C and S. Without vita-
min K, these proteins do not undergo carboxylation and therefore 
cannot actively bind to the phospholipid membrane of platelets 
during secondary hemostasis. There are two sources of vitamin 
K; phylloquinone (K1) is available in a number of foods such as 
leafy greens. The second type, menoquinone (K2), is synthesized 
in the GI tract by intestinal bacteria and accounts for the bulk of 
vitamin K stored in the liver. The absorption of both types occurs 
in the small intestine and depends on the availability of bile salts. 
Accordingly, liver insuficiency and the sterile gut in newborns 
and patients undergoing oral antibiotic treatments are some of the 



 ChAPTER 16 Hemostasis and Transfusion Medicine 435

A
N

A
T
O

M
Y

 A
N

D
 P

H
Y
S
IO

L
O

G
Y

leading causes of vitamin K deiciency.138 Other causes include total 
parenteral nutrition, intestinal obstruction, or hyperperistalsis.139

Diagnostically vitamin K deiciency is typically demonstrated 
by prolonged PT and aPTT but can also be diagnosed with vitamin 
K blood levels or measures of non-carboxylated prothrombin.138 
It is treated with vitamin K replacement which can be adminis-
tered parenterally, orally, or intramuscularly. Oral administration 
has the best bioavailability, but when rapid correction for a bleed-
ing patient is needed, improvements in PT can be seen within 6 
to 8 hours of intravenous or intramuscular treatment with doses 
ranging from 1 to 5 mg.139

liver Disease

Patients with severe liver disease often present with bleeding 
complications perioperatively or spontaneously including central 
nervous system hemorrhage or gasterointestinal bleeding; and 
they are traditionally managed with prophylactic transfusions 
and adjunctive hemostatic medications in anticipation of surgi-
cal procedures or simply in response to high PT times. There are 
several etiologies related to the bleeding diathesis associated with 
liver disease including endothelial dysfunction, portal hyperten-
sion, thrombocytopenia, and the procoagulant imbalance dis-
cussed in the following section. However, the hemostatic system 
in chronic liver disease remains in balance, although fragile. Con-
ventional laboratory tests such as the PT and aPTT overestimate 
the bleeding tendency of patients with liver disease and should 
not be used as the sole method for titrating plasma transfusion or 
treatment with hemostatic agents.140

Primary hemostasis which requires platelet adhesion and 
aggregation at the site of vascular injury was typically thought to 
be ineficient in chronic liver disease because of the propensity for 
thrombocytopenia. Unless severe, thrombocytopenia is often bal-
anced with increased circulating levels of vWF that results from 
a reduced presence of ADAMTS 13, the protease that regulates 
plasma concentrations of vWF.140 This balance remains fragile 
given that patients with severe liver disease and acute illness are 
also prone to endothelial and platelet dysfunction.

Secondary hemostasis involves the complex integration of 
procoagulant and anticoagulant factors several of which are syn-
thesized by the liver. Liver disease results in deiciencies of factors 
II, V, VII, IX, X, and XI; this will cause profound prolongation of 
the PT and aPTT times in vitro. However, the liver is also respon-
sible for the synthesis of protein C, protein S, and antithrombin 
which are integral anticoagulant factors.140 Furthermore, these 
patients have increased circulating levels of FVIII in association 
with the increases in vWF mentioned above. Thus, the decreased 
levels of procoagulant factors are balanced by deicient amounts 
of anticoagulant factors and increased FVIII activity.140 This 
maintains the balance of the secondary hemostatic mechanism.

Although hemostatic equilibrium is maintained with chronic 
liver disease the balance is not stable and often tipped in the direc-
tion of either hemorrhage or thrombosis by acute illness or any 
number of other morbidities associated with liver disease such as 
malnutrition, renal disease, infection, or medications. The use of 
laboratory tests to indicate the tendency for bleeding or throm-
bosis is dificult because conventional PT and aPTT conducted in 
vitro do not mimic the in vivo compensation mechanisms associ-
ated with chronic liver disease. Thrombin generation by procoag-
ulant factors is regulated by the anticoagulant activity of protein 
C and its main activator, thrombomodulin.140 In vitro thrombin 
generation is measured only by activation of procoagulant factors 
and will misrepresent the actual bleeding tendency of the patient.

Lastly, the balance of ibrinolysis is also maintained in chronic 
liver disease because although these patients suffer a deiciency 

of plasminogen, they are also found to have higher than normal 
levels of tPA secondary to lower levels of TAFI. This maintains the 
normal ratio of plasminogen to plasmin.140 However, the balance 
of ibrinolysis and antiibrinolysis remains vulnerable especially 
in light of other risk factors such as infection, trauma, surgery, 
and medications common to the pathophysiologic course and 
medical management of chronic liver patients.

As mentioned above, conventional hemostatic tests such as 
PT and aPTT assays do not represent the bleeding or thrombotic 
tendencies of chronic liver disease. This is evident in patients with 
normal coagulation proiles who present with catastrophic gastro-
intestinal bleeding or in patients with prolonged PT times who still 
develop venous, arterial, and portal thrombosis. Theoretically the 
balance of prohemostatic and anticoagulant factors is maintained; 
however, these patients are at high risk for various physiologic and 
acquired circumstances to tip the equilibrium in favor of hemor-
rhage or thrombosis. The overall hemostatic state can be evaluated 
by measuring thrombin generation in the presence and absence of 
thrombomodulin. Alternatively, there is an assay available using 
snake venom extract (Protac, Pentapharm), in lieu of thrombo-
modulin to activate protein C in vitro.140 These tests are still limited 
because they are conducted independent of platelets and they use 
an arbitrary amount of thrombomodulin. Nevertheless the circum-
stances of the test are more akin to the in vivo state of patients with 
liver disease than conventional PT and aPTT tests.140 Accordingly, 
it is no longer recommended to prophylactically transfuse plasma 
in response to PT times or prior to minor procedures in a patient 
without clinical signs of bleeding. Furthermore, despite prolonged 
coagulation tests, patients with liver disease are still at signiicant 
risk for venous and arterial thrombosis and should be treated with 
appropriate prophylactic anticoagulation.140

Disseminated Intravacular Coagulopathy

Disseminated intravascular coagulopathy (DIC) is a disorder charac-
terized by systemic activation of coagulation that results in an imbal-
ance of hemostasis. It is always associated with a comorbid condition 
such as infection, inlammation, or malignancy which causes wide-
spread activation of the coagulation cascade.141 Table 16-12 lists the 
medical diseases and syndromes known to cause DIC. Clinically, 
DIC involves diffuse thrombosis that may lead to multi-organ sys-
tem failure or consumptive coagulopathy and bleeding. Supportive 
care and treatment of the underlining disorder are the mainstays 
of management for DIC, but in severe cases of major hemorrhage 
or ischemic organ failure, DIC is treated with factor and ibrinogen 
replacement, anticoagulation, or pharmacologic therapies.

The exact pathophysiology of DIC depends on the causative 
condition, but primarily involves uncontrolled activation of 
hemostatic mechanisms for thrombin generation with simul-
taneous inhibition of ibrinolysis. Thrombin generation in DIC 
is initiated by TF and activated factor VII in the extrinsic path-
way for coagulation.141,142 The exposure of TF is facilitated by 
extensive vascular injury, expression on neoplastic cells, or the 
release of pro-inlammatory cytokines such as interleukin-6. DIC 
progresses as the regulation of thrombin generation is impaired 
secondary to decreased levels of natural occurring anticoagulants 
including AT-III, protein C, and TFPI.141,142 Lastly, impaired 
ibrinolysis from an inappropriate increase in circulating levels 
of PAI-1 facilitates the progression of vascular microthrombi.141

DIC is estimated to be present in 1.72% of hospitalized 
patients, but the clinical features vary depending on the associ-
ated disease and the severity.142 The complications of DIC include 
organ dysfunction and major bleeding. The kidneys and lungs 
are particularly vulnerable to ischemia from microthrombi and 
may develop acute renal failure and acute respiratory distress  
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syndrome.142 Furthermore, in severe DIC, widespread activation 
of hemostasis results in the consumption of coagulation factors 
and platelets which makes the patient vulnerable to bleeding 
at the site of tissue injury or spontaneous hemorrhage into the 
intracranial, intrathoracic, or intraabdominal compartments.141 
DIC with severe thrombocytopenia or low ATIII levels is a poor 
prognostic indicator for hospital mortality.141 However, major 
bleeding is rather infrequent with DIC and usually occurs only 
with platelets less than 50,000/µL or patients undergoing proce
dures. In fact, in a recent study of DIC with sepsis, transfusion 
for major bleeding was only required in 5% to 12% of patients.141

The diagnosis of DIC must consider the underlining disorder 
in conjunction with an abnormal hemostasis proile. Unfortu-
nately, there is not a single laboratory inding indicative of DIC. 
High levels of ibrin split products are a sensitive marker, but 
carry very low speciicity.141,142 Rather, the compilation of pro-
longed PT and aPTT, thrombocytopenia, hypoibrinogenemia, 
and increasing ibrin degradation products in a patient with an 
associated condition leads to the clinical diagnosis of DIC. The 
International Society of Thrombosis and Hemostasis developed a 
scoring algorithm for the diagnosis of overt DIC which depends 
on these four laboratory indings141,142 (Table 16-13). This algo-
rithm was prospectively validated and found to have a sensitiv-
ity of 91% and a speciicity of 97%.141 Furthermore, low levels 
of AT-III and/or decreased concentration of individual clotting 
factors aid in the diagnosis.141,142 Overall, DIC is a dynamic con-
dition and is most accurately diagnosed with repeated measures 
of coagulation tests showing progression of thrombocytopenia 
and hypoibrinogenemia with increasing prolongation of PT and  
levels of ibrin degradation products.

The management for DIC primarily involves treatment of 
the causative condition and supportive measures to control 
progressive thrombosis and control any signs of hemorrhage. 
Consumptive coagulopathy and thrombocytopenia with clini-
cal signs of bleeding should be treated with transfusion of plasma 
and platelets. However, prophylaxis for patients with abnormal 
laboratory indings and no signs of bleeding or planned proce-
dures is not necessary. There is no evidence to support improved 
outcomes from prophylactic transfusion of plasma or platelets 
unless thrombocytopenia is severe (platelet counts <10,000 to 
20,000/µL) or moderate (<50,000/µL) with clinical signs of bleed-
ing or in preparation for invasive procedures.141

FFP is the mainstay of replacement therapy for consumption of 
clotting factors in DIC; however, it often requires large volumes of 
transfusion, 10 to 15 mL/kg, to correct the coagulopathy.141,142 In 
the past, rFVIIa and PCCs have been used for patients with active 
bleeding and consumptive coagulopathy; however, the adminis-
tration of active factor concentrates in the preparations of rFVIIa 
and PCCs can lead to progressive thrombosis in patients with 

overt DIC and is not recommended. Rather, the use of speciic 
factor concentrations is preferred for measured factor deiciencies 
in patients with active bleeding.141,142 Cryoprecipitate remains the 
product of choice for treatment of overt DIC with consumptive 
coagulopathy because it contains FVIII and ibrinogen which will 
treat progressive hypoibrinogenemia as well as factor deiciency 
with a low overall volume of transfusion.141

Arterial and venous thromboembolisms are more concerning 
than the risk of hemorrhage in patients with overt DIC. Anticoag-
ulation is indicated to inhibit further activation of hemostasis in 
patients with signs of microthrombi such as organ dysfunction or 
diagnosed thromboembolism.141 Studies of patients with DIC in 
sepsis proved the eficacy of heparin to halt  thrombin  generation, 
improve the coagulation proile, and reduce the risk of throm-
bosis. It is dificult to initiate therapeutic anticoagulation on a 
patient with signs or risks of bleeding; however, maintaining pro-
phylaxis against venothromboembolism with heparin or LMWH 
is of utmost importance especially in patients with overt DIC and 
clinical signs of ibrin deposition and/or organ ischemia from 
microthrombi. Literature support is limited, but low-molecular-
weight alternatives to unfractionated heparin (UFH) may provide 
better eficacy with lower bleeding risks.141,142

AT-III levels are reduced in DIC with impaired regulation of 
hemostasis. Several animal studies showed improved survival in 

TAbLE 16-12. Common disorders assoCiated with diC141,142

Disorder Average Incidence of DIC Comments

Sepsis 30–50% Highest with Gram-negative bacilli
Trauma and burns Rare Associated with the degree of tissue injury
Malignancy Up to 20% Highest with adenocarcinoma or leukemia and lymphoma
Vascular disease Rare Higher with giant hemangiomas
Obstetric complication Up to 50% Including preeclampsia, placental abruption, or amniotic luid 

embolism
Hemolysis Rare Higher with intravascular hemolysis
Severe organ dysfunction Rare Including pancreatitis, hepatitis, and end-stage renal failure

TAbLE 16-13.  sCoring algorithm for 

the diagnosis of diC141,142

Diagnostic Test Score

Platelet count >100,000/mm3 = 0
<100,000/mm3 = 1
<50,000/mm3 = 2

Prothrombin time <3 s = 0
>3 s but <6 s = 1
>6 s = 2

Fibrin degradation products No increase = 0
Moderate increase = 2
Strong increase = 3

Fibrinogen level >1 g/L = 0
<1 g/L = 1

Score calculation:
• If ≥5, consistent with overt DIC.
• If <5, not likely overt DIC; repeat tests in 1 to 2 days.

Algorithm developed by the International Society of Thrombosis and Hemostasis.
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DIC models after ATIII replacement. ATIII treatment has yet 
to be a standard of care for DIC management, but a few con
trolled trials in septic patients have showed improved coagulation 
test results and organ function.142 Treatment with APC for septic 
patients with severe DIC was reported beneicial for morbidity 
and mortality especially in patients with multi-organ dysfunction. 
In 2009, the British Committee for Standards in Hematology rec-
ommended its use as standard treatment for patients with DIC in 
severe sepsis without preexisting risks of bleeding or thrombocy-
topenia. However, recent reviews of treatment with APC failed to 
show consistent survival beneits and have documented increased 
risks of bleeding complications. Consequently, just recently the 
British Committee changed its recommendation and the produc-
tion company for APC concentrates removed the drug from the 
market.143 Overall, the best therapy for overt DIC of any cause 
is to treat the underlining condition, continue to support organ 
function, and maintain control of hemostasis.

ANTICOAgULATION AND 

pHARMACOLOgIC THERApY

Anticoagulation Regimens and  
Associated Anesthetic Concerns

Antiplatelet therapy is indicated for patients at risk of cerebral 
vascular accident, myocardial infarction, or other vascular 
thrombosis complications. There are several mechanisms for 
platelet dysfunction including COX inhibition, PDE inhibi-
tion, ADP receptor antagonism, and GP IIb/IIIa receptor 
antagonism.

Cyclooxygenase Inhibitors

Aspirin and nonsteroidal antiinflammatory (NSAID) agents 
are the most notable members of this class. There are two 
forms of the COX enzyme with variable distribution through-
out the body. COX-1 plays an integral part in maintaining the 
integrity of the gastric lining, renal blood flow, and initiat-
ing the formation of TxA2, an important molecule for plate-
let aggregation. Inhibition of COX-1 puts the patient at risk 
for bleeding as well as gastrointestinal and renal morbidity. 
COX-2 is primarily responsible for synthesizing the prosta-
glandin mediators of pain and inflammation. Aspirin is a non-
competitive and therefore irreversible inhibitor of both COX 
enzymes. Consequently, the effects of aspirin therapy last the 
lifetime of the affected platelets and can only be reversed with 
platelet transfusion.144

NSAID agents are competitive antagonists whose effects last 
only as long as the drug’s time to elimination. Most NSAIDS 
(naprosyn and ibuprofen) are nonselective COX inhibitors. 
However, the development of selective COX-2 antagonists 
such as celecoxib aimed to provide pain relief without the gas-
trointestinal bleeding complications. Unfortunately, the initial 
benefits of COX-2 inhibitors were not sustained in long-term 
outcome studies, and the decreased incidence of gastrotoxic-
ity is clinically insignificant when patients are simultaneously 
taking aspirin.144 Recent clinical trials with selective COX-2 
antagonists reported increased risks for cardiovascular com-
plications likely secondary to impaired vascular endothelial 
function. The mechanism for cardiovascular risk is thought 
to be secondary to the unchecked inhibition of PGI2 with-
out antagonizing the synthesis of TxA2 from COX-1 within 
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platelets. This tips the balance in favor of a prothrombotic 
state.144 The current recommendations from the American 
Heart Administration for the therapeutic use of COX-2 inhibi-
tors, namely celecoxib, in patients with cardiovascular disease 
emphasize using the lowest effective dose in conjunction with 
a proton pump inhibitor and low-dose  aspirin.144

Phosphodiesterase Inhibitors 

PDE inhibitors are primarily used for stroke prophylaxis since 
they increase the production of cAMP, which is an active 
inhibitor of platelet aggregation. These medications are rarely 
the irst-line drug of choice for patients with cerebrovascular 
disease, but rather used in conjunction with aspirin therapy. 
Dipyridamole is the prime therapeutic agent in this class, but 
caffeine, aminophylline, and theophylline also result in revers-
ible platelet dysfunction.

ADP Receptor Antagonists

P2Y12 ADP receptor antagonists, such as clopidogrel, prasug-
rel, and ticlopidine, prevent the expression of GP IIb/IIIa on 
the surface of activated platelets, thereby inhibiting platelet 
adhesion and aggregation. These drugs are used for patients 
with coronary artery disease to prevent myocardial infarction, 
in-stent thrombosis, or for patients with cerebrovascular or 
peripheral artery disease to inhibit thromboembolism. Clopi-
dogrel is the most commonly prescribed agent in this class and 
acts as a noncompetitive and irreversible antagonist. It is an 
inactive prodrug that requires oxidation to its active metabo-
lite.145 Recently, a genetic polymorphism was discovered that 
results in the inability to metabolize clopidogrel making it 
ineffective and putting patients at risk of cardiovascular mor-
bidity and mortality. The FDA put a black box warning on the 
medication to remind clinicians to monitor the activity. Plate-
let function studies are insensitive and unreliable for clopido-
grel, but tests are now available to measure the inhibition of 
the P2Y12 ADP receptor.145

GP IIb/IIIa Recptor Antagonists

GP IIb/IIIa receptor blockers inhibit the cross-linkage of ibrino-
gen, the inal step in the common hemostatic pathway for platelet 
aggregation. They include abciximab (ReoPro), tiroiban (Aggra-
stat), and eptiibatide (Integrilin). These agents are administered 
only intravenously and primarily used for management of acute 
coronary syndrome. Their effects can be monitored with ACTs 
and are reversible with clearance of the drug. Most of these agents 
are renally excreted and have half-lives around 2.5 hours except 
for abciximab which has a signiicantly longer half-life (12 hours) 
and clinical effects that last for approximately 48 hours. All of 
these drugs cause thrombocytopenia, but the effect is strongest 
with abciximab with an incidence of about 2.5% as opposed to 
0.5% with the other receptor antagonists.146

Vitamin K Antagonists

Warfarin is an oral anticoagulant therapy used as the irst-line 
agent for management of hypercoagulable disorders, venous 
thromboembolism, and stroke prophylaxis for patients with 
atrial ibrillation or mechanical heart valves. Mechanistically, 
it competes with vitamin K for carboxylation-binding sites and 
inhibits the synthesis of vitamin K–dependent clotting factors, II, 
VII, IX, and X. Proteins C and S, natural anticoagulants, are also 
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dependent on vitamin K for functionality and thus are subject to 
inhibition with warfarin therapy. In fact, patients may be hyper
coagulable during the initial phase of treatment since proteins  
C and S have shorter halflives than most clotting factors and 
will be inhibited irst thereby leaving hemostasis and thrombin 
generation unregulated. Accordingly, patients at high risk for 
thromboembolism must be bridged with another anticoagula-
tion regimen until the target INR is achieved.147 Warfarin therapy 
is monitored with the INR (see section on laboratory interpre-
tation); and therapeutic targets generally range between 2 and  
3 although they will vary depending on the disease under treat-
ment and the patient’s bleeding risk.147

There is a signiicant risk of bleeding with any anticoagula-
tion regimen; this demands appropriate protocols for reversal 
of the speciic drug effects. The management protocol for war-
farin reversal depends on the patient’s symptoms and the state 
of urgency. As mentioned above, warfarin inhibits the synthe-
sis of vitamin K–dependent clotting factors, II, VII, IX, and X; 
the most logical and appropriate reversal agent is replacement 
of vitamin K. Guidelines for the administration and reversal of 
warfarin were written and updated by the British Committee for 
Standards in Hematology in 2011.147 For patients with INR >5.0 
and no signs or symptoms of bleeding, warfarin administra-
tion should be held for one to two doses. Oral vitamin K should 
be administered if the INR is over 8.0. Patients who present with 
high INR and nonmajor bleeding should be reversed with 1 to  
3 mg of intravenous vitamin K; this usually corrects the INR within 
6 to 8 hours. Emergency reversal for patients with major bleeding 
or those who require immediate surgery can be achieved with a 25 
to 50 units/kg dose of 4-factor PCCs which contain active factors 
II, VII, IX, and X. The 3-factor PCCs lack suficient amounts of 
active factor VII to reliably reverse the effects of warfarin.147 The 
half-life of most PCCs is short, and vitamin K should be given 
simultaneously for sustained results. Historically emergent rever-
sal of warfarin was achieved with FFP; however, this requires large 
volumes of transfusion (10 to 15 mL/kg) and provides unreliable 
results. rFVIIa has also been used to reverse warfarin, but the sup-
porting literature was retrospective and although it reliably corrects 
the INR, it does not consistently correct clinical bleeding likely sec-
ondary to the ongoing inhibition of other vitamin K–dependent 
clotting factors.147 Consequently, the British Committee only rec-
ommends the use of FFP when PCCs are not available. rFVIIa is no 
longer an appropriate reversal agent for warfarin toxicity.

Anticoagulation regimens using oral vitamin K antagonists can 
be dificult to maintain within the desired target range. Warfarin 
has a long onset and offset of action, which puts patients at risk of 
thrombosis and bleeding especially in the perioperative period. It 
also has many food and drug interactions; and its metabolism is 

subject to pharmacogenomics that make dosing highly variable. 
Warfarin is hepatically metabolized by the P450 CYP2 enzymes 
and will interact with other commonly used medications such as 
antibiotics, barbiturates, phenytoin, and proton pump inhibitors. 
Alterations in dietary intake of vitamin K will also vary the  clinical 
effect of maintenance dosages. Furthermore, there are genetic 
polymorphisms for the CYP2C2 and VKORC1 that decrease the 
metabolism of warfarin and put the patient at signiicant bleed-
ing risk.148 For these reasons, alternative oral anticoagulant agents 
have been pursued for many years with great potential in the new 
development of oral DTIs and factor Xa inhibitors.

New Oral Anticoagulants

Dabigatran (Pradaxa), a DTI, and the factor Xa inhibitors (rivar-
oxiban and apixaban) have completed phase III trials and passed 
FDA approval for stroke prophylaxis and therapeutic anticoagu-
lation for patients with history of venous thromboembolism. 
Thrombin and factor X are at the end of the common pathway 
for clot formation and stabilization and play an integral part in 
the ampliication of secondary hemostasis. Consequently, they 
are highly desirable targets for antagonism. Furthermore, these 
agents are signiicantly easier to manage than warfarin. They 
have short half-lives and rapid onset of action which negate the 
need for bridging therapy; and they are highly bioavailable with 
little interindividual variability. Thus coagulation monitoring is 
unnecessary. Lastly, they have few drug or dietary interactions. 
All three agents have a wide therapeutic window making dosing 
simple and universal. The only dosing concern with dabigatran 
in particular is renal excretion. The dose must be reduced for 
patients with decreased creatinine clearance (Table 16-14).149

The Re-Ly investigators, the ARISTOTLE group, and the EIN-
STEIN and ROCKET-AF trials, all compared dabigatran, apixaban, 
and rivaroxiban to warfarin, respectively, in large, multicenter, ran-
domized controlled trials.148,151–153 These trials were mostly non-
inferiority studies that documented that the new oral anticoagulants 
provide comparable clinical effects to warfarin and often with fewer 
hemorrhagic side effects. Their full clinical potential has yet to be 
examined, especially in the perioperative setting where further 
research is needed to determine the best way to manage bleeding 
tendencies with surgery and reinstitution of postoperative antico-
agulation. Unfortunately there is currently no reliable coagulation 
test to monitor the clinical effects of these agents. They may prolong 
the aPTT, thrombin time, or the ecarin coagulation time, but these 
are not sensitive monitors for increased risk of bleeding.148,149

In the event of an emergency, there is no antidote or reliable 
regimen for drug reversal. Several therapies are currently being 
studied, including monoclonal antibodies and various blood 

TAbLE 16-14. oral antiCoagulation mediCations148,149,150

Warfarin Dabigatran Apixaban Rivaroxiban

Target Vitamin K Thrombin Factor Xa Factor Xa
Time to peak (h) 72–96 1–2 3 2.5–4
Half-life (h) 40 9–13 8–15 7–11
Dose (mg) 2–10 150 5 20
Frequency Daily or qod Once or twice daily Twice daily Daily
Metabolism None Renal excretion Hepatic Hepatic
Drug interactions CYP2C9 Few CYP3A4 CYP3A4

qod, every other day.
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products for transfusion. However, it makes the most sense to 
attempt reversal with PCCs. Dabigatran, rivaroxiban, and apixa
ban are competitive inhibitors of thrombin and factor Xa and 
most PCCs contain factors II, VII, IX, and X thereby overcoming 
the antagonistic effects. There are some reports that hemodialysis 
can eliminate dabigatran.148,149 Perioperatively these agents should 
be discontinued 24 hours before minor surgery or diagnostic pro
cedures and 48 hours before major surgery or procedures involv
ing the eye, spine, and brain. The halflives of these agents are all 
about 12 hours; thus assuming normal hepatic and renal function, 
more than four halflives ensures almost 100% drug clearance.149 
However, further research is needed to document the best method 
for reversing the clinical effects of direct thrombin inhibition.

heparin Therapy

Heparin therapy is one of the oldest and most common anti
coagulation regimens. There are two main forms of heparin, 
UFH and LMWH. UFH indirectly inhibits thrombin and fac
tor Xa by binding to ATIII causing a conformational shape 
change which signiicantly increases its activity. Although the 
use of UFH for prophylaxis against venous thromboembolism 
decreased in favor of alternatives such as LMWH and indirect 
factor Xa inhibitors, it is still used for emergent anticoagula-
tion with acute coronary syndrome, pulmonary embolism, and 
during cardiopulmonary bypass or vascular surgery. The clini-
cal effects of heparin therapy are monitored with the aPTT or 
ACT. Patients may be resistant to UFH if they have a heredi-
tary insuficiency of AT-III or an acquired deiciency from pro-
longed heparin administration. AT-III is replenished with FFP 
transfusions. UFH is given parenterally and its clinical effects 
are fully reversible with protamine.150 The main complication is 
HIT which is discussed below.

LMWH is a fractionated form of heparin which acts simi-
larly, but with more speciic inhibition of factor Xa. Several 
agents are currently available including enoxaparin, dalteparin, 
and reviparin. It is preferred over UFH for DVT prophylaxis 
and treatment because laboratory monitoring is unnecessary, 
and its longer half-life allows for once- or twice-daily dosing. 
Treatment can be monitored with factor Xa levels, but this is 
only necessary for obese patients and those with renal insufi-
ciency which prolongs the elimination.150 Reversal with prot-
amine is unpredictable and not likely to completely resolve 
bleeding tendencies.

Indirect Factor Xa Antagonists

Fondaparinux is the principal agent used in this class. It is a 
highly speciic antagonist for free factor Xa that also acts 
via binding with AT-III. Like LMWH, it is popular for DVT 
treatment and prophylaxis because it has a long half-life that 
requires only once-daily dosing, and highly reliable absorption 
that negates the need for coagulation monitoring. However, 
fondaparinux undergoes renal elimination necessitating a lower 
dose or coagulation monitoring with factor Xa levels in patients 
with renal insuficiency. There is no available antidote in the 
event of bleeding or the need for emergency procedures. For-
tunately the incidence of HIT is relatively low for this class of 
agents, although they are not approved for use in patients with 
a history of HIT.150

heparin-induced Thrombocytopenia

HIT is a clinical disorder that develops after extended use of 
heparin therapy. It occurs in approximately 1% to 5% of patients 
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receiving heparin and is associated with morbidity from thrombo-
embolic complications.154–156 There are two types: HIT1 describes 
mild thrombocytopenia. It is benign and does not involve immune 
complexes. HIT2 is an immune-mediated response and carries 
a signiicant risk of hypercoagulability. IgG antibodies bind to 
heparin–PF-4 complexes on the surface of platelets thereby ini-
tiating primary hemostasis and thrombin generation.155 HIT2 
can occur in any patient receiving heparin therapy. Typically 5 
to 10 days are required to mount a signiicant immune response, 
but patients who have recent exposure to heparin or a history of 
HIT can present with clinical symptoms immediately. Any form 
of heparin therapy can initiate HIT; however, UFH is more likely 
than LMWH to lead to immune complexes because the fraction-
ated form is less antigenic with a weaker bond to PF-4.155

There are no speciic laboratory tests for the clear diagnosis 
of HIT, and clinical signs can be clouded by alternative causes 
of thrombocytopenia and thrombosis. Diagnostic criteria begin 
with thrombocytopenia, deined as a fall in platelets to less than 
150,000/µL or more than 50% from the patient’s baseline. Throm-
bocytopenia typically occurs within 5 to 10 days of heparin ini-
tiation and will be seen in conjunction with signs of thrombosis. 
The clinical suspicion of HIT is then conirmed with laboratory 
tests for antibodies. The enzyme-linked immunosorbent assay 
(ELISA) is sensitive, but not as speciic as the serotonin release 
assay, which is currently the gold standard with the highest sen-
sitivity and speciicity.155,156 Unfortunately the serotonin assay is 
often delayed a few days during which patients must be treated 
with anticoagulation with the associated risk of bleeding com-
plications. Patients suspected of having HIT should be managed 
with therapeutic anticoagulation and immediate discontinuation 
of all heparin therapy including heparin-coated indwelling cath-
eters. The most commonly used agents are the parenteral DTIs 
such as bivalirudin, argatroban, and lepirudin. Oral vitamin K 
antagonists are contraindicated for HIT treatment because the 
decreased synthesis of proteins C and S enhances the patient’s 
prothrombotic state. Furthermore, warfarin has been shown to 
cause gangrenous thrombosis of the limbs in patients with HIT.154 
Platelet transfusion should also be held unless the patient is 
severely thrombocytopenic (<20,000/µL) with signs of bleeding.

The diagnosis of HIT in patients who have undergone cardiac 
surgery is often complicated by preexisting or coexisting throm-
bocytopenia from other causes. According to guidelines from the 
American College of Chest Physicians, HIT should be suspected 
and treated in any patient who presents with more than 50% drop 
in platelets from baseline within 5 to 15 days after cardiac surgery 
especially if they show signs of thrombosis.156 The clinical suspicion 
should be conirmed with ELISA and serotonin assays. The more 
pressing clinical question involves the need for anticoagulation for 
patients with a history of HIT who require cardiopulmonary bypass. 
This discussion will be covered in more depth in another chapter, 
but briely, for non-emergent surgery, antibody titers should be 
measured with the possibility of administering a single dose of hep-
arin for the time of bypass.154,156 Otherwise, bivalirudin, a paren-
teral DTI with very short onset and half-life is an alternative agent 
for anticoagulation since it can be monitored with ACT and is easily 
titratable. However, there is currently no available reversal agent. 
Elimination is mostly enzymatic with a half-life of approximately  
25 minutes.150,154,156

Parenteral Direct Thrombin Inhibitors

Lepirudin and desirudin are recombinant forms of hirudin, a 
naturally occurring anticoagulant. Argatroban and bivalirudin are 
synthetic agents in the same class. All four of these drugs directly 
inhibit thrombin in its free and ibrin-bound states. None of them 
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are immunogenic and so there is no risk of HIT, although antibod
ies to lepirudin can cause bleeding complications.150 The halflives 
of these agents and their metabolism vary. Furthermore, there are 
currently no known antidotes to any of the DTIs and therefore, 
reversal depends upon their clearance. Clinical effects can be moni
tored with ACT or aPTT measurements. They are all approved for 
use in the United States, in particular for treatment of HIT.

Lepirudin and desirudin are largely metabolized by the kid
ney and will have prolonged effects in patients with renal insuf
iciency. Argatroban is metabolized by the liver with variable 
clearance in patients with hepatic dysfunction. It is commonly 
used for patients with HIT who often suffer from consequent 
renal failure. Argatroban will prolong the INR as well, which can 
complicate clinical titration of warfarin therapy for long-term 
anticoagulation. Bivalirudin is the shortest acting DTI with the 
quickest onset of action, as discussed above. It is metabolized by 
plasma proteases and renally excreted. Thus this is the drug of 
choice for patients with both renal and hepatic dysfunction, and 
its clinical versatility makes it a good agent for use with cardiopul-
monary bypass in patients with HIT.150

Recombinant Activated Factor VII

rFVIIa (NovoSeven; Novo Nordisk) was originally FDA approved 
for prophylaxis and treatment of patients with hemophilia A or B 
complicated by inhibitors to FVIII and factor IX concentrates. It is 
now also indicated for the treatment of acquired hemophilia and 
factor VII deiciency.157 However, the majority of its use is “off-label” 
for the prevention and treatment of coagulopathy and major blood 
loss in patients with postpartum hemorrhage, trauma, reversal of 
various anticoagulants, and high-risk cardiothoracic, spinal, trans-
plant, or vascular surgery.157–159 The majority of supporting data for 
the use of rFVIIa as a hemostatic treatment stem from retrospective 
reports, observational studies, and case series. There are few ran-
domized control trials showing improved clinical outcomes and no 
trials that report deinitive mortality beneits.158,159 In fact, a recent 
meta-analysis published by Levi et al. demonstrated an increased 
risk of arterial thromboembolism especially in elderly patients and 
high doses of rFVIIa (>120 µg/kg).157 Phase III trials for rFVIIa 
treatment of warfarin-related intracerebral hemorrhage did not 
show signiicant beneit as a reversal agent.158,160 These trials often 
document signiicant decreases in INR, but evidence of outcome 
improvement is lacking.158,160 The true clinical beneits of rFVIIa 
remain unclear. Several randomized control trials have also shown a 
decrease in blood product transfusion and/or improved coagulation 
proile tests; however, it is dificult to randomize patients for indica-
tions of life-threatening hemorrhage and these studies are generally 
underpowered to show any true mortality beneit.157,159,161,162 Over-
all, the lack of consistent dosing protocols or patient populations 
throughout the literature leaves one without a clear indication for 
the use of rFVIIa as a hemostatic agent for critical bleeding.

The hemostatic mechanism for rFVIIa remains unclear but likely 
involves more than the physiologic role of factor VII in secondary 
hemostasis. Theoretically, rFVIIa will only act with TF exposed from 
the vascular endothelial lining at a site of injury. However, certain 
hemorrhagic disorders such as DIC or poly-trauma can initiate sys-
temic release of TF.150,158 Furthermore, the clinical dosing of rFVIIa 
typically exceeds normal concentrations by 1,000-fold; at these doses, 
rFVIIa directly activates factor X and platelets generating a thrombin 
burst for procoagulant activity.150,158,160 These mechanisms explain 
why arterial and venous thromboembolism are the major com-
plications of concern with the use of rFVIIa, and why DIC or high 
risk for thromboembolism is the main contraindication.150,158,160,163 
Clinical doses for rFVIIa reported in the literature range from  
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20 µg/kg to over 200 µg/kg.150,158–160,163 The only guidance for 
therapeutic dosing regimens is from its use in hemophilia which 
is typically treated with 80 to 90 µg/kg.150,163 This is a supraphysi-
ologic dose and likely more than necessary for patients without 
hemophilia. NovoSeven is a temporizing hemostatic agent used to 
improve the visual ield during an operation, or to slow bleeding 
and provide time for resuscitation while the underlying cause of 
hemorrhage is controlled.162 The half-life of rFVIIa is 2 to 2.5 hours, 
and the initial dose may require repeating until the bleeding is con-
trolled.157 It is important to recognize that the mechanism of action 
depends on platelet and ibrinogen function, both of which should 
be maintained before or during treatment with rFVIIa.163 Overall, 
further research is needed to establish the appropriate dose and 
patient population while minimizing the risk of thromboembolism.

Prothrombin Complex Concentrates

PCCs have been available for treatment of patients with hemo-
philia B for several decades. It was irst used as a source of factor 
IX in the 1970s prior to the advent of speciic factor concentrates. 
Subsequently it provided bypass treatment for hemophiliacs with 
factor inhibitors. Over the years, the safety and eficacy of PCCs 
have improved dramatically, and now, although they are only FDA 
approved for use in hemophilia, they are mainly given for reversal 
of vitamin K antagonists and in the management of critical bleed-
ing associated with major surgery, trauma, or liver failure.164

There are several commercially available formulations of PCCs 
containing varying amounts of three to four coagulation factors as 
well as one or more type of anticoagulant. The compositions include 
the vitamin K–dependent factors (II, VII, IX, and X) although not 
all products contain signiicant concentrations of factor VII. In 
fact, most of the PCCs available in the United States are 3-factor 
concentrates lacking factor VII (e.g., FEIBA, Baxter).165 Most of the 
factors are administered in the inactive state which decreases the 
thrombogenic risks.164 The anticoagulants are included to restore 
balance to the hemostatic mechanism. These vary from heparin to 
antithrombin or proteins C and S.164

PCCs are now the drug of choice for emergent reversal of oral 
anticoagulants in place of rFVIIa and FFP, the previous standard 
of care. As mentioned above, rFVIIa failed to show signiicant out-
come improvements for treatment of warfarin-related intracerebral 
hemorrhage in phase III trials.160 This is likely because it only replaces 
one of the vitamin K–dependent factors and although the INR and 
PT decrease, this did not translate to meaningful survival beneits. 
PCCs are now preferred over FFP as well, for several reasons. First 
of all, they provide faster correction of coagulopathy compared to 
FFP. The factors in plasma are relatively dilute and a large volume (10 
to 15 mL/kg) is required for clinical reversal of oral anticoagulants. 
It takes extra time to match the patient’s blood type and thaw the 
plasma putting the patient at risk of volume overload.147,164 Further-
more, PCCs stem from human plasma, but they are treated with at 
least one viral reduction process, whereas transfusion of several units 
of FFP carries a signiicant risk of infectious and noninfectious trans-
fusion reactions.164 Although based on few randomized controlled 
trials, the current recommendations from the British and American 
guidelines for reversal of oral anticoagulants favor PCCs over both 
FFP and rFVIIa.147,164,166 The hemostatic beneits of PCCs will likely 
translate to treatment of critical surgical bleeding, liver failure, and 
trauma, although the literature support for these indications is lack-
ing.165 It is important to remember that PCCs provide factor replace-
ment for thrombin generation, their action still depends on adequate 
concentrations of platelets and ibrinogen.

The potential for PCCs to generate a signiicant thrombin 
burst puts the patients at risk for thrombotic complications. The 

32



 ChAPTER 16 Hemostasis and Transfusion Medicine 441

A
N

A
T
O

M
Y

 A
N

D
 P

H
Y
S
IO

L
O

G
Y

exact pathogenesis for thrombosis remains unclear, but animal 
models indicate that the accumulation of prothrombin, inactive 
factor II, and/or factor X after PCC administration is correlated 
with thrombogenesis. Furthermore, this risk is associated with 
patients with thrombotic tendencies, such as those on anticoagu
lation and elderly patients who have a history of stroke. There 
are very few studies in trauma patients, but no signiicant reports 
of thrombotic complications in volunteers or those treated with 
PCCs for critical bleeding.164

The thrombotic risk can be minimized by avoiding repeat dos-
ing. The factors within PCCs have varied half-lives with prothrom-
bin remaining active in plasma for up to 60 hours and factor X 
present for 30 hours. This is in contrast to labile factor VII which 
only has a half-life of approximately 6 hours. Consequently, factors 
II and X, which are thought to be primarily responsible for throm-
botic complications, have the potential to accumulate with repeat 
doses of PCCs. The need for repeat dosing can be avoided by the 
coadministration of vitamin K in patients treated for oral antico-
agulant toxicity. This allows for increased synthesis of coagulation 
factors in balance with natural anticoagulants.147,164,166 Further-
more, PCC dosing should be guided by the appropriate coagula-
tion proile test. PT and INR only measure the procoagulant half of 
the hemostatic mechanism ignoring the presence of anticoagulant 
activity such as antithrombin or proteins C and S. In patients with 
severe liver disease or dilutional coagulopathy, the PT and INR 
times may be prolonged, but the concentrations of anticoagulants 
are also decreased leaving hemostasis balanced. Thrombin genera-
tion times or thromboelastography are more appropriate measures 
of the patient’s risk of bleeding and better indicators of the eficacy 
of PCC. These tests should be considered before redosing since 
these patients may require simultaneous treatment with antithrom-
bin, platelets, or ibrinogen. The only absolute contraindications to 
PCC administration are patients at high risk for thrombosis such as 
those in DIC or with active HIT.164

Desmopressin

Desmopressin (DDAVP) is a synthetic analog for the endogenous 
antidiuretic hormone, vasopressin. It acts at the V2 receptor which 
is found in the nephron and within endothelial cells. DDAVP 
was originally introduced for treatment of diabetes insipidus, 
but it was also found to improve hemostasis and platelet func-
tion. Consequently, it is one of the drugs of choice for treatment 
of mild bleeding in patients with vWD and mild hemophilia A as 
discussed earlier in this chapter.167 Mechanistically it causes the 
release of FVIII and vWF from within vascular endothelial cells 
thereby improving platelet function. DDAVP does not increase 
the synthesis of these factors and therefore, tachyphylaxis occurs 
with frequent repeat dosing.168 The appropriate dose for hemo-
stasis is 0.3 µg/kg intravenously over 20 to 30 minutes. Levels 
of vWF and FVIII increase two- to fourfold within 30 minutes of 
administration. The effects last for approximately 6 to 8 hours.167–169 
Hypotension is the most commonly reported side effect presum-
ably secondary to arterial vasodilation from the release of NO; 
it is best avoided with slower infusion rates. Hyponatremia and 
water retention are rare complications, but have been reported in 
pediatric patients.168 As with all prothrombotic agents, DDAVP 
should be avoided in patients at high risk for thromboembolism, 
although the most recent meta-analysis did not report a signiicant 
incidence of thromboembolic complications.168,169

The hemostatic potential for DDAVP has been vastly studied 
for patients with critical bleeding from cardiac or spine surgery, 
uremia, antiplatelet agents, and liver disease. Several meta- 
analyses of randomized controlled trials report mild decreases in 

blood loss (80 mL per patient), but fail to translate into signii-
cant outcome improvements. There is no apparent effect on the 
number of patients transfused or the incidence of postoperative 
complications including reoperation. The only consistent clinical 
beneit of DDAVP is improved bleeding times for patients with 
congenital or acquired platelet dysfunction from cardiopulmo-
nary bypass, chronic renal failure, or aspirin therapy.168,169

Antifibrinolytic Therapy

Antiibrinolytic agents have been used to prevent and treat surgi-
cal blood loss for several decades. There are two types, the lysine 
analogs, epsilon-aminocaproic acid (EACA) and tranexamic acid 
(TXA), and a serine protease inhibitor, aprotinin. Aprotinin 
was reported to have superior eficacy for reducing blood loss, 
minimizing transfusions, and preventing reoperations especially 
in cardiac surgery. It was removed from the market after several 
observational studies documented increased risk of renal failure, 
myocardial infarction, and death.170,171 These indings were con-
irmed by the Canadian trial, Blood Conservation Using Antii-
brinolytics in a Randomized Trial (BART), which was stopped 
early due to signiicantly higher mortality associated with apro-
tinin when compared to EACA and TXA.168,172,173 However, apro-
tinin is now available in Canada and may be reintroduced in the 
United States in the near future. Both the lysine derivatives are 
widely used throughout the United States. Today, they are com-
monly administered as part of a multimodal approach to periop-
erative blood conservation strategies.

Aprotinin is a nonspeciic serine protease inhibitor. It prevents 
the action of several proteins involved in coagulation and ibrino-
lysis including trypsin, plasmin, and kallikrein. It may also have an 
indirect effect on platelets to preserve their function especially dur-
ing extracorporeal circulation.174 The clinical eficacy of aprotinin 
to reduce perioperative blood loss, transfusions, and reoperations 
is clear from decades of research.168,173,174 However, there is also an 
abundance of evidence reporting the negative association with renal 
failure and mortality. When compared to the lysine analogs in the 
BART randomized controlled trial as well as in several retrospective 
studies and meta-analyses, aprotinin shows reduced blood loss and 
transfusion requirements; however, the consistently higher mortal-
ity risk has changed the recommendations to favor the use of EACA 
and TXA for perioperative blood conservation.170–173

lysine Analogs

EACA and TXA are synthetic derivatives of the amino acid, 
lysine. They competitively inhibit the binding site on plasmino-
gen thereby preventing cleavage to plasmin and the resultant 
ibrinolysis.168,174 Both agents are excreted by the kidney and may 
be administered intravenously or topically. Although there is 
more evidence to support the use of TXA, these agents appear to  
have equivalent eficacy and have been shown to moderately 
decrease perioperative blood loss in cardiac surgery as well as liver 
transplantation, orthopedic operations, and spine fusions.173–177 
Neither conclusively decreases rates of transfusion, reoperation, or 
mortality. The lysine analogs are inexpensive compared to apro-
tinin and there have been no reports of increased risk of throm-
botic complications or renal failure.168,173,174 The only documented 
adverse effects are mild nausea and vomiting with rapid infusion 
rates. Besides perioperative indications, antiibrinolytics were 
recently studied for their potential to minimize critical bleeding in 
trauma patients. The CRASH II multinational randomized con-
trolled trial compared TXA with placebo in trauma patients with 
major hemorrhage and documented a reduced all-cause mortality 
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and risk of death due to bleeding.178 Overall, the lysine analogs 
are inexpensive and lowrisk adjunctive agents that should be con
sidered for use in major surgery or critical bleeding as part of a 
multimodal approach to blood conservation.

CONCLUSIONS

Clinical anesthesiology is a perioperative specialty that aims to 
maintain the patient’s health and wellness throughout the course 
of surgery. This requires a clear understanding of how a person’s 
preexisting comorbid status and anticipated surgical procedure 
can best be managed to gain the most therapeutic beneits from 
interventions with the least incurred risk. The anesthesiologist 
must remain vigilant in order to anticipate the possibility of 
derangements to coagulation and hemostasis that may occur with 
surgery, trauma, or critical illness. They must also know the best 
methods for avoiding hemorrhagic or thrombotic complications 
of surgery or treatment modalities to ensure the ability to treat 
any problems that arise, while limiting the risks of transfusion 
therapy and hemostatic pharmacologic agents.

Medicine is an evolving science with new treatments, medi-
cations, and procedures discovered every day, often presenting 
great challenges to the perioperative physician. For, example, 
new oral DTIs are replacing the use of warfarin for therapeutic 
anticoagulation; however, the appropriate reversal manage-
ment is unclear as is the optimal timing for invasive proce-
dures. Overall, understanding the hemostatic mechanism and 
the speciics of transfusion therapy is integral to the practice of 
anesthesia.
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