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v

 At the end of 2013, a group of Italian clinicians sharing a common interest in 
hemostasis and coagulation in critically ill patients began meeting periodi-
cally (fi rst in Padua, then in different locations). During these meetings, the 
group agreed that there was a growing interest in point-of-care (POC) coagu-
lation tests, as well as a great need for acquiring knowledge and expertise 
from various clinicians involved in patient care in different fi elds, such as 
cardiac surgery, intensive care unit, postpartum hemorrhage, liver surgery, 
trauma, and other disciplines. At the beginning of 2014, this group was offi -
cially formed and named “INTACT” (the Italian Network to Address 
Coagulopathy Treatment). To fulfi ll its educational role, the group decided it 
was time to join efforts to create a single textbook addressing the use of POC 
coagulation tests in different clinical scenarios. It was in fact clearly evident 
that the information in this fi eld was quite sparse and that all interested clini-
cians were forced to navigate through published articles, textbook chapters, 
meeting sessions, and the Internet to fi nd the information they needed. 
Conversely, the INTACT group aimed to compile all relevant information 
about POC coagulation tests in a single textbook, written both from a techni-
cal standpoint and a clinical point of view in regard to different clinical 
scenarios. 

 The present textbook  Point-of-Care Tests for Severe Hemorrhage :  A 
Manual for Diagnosis and Treatment  is the result of the INTACT group’s 
dedicated efforts toward this end. Each of the various chapters’ contributors 
are clinicians who are involved daily in the clinical management of severe 
hemorrhage in different areas, and while the content of this manual is based 
primarily on existing evidence, it also includes valuable personal points of 
view based on the authors’ daily clinical practice. For each clinical scenario, 
the authors provide introductory notes on the specifi c aspects of the coagu-
lopathy involved in severe hemorrhage determination, followed by the pos-
sible POC coagulation test applications as a guide for both diagnosis and 
treatment. 

 The manual contains basic information on the general pathophysiology of 
hemostasis and coagulation, as well as the historical and technical aspects of 
practically all existing POC coagulation tests, with specifi c reference to vis-
coelastic tests and platelet function tests. 

 Five clinical scenarios are addressed in individual chapters: intensive care 
unit, cardiovascular surgery, postpartum hemorrhage, trauma, and liver 
surgery. Additionally, the treatment strategies (blood derivatives and 
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prohemostatic drugs) are discussed and the effects of antithrombotic drugs 
assessed. Lastly, the manual offers valuable insights into clinical cases drawn 
from the authors’ actual experiences. 

 We thank all those who contributed to this manual and hope that the 
INTACT group’s efforts have fulfi lled its aim of successfully contributing to 
a better understanding of this evolving topic.  

    San Donato Milanese, Milan ,  Italy      Marco     Ranucci  ,   MD, FESC   
    Padua ,  Italy      Paolo     Simioni  ,   MD, PhD       
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      Pathophysiology of Coagulation                     

     Paolo     Simioni       and     Elena     Campello    

        Hemostasis preserves vascular integrity by 
 balancing the physiologic processes that maintain 
blood in a fl uid state under normal circumstances 
and prevent excessive bleeding after vascular 
injury. Preservation of blood fl uidity depends on 
an intact vascular endothelium and a complex 
series of regulatory pathways that maintains 
platelets in a quiescent state and keeps the coagu-
lation system in equilibrium. In contrast, arrest of 
bleeding requires rapid formation of hemostatic 
plugs at sites of vascular injury to prevent exsan-
guination. Perturbation of hemostasis can lead to 
bleeding or thrombosis. Bleeding will occur if 
there is failure to seal vascular leaks either because 
of defective hemostatic plug formation or because 
of premature breakdown of the plugs [ 1 – 3 ]. 

 The normal hemostatic system comprises four 
compartments: the vasculature and platelets (pri-
mary hemostasis), the coagulation proteins (sec-
ondary hemostasis), and the fi brinolytic system. 
When a blood vessel is injured, all four compo-
nents interact in a coordinated manner to prevent 
blood loss by forming a clot and localizing this to 
the area of injury (Fig.  1.1 ) [ 4 – 7 ].

1.1       Primary Hemostasis 

 The term “primary hemostasis” encompasses all 
aspects of platelet adhesion and aggregation. 
Apart from platelets, components of the vessel 
wall – subendothelial matrix components in par-
ticular – and von Willebrand factor (vWF) are 
involved in this process (Fig.  1.2 ) [ 3 ,  8 ,  9 ].

1.1.1       Vascular Endothelium 

 A monolayer of endothelial cells lines the intimal 
surface of the circulatory tree and separates the 
blood from the prothrombotic subendothelial 
components of the vessel wall. Rather than serv-
ing as a static barrier, the healthy vascular endo-
thelium is a dynamic organ that actively regulates 
hemostasis by inhibiting platelets, suppressing 
coagulation, promoting fi brinolysis, and modu-
lating vascular tone and permeability. Defective 
vascular function can lead to bleeding if the 
endothelium becomes more permeable to blood 
cells, if vasoconstriction does not occur, or if 
 premature degradation of hemostatic plug opens 
seals in the vasculature [ 3 ,  10 ].  

1.1.2     Platelets 

 Ordinarily platelets circulate in a quiescent state, 
near the endothelial cells lining the blood vessels 

        P.   Simioni ,  MD, PhD      (*)
  Department of Medicine , 
 Hemorrhagic and Thrombotic Diseases Unit, 
University of Padua Medical School ,   Padua ,  Italy   
 e-mail: paolo.simioni@unipd.it  

    E.   Campello ,  MD    
  Department of Medicine , 
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without forming stable adhesions. However, after 
breaches of the vasculature, a number of highly 
reactive subendothelial matrix proteins become 
exposed including vWF, collagen, fi brinogen, 
and fi bronectin. Damage to the intimal lining of 
the vessel exposes the underlying subendothelial 
matrix. Platelets home to sites of vascular disrup-
tion and adhere to the exposed matrix proteins. 
Initial platelet adhesion is mediated principally 
by platelet surface receptors interacting with 
their cognate ligands. Initial platelet-adhesive 
interactions are mediated by platelet surface gly-
coproteins (GPs) including GPVI and GPIbα 
interacting with endothelial-bound collagen and 
VWF, respectively. Adherent platelets undergo 
activation and not only release substances that 
recruit additional platelets to the site of injury but 
also promote thrombin generation and fi brin for-

mation. The excretion of the content of the plate-
lets’ α- and δ-granules leads to the release of a 
variety of components (e.g., coagulation factors, 
calcium, ADP) and modulators of hemostasis, 
such as thromboxane A2 and platelet-activating 
factor, both of which are potent platelet activators 
and promote vasoconstriction. Upon activation, 
platelets also exhibit a more thrombogenic sur-
face by exposing a negatively charged phospho-
lipid layer, providing the catalytic surface for the 
binding of coagulation factors and, thus, the pro-
cess of fi brin formation and stabilization. 
Furthermore, externalization, clustering, and 
activation of receptors on the platelets’ surface 
occur, allowing for a complex and intense inter-
action of platelets with matrix proteins and other 
platelets. In this process, platelets aggregate by 
cross-linking the highly expressed GP IIb/IIIa 

Bleeding

Thrombosis

Anticoagulant
activity

Pro-
fibrinolytic

activity

Anti-
fibrinolytic

activity

Procoagulant
activity 

Endothelial cells
Platelets

Coagulation
Fibrinolysis

  Fig. 1.1    In healthy individuals, cellular and protein components of prohemostasis and antihemostasis pathways have 
adequate capacities to adapt to acute physiologic stresses       
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aggregation receptors on the platelet surfaces via 
vWF or fi brinogen. As a result of primary hemo-
stasis, a primary platelet plug forms on the 
injured endothelium, mainly consisting of plate-
lets and vWF. This platelet clot is further modi-
fi ed and stabilized by cross-linking of fi brin [ 8 , 
 11 – 16 ].   

1.2     Secondary Hemostasis 

 The secondary hemostasis process involves mul-
tiple enzymatic steps, resulting in the generation 
of thrombin, which converts soluble fi brinogen to 
fi brin. Coagulation occurs through the action of 
discrete enzyme complexes, which are composed 
of a vitamin K-dependent enzyme and a nonen-
zyme cofactor, and assemble on anionic phos-
pholipid membranes in a calcium-dependent 
fashion. Each enzyme complex activates a vita-
min K-dependent substrate that becomes the 
enzyme component of the subsequent complex. 
Together these complexes generate a small 
amount of thrombin, which amplifi es its own 

generation by activating the nonenzyme cofac-
tors and platelets, which then provide an anionic 
surface on which the complexes assemble [ 3 – 7 , 
 17 – 20 ]. General characteristics of factors rele-
vant for coagulation are reported in Table  1.1 .

   The three enzyme complexes involved in 
thrombin generation are (Fig.  1.3 ):

    Extrinsic Tenase:     it forms upon exposure of tis-
sue factor-expressing cells on the blood. Tissue 
factor (TF) is an integral membrane protein that 
serves as a receptor for factor VIIa. With TF 
exposure on anionic cell surfaces, factor VIIa 
binds a calcium-dependent fashion to form the 
extrinsic tenase complex, which is a potent acti-
vator of factors IX and X. After being activated, 
factor IXa and Xa serve as the enzyme compo-
nents of intrinsic and prothrombinase, respec-
tively [ 21 ,  22 ].  

  Intrinsic Tenase:     Factor IXa binds to factor 
VIIIa on anionic cell surfaces in a calcium- 
dependent fashion to form intrinsic tenase, which 
activated factor X. Absence of the membrane of 

Endothelial
cells

Subendothelial collagen matrix

Activated
platelet

GP IIb / IIIa 

GP IIb / IIIa 

GP Ib / V / IX 

vWF

Activated
platelet

GP VI
GP Ia / IIa 

vWF

  Fig. 1.2    Schematic view of platelet adhesion and aggre-
gation. Following endothelial injury, platelets adhere to 
collagen by interaction of the receptor glycoprotein ( GP ) 
Ib/V/IX with von Willebrand factor which is bound to col-
lagen. This adhesion is stabilized by direct interaction of 

platelet collagen receptors GP Ia/IIa and GP VI with col-
lagen. Following activation of the aggregation receptors 
GP IIb/IIIa, platelets aggregate, mediated by von 
Willebrand factor or fi brinogen (Adapted from: Sucker 
and Zotz [ 8 ])       
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factor VIIIa almost completely abolishes enzy-
matic activity. Because this complex activates fac-
tor X at a rate 50- to 100-fold faster than extrinsic 
tenase, it plays a critical role in the amplifi cation 
of factor Xa and subsequent thrombin generation.  

  Prothrombinase:     Factor Xa binds to factor 
Va, its activated cofactor, on anionic phospho-
lipid membrane surfaces to form the prothrom-
binase complex. Prothrombin binds to the 

prothrombinase complex, where it undergoes 
conversion to thrombin [ 23 ].  

  Fibrinogen and fi brin formation:     Fibrinogen 
is the fi rst coagulation factor to be discovered, 
and it plays a key role in perioperative hemostasis 
because it is the fi rst coagulation factor to reach 
critical levels in massive bleeding. Fibrinogen, 
synthesized in the liver, is an abundant plasma 
protein with concentrations typically ranging 

   Table 1.1    Factors relevant for coagulation   

 Name  Function 
 Molecular 
weight (kDA) 

 Mean concentration 
(μg/ml) 

 Reference 
range (IU/ml)  t 1/2 (h) 

 Fibrinogen  FI  Substrate of 
coagulation: forms 
fi brin 

 340  3000  n.a.  72–100 

 Prothrombin  FII  Serine protease 
(VKD): multiple 
targets 

 72  100  0.60–1.40  60 

 Labile factor  FV  Cofactor to FX  330  10  0.60–1.40  15 

 Stable factor  FVII  Serine protease 
(VKD): activates 
FX (and FIX) 

 50  0.5  0.60–1.40  5 

 Antihemophilic factor  FVIII  Cofactor to FIX  185  0.1  0.50–2.0  12 

 Christmas factor  FIX  Serine protease 
(VKD): activates 
FX 

 56  5  0.60–1.40  18 

 Stuart-Prower factor  FX  Serine protease 
(VKD): activates 
FII 

 56  10  0.60–1.40  30 

 Plasma thromboplastin 
antecedent 

 FXI  Serine protease: 
activates FIX 

 160  5  0.60–1.40  45 

 Hageman factor  FXII  Serine protease: 
activates FXI 

 80  30  0.60–1.40 

 Fibrin-stabilizing 
factor 

 FXIII  Cross-links soluble 
fi brin monomers to 
insoluble fi brin 
strand 

 320  60  0.50–1.50  216 

 von Willebrand factor  vWF  Mediates platelet 
adhesion to 
collagen; stabilizes 
and transports 
FVIII 

 225xn  10  0.50–2.0  10 

 Tissue factor  TF  Main initiator of 
coagulation 
in vivo: cofactor to 
FVII/FVIIa 

 45  n.a.  n.a.  n.a. 

  Plasma half-life (t½) is intended under physiological conditions; it may be considerably shorter in the presence 
of bleeding 
 Tissue factor, the main initiator of coagulation in vivo, is principally a membrane-bound protein expressed on 
 subendothelial cells. Under pathophysiological conditions, it may: (1) circulate bound to microparticles or monocytes, 
(2) circulate in truncated form as a free protein, or (3) be ectopically expressed on endothelial and other cells 
  VKD  vitamin K dependent  
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between 1.5–4.0 g/l and 6–13 μmol/l. It is a 
dimeric molecule, each half of which is com-
posed of three polypeptide chains – the Aα, Bβ, 
and γ chains. Fibrinogen circulates in an active 
form. Thrombin converts soluble fi brinogen into 
insoluble fi brin. Thrombin binds to the amino ter-
minal of the Aα and Bβ chains of fi brinogen, 
where it cleaves specifi c peptide bonds to release 
fi brinopeptide A and B and generates fi brin 
monomer. Non-covalently linked fi brin protofi -
brils are unstable. The stability of the fi brin net-
work is enhanced by platelets and procoagulant 
cells. Platelets bind fi brin via GPIIb/IIIa and pro-
mote the formation of a dense fi brin networks, 
but they also release factor XIII. FXIII stabilizes 
the fi brin in a calcium-dependent fashion and 
renders it relatively resistant to degradation, by 
covalently cross-linking the α- and γ-chains of 
adjacent fi brin monomers [ 24 – 26 ].  

 Fibrinogen has at least four major biological 
functions: (i) it is a substrate of coagulation; (ii) 
it is a cross-linker in platelet aggregation; (iii) it 
is a coagulation inhibitor as “antithrombin I”; (iv) 
and it is a substrate for interaction with other pro-
teins [ 27 – 31 ].

    (i)    Most other coagulation factors are serine 
proteases capable of specifi cally recogniz-
ing target molecules and activating many of 
them. For example, one activated thrombin 
molecule can activate more than 1000 mol-
ecules of fi brinogen. Indeed, enzymatically 
active coagulation factors can continue to 
interact with many other target molecules, 
while fi brinogen, in its role as substrate, will 
be consumed. One activated molecule of 
fi brinogen will give rise to one molecule of 
fi brin in the resulting clot.   

Vascular injury 
Contact

activation 

VIIaTF

IX X

VIIIa

IXa X

IXaExtrinsic
tenase

Intrinsic
tenase

Xa XaVa

Xa II

Prothrombinase

IIa

Fibrinogen Fibrin XIIIa

  Fig. 1.3    Coagulation system. Coagulation occurs through 
the action of discrete enzyme complexes, which are com-
posed of a vitamin K-dependent enzyme and a nonen-
zyme cofactor. These complexes assemble on anionic 
phospholipid membranes in a calcium-dependent fashion. 
Vascular injury exposes tissue factor ( TF ), which binds 

factor VIIa to form extrinsic tenase. Extrinsic tenase acti-
vates factors IX and X. Factor Ixa binds to factor VIIIa to 
form intrinsic tenase, which activates factor X. Factor Xa 
binds to factor Va to form prothrombinase, which convert 
prothrombin (II) to thrombin (IIa). Thrombin then con-
verts soluble fi brinogen into soluble fi brin       
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   (ii)    Fibrinogen’s second role is that of the cross- 
linker in platelet aggregation. Once platelets 
have been activated “outside,” an “inside” 
activation will occur that leads to an altered 
structure of the glycoprotein IIb/IIIa recep-
tor on the platelet surface. This structural 
change permits the interaction of one fi brin-
ogen molecule with several GP IIb/IIIa 
receptors on several platelets, leading to the 
formation of platelet aggregates.   

   (iii)    The third role involves fi brinogen’s ability 
to bind thrombin.   

   (iv)    Finally, FXIII is reported to covalently link 
α2-plasmin inhibitor on to fi brinogen; this 
reaction is important for the stability of the 
resulting fi brin clot.    

   Contact Pathway:     current thinking is that tis-
sue factor exposure represents the sole pathway 
for activation of coagulation and that the contact 
system – which includes factor XII, prekalli-
krein, and high molecular kininogen – is unim-
portant for hemostasis because patients defi cient 
in these factors do not have bleeding problems. 
However, the contact pathway cannot be ignored 
because coronary catheters and other blood-
contacting medical devices, such as stents 
or mechanical valves, likely trigger clotting 
through this mechanism. Factor XII bound to 
the surface of catheters or devices undergoes a 
conformational change that results in its activa-
tion. Factor XIIa propagates coagulation by 
activating factor XI.   

1.3     Fibrinolytic System 

 The fi brinolytic system allows for the lysis of a 
fi brin clot. Fibrinolysis initiates when plasmino-
gen activators convert plasminogen to plasmin, 
which then degrades fi brin into soluble frag-
ments. Blood contains two immunologically 
and functionally distinct plasminogen activators, 
t-PA and u-PA. t-PA mediates intravascular fi brin 
degradation, whereas u-PA activates cell-bound 
plasminogen. Regulation of fi brinolysis occurs 
at two levels: PAI-1 (and to a lesser extent PAI-

2) inhibits the plasminogen activators (both t-PA 
and u-PA) and α2-antiplasmin inhibits plasmin. 
Finally, thrombin-activated fi brinolysis inhibitor 
(TAFI) also modulates fi brinolysis cleaving lysine 
residues from degrading fi brin (binding sites for 
plasminogen, plasmin, and t-PA) (Fig.  1.4 ). TAFI 
are activated by thrombin–thrombomodulin com-
plex. Notably, fi brinolytic capacity differs signifi -
cantly among different tissues, with high activities 
in the genitourinary tract and the oral mucosa. 
This tissue-dependent variability of fi brinolytic 
capacity provides an explanation of the bleeding 
pattern in patients with pathologically enhanced 
fi brinolysis (hyperfi brinolysis) [ 1 ,  3 ].

1.4        Modeling Hemostasis 

 The process of hemostasis is complex. A model 
is a way of conceptualizing and understanding a 
complicated system. A good model should be 
simple enough to understand, yet complicated 
enough to accurately refl ect the process it was 
designed to represent. A “cascade” or  “waterfall” 
model was a great advance in the understanding 
of coagulation and was originally proposed by 
two groups nearly simultaneously. This model 
was subsequently refi ned to the scheme described 
above as more was learned about the biochemis-
try of the coagulation factors. The cascade model 
of coagulation resulted from work that was 
aimed at elucidating the identity, function, and 
interactions of the individual procoagulant pro-
teins. It accurately represents the overall struc-
ture of the coagulation process as a series of 
proteolytic reactions. Each protease cleaves and 
activates the subsequent protease in the series. 
The cascade model also included the recognition 
that anionic phospholipid, especially phosphati-
dylserine, was required for the assembly and 
optimal function of most of the coagulation 
complexes. This information was absolutely crit-
ical to understanding the coagulation reactions. 
However, the viewpoint that is implicit in this 
concept of coagulation is that the role of cells, 
especially platelets, is primarily to provide 
anionic phospholipid for coagulation complex 
assembly [ 32 – 35 ]. 
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1.4.1     The Cell-Based Model 
of Hemostasis 

 This model views hemostasis as occurring in 
three (overlapping) phases. The  initiation  of 
coagulation takes place on TF-bearing cells, 
such as the fi broblast illustrated in Fig.  1.5 . If 
the procoagulant stimulus is suffi ciently strong, 
enough factors Xa, IXa, and thrombin are formed 
to successfully initiate the coagulation process. 
 Amplifi cation  of the coagulant response occurs as 
the “action” moves from the TF-bearing cell to 
the platelet surface. The procoagulant stimulus is 
amplifi ed as platelets adhere, are activated, and 
accumulate activated cofactors on their surfaces. 
Finally, in the  propagation  phase, the active 

proteases combine with their cofactors on the 
 platelet surface – the site best adapted to generate 
hemostatic amounts of thrombin. The activity of 
the procoagulant complexes produces the burst of 
thrombin generation that results in fi brin polym-
erization (Fig.  1.5 ).

   Inappropriate coagulation is prevented by 
several mechanisms. The inactivation and propa-
gation steps are localized on different cell sur-
faces. The plasma protease inhibitors localize 
the reactions to cell surfaces by inhibiting active 
proteases that diffuse into the fl uid phase. 
Finally, endothelial cells express active anti-
thrombotic features that prevent coagulation 
from being initiated in the intact endothelium 
[ 36 – 41 ].  

Plasminogen

PPAIPAI

TAFIAFITAFIAFITAFI

Plasmin

Plasminogen activators
(t-PA, u-PA)

α2 - antiplasmin

Fibrin

Thrombin

Factor XIIa
-

-

-
Fibrin degradation products

  Fig. 1.4    Fibrinolytic system. Plasminogen is converted 
to plasmin by plasminogen activators, mainly tissue-type 
plasminogen activator  (t-PA ) or urokinase-type plasmino-
gen activator ( u-PA ). Plasmin cleaves fi brin to fi brin deg-

radation products. The system is strictly regulated by 
inhibitors such as α2-antiplasmin, plasminogen activator 
inhibitor ( PAI ), and thrombin-activatable fi brinolysis 
inhibitor ( TAFI )       
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1.4.2     Initiation 

 TF is the primary physiologic initiator of coagu-
lation. It is structurally unrelated to the rest of the 
coagulation proteins and is an integral membrane 
protein. Therefore, TF remains localized to the 
membrane of the cell in which it was synthesized. 
It is expressed on a variety of extravascular cells 
under normal conditions and can also be 
expressed by blood monocytes and endothelial 
cells in infl ammatory states. There are now data 
suggesting that TF-containing membrane vesi-
cles may bind to platelet surfaces in an evolving 
thrombus [ 42 ]. The source and physiologic role 
of such vesicles remain uncertain, but it is clear 
that normal circulating unactivated platelets nei-
ther contain nor express TF. It is important that 
the initiating and propagating steps are normally 

sequestered to different cell surfaces to limit the 
undesired activation of coagulation. Bringing 
factor VIIa/TF activity into close proximity to 
activated platelet surfaces is a key step in effec-
tive initiation of hemostatic coagulation (or 
thrombosis). During the process of hemostasis, a 
break in the vessel wall allows plasma to come 
into contact with TF-bearing extravascular cells. 
Factor VII in plasma binds tightly to cellular TF 
and is rapidly activated by coagulation and non- 
coagulation proteases. The factor VIIa/TF com-
plex activates both factor X and factor IX. Factor 
Xa can activate plasma factor V, as can non- 
coagulation cellular proteases. The factor X acti-
vated by the factor VIIa/TF complex is rapidly 
inhibited by TFPI or ATIII if it leaves the pro-
tected environment of the cell surface. However, 
the factor Xa that remains on the cell surface can 

Fibrin formation

Damaged endothelium

Tissue factor (TF)-bearing fibroblast 

Activated platelet

Extracellular matrix

Initiation

Amplification

Propagation

TF

FVIIa

FVIIa

Calcium

FXa

FX

FXI

FXIa

Thrombin

FIXa
FVIIIa

FIX

FXa
FVa

FX

Thrombin
burst 

Fibrinogen

Fibrin

  Fig. 1.5    Cell-based model of coagulation. Initiation 
phase: the complex of tissue factor ( TF ) and factor VII 
activates factor VII to factor VIIa. The complex of TF/
factor VIIa activates factors IX and X, resulting in the 
generation of thrombin (IIa) by means of the complex of 
factor Xa and its cofactor, factor Va (activated by factor 
Xa). Amplifi cation phase: thrombin activates platelets, 
which then present a thrombogenic surface. On this cata-
lytic surface, other coagulation factors such as V and XI 
are activated, and factor VIII is released by its carrier, von 

Willebrand factor. Factor XIa activates factor IX. Activated 
platelets bind factors Va, VIIIa, and IXa on their surface. 
Propagation phase: factor VIIIa/IXa complex activates 
factor X on the catalytic platelet surfaces, and factors Xa/ 
Va activate prothrombin (factor II), resulting in a massive 
generation of thrombin (factor IIa) – a “thrombin burst.” 
This burst is able to convert fi brinogen to fi brin and, in 
addition, to activate factor XIII to XIIIa, which cross-links 
the fi brin fi bers and stabilizes the fi brin clot       
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combine with factor Va to produce small amounts 
of thrombin which plays an important role in sub-
sequently activating platelets and factor VIII dur-
ing the amplifi cation phase.  

1.4.3     Amplifi cation 

 Damage to the vasculature allows platelets as 
well as plasma to come into contact with extra-
vascular tissues. Platelets adhere to extravascular 
matrix components at the site of injury. The pro-
cess of binding to matrix proteins partially acti-
vates platelets, as well as localizing them near a 
site of TF exposure. Small amounts of thrombin 
generated on TF-bearing cells amplify the initial 
procoagulant signal by enhancing platelet adhe-
sion, fully activating platelets and activating fac-
tors V, VIII, and XI. Thus, thrombin acts on the 
platelet surface to “set the stage” for procoagu-
lant complex assembly. Thrombin is a potent 
platelet activator via its protease-activated recep-
tors (PAR). During activation, platelets release 
factor V from alpha granules onto their surfaces 
in a partially activated form. Factor V(a) is then 
fully activated by thrombin or factor Xa. Some of 
the thrombin bound to non-PAR receptors, such 
as GPIb/IX, remains active and can activate other 
coagulation factors on the platelet surface. vWF/
factor VIII binds to platelets and is effi ciently 
cleaved by thrombin to activate factor VIII and 
release it from vWF. The factor VIIIa remains 
bound to the platelet surface. Now that the plate-
lets have been activated and have activated cofac-
tors V and VIII bound to their surfaces, assembly 
of the procoagulant complexes and large-scale 
thrombin generation begins.  

1.4.4     Propagation 

 During the propagation phase, the “tenase” and 
“prothrombinase” complexes are assembled on 
the platelet surface, and large-scale thrombin 
generation takes place. Platelets express high 
affi nity binding sites for factor IX(a), factor X(a), 
and factor XI. These receptors play important 
roles in coordinating assembly of the coagulation 

complexes. The “tenase” (factor VIIIa/IXa) com-
plexes assemble when factor IXa reaches the 
platelet surface. The factor IXa can diffuse to 
platelet surfaces from its site of activation on 
TF-bearing cells, since it is not rapidly inhibited 
by ATIII or other plasma protease inhibitors. In 
addition, plasma factor XI can bind to activated 
platelets, facilitating its activation by thrombin. 
The factor XIa can then provide additional factor 
IXa directly on the platelet surface. The factor 
IXa/VIIIa complexes activate factor X on the 
platelet surface where the resulting factor Xa can 
move directly into a complex with its cofactor, 
factor Va, as illustrated in Fig.  1.3 . The platelet 
surface factor Xa/Va complexes can now produce 
the burst of thrombin necessary to form a hemo-
static fi brin clot.   

1.5     Hemostatic Disorders 

 Bleeding can occur if there is abnormal platelet 
plug formation or reduced thrombin generation 
and subsequent fi brin clot formation at the site of 
vascular injury: disorders of primary and second-
ary hemostasis, respectively. Bleeding also can 
occur if the platelet or fi brin clot is prematurely 
degraded because of excessive fi brinolysis: disor-
der of tertiary hemostasis. The features distin-
guishing disorders of primary, secondary, and 
tertiary hemostasis are outlined in Table  1.2  [ 3 , 
 43 – 46 ].

1.5.1       Disorders of Primary 
Hemostasis 

 Platelet plug formation, the fi rst step in the arrest 
of bleeding at sites of injury, requires three key 
components: (1) an adequate number of func-
tional platelets; (2) vWF, the molecular glue that 
mediates platelet adhesion to the damaged vessel 
wall; and (3) a normal blood vessel that constricts 
in response to injury. Because the platelet plug 
provides the fi rst line of defense against bleeding, 
patients with these disorders often present with 
immediate bleeding after injury and petechiae, 
pinpoint hemorrhages, may be noted. In addition 
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they may manifest mucocutaneous bleeding (epi-
staxis, bleeding gums, hematochezia, excessive 
menstrual bleeding).

•    Thrombocytopenia or congenital or acquired 
disorders of platelet function are common 
causes of bleeding. Thrombocytopenia can be 
the result of: (1) decreased production (fail-
ure, infi ltration, or fi brosis of the bone mar-
row), (2) increased platelet destruction 
(immune, nonimmune mechanisms or con-
sumption because of activation of coagula-
tion, such as disseminated intravascular 
coagulation), and (3) abnormal distribution 
(platelet pooling in the spleen).  

•   Platelet function disorders include congenital 
disorders of platelet: (1) adhesion (von 
Willebrand disease and Bernard–Soulier syn-
drome), (2) aggregation (Glanzmann throm-
basthenia), or (3) procoagulant activity (Scott 
syndrome) in which the platelets fail to sup-
port clotting factor complex assembly. 
Acquired disorders of platelet function can 
occur in patients taking drugs that impair 
platelet function, such as aspirin, nonsteroidal 
anti-infl ammatory drugs, or in patients with 
uremia, paraproteins, or myelodysplastic or 
myeloproliferative disorders.  

•   Bleeding can also occur with infl ammation 
(Henoch–Schonleinpurpura, vasculitis, sys-
temic lupus erythematosus) or malformations 
of the blood vessels (hereditary hemorrhagic 
telangiectasia) or abnormalities of the con-
nective tissue supporting the blood vessels 
(Marfan syndrome, Ehlers–Danlos syndrome).     

1.5.2     Disorders of Secondary 
Hemostasis 

 Secondary hemostasis depends on rapid genera-
tion of suffi cient amounts of thrombin to gener-
ate a fi brin mesh that not only consolidates the 
platelet aggregates but is also stable enough to 
provide a barrier that prevents leakage of blood 
from the damaged vessel. Secondary hemostasis 
can be compromised by: (1) impaired thrombin 
generation because of congenital or acquired 
defi ciencies of coagulation factors or cofactors or 
intake of drugs that inhibit one or more steps in 
the coagulation pathways, (2) congenital or 
acquired fi brinogen defi ciency or dysfunction, 
and (3) impaired cross-linking of fi brinogen 
because of congenital or acquired defi ciency of 
factor XIII (Table  1.3 ).

   Table 1.2    Comparison of the features of disorders of primary, secondary, or tertiary hemostasis   

 Features  Primary  Secondary  Tertiary 

 Components involved  Platelets, vWF, and vessel wall  Coagulation  Fibrinolytic factors 

 Site of bleeding  Skin and mucocutaneous and 
soft tissues 

 Muscles, joints, and deep tissues  Wounds and 
genitourinary tract 

 Physical fi ndings  Petechiae and ecchymoses  Hematomas and hemarthroses  Hematuria and 
menorrhagia 

 Timing of bleeding  Immediate  Delayed  Delayed 

 Inheritance  Autosomal dominant  Autosomal or X-linked recessive  Autosomal recessive 

   vWF  von Willebrand factor  

   Table 1.3    Disorders of secondary hemostasis   

 Components 
affected  Causes 

 Coagulation 
factors 

 Congenital defi ciency, 
autoantibodies, increased 
consumption, drugs that attenuate 
thrombin generation or thrombin 
activity 

 Fibrinogen  1. Decreased production 
 2.  Increased consumption or 

synthesis of an abnormal protein 
 3.  Impaired fi brin polymerization 

because of fi brin(ogen) 
degradation products or 
paraproteins 

 Fibrin 
cross-linking 

 Congenital or acquired factor XIII 
defi ciency 
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•     Congenital inherited defi ciencies of coagula-
tion factors include hemophilia A and B, defi -
ciencies of factor VIII and factor IX, 
respectively. Because of redundancy in the 
coagulation system, only patients with a factor 
VIII or factor IX level <1 % have severe dis-
ease characterized by spontaneous bleeding or 
bleeding with minimal trauma. Whereas those 
with factor levels between 1 and 5 % have an 
intermediate phenotype, patients with levels 
>5 % usually have mild disease and bleed only 
with trauma or surgery. Congenital defi cien-
cies of prothrombin (factor II), factors V, VII, 
X, or XI or fi brinogen are less common causes 
of bleeding. In contrast, defi ciencies of 
 components of the contact pathway are not 
associated with bleeding. Acquired defi cien-
cies of coagulation factors can result from 
decreased synthesis because of severe liver 
disease, vitamin K defi ciency, or intake of 
drugs that can interfere with vitamin K metab-
olism, consumption because of excessive acti-
vation of coagulation (i.e., disseminated 
intravascular coagulation), or accelerated 
clearance caused by adsorption by parapro-
teins or amyloid or caused by autoantibodies 
that shorten the half- life or attenuate or abol-
ish clotting factor activity.  

•   Congenital disorders of fi brinogen include 
absence or low levels of fi brinogen (afi brino-
genemia and hypofi brinogenemia, respec-
tively) or synthesis of a dysfunctional protein 
(dysfi brinogenemia). Acquired hypofi brino-
genemia is thus a frequently observed prob-
lem in massively bleeding patients. Hiippala’s 
pioneering work identifi ed the clinical rele-
vance of fi brinogen in massively bleeding 
patients. He studied 60 massively bleeding 
patients and measured platelet counts and 
coagulation factor levels. Based on “critical 
levels,” or thresholds, which he took from a 
prominent coagulation textbook of the time, 
he observed that the fi brinogen threshold of 
1.0 g/l was reached at 142 % of blood loss. 
Other parameters he monitored only fell 
below their respective thresholds considerably 

later: platelet count at 230 %, factor II at 
201 %, factor V at 229 %, and factor VII at 
236 % [ 31 ]. Others corroborated the fi nding 
that fi brinogen will be the fi rst factor to reach 
critical levels in massive bleeding. A less fre-
quent problem is acquired dysfi brinogenemia; 
this may occur in end-stage liver cirrhosis as a 
consequence of an altered glycosylation of 
fi brinogen molecules that interferes with the 
plasma assembly of fi brin monomers. The 
laboratory hallmark of this disorder is longer 
thrombin time and a reduced ratio of func-
tional to antigenic fi brinogen tests (<0.7).  

•   Stabilization of fi brin requires cross-link-
ing of the α- and γ-chains of adjacent fi brin 
monomers to yield a polymer that is resis-
tant to premature breakdown. Factor XIIIa, a 
transglutaminase, performs this function by 
catalyzing the condensation of lysine residues 
on one chain with glutamic acid residues on 
another chain. Congenital or acquired defi -
ciency of factor XIII can impair cross-linking, 
resulting in bleeding. The hallmarks of severe 
factor XIII defi ciency include umbilical stump 
bleeding in the neonatal period, intracranial 
hemorrhage with little or no trauma, recurrent 
soft tissues hemorrhages, and recurrent spon-
taneous miscarriages in women.     

1.5.3     Disorders of Tertiary 
Hemostasis 

 Tertiary hemostasis depends on the generation of 
plasmin, which degrades fi brin and restores blood 
fl ow in damaged vessels. Premature lysis of fi brin 
in hemostatic plugs can lead to bleeding; this can 
occur systematically or can be localized 
(Table  1.4 ). Systemic fi brinolysis that occurs in 
the absence of activation of coagulation, so- 
called primary hyperfi brinolysis, is rare but can 
occur with (1) inherited defi ciency of PAI-1 or 
α 2 -antiplasmin, the inhibitors of the plasminogen 
activators and plasmin, respectively; (2) advanced 
liver disease; and (3) snake bites. More com-
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monly, systemic hyperfi brinolysis is secondary to 
activation of coagulation by procoagulants, such 
as tissue factor (i.e., trauma, metastatic cancer) or 
artifi cial surfaces (i.e., in cardiopulmonary 
bypass or with cardiac heart devices). Examples 
of localized hyperfi brinolysis include menorrha-
gia or hematuria after prostatectomy triggered by 
excessive plasmin generation induced by the high 
concentration of t-PA and u-PA in the uterus and 
genitourinary tract, respectively.

1.6         Laboratory Testing 
of Hemostasis 

 Early on, clotting assays that were sensitive to 
components of the coagulation system were 
developed and were used to defi ne the enzymatic 
pathways leading to clot formation. The two most 
important of these, the prothrombin time (PT) 
developed by Quick and the partial thromboplas-
tin time (PTT) developed by Langdell et al. and 
later modifi ed by Rapaport, continue to be used 
by coagulation laboratories throughout the world. 

1.6.1     Sample Collection 

 The accuracy of hemostasis tests depends on the 
sample quality. Pre-analytical variables strongly 
infl uence hemostasis test results, and particular 
attention should be paid to blood collection, sam-

ple transportation, and storage. Blood collection 
must be as thorough as possible in order to obtain 
reliable results: samples should be obtained from 
a peripheral vein using an atraumatic puncture, 
away from any intravenous perfusion line. Tubes 
containing 3.2 % (0.109 M) sodium citrate are 
recommended as other anticoagulants may yield 
invalid results. These tubes must be carefully 
fi lled to predetermined levels in order to respect 
the blood-to-anticoagulant ratio and then gently 
inverted fi ve times to mix them together. The fi rst 
few milliliters of blood collected after the punc-
ture should be discarded [ 47 ].  

1.6.2     The PT and APTT 

 The PT is the in vitro clotting time measured 
after addition of PT reagent, which contains 
thromboplastin (phospholipids with tissue factor) 
and calcium to citrated plasma. The PT detects 
important defi ciencies (and rarely inhibitors) of 
factors II, V, VII, X, and fi brinogen. The APTT is 
the in vitro clotting time measured after addition 
of calcium, an intrinsic pathway activator and the 
APTT reagent, which contains phospholipid (a 
platelet, also called “partial thromboplastin” as it 
lacks tissue factor) to plasma. The APTT detects 
bleeding disorders due to defi ciencies of factors 
II, V, VIII, IX, X, XI, XII, and fi brinogen and 
inhibitors including lupus anticoagulant and ther-
apeutic anticoagulants. 

 Prolongation of the PT and/or APTT only 
indicates a problem with the quantity and/or 
quality of single or multiple factors within the 
relevant pathways. Further specifi c coagulation 
tests are required to characterize the actual cause 
[ 48 ,  49 ]. 

 Prolonged PT, associated with prolonged 
APTT, can be due to:

•    Defi ciencies in factors II, V, and X or 
fi brinogen  

•   Presence of factor inhibitors  
•   VKA treatment  
•   Direct thrombin inhibitor  
•   Vitamin K defi ciency, malabsorption  
•   Liver disease  
•   Disseminated intravascular coagulation  

   Table 1.4    Disorders of tertiary hemostasis   

 Components 
affected  Causes 

 Plasminogen 
activators 

 Increased t-PA or u-PA release in 
the genitourinary tract or other 
tissues 

 Plasmin  Defi ciency of PAI-1 or α 2 - 
antiplasmin, resulting in an 
increased plasmin concentration 

 Plasminogen 
activation 

 Enhanced plasminogen activation 
secondary to activation of 
coagulation by procoagulants, 
such as cancer cells, artifi cial 
surfaces, or snake venoms 

   PAI-1  plasminogen activator inhibitor 1,  t-PA  tissue plas-
minogen activator,  u-PA  urokinase-type plasminogen 
activator  
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•   Dilutional coagulopathy  
•   Hemorrhage    

 Another assay, thrombin time (TT), detects an 
insuffi cient conversion of fi brinogen to fi brin 
upon stimulation by exogenous thrombin. This 
assay is used to diagnose an absence, defi ciency, 
or dysfunction of fi brinogen but also factors 
inhibiting or disturbing the action of thrombin on 
fi brinogen, such as heparin or thrombin inhibi-
tors [ 49 ]. 

 The causes of prolonged PT and APTT, 
whether or not they predispose to bleeding, are 
summarized in Table  1.5 .

   Both the PT and the APTT are also subject to 
a number of important limitations [ 4 ]. These 
include:

    1.    Artifact due to sample collection or contami-
nation (i.e., inadequate volume, diffi cult or 
traumatic phlebotomy causing coagulation 
activation, prolonged storage, and failure to 
adjust for high hematocrit causing an increase 
in citrate to plasma volume and artifactual 
prolongation of PT and APTT).   

   2.    Derivation of normal range whereby 2.5 % of 
otherwise normal individuals are considered 
to be out with the upper limit of normal.   

   3.    Intensity to clinically important bleeding dis-
orders with normal PT and APTT (i.e., mild 
von Willebrand disease or hemophilia A, fac-
tor XIII and α 2 -antiplasmin defi ciency).   

   4.    Detection of conditions not associated with 
bleeding, i.e., the lupus anticoagulant which 
can prolong both the PT and APTT, factor XII 
defi ciency which prolongs APTT.   

   5.    The same blood sample tested in different 
laboratories can give variable results; mainly 
due to differences in commercial reagents 
having different responsiveness to coagula-
tion factor defi ciencies and inhibitors and, to a 
lesser extent, the automated instrument.    

1.6.3       Fibrinogen 

 Fibrinogen is the most abundant clotting pro-
tein in plasma (2–4 g/l). As mentioned above, 

fi brinogen abnormalities can be either qualitative 
(dysfi brinogenemia) or quantitative (total lack, 
afi brinogenemia, or partial defi ciency, hypofi bri-
nogenemia). Fibrinogen measurement is usually 
performed using a functional qualitative method 
(von Clauss chronometric assay); when a high 
concentration of thrombin is added to diluted 
plasma, the clotting time is proportional to the 
level of clottable fi brinogen. Fibrinogen activity 
levels can also be estimated using a prothrombin 
time-based kinetic assay, which is a rapid, inex-
pensive, automated assay, although less specifi c 
of fi brinogen activity. Immunoassays for fi brino-
gen antigen quantifi cation are also available, but 
are not used for screening tests. These immuno-
logical assays measure the protein concentration 
rather than the functional activity of fi brinogen. 
Fibrinogen measurement is indicated in cases 
of apparent bleeding symptoms or in cases of 
suspicion of disseminated intravascular coagula-
tion, hepatic insuffi ciency, or hyperfi brinolysis 
(Table  1.6 ) [ 49 ].

1.6.4        Platelet Count 

 Platelet count is measured using an automated 
counter, on blood drawn in EDTA anticoagu-
lated samples. In cases of thrombocytopenia 
(<150 G/l), platelet clumps have to be consid-
ered; if clumps are identifi ed, platelet count 
should be assessed on blood collected in citrate- 
anticoagulated tubes. The normal platelet count 
range for adults is 150–400 G/l. Platelet count, 
of course, does not evaluate their qualitative 
performance.   

1.7     The Clinical Context 
for Testing 

 The PT and the APTT are among the most com-
monly requested laboratory assays. Typical indi-
cations include anticoagulant monitoring, routine 
perioperative screening, and bleeding. In addi-
tion to the limitations already described, the cli-
nician needs to be aware of specifi c issues related 
to each of these clinical indications for testing [ 4 , 
 50 – 52 ]. 
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1.7.1     Anticoagulant Monitoring 

 The problems associated with PT and APTT for 
monitoring vitamin K antagonists (VKA) and 
unfractionated heparin (UFH) relate mainly to 
the varying responsiveness of test reagent to sin-
gle and/or multiple defect defi ciencies and inhib-
itors. There is considerably variability in the PT 
thromboplastin reagent to the coagulation defect 
caused by VKA. Therefore, to allow PT results 
from different laboratories to be comparable, the 
calibration system that compares PT results to a 
WHO standard expressed as the International 
normalized ratio (INR) was developed. However, 
the INR is only valid for patients stabilized on 
VKA. This means that they are neither reliable 
nor reproducible for patients with prolonged PT 
for other reasons, i.e., liver disease, disseminated 
intravascular coagulation, and congenital factor 
defi ciency. The INR is accurate only for values 
within 1.5–4.5 range, as only patient samples 
with INRs within this range were used for cali-
bration. This means that INR values >4.5 may no 
longer observe the linear relationship demon-
strated for those with INRs of 1.5–4.5. In con-
trast, no such standardization exists for APTT 
reagent, resulting in marked variation in the sen-
sitivity of different reagents to coagulation factor 
defi ciencies and inhibitors. To standardize the 
APTT used to monitor UFH use, individual labo-
ratories should develop their own therapeutic 
range corresponding with accepted therapeutic 
UFH levels. The APTT is generally not sensitive 

to low molecular weight heparin. Although the 
new oral anticoagulants have been developed 
without the need for routine monitoring, these 
may be required in special circumstances (i.e., 
bleeding and perioperatively). All the new oral 
agents affect the APTT and PT but similar to 
VKA and UFH, different PT and APTT reagents 
show varying responsiveness. Results cannot be 
used for drug level monitoring or standardized 
across different laboratories.  

1.7.2     Investigation of Bleeding 

 When the PT and APTT are used in the context of 
a patient with bleeding, the clinician should have 
a clear and systematic approach to the clinical 
and laboratory diagnosis. A detailed bleeding 
history including drug and family history, fol-
lowed by careful examination can help to 
 compartmentalize the hemostatic defect and 
direct laboratory investigations in a logical man-
ner. However, bleeding histories in patients with 
mild bleeding disorders are challenging as many 
patients report mild bleeding symptoms, which 
are common in and overlap with the normal pop-
ulation. More recently, structured bleeding 
assessment tools to objectively quantify bleeding 
symptoms in a standardized manner have been 
developed. These bleeding assessment tools have 
shown with good negative predictive value, and 
their greatest clinical utility presently may lie in 
identifying patients who do not require further 
testing but validation for bleeding disorders out-
side von Willebrand disease is still needed. If the 
predictive value of the structured bleeding assess-
ment tools is confi rmed in prospective studies, 
this approach is likely to be extremely valuable in 
standardizing and improving the specifi city of 
determining abnormal bleeding that requires fur-
ther investigations.  

1.7.3     Routine Preoperative 
Screening 

 Perhaps the most controversial indication for 
coagulation testing is in routine preoperative 

   Table 1.6    Causes of abnormal fi brinogen levels   

 Reduced fi brinogen levels  Increased fi brinogen levels 

 Disseminated 
intravascular 
coagulation 

 Age 

 Dilutional coagulopathy  Pregnancy, oral 
contraception, 
postmenopausal 

 Liver disease with 
decreased synthesis 

 Infl ammatory syndrome 

 Inherited defi ciencies  Malignancy 

 Thrombolytic therapy 

 High doses of 
corticosteroids 

  Adapted from Bonhomme and Fontana [ 49 ]  

1 Pathophysiology of Coagulation
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screening. Both the PT and APTT were designed 
as diagnostic tests to confi rm the clinical suspi-
cion of bleeding. This is different from their use 
as screening tests in otherwise healthy preopera-
tive patients, where the prevalence of bleeding 
disorders is extremely low. Their use in popula-
tions with low pretest probability will invariably 
detect a high degree of normal results. Even when 
the results are abnormal, these are more likely to 
result from false positives or the detection of dis-
orders not associated with bleeding, e.g., FXII 
defi ciency and lupus anticoagulant, which have 
relatively high prevalence in an otherwise normal 
population. These false-positive results cause 
potentially unnecessary further investigations 
that generate delay, anxiety, cost, and harm. 
Additionally, 30–95 % of abnormal results from 
screening tests are either not documented or fol-
lowed up, potentially increasing the risk of litiga-
tion. Similarly, given that the PT and APTT may 
not detect some clinically signifi cant disorders, a 
normal result can give false reassurance. 
Accordingly, preoperative assessments should 
start with a structured bleeding history and coag-
ulation screening performed only if there is a 
concern about a bleeding tendency or risk arising 
from the history. The majority of patients with 
congenital bleeding disorders are aware of their 
diagnosis either through a positive family history 
and/or a personal history of bleeding. Similarly, 
patients with acquired bleeding risk or disorders 
will give a personal history of bleeding, relevant 
comorbidity or anti-hemostatic medication. In 
the absence of an abnormal bleeding history, the 
utility of the coagulation screen in detecting pre-
viously unidentifi ed individuals with a bleeding 
disorder is likely to be extremely low and should 
not be performed. 

 An ideal haemostatic assay would not only be 
capable of testing the overall function of the 
entire hemostatic system but also be able to 
defi ne the qualitative and/or quantitative contri-
bution of each compartment accurately and pre-
cisely. Until such a test is developed and validated 
for use, appropriate use of coagulation screens 
must involve consideration of the clinical con-
text, disease prevalence, and laboratory limita-
tions of the tests including performance 

characteristics, cost, and potential impact of 
false-positive and false-negative results.      
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      General Aspects of Viscoelastic 
Tests                     

     Alberto     Grassetto      ,     Rita     Paniccia     , 
and     Gianni     Biancofi ore    

2.1            Introduction 

 In recent years, a growing interest toward point- 
of- care tests (POCTs) and haemostasis has 
resulted in many scientifi c publications on visco-
elastic tests (VETs) and, particularly, on thrombo-
elastography and thromboelastometry. Although 
the development of thromboelastography took 
place at the end of the 1940s, only in the last 
decade its potential has been fi nally expressed. 

 One reason for this renewed popularity was the 
introduction in the market of new devices more suit-
able to be used on the “fi eld”, as the defi nition of 
point of care implies itself. Then, we assisted to the 
migration of those instruments from the laboratory 
to the intensive care unit and operating room, in 
order to achieve rapid information about the haemo-
static asset, especially during bleeding emergencies. 

 Standard laboratory exams, like prothrombin 
time (PT) and activated partial thromboplastin 
time (aPTT), have generally too long turnaround 

times to be really useful when minutes count and 
fast decisions are needed. Moreover, they have 
never been validated for addressing treatment of 
perioperative bleeding [ 1 ]. Some initial results 
of thromboelastography and thromboelastome-
try are available in few minutes, giving the 
opportunity to make decisions in “real time” [ 2 ]. 

 Another important difference between VETs 
and standard coagulation assays is that they can 
be performed using whole blood, thus giving a 
more complete picture of haemostasis. It is clear 
that any test that misses the interaction with 
platelet, fi brinogen, FXIII and blood cells, is far 
from answering a simple however important 
question: does this clot plug? 

 PT and PTT substantially give one piece of 
information that is whether the thrombin genera-
tion has started, however, no information of what 
happens afterwards. It has been said that the 
value of PT or PTT is something like opening a 
book fable to a child, reading the fi rst lines “Once 
upon a time…” and then closing the book. VETs 
give an “in vitro” picture of the growth of the clot 
and a measure of its stability until its physiologi-
cal or pathological lysis. According to some 
authors, thromboelastography is better than PT, 
aPTT and activated clotting time (ACT) in detect-
ing clotting abnormalities after hypothermia, 
hemorrhagic shock and resuscitation [ 3 ]; for 
others, it may even replace conventional coagula-
tion exams in the emergency department when 
“time is blood” [ 4 ]. 
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 Moreover, the reader should consider that PT 
and aPTT fundamentally represent tests to moni-
tor anticoagulation (warfarin and heparin, respec-
tively) and isolated congenital or acquired 
coagulation defi cits. However, they have been 
never validated to predict the risk of bleeding or to 
guide transfusions. Substantially, we have contin-
ued to use them on a routine basis, due to the lack 
of something better. Paradigmatic is the case of 
the cirrhotic patients in which PT doesn’t refl ect 
the risk of bleeding, because it only measures the 
activity of the procoagulants and not of the antico-
agulants, whose activity is reduced too, producing 
a sort of equilibrium at a lower level [ 5 ]. 

 On the other hand, the reader should not forget 
that VETs, as well as all the coagulation tests we 
use, do not represent exactly what really happens 
“in vivo”. Activation of coagulation is done using 
reagents that speed the reaction, and the whole 
picture misses the contribution of important com-
ponents like endothelium and the shear stress. 

 Finally, the results of these tests should be 
always correlated with the clinical situations, 
bearing clearly in mind that numbers must always 
be interpreted.  

2.2     Thromboelastography 
and Thromboelastometry 

2.2.1     How They Work 

 Blood clot may be ideally considered as a 
Maxwell body, thus with viscous and elastic 
properties. Thromboelastography and thrombo-

elastometry are based on the same concept, 
described by Hartert in 1948, and measure the 
“shear modulus” of the clot, which represents its 
tendency to deform by the action of opposing 
forces. The shear modulus is defi ned as the ratio 
between shear stress and shear strain. Every 
material has its own typical shear modulus; how-
ever, in the case of blood, this is not constant and 
changes along with the process of clotting. The 
SI unit (Système International d’Unitès) of shear 
modulus is dyne/cm 2  (gigapascal). 

 In the classical thromboelastography (TEG, 
Haemoscope Corp., Niles, IL), a blood sample is 
injected in a heated cylindrical sample cup which 
rotates slowly back and forth through an arc of 
4.45°, every 5 s, along the longitudinal axis. A 
free pin, suspended on a wire, is immersed in the 
blood and, as long as the coagulation process 
begins, it detects the variation of strength between 
the pin and the cup’s wall (Fig.  2.1 ). This mea-
sure is electromechanically transduced and con-
verted into the classical thromboelastographic 
tracing (Fig.  2.2 ).

    In ROTEM (TEM International GmbH, 
Munich, Germany), the mechanism is the oppo-
site, as it is the pin which moves through an arc of 
4.75°, while the cup is fi xed. As the coagulation 
starts and the fi rst strands of fi brin are formed, the 
pin’s free rotation is restricted proportionally to 
the increasing strength of the clot (Fig.  2.1 ). This 
reduction of movement is detected by an optical 
system and the generated electrical signal 
expressed as a graphical representation (Fig.  2.2 ). 

 Table  2.1  summarises the main principal fea-
tures of TEG and ROTEM.

Movement sensor
Pin

Rotating cup
Heating block

4.45°

  Fig. 2.1    TEG mechanism and curve       
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2.2.2        TEG and ROTEM Parameters 

 The TEG and ROTEM tracings represent a picture 
which starts from the very beginning of clot for-
mation throughout its lysis. Measured parameters 
and their meaning are summarised in Table  2.2 .

2.2.3        The Reagents 

 In both TEG and ROTEM, the blood sample can 
be tested without any reagent, the so-called 

native, or after recalcifi cation if the sample is 
taken in a citrate tube. Even the presence of 
citrate may infl uence the results; however, it is 
the most suitable way to test the sample if it 
 cannot be immediately processed. Storage in a 
citrate tube has shown enough stability of the 
sample up to 2 h at least [ 6 ]. Repeated sampling 
from the same tube may result in activation of 
platelets as well as coagulation factors and there-
fore should be avoided if possible [ 7 ]. In general, 
VETs use different kind of activators to speed up 
the initiation of coagulation or to focus on some 
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  Fig. 2.2    ROTEM mechanism and curve       

   Table 2.1    Tecnical features of TEG and ROTEM   

 TEG  ROTEM 

 Manufacturer  Haemoscope Corp., Niles, IL  Tem International, Munich, Germany 

 Description  2-channel unit, separate computer and 
printer, barcode (optional), network 
remote connection 

 4-channel unit, integrated pc, touch screen 
monitor, separated printer, barcode, 
network remote connection 

 Mechanism  Torsion wire connected by spring to 
electromechanic transducer 

 Rotating pin connected to an optical 
detector 

 Pipettes/blood sample  Manual pipettes (automatic 
optional)/340 μL per test, citrated or 
native blood 

 Automatic pipette, step-by-step procedure 
through graphic user interface/300 μL, 
citrated or native blood (if NATEM used) 

 Reagents/assays  Single-use vials/Kaolin, Rapid- 
TEG®, Functional Fibrinogen. 
Heparinase cuvette for heparin effect. 
Platelet mapping for platelet function 
analysis 

 Single-use or liquid multi-use vials/
EXTEM, INTEM, FIBTEM, HEPTEM, 
APTEM. Optional module ROTEM® 
 platelet  for platelet function analysis 

 Temperature  Direct measure for every channel, 
possibility to set 

 Possibility to set on service panel 

 Calibration/quality controls  12/24 h quality check (level 
positioning and machine check) 
 QC weekly quality control (level I 
and/or Level II) 

 Constantly running 
 QC test, weekly formal control (ROTROL 
N or ROTROL P) 

 Marks/approbation  CE/FDA  CE/FDA 
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aspects of the hemostatic process (e.g. contribu-
tion of fi brinogen or platelets). Each device has 
its panel of reagents, and a comparative analyses 
can be done running several tests in parallel. 

2.2.3.1     ROTEM Reagents 
 EXTEM: this assay explores the extrinsic coagu-
lation pathway and use thromboplastin (tissue 
factor) as activator. 

 INTEM: this assay explores the intrinsic coag-
ulation pathway and use ellagic acid as activator. 

 FIBTEM: this assay explores the contribution 
of fi brinogen on the clot amplitude and use tissue 
factor as activator, the same of EXTEM, and 
cytochalasin D to block platelets’ function. 

 HEPTEM: this assay is the same as INTEM, 
but has heparinase inside. It can be used to con-
fi rm a heparin effect when compared to INTEM. 

 APTEM: this assay is the same as EXTEM, 
but has an antifi brinolytic, aprotinin, inside. It 
can be used to confi rm a fi brinolysis when com-
pared to EXTEM. 

 ECATEM: this assay is sensitive for thrombin 
inhibitors: it contains ecarin, a purifi ed metallo-
protease from  Echis carinatus .  

2.2.3.2     TEG Reagents 
 KAOLIN: this assay explores the intrinsic coagu-
lation pathway and use kaolin as activator. 

 RAPID-TEG: this assay uses tissue factor and 
kaolin as activator, thus accelerating the coagula-
tion initiation for quicker results. 

 FF (functional fi brinogen): this assay explores 
the contribution of fi brinogen on the clot ampli-
tude and use abciximab to block platelet function. 

 HEPARINASE: in TEG, a heparin effect can 
be confi rmed or excluded using not properly a 
reagent but a cuvette with heparinase. Then, all 
the assays can be run with or without a hepari-
nase cuvette.    

2.3     Interpretation of TEG 
and ROTEM Tracings 

 Generally, a prolongation of CT/R is due to a 
coagulation initiation defect, while a reduced 
MCF/MA is due to a substrate defi cit (e.g. fi brin-
ogen, platelets, FXIII). On the contrary, a short-
ened CT/R or increased MA/MCF is due to an 
acceleration of coagulation initiation or increased 
substrates levels, respectively. CFT/K express the 
kinetic of clot formation and fundamentally 
depend on substrates, mainly fi brinogen and 
platelets. Clot lysis is a physiological phenome-
non, but, when enhanced above normal levels, it 
can severely impair clot stability and then the 
hemostatic competence. Hypocoagulable and 
hypercoagulable features of thromboelasto-
graphic tracings are summarised in Table  2.3 .

   CT/R are affected by factor activity, so they 
are sensitive to acquired or inherited factor defi cit 
and to anticoagulation drugs (see next paragraph 
for details) and better represent the balance 

   Table 2.2    Main parameters measured on TEG and ROTEM and their meanings   

 TEG  ROTEM  Meaning 

 Time to reach to 2 mm amplitude   R  – reaction 
time 

 CT – clotting time  Time needed for initiation of 
clotting, thrombin generation, start 
of fi brinogen polymerisation 

 Time to reach 20 mm amplitude   K   CFT – clot formation 
time 

 Estimation of clot growth kinetic 
by fi brin polymerisation, 
thrombocytes and FXIII 

 Angle formed by tangent line 
from baseline to 20 mm 

  α    α   Same meaning as  K  and CFT 

 Amplitude at 10–20 min    not available   A10–A20  Estimation of clot strength at fi xed 
times, strongly correlated with 
MCF 

 Higher amplitude reached  MA – maximum 
amplitude 

 MCF – maximum clot 
fi rmness 

 Final clot strength given by its 
stabilisation 

 Lysis %  LY-30  ML – maximum lysis  Measure of fi brinolysis 
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between procoagulant and anticoagulant factor 
activity than PT and aPTT. In vitro studies 
showed that after 30 % hemodilution with saline, 
PT and aPTT tend to prolong, while CT/R 
shorten, probably because the dilution of antico-
agulants activity has, at least initially, the major 
weight; further hemodilution obviously produces 
a CT/R prolongation [ 8 ]. Moreover, being func-
tional assays, thromboelastometry and thrombo-
elastography are sensitive not only to quantitative, 
but also to qualitative alterations of factors and 
substrates. For example, colloids interfere with 
coagulation initiation and fi brinogen polymerisa-
tion, so they typically prolong CT/R and reduce 
MCF/MA even after minor hemodilution [ 9 ]. 
Other pre-analytical and analytical factors that 
infl uence CT/R and MCF/MA are discussed in 
the next paragraph. 

 ROTEM and TEG curves should be consid-
ered as a whole: despite a normal amplitude, a 
prolongation of CT/R will determine itself a 
hemostatic impairment; the same happens when 
clotting time is normal but amplitude is reduced. 

 Evaluation of MCF generally needs time, so, 
routinely, for clinical purpose, amplitude at 
10 min (A10) is considered, given the good cor-
relation between them. 

 The use of different reagents and multiple 
channels enables the identifi cation of different 
pathways and specifi c contributors to the throm-
boelastometric/thromboelastographic tracing. 
Table  2.4  summarises the available tests and ref-
erence ranges.

2.3.1       Extrinsic/Intrinsic Pathways 

 With ROTEM, defects of extrinsic or intrinsic 
pathways may be evaluated through EXTEM and 

INTEM, respectively. An isolated prolongation 
of CT in INTEM may subtend an intrinsic path-
way defect (factors XII, XI, IX, VIII), while an 
isolated prolongation of CT in EXTEM may sub-
tend an extrinsic pathway defect (factor VII plus 
tissue factor). If CT is prolonged in both tests, a 
common pathway coagulation defi cit (factors 
X-V-II) or a multifactorial defi cit has to be 
considered.  

2.3.2     Heparin Effect 

 Both ROTEM and TEG can discriminate if a CT 
or R prolongation is due to heparin. This aspect 
can be particularly useful to confi rm a complete 
heparin reversal after protamine administration. 
When a “heparin effect” is suspected, a double 
test is performed with ROTEM: INTEM and 
HEPTEM. For a heparin concentration of 0.3 U/
mL, CT in INTEM is prolonged over 240 s and 
other parameters are not affected. Above a 
 concentration of 1 U/mL, CT is usually longer 
than 15 min. If CT in INTEM is longer than in 
HEPTEM, a heparin effect can be confi rmed, 
while, if no difference exists, a heparin effect can 
be excluded. It should be noted that one-shot 
reagents r-EXTEM and r-FIBTEM, differently 
from the same liquid reagents, are heparin sensi-
tive, so before performing these tests, a heparin 
effect should be excluded or reversed. With TEG, 
a heparinase cuvette is used, comparing the result 
with a test performed without heparinase. Figures 
 2.3  and  2.4  show how heparin infl uences ROTEM 
and TEG curves.

2.3.3         Fibrinogen Contribution 
to Clot Firmness 

 Being the main contributor to clot fi rmness, spe-
cifi c tests to evaluate fi brinogen are available, 
helping to differentiate the causes of altered clot 
strength. FIBTEM and FF inhibit platelet func-
tion giving a picture of the fi brin component of 
the clot (see next paragraph for details). Moreover, 
many studies showed that FIBTEM and FF better 
refl ect the hemostatic impairment than Clauss 

   Table 2.3    Typical features of hypo and hypercoagulable 
phenotypes   

 Hypercoagulable  Hypocoagulable 

 Clotting time  ↓  ↑ 

 Clot strength  ↑  ↓ 

 Rate of clot 
formation 

 ↑  ↓ 

 Lysis  =  ↑ 
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   Table 2.4    Commercially available tests for TEG and ROTEM and reference ranges   

 Device  Activator/inhibitor  Effect 

 TEG  Kaolin  Intrinsic activator: coagulation time ( r -value) is 
increased by aprotinin, sensitive to heparin 

 Kaolin + heparinase  Cup coated with heparinase; neutralises heparin 
effects 

 Kaolin + tissue factor  r-TEG yields results 50 % faster than conventional 
TEG 

 Activator F (reptilase- factor XIIIa mixture); 
adenosine diphosphate, arachidonic acid 

 Platelet mapping: platelet functioning. Measures clot 
strength and MA. Sensitive to diminution in platelet 
function in response to aspirin and clopidogrel 

 Lyophilized tissue factor and platelet inhibitor 
(abciximab) 

 Functional fi brinogen level. Reagent inhibits 
GPIIb/IIa receptors on platelets, eliminating their 
contribution to clot strength (MA) and refl ecting 
functional fi brinogen activity 

 Reference values for TEG 

  r - time reaction 
time (min) 

  K  time (min)   α -angle  MA maximum 
amplitude (mm)  LY lysis (%) 

 Whole 
blood 

 4–8 min  1–4 min  47–74°  55–73 mm 

 Citrated 
blood + 
kaolin 

 3–8 min  1–3 min  55–78°  51–69 mm 

 r-TEG  0–1 min  1–2 min  66–82°  54–72  0.0–7.5 

 Citrated 
blood + 
kaolin and 
heparinase 

 Comparison with kaolin test: a shortening in CT in kaolin and heparinase indicates the presence of 
heparin or heparin-like substances 

 ROTEM  EXTEM (tissue factor)  Extrinsic activator (tissue factor); not affected by 
aprotinin, sensitive to heparin; fast assessment of 
clot formation 

 INTEM (contact activator)  Intrinsic activator; sensitive to heparin; assessment 
of clot formation and fi brin polymerisation 

 HEPTEM (contact activator + heparinase)  Neutralises heparin effects; specifi c detection of 
heparin 

 FIBTEM (tissue factor + platelet antagonist 
cytochalasin D) 

 Pharmacologic inactivation of platelet cytoskeleton 
by cytochalasin D; 
 FIBTEM represents the strength of the clot under 
platelet inhibition 

 APTEM (tissue factor + aprotinin)  Inhibition of premature lysis by the addition of 
aprotinin; fast detection of fi brinolysis when 
compared at the same time to EXTEM 

 ECATEM (ecarin)  Used in the management of direct thrombin inhibitors 

 Reference ranges for ROTEM 

 CT 
 Clotting time (s) 

 CFT 
 Clot formation time (s) 

 A 10 
 Amplitude 10 min 
after CT (mm) 

 MCF 
 Maximum clot 
fi rmness (mm) 

 ML 
 Maximum lysis 
(% of MCF) 

 INTEM  100–240 s  30–110 s  44–66  50–72 mm  <15 % 

 EXTEM  38–79 s  34–159 s  43–65  50–72 mm  <15 % 

 FIBTEM  8–24  9–25 mm 

 APTEM  Comparison with EXTEM: a stable MCF confi rms hyperfi brinolysis 

 HEPTEM  Comparison with INTEM: a shortening in HEPTEM CT indicates the presence of heparin or 
heparin-like substances 
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HEPTEM INTEM

A10:  - mm A10: 50mmA20 :    -mm MCF:*   38 mm

CT:   152 s CFT :   73 s

A20:   - mm

CFT:   120sα : *   75°

MCF:*   50 mm

α :    66°CT:   407s

  Fig. 2.3    Heparin effect on ROTEM. CT INTEM is prolonged, but normalised in HEPTEM       

  Fig. 2.4    Heparin effect on 
TEG.  R  is normalised in 
Kaolin with heparinase       

fi brinogen [ 10 ]. Fibrinogen contribution affects 
primarily clot fi rmness, but when fi brinogen lev-
els are very low also a prolongation of clotting 
time may be seen (as it happens with PT and 
aPTT that are unreliable under a fi brinogen con-
centration below 1 g/L). Some studies showed 
how fi brinogen administration produces an expo-
nential increase on clot fi rmness and can eventu-
ally compensate a platelet defi cit [ 11 ]. Figure  2.5  
shows all the possible combinations of EXTEM/
FIBTEM tracings and their meaning.

2.3.4        Hyperfi brinolysis 

 Hyperfi brinolysis is defi ned as a premature, 
supraphysiological lysis of the clot. With 

ROTEM/TEG, lysis is usually defi ned as the 
ratio between MCF/MA and the amplitude at 
30 or 60 min and normal values are below 7.5 
% or 15 %, respectively. Hyperfi brinolysis was 
shown to correlate with mortality in bleeding 
patients in many different settings, especially 
in trauma where it is included in the mecha-
nism of trauma-induced coagulopathy [ 12 ]. 
ROTEM/TEG hyperfi brinolysis should be 
intended as a systemic type of fi brinolysis and 
its absence does not exclude that a local hyper-
fi brinolysis, not identifi able by ROTEM/TEG, 
may play a role in some situations. APTEM 
test is usually performed to confi rm hyperfi bri-
nolysis. Figures  2.6  and  2.7  show typical 
hyperfi brinolysis tracings on ROTEM and 
TEG, respectively.
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a b

c d

e f

  Fig. 2.5    ( a ) Normal profi le, ( b ) platelet defi cit, ( c ) fi brinogen and platelet defi cit, ( d ) compensated platelet defi cit, ( e ) 
hyperfi brinogenemia (pregnancy), ( f ) thrombocytosis       

  Fig. 2.6    ROTEM – fulminant hyperfi brinolysis       
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2.4          Substantial Differences 
between TEG and ROTEM 
and Limits of Their 
Measurement 

 Despite the fact that TEG and ROTEM are based 
on the same concept, we have just mentioned that 
their results are not interchangeable. It does not 
depend only on mechanical differences of the 
instruments, but also on the different mechanism 
of action of reagents [ 13 ]. In one study regarding 
trauma patients, the best agreement between the 
two machines was found to be on the MA/MCF 
variable, while R/CT showed poor correlation 
[ 14 ]. The same was noted in cardiac surgery [ 15 ]. 

 The main difference between the two systems 
is that ROTEM uses stronger activators than clas-
sical TEG with kaolin: ellagic acid (INTEM) and 
tissue factor (EXTEM) are stronger in initiating 
the coagulation process than kaolin, thus ROTEM 
tracing may theoretically be less sensitive to 
detect the effect of low molecular weight hepa-
rins, anticoagulants, and antiplatelet drugs. 
However, these differences may also subtend a 
different philosophy, including the aim of 
 obtaining quicker results. The introduction of 
Rapid- TEG has represented the TEG answer to 
this need, and one study in trauma patients has 
reported a strong correlation between rapid 
thromboelastography and conventional thrombo-
elastography in terms of overall clot strength [ 16 ]. 

 The contribution of fi brinogen on clot fi rm-
ness is measured in TEG and ROTEM by FF 
(functional fi brinogen) and by FIBTEM, respec-

tively. FF uses abciximab, a glycoprotein IIb/IIIa 
inhibitor to blunt the platelet contribution to clot 
fi rmness; FIBTEM is based on cytochalasin D, a 
strong inhibitor of platelet cytoskeleton, to 
achieve the same effect. 

 FF MA values have been reported to be gener-
ally higher than FIBTEM MCF, and TEG func-
tional fi brinogen may lead to an overestimation 
of fi brinogen levels [ 17 ]. This depends princi-
pally on the different capacity of the two reagents 
to block platelets, as well as on the intrinsic dif-
ference between the two instruments. Lang and 
co-workers have reported lower whole-blood 
maximum clot elasticity when using both agents 
compared with either agent alone [ 18 ]. Similarly, 
other studies have reported that a new experimen-
tal ROTEM assay, FIBTEM PLUS, which con-
tains cytochalasin D and tirofi ban, provides a 
greater inhibition of platelets than FIBTEM; 
however, this effect is not signifi cant on patients 
with low platelet count [ 19 ]. From a clinical point 
of view, a proper platelet inhibition ensures a 
more accurate assessment of the fi brinogen con-
tribution to clot fi rmness and therefore the need 
for fi brinogen supplementation therapy [ 20 ]. 

 An important consideration is that nor ROTEM 
nor TEG gives information of primary haemosta-
sis; thus, defects of primary haemostasis (e.g. von 
Willebrand disease) cannot be identifi ed by these 
instruments. Moreover, the reagents used induce a 
burst of thrombin generation, therefore activating 
the platelets downstream via PAR1 and PAR4 
receptors, overcoming and masking an eventual 
platelet inhibition. That is the reason why ROTEM 

  Fig. 2.7    TEG – hyperfi brinolysis       
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and TEG have a poor sensitivity for aspirin and 
thienopyridine effects and a low one for GPIIb/
IIIa receptor antagonists [ 21 ]. 

 Regarding the anticoagulant activity detec-
tion, two similar studies on vitamin K antagonist- 
treated patients monitored with TEG and ROTEM 
have shown a prolongation tendency of R and CT 
however remaining within the normal reference 
range in some patients, despite an INR at thera-
peutic level [ 22 ,  23 ]. Conversely, at suprathera-
peutic anticoagulant, levels both TEG/ROTEM 
easily show a signifi cant prolongation of clotting 
times [ 24 ]. 

 A prolongation of CT/R has also been shown 
in in vitro studies considering the new oral anti-
coagulants like the direct thrombin inhibitor dab-
igatran [ 25 ] and the Xa inhibitors [ 26 ]. However, 
the capacity to identify patient within therapeutic 
range of these drugs remains controversial. 
Recently, a new ROTEM test, using ecarin, has 
been found to be a more sensitive assay for direct 
thrombin inhibitors [ 27 ]. The effects of low 
molecular weight heparins (LMWH) are gener-
ally detected by TEG, comparing kaolin with 
kaolin/heparinase, and an overdose is assumed to 
be detected also with ROTEM, comparing 
INTEM with HEPTEM [ 28 ]. 

 It must be stressed that at this time, despite all 
these promising results, VETs are not intended to 
monitor the effect of anticoagulant drugs with the 
possible exception of heparin reversal.  

2.5     Factors Infl uencing 
the Thromboelastographic/
Thromboelastometric Curve 

2.5.1     Age, Gender and Particular 
Conditions 

 Elderly patients tend to have shorter CT/R and an 
increase in amplitude (MCF/MA). The same hap-
pens, to a lesser extent, in females vs. males [ 11 ]. 
For children, some authors have suggested a ded-
icated reference range [ 29 ]. During pregnancy, 
the hemostatic changes are well depicted by TEG 
and ROTEM with a sort of “prothrombotic phe-
notype” (e.g. shorter CT/R, increase in MCF/MA 

mostly due to high fi brinogen levels). Recently, 
appropriate reference ranges for pregnancy have 
been proposed [ 30 ].  

2.5.2     Haematocrit 

 Many authors have investigated the role of hae-
matocrit and its impact on viscoelastic variables. 
Haematocrit has shown to inversely correlate 
with ROTEM MCF in a group of sideropenic 
anaemia patients [ 31 ]. The same was noticed 
with high haematocrit in cyanotic congenital 
heart disease patients using TEG [ 32 ]. The con-
tribution to clot formation by red blood cells 
should be taken into account when considering 
tests that are performed on whole blood. Some 
authors believe this to be more of an advantage 
than a limit, for example, when considering 
FIBTEM instead of plasma fi brinogen concentra-
tion. However, in diluted conditions, which are a 
common situation in the bleeding patients, this 
effect appears negligible.  

2.5.3     Temperature 

 TEG/ROTEM are usually performed at 37 
°C. The setting of the temperature is possible 
with both instruments (directly with TEG, on the 
service panel with ROTEM). As the temperature 
is set under 37 °C, a proportional prolongation of 
R/CT is seen with decreasing temperature [ 33 ]. 
The clot amplitude is probably less affected by 
temperature than CT/R and different studies have 
shown confl icting results in MCF/MA [ 34 ]. 
However, from a clinical point of view, the ben-
efi t of setting the temperature remains debatable: 
during haemorrhage, severe hypothermia should 
always be corrected, independently from 
ROTEM/TEG results, and adding this variable 
may be potentially misleading.  

2.5.4     Acidosis 

 It represents a well-known contributor to coagu-
lopathy and its effect on ROTEM/TEG tracings 
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have been investigated by many authors. In one 
study with ROTEM, acidosis was shown to syn-
ergistically impair coagulation when mixed with 
hypothermia, whereas without hypothermia, its 
effects were not signifi cant [ 35 ].  

2.5.5     Alcohol 

 Few studies with TEG reported some issue in 
identifying coagulopathy in patients with elevated 
blood alcohol levels. It is not clear if the shown 
impaired clot formation constitutes an artefact or 
not and further investigation is needed [ 36 ].   

2.6     Evidence of TEG and ROTEM 
Feasibility and Usefulness 
in Various Settings 

 As previously highlighted, a growing body of lit-
erature, especially in cardiac surgery [ 37 – 39 ], 
liver transplant [ 40 ,  41 ], trauma [ 42 – 46 ] and 
post-partum haemorrhage [ 47 ,  48 ], led to an 
increasing interest in these instruments. However, 
the real contribution of a monitoring device “per 
se” is diffi cult to demonstrate, when considering, 
for example, blood products or cost sparing, or 
reduction of morbidity and mortality, which basi-
cally depend on treatment algorithms. 
Monitoring, with the exception of observational 
studies, often implicates a therapy (including the 
“not to treat” option of course). Unfortunately, 
the literature shows a wide range of different 
approaches in different countries and different 
institutions (e.g. concentrate-based or fresh fro-
zen plasma-based hemostatic resuscitation). 
Such heterogeneity is perhaps the main con-
founding factor in the search for “evidence” and 
the result is confl icting recommendations. The 
recent European guidelines on management of 
bleeding and coagulopathy following major 
trauma recommend, with a Grade 1C level, that 
VETs are performed to assist in characterising 
the coagulopathy and in guiding haemostatic 
therapy [ 49 ]. On the other side, a recent review 
by The Cochrane Collaboration, analysing the 
accuracy of TEG and ROTEM in identifying 

trauma patients with trauma-induced coagulopa-
thy, has concluded that these tests should only be 
used for research [ 50 ]. This apparent contradic-
tion may be smoothed by a critical approach, tak-
ing into account limits and strengths of these 
instruments.  

2.7     Standardisation, Quality 
Assurance and Quality 
Control of TEG and ROTEM 

 In 2010, the UK National External Quality 
Assessment Scheme (NEQAS) for Blood 
Coagulation undertook a series of exercises eval-
uating the provision of External Quality 
Assessment (EQA) material for TEG and 
ROTEM. The precision of the tests varied greatly 
for both devices ranging from 7.1 to 39.8 for 
TEG and 83.6 % for ROTEM [ 51 ]. The next year, 
a different group compared again TEG and 
ROTEM with the aim of a standardisation of the 
methodology. Among the measured parameters, 
the coeffi cient of variation for R/CT and MA/
MCF was less than 20 % [ 52 ]. These results may 
seem discouraging, however, for guiding clinical 
decisions accuracy may be sometime more 
important than precision itself. Of course these 
machines need quality checks, quality controls 
and proper training.  

2.8     The Sonoclot 

 The Sonoclot Analyzer (Sienco Inc., Arvada, 
CO) was introduced fi rst in 1975 [ 53 ]. To start a 
measurement, a hollow, open-ended disposable 
plastic probe is mounted on the transducer head. 
Then, a whole-blood sample is added to the 
cuvette containing different coagulation activa-
tors/inhibitors. After an automated mixing proce-
dure, the probe is immersed into the sample to a 
fi xed depth where it oscillates vertically at a dis-
tance of 1 μm at a frequency of 200 Hz. 

 The blood sample exerts a viscous drag on the 
probe, mechanically impending its free vibration 
(Fig.  2.8 ). The drag increases as the sample clots 
and fi brin strands form on the probe’s tip and 
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between the probe and the cuvette’s wall effec-
tively increasing the mass of the probe. The 
increasing impedance to the probe’s vibration as 
the blood clots is detected by the devices’ elec-
tronic circuits and converted to an output signal 
on a paper or digital chart. The Sonoclot Analyzer 
provides information on the entire haemostasis 
process both on a qualitative graph, known as the 
Sonoclot Signature and as quantitative results: 
the activated clotting time (ACT), the clot rate 
(CR) and the platelet function (PF). The Sonoclot 
Signature is shown in Fig.  2.9 .

2.8.1        Interpreting the Sonoclot 
Signature 

2.8.1.1     Activated Clotting Time (ACT) 
 This is the period from the beginning of the test 
when the sample is still a liquid until the point 
where fi brinogen begins to convert into a fi brin 

Transducer

Fibrin strands

Whole blood
(0.4mm)

Cuvette

Disposable probe
vibrating 1 μm at 200Hz

  Fig. 2.8    Sonoclot mechanism       
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  Fig. 2.9    Sonoclot curve       

 

 

A. Grassetto et al.



31

gel, thus increasing the viscosity of the sample. 
The Sonoclot Analyzer produces an automated 
result as the onset or activated clotting time. This 
is the point where the viscosity measurement rises 
by 1.0 clot signal unit on the Sonoclot Signature. 

 Therefore, ACT is the time from the activation 
of the sample until the beginning of a fi brin for-
mation. ACT refl ects initial fi brin formation, 
whereas R/CT refl ects a more developed, and 
later, stage of initial clot formation.  

2.8.1.2     Fibrin Gel Formation 
 This is the period during which fi brinogen forms 
a fi brin gel and is represented by the fi rst rise in 
the Sonoclot Signature. The Sonoclot Analyzer 
produces an automated result called the clot rate. 
The clot rate is the maximum slope of the 
Sonoclot Signature during initial gel formation.  

2.8.1.3     Clot Retraction 
 Clot retraction causes a peak or peaks on the 
Sonoclot Signature. Historically, platelet func-
tion has been characterised by several graphical 
indicators such as the time-to-peak. When run 
using Signature Viewer Software, the Sonoclot 
produces an automated result called “platelet 
function” (PF). The platelet function number 
quantifi es the quality of the clot retraction. The 
nominal range of values for the PF goes from 0, 
representing no PF (no clot retraction and fl at 
Sonoclot Signature after fi brin formation) to 
approximately 5, representing strong PF (clot 
retraction occurs sooner and is very strong, with 
clearly defi ned, sharp peaks in the Sonoclot 
Signature after fi brin formation). 

 The Sonoclot Analyzer has been criticised 
because its results were infl uenced by age, sex 
and platelet count [ 54 ]. Additionally, studies have 
shown poor reproducibility of some of the mea-
sured variables, especially CR and PF [ 55 ,  56 ]. 

 However, others have found the Sonoclot 
Analyzer to be valuable and reliable in patients 
undergoing cardiac surgical procedures [ 57 ,  58 ]. 
Only few studies are available on the use of the 
Sonoclot Analyzer in hepatic surgery and liver 

transplantation. However, this technique has been 
found to be useful in the perioperative coagula-
tion management of these patients [ 59 ,  60 ]. 

 Finally, the Sonoclot Analyzer has also been 
shown to reliably detect pharmacological GPIIb/
IIIa inhibition [ 61 ] and anticoagulation [ 62 ].       
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3.1            Introduction 

 Human platelets are involved in both normal hemo-
stasis and pathological hemorrhage and thrombo-
sis. These cells promote the vessel wall contraction 
and repair and contribute to the host defense [ 1 ,  2 ]. 
In addition, platelets interlocking with endothelial, 
white, or smooth muscle cells play a critical role in 
infl ammation, in promotion of atherosclerosis, in 
tumor growth, and in metastasis [ 3 – 7 ]. Despite dif-
ferent roles carried out by the platelets, the main 
platelet function methods investigate mostly the 
alterations related to the hemostatic process [ 8 ]. 
Initially, these assays have been employed for the 
identifi cation and management of patients with or 
at risk of bleeding rather than those at risk of 
thrombosis [ 9 ]. 

 In normal primary hemostasis, human plate-
lets keep blood fl uidity through the maintenance 
of vascular integrity and the blockade of hemor-
rhage following blood vessel wound. At the site 
of vascular injury, platelets promptly adhere to 
the subendothelium, and, following the rapid 

activation and release of platelet/clotting com-
pounds and adhesive proteins, aggregate each 
another forming a hemostatic platelet plug with 
the exposure of a procoagulant surface. These 
different proper actions get the activated plate-
lets to form a hemostatic plug that blocks the 
site of vascular damage to prevent blood loss 
[ 10 ]. In presence of a dropped platelet count 
and/or platelet dysfunction, an increased risk of 
hemorrhage could arise. On the other hand, an 
increase in platelet count or reactivity could 
prompt  unsuitable thrombus formation. Indeed, 
along atherosclerotic lesions, platelets adhere, 
activate, and aggregate developing an occluding 
arterial thrombus that may result in thromboem-
bolic disease such as myocardial infarction or 
stroke, two of the main causes of morbidity and 
mortality in the Western world [ 11 – 14 ]. 

 To date, platelet function may be consis-
tently assessed by using a variety of methodol-
ogies employed in specialized laboratories as 
tests of second or third level. Platelet function 
tests may be used to study inherited or acquired 
platelet dysfunctions in order to identify 
patients with hemorrhagic problems [ 15 – 18 ]. 
In addition, the monitoring of antiplatelet ther-
apy by using these tests has become a useful 
tool for the identifi cation of hyper- or hypore-
sponder patients at risk of both thrombosis or 
hemorrhage [ 19 – 22 ]. 

 In this scenario, the development of new, sim-
pler devices for the study of platelet function at 
the point of care (POC) or bedside has allowed to 
investigate platelet function testing not only in 
specialized clinical or research laboratories but 
also in general laboratories and in different 
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clinical setting. Indeed, the growing number of 
patients on antiplatelet drugs, with an increased 
risk of bleeding, principally during trauma and 
surgical procedures, has motivated the use of 
platelet function POC testing (POCT) in the peri-
operative setting as useful tools for the prediction 
of hemorrhage and for monitoring the effi cacy of 
different prohemostatic therapies [ 23 – 27 ]. In 
addition, the evaluation of hemostasis during the 
different phases of platelet banking (concen-
trates, transfusions, and evaluation of donor 
platelet function) is gaining strength in predicting 
bleeding and assessing the effi cacy of prohemo-
static treatments [ 15 ,  28 ,  29 ]. 

 This chapter attempts to describe the different 
available POC methods and the pertinent instru-
mentation for studying platelet function in differ-
ent clinical settings. Different methodologies are 
dedicated both to the diagnosis of inherited and 
acquired bleeding disorders and to the monitor-
ing of residual platelet reactivity of patients on 
antiplatelet treatment.  

3.2     The Past of Platelet Function 
Testing and the Digest 
of New Methodologies 

 The bleeding time (BT) by the Duke procedure 
(1910) [ 30 ] was the fi rst test for investigating 
ex vivo the ability of platelets to form a plug. 
This technique has been a long time considered a 
useful screening test to identify both congenital 
and acquired platelet disorders [ 31 ]. 

 In the 1960s, the cornerstone of the assess-
ment of platelet function was the light transmis-
sion aggregometry (LTA) according to Born’s 
studies [ 32 ]. This methodology evaluates in vitro 
the phenomenon of platelet aggregation induced 
by external aggregating agents – agonists: i.e., 
adenosine diphosphate (ADP), arachidonic acid 
(AA), collagen, epinephrine (EPI), and others – 
in the particular milieu of platelet-rich plasma 
(PRP) [ 33 ]. This method has been and continues 
to be considered the reference method for the 
assessment of platelet function in clinical 
research and for the diagnosis of bleeding disor-
ders [ 17 ,  34 ]. 

 In the 1970s, Wu and Hoak [ 35 ] fi rstly 
described a method for investigating circulating 
platelet aggregates fi xed by formalin. Grotemeyer 
improved this test comparing platelet counts per-
formed within two blood EDTA tubes (EDTA 
alone and EDTA plus fi xative) [ 36 ,  37 ]. The 
assessment in vitro of platelet adhesion and 
retention of platelets exposed to foreign surfaces 
was developed originally by Hellem [ 38 ]. Further 
modifi cations of this test were the O’Brien fi l-
terometer [ 39 ], the Homburg retention test [ 40 ], 
and the platelet adhesion assay [ 41 ]. Over the 
years, different prototype instruments have been 
developed such as the thrombotic status analyzer 
[ 42 ] and the clot signature analyzer [ 43 ], but they 
are no longer available. However, some of these 
methods opened the door to the new POC devices 
such as the platelet function analyzer −100 (PFA- 
100) (Siemens AG, Munich, Germany) [ 44 ], 
Plateletworks system (Helena Biosciences, 
Beaumont, Texas) [ 45 ], and the global thrombo-
sis test (GTT) (Montrose Diagnostics Ltd, 
London, UK) [ 46 ]. 

 In the 1980s, new platelet function assays, 
based on different operating principles, have 
become available for being employed in clinical 
research or specialized laboratories. Impedance 
platelet aggregometry performed in whole blood 
(WB), the study of activated platelets ex vivo by 
fl ow cytometry technique, the measurement of 
specifi c compounds released by platelets, and 
the assessment of platelet nucleotides have 
become available [ 47 – 49 ]. However, these labo-
ratory methods can investigate one by one the 
different facets of platelet (dys)function – i.e., 
platelet adhesion/aggregation and/or measure-
ment of granule content/release. In this manner, 
there was no one pivotal screening test for the 
diagnosis and management of patients suffering 
from hemorrhagic problems [ 19 ]. In addition, 
these different methodologies are labor inten-
sive, costly, time consuming, and require a fair 
degree of expertise and experience. These draw-
backs have restricted their extensive clinic use. 
Actually, these assays are available only in spe-
cialized clinical laboratories dedicated to the 
studies of pathophysiological processes of 
hemostasis and thrombosis. 
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 As the assessment of platelet function might 
have a key position in the management of severe 
bleeding, improved skills to assess platelet func-
tion in a timely and effi cient mode is necessary. 
During the last two decades, platelet function 
POC testing (POCT) has been proposed. These 
new systems can be used within nonspecialized 
laboratories or directly at the bedside of patients 
at high risk of bleeding or thrombotic complica-
tions. With the improvement of the diagnostic 
panel, the development of informatics, and the 
amelioration of patient outcome, the study of 
platelet function by using POCT has become 
more easy to perform and often mandatory in dif-
ferent clinical settings. Indeed, platelet function 
POCT is now used for the identifi cation of 
patients with bleeding disorders, for monitoring 
the response to antiplatelet treatment, in the 
assessment of perioperative hemostasis, in 
obstetrical illnesses and in trauma-emerging 
coagulopathies, and in the transfusion medicine 
setting [ 15 ,  23 – 29 ]. 

 Platelet POC devices are based on different 
operating principles, and available devices may 
be based on the assessment of platelet adhesion 
and aggregation such as platelet aggregation per-
formed in WB by using the Multiplate apparatus 
(Multiplate Electrode Aggregometry, MEA) 
(Dynabyte, Roche Diagnostics, Germany) [ 50 ], 
the VerifyNow system (ITC, Edison, USA) [ 51 ], 
or the Plateletworks system. In addition, avail-
able instruments including the updated Innovance 
PFA-200 device [ 52 ], the Impact-R-cone and 
plate(let) technology- analyzer (IMPACT) 
(DiaMed, Cressier sur Morat, Switzerland) [ 53 ], 
and the GTT measure platelet adhesion and 
aggregation under conditions of high shear, in an 
attempt to simulate in vivo primary hemostatic 
mechanisms. Moreover, new platelet tests have 
been added to the new viscoelastic assays, i.e., 
the thromboelastography (TEG) that employs the 
Thrombelastograph TEG® 5000 (Haemonetics 
Corporation, Braintree, MA) and thromboelas-
tometry that employs the ROTEM delta device 
(TEM Innovation, Munich, Germany) [ 54 ]. The 
“TEG platelet mapping” system is a modifi cation 
of the original TEG and has been developed for 
monitoring antiplatelet therapy [ 55 ]. “Rotem 

Platelet” is a novel impedance aggregometer 
directly applied to the ROTEM delta device [ 56 ]. 

 The different platelet function POC assays are 
grouped by the different method principles in 
Table  3.1 . Normal ranges of each method has not 
been reported, because for POCT local (in house) 
normal ranges development is suggested.

   In Table  3.2 , advantages and disadvantages of 
each platelet function POC methodology are 
indicated.

3.3        Assays Based on Platelet 
Aggregation 

 Platelet aggregation assays at POC are derived 
from LTA, that is still thought as the reference 
method – the gold standard test – for platelet 
function testing. Notwithstanding this chapter is 
addressed to the assessment of platelet function 
by using POCT, a paragraph was dedicated to 
LTA in order to explain the basis of in vitro- 
induced platelet activation. 

3.3.1     Light Transmission Platelet 
Aggregometry on Platelet- 
Rich Plasma 

 LTA [ 32 ,  57 ] assesses in vitro the phenomenon of 
platelet aggregation. A wide panel of agonists is 
used to activate different platelet pathways allow-
ing to obtain a great number of information about 
platelet function and biochemistry [ 33 ,  34 ]. In 
this test, PRP is used as milieu in which agonists 
are added and the platelet-to-platelet clump for-
mation occurs in a glycoprotein (GP) IIb/IIIa- 
dependent manner. The principle of method is 
based on the measurement of the increase of light 
transmission through the optically dense sample 
of PRP after the addition of exogenous platelet 
agonists that are able to activate the platelets to 
form aggregates. The dropping of the platelet 
clumps causes a decrease in the optical density of 
PRP that develops into platelet-poor plasma 
(PPP) with the concomitant increase of plasma 
brightness and light transmission. The instrument 
records the rate and maximal percentage of this 
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increase from 0 % (maximal optical density of 
PRP) to 100 % (no optical density of autologous 
PPP) by a photometer. This detection is trans-
formed automatically in a graphic curve that par-
allels with the increase of light transmission 
during the platelet aggregation (Fig.  3.1 ). Among 
the different parameters recognized by the evalu-

ation of the aggregation curve – lag phase, shape 
change, primary and secondary aggregation, and 
slope – the maximal extent of platelet aggrega-
tion, measured as %, is used as expression of 
results [ 58 ].

   In specialized laboratories, this methodology 
is deemed the fi rst step in the fl owchart for the 

    Table 3.1    Different methodologies for the assessment of platelet function   

 Assay  Sampling  Operating principle  Area of applicability 

 Bleeding time a   Native WB  In vivo measurement of bleeding 
block 

 Screening for bleeding tendency 
(obsolete) 

  Tests based on platelet aggregation  

 LTA  Citrated PRP  Photo-optical detection of light 
transmission increase after addition 
of agonists 

 Screening for bleeding tendency 
 Diagnostic for platelet defects 
 Monitoring of antiplatelet 
treatment 

 Impedance 
aggregation 

 Citrated WB  Electrical impedance increase 
detection after agonist-induced 
aggregation 

 Screening for bleeding tendency 
 Diagnostic for platelet defects 
 Monitoring of antiplatelet 
treatment 

 Lumiaggregometry a   Citrated WB  Platelet aggregometry combined 
with simultaneous luminescence 

 Detection of storage/release 
disorders 

 Plateletworks  Citrated WB  Platelet counting before and after 
agonist-induced aggregation 

 Monitoring of antiplatelet 
treatment 

  Tests based on platelet adhesion under shear stress  

 PFA-100 
 Innovance 
 PFA-200 

 Citrated WB  WB fl ow block by high shear- and 
agonist- induced platelet plug 
formation 

 Screening for bleeding tendency 
 Searching of severe platelet 
dysfunctions, revealing of VWD 

 Impact-R -cone and 
plate(let)- analyzer 

 Citrated WB  Platelet adhesion- aggregation on 
specifi c surface 

 Screening of primary hemostasis 

 GTT  Native WB  WB fl ow ending by low shear-
induced platelet plug formation 

 Evaluation of platelet function 
and thrombolysis 

  Platelet function methods combined with viscoelastic test  

 TEG/platelet mapping 
system 

 Citrated WB  Evaluation of clot formation based 
on low shear induced and agonist 
addition 

 Evaluation of hemostasis 
activation plus monitoring of 
antiplatelet therapy 

 ROTEM  platelet   Citrated WB  Assessment of electrical impedance 
increase 

 Evaluation of hemostasis 
activation plus monitoring of 
antiplatelet therapy 

  Platelet analysis based on fl ow cytometry  a  

 Flow cytometry  Citrated WB, 
PRP, W-Plt 

 Laser-based detection of 
fl uorescent-labeled platelets 

 Platelet counting and activation 
detection 

  Evaluation of thromboxane metabolites  a  

 RIA or ELISA  Serum, urine, 
plasma 

 Ligand-binding assays  Measurement of platelet- derived 
compounds (TxA2 metabolites, 
beta-TG, PF4, soluble 
P-Selectin) a  

   Abbreviations: Beta-Tg  Beta Thromboglobulin,  ELISA  Enzyme Linked-ImmunoSorbent Assays,  GTT  global thrombo-
sis test,  LTA  light transmission aggregometry,  RIA  radio immune assays,  PFA  platelet function analyzer,  PRP  platelet- 
rich plasma,  PF4  platelet factor 4,  TEG  Thrombelastography,  TxA2  thromboxane A2,  WB  whole blood,  W-plt  washed 
platelets 
  a Assays not considered in this issue  
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study of hemorrhagic patient with inherited or 
acquired platelet dysfunctions and for monitoring 
antiplatelet therapies. In addition to routinely 
used agonists – ADP, AA, collagen, and epineph-
rine – other agonists should be utilized when 
signs of congenital/acquired bleeding disorders 
are revealed. These “third-level” agonists, such 
as thrombin receptor-activating peptide (TRAP), 
thromboxane A2 (TXA2) mimetic U46619, and 

ristocetin, allow a differential analysis to exclude/
include the defective pathways of platelet activa-
tion [ 34 ,  59 – 63 ]. 

 Recently, LTA has acquired the clinical value 
of useful tool for monitoring antiplatelet thera-
pies, i.e., aspirin and thienopyridine. The high 
residual platelet reactivity on treatment defi ned 
by ADP- and AA-induced LTA or both has been 
associated with the occurrence of major adverse 
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  Fig. 3.1    Light 
transmission platelet 
aggregation tracings from 
a healthy subject in 
response to different 
agonists; fi nal agonist 
concentrations are reported       

    Table 3.2    Advantages and disadvantages of platelet function POC tests   

 Assay  PROS  CONS 

 MEA system  Diagnostic method 
 Flexible 
 Different platelet pathways 
investigated 
 Sensitive to antiplatelet therapy 

 Limited HCT and platelet count range 

 PFA-100; 
 Innovance 
 PFA-200 

 In vitro standardized BT 
 Sensitive to severe platelet 
defects 

 Rigid system 
 Platelet count – HCT dependent 
 Not sensitive to platelet secretion defects 

 VerifyNow system  Waived 
 No WB processing 
 Easy, quick 

 Nonfl exible 
 Expensive 
 Dedicated only to monitor antiplatelet therapy 
 Limited HCT and platelet count 

 Plateletworks  No WB processing 
 Easy, rapid screening test 

 Required additional platelet count 
 Indirect assay 

 Impact-R -cone and 
plate(let)- analyzer 

 Global platelet method 
 Small sample volume 

 Expensive 
 Experienced staff 
 Not widely available 

 GTT  Global platelet method 
 Small sample volume 

 Lacking of clinical studies 
 Not widely available 

 TEG platelet mapping  Global hemostasis test  Measure clot properties 
 Indirect assay 
 More studies are needed 

 ROTEM  platelet   Global hemostasis test plus true 
WB platelet aggregometry 

 Very low platelet count (only for platelet system) 
 Lacking of clinical studies 

   Abbreviations: GTT  global thrombosis test,  HCT  hematocrit,  MEA  multiplate electrode aggregometry,  PFA  platelet 
function analyzer,  plt  platelet,  POC  point-of-care,  TEG  Thrombelastography  
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cardiovascular events (MACE) both in acute cor-
onary syndrome (ACS) patients and in those with 
stable coronary artery disease (CAD) [ 21 ,  22 , 
 64 – 66 ]. The assessment of a discriminating cut-
off value has been a decisive support for the iden-
tifi cation of hypo- or hyperresponders to 
antiplatelet agents and at high risk of MACE 
[ 67 ]. Nevertheless LTA testing is incorporated 
into clinical practice to stratify response to anti-
platelet therapy, defi nitive data from randomized 
trials supporting a routine approach are still lack-
ing [ 68 – 70 ]. 

 Although LTA is still considered the most 
effective diagnostic platelet assay, this test pres-
ents some peculiar aspects and problems. First, it 
is quite nonphysiological, because separated 
platelets are stirred under low shear conditions 
and are not in relation with the white and red 
cells that are in WB. In these conditions, plate-
lets do not accurately mimic the platelet adhe-
sion upon vessel wall injury. Second, the 
technique may be affected by different pre-ana-
lytical and methodological conditions (i.e., type 
of anticoagulant, hemolysis, PRP handling, dif-
ferent concentrations of agonists), and the labo-
ratory staff should have a high degree of 
skillfulness in performing the test and experi-
ence and expertise for interpreting LTA results. 
Indeed, this methodology is constantly verifi ed 
by an ongoing standardization process [ 60 ,  71 , 
 72 ], and recent specifi c guidelines for LTA that 
want to stabilize/normalize the correct procedure 
have been published [ 73 – 76 ]. 

 Thus, different alternative POC tests are now 
available that assess platelet or that attempt to 
simulate primary hemostasis aggregation in 
citrated WB.  

3.3.2     Multiple Electrode 
Aggregometry (MEA) 

 The concept of impedance aggregometry in WB 
was introduced in the 1980s by Cardinal and 
Flower [ 47 ]. Since then, platelet function testing 
in WB has been performed as a laboratory test. 
Only during the last years, the introduction in the 
clinical practice of a new methodology, the 

Multiplate Electrode Aggregometry (MEA), has 
allowed to assess WB platelet aggregation by 
using the new aggregometer Multiplate analyzer 
(Dynabyte, Roche Diagnostics, Germany). The 
technical peculiarities of this new device made 
possible the use of impedance platelet aggregome-
try as an assay at the point of care [ 50 ]. Indeed, 
this device consists of a computerized fi ve-chan-
nel system and an automated pipetting. Moreover, 
it is equipped by disposable cuvettes ready to use 
with two independent sensor units: each unit is 
constituted by two silver- coated fi xed distance 
electrodes. Also agonists and diluents for MEA 
are ready to use. With these essential advantages, 
MEA has achieved a high clinical value like that 
of LTA. 

 While in their resting state, platelets are non- 
thrombogenic, in the presence of soluble ago-
nists, they get activated, expose their receptors, 
and can be attached not only on vascular injuries 
but even on artifi cial surfaces. This is the funda-
mental principle on which WB impedance 
aggregometry is based. MEA is assessed in 
duplicate by using separately each sensor unit, 
and the electrical resistance, or impedance, 
between the two electrodes is continuously 
recorded in Ohms. As platelets aggregate after 
the agonist addition, they create a growing layer 
stuck to the electrodes, and the impedance sig-
nal between them increases. This increase is 
turned into a graph similar to that of LTA. By 
MEA, impedance, measured in Ohms, is 
expressed in arbitrary aggregation units (AU). 
Three parameters can be calculated with this 
system: maximal aggregation (in AU), velocity 
(in AU/min), and area under curve (AUC) 
(AU × min). In the early reports about this 
method, AUC was shown to be the parameter 
with the highest diagnostic power [ 50 ] and is 
nowadays used in clinical settings. 

 Several specifi c test reagents are available 
for stimulation of different receptors or activa-
tion of signal transduction pathways of plate-
lets (Fig.  3.2 ): ASPItest, in which is present in 
the AA, the substrate for cyclooxygenase 
(COX) which forms TXA2, a potent platelet 
agonist – this test is used to investigate COX-
dependent aggregation pharmacologically 
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antagonized by aspirin, NSAIDs, and other 
COX inhibitors; COLtest, that uses as agonist 
the collagen, which activates the collagen 
receptor (GPIa/IIa), leading to the release of 
endogenous AA and  resulting in platelet activa-
tion via TXA2 stimulation; ADPtest, in which 
ADP activates platelet by stimulation of ADP 
receptors; and ADPtest HS (ADP plus PgE1) in 
which, the stimulation of ADP receptors in the 
presence of the endogenous platelet inhibitor 
PGE1 makes it more sensitive toward the effects 
of P2Y12 inhibitors. In addition to these tests, 
also the TRAPtest and RISTOtest can be per-
formed. In the fi rst, TRAP-6 as agonist stimu-
lates the thrombin receptors PAR1 and PAR4. 
Because thrombin is the most potent platelet 
activator, it is not sensible to aspirin and COX 
inhibitors and has little or not at all sensibility 
to P2Y12 receptor inhibitors. In the second, the 
antibiotic ristocetin, used as agonist at two dif-

ferent concentrations, binds to the platelet 
receptor glycoprotein (GpIb). This test is sensi-
tive to disorders of VWF, particularly type IIb 
VWD.

   The most important differences between MEA 
and LTA stay at two important modalities of 
method execution. The fi rst is the surface on which 
platelets aggregate: in LTA, platelets aggregate 
with each other in the liquid phase, whereas in 
MEA, they aggregate on the surface of the elec-
trodes. Although on artifi cial surfaces, aggregation 
in MEA is closer to in vivo platelet aggregation, 
which occurs on vascular surfaces. The second is 
the milieu in which the test is run: LTA uses plasma 
(PRP and PPP), and different centrifugation steps 
are required for carrying out this assay. MEA 
employs WB, the physiological environment 
where platelet function takes place in vivo. By 
using WB, the assessment of platelet function 
occurs in the presence of other cellular compo-

  Fig. 3.2    Multiplate electrode aggregometry (MEA) 
screen tracings from a healthy subject in response to dif-
ferent agonists. ( a ) ADPtest, ADP; ( b ) ASPItest, arachi-
donic acid; ( c ) COLtest, collagen; ( d ) TRAPtest; thrombin 

receptor agonist peptide-6 (TRAP) ( e ) RISTOtest, ristoce-
tin. Specifi cations:  Nome del test, Test name; Area sotto la 
curva, area under curve        
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nents that contribute to platelet aggregation: red 
blood cells (that directly promote platelet aggrega-
tion) and monocytes (that induce transcellular 
prostanoid formation). In addition, MEA, using a 
small quantity of WB (in which all subpopulations 
of platelets are present), needs no manipulation of 
the sample (avoiding pretest platelet activation). 

 The reference range depends on the anticoag-
ulant applied in the blood sample (hirudin, hepa-
rin, or sodium citrate) and the test used. No 
signifi cant differences between blood group O 
and non-O individuals can be noted, and aggrego-
metric profi les do not change signifi cantly during 
the day [ 77 ]. The results of MEA are infl uenced 
by platelet count. Stissing and associates [ 78 ] 
suggest that platelet counts lower than 150,000/
μL might infl uence MEA results. Other authors 
[ 79 ] found that MEA measurements using all 
available agonists were indicative of platelet 
function alone in case of platelet counts 100,000/
μL or more. For lower levels of platelet count, 
AUC values below the normal range may be an 
indicator of decreased overall platelet aggregabil-
ity regardless of whether due to a low platelet 
count or impaired platelet function. They sug-
gested the use of MEA in the perioperative set-
tings to assess the overall platelet aggregability 
of that blood sample, not only the platelet func-
tion alone. 

 MEA shows a high sensitivity toward the 
effects of antiplatelet drugs, such as ASA, clopi-
dogrel, and GPIIb/IIIa receptor inhibitors [ 80 –
 83 ]. It has been used for individualizing the dual 
antiplatelet therapy after PCI [ 84 ] and for identi-
fying patient-specifi c factors that determine thi-
enopyridine resistance and platelet function 
recovery rate at drug suspension [ 85 ]. MEA has 
been shown to detect the risk for bleeding and 
thrombosis in patients on antiplatelet therapy. 
Sibbing and associates [ 86 ,  87 ] reported the use of 
MEA for the identifi cation of patients on anti-
platelet therapy at risk for stent thrombosis. Cutoff 
values are also set for the risk of hemorrhagic 
complications in patients on dual antiplatelet ther-
apy after PCI procedures [ 83 ]. Many papers report 
the use of preoperative MEA in patients on P2Y12 
receptor inhibitors that undergo cardiac surgery 
for the identifi cation of those at risk for postoper-
ative bleeding [ 88 ,  89 ]. In this clinical setting, 

they propose MEA to determine the timing of sur-
gery. In particular, Ranucci and associates [ 89 ] 
found that in cardiac surgery patients on thieno-
pyridine, a cutoff value of 31 U obtained by MEA 
ADP assay discriminated those patients at 
increased postoperative bleeding and needing of 
platelet transfusion. More recently, Ranucci and 
associates [ 90 ] studied the preoperative platelet 
reactivity by both MEA, ADP, and TRAP tests 
and set a combined cutoff value for the risk of 
postoperative bleeding, suggesting that residual 
platelet reactivity to thrombin stimulation limits 
the risk of severe postoperative bleeding. 

 MEA has been used to assess the risk of bleed-
ing and thrombosis even in several other clinical 
situations. The most robust literature regards the 
predictive value of MEA in identifying preopera-
tively platelet dysfunction related to an increased 
postoperative bleeding and its management by the 
use of increased platelet transfusion requirements 
[ 91 – 93 ]. In trauma patients, an impaired platelet 
function investigated by MEA was associated to 
an increased early and late mortality [ 94 ,  95 ]. 
Davies and associates [ 96 ] found reduced platelet 
function with MEA to be signifi cantly associated 
with morbidity and mortality in sepsis and SIRS 
patients. MEA has been used for the diagnosis of 
HIT [ 97 ]. Acquired von Willebrand syndrome in 
patients with aortic stenosis [ 98 ] and congenital 
von Willebrand disease have been detected with 
MEA as well [ 99 ]. Low platelet aggregation 
induced by TRAP has been shown to be an inde-
pendent factor for intramyocardial hemorrhage of 
patients with myocardial infarction [ 100 ] .  

 MEA, overwhelming the disadvantages of 
LTA, allows to timely evaluate the platelet func-
tion without the need of a specialized laboratory. 
This POC system needs minimal technical skill 
and training, its procedure is automatically com-
pleted, and only interpretation data are required. 
In the future, MEA would achieve a clinical value 
similar to that of LTA.  

3.3.3     VerifyNow System 

 The VerifyNow system (ITC, Edison, USA), 
originally, was developed for monitoring the 
effect of platelet GPIIb/IIIa antagonists 

R. Paniccia et al.



43

(abciximab, eptifi batide, or tirofi ban) in 
cardiovascular patients undergoing percutaneous 
coronary intervention (PCI) [ 51 ]. Formerly, it 
was named Ultegra rapid platelet function ana-
lyzer (RPFA) [ 101 ]. This locked platelet POCT 
was specifi cally conceived for monitoring the 
different antiplatelet therapies in emergency cath 
lab or in perioperative setting without appealing 
to specialized laboratories and cannot be used for 
any other purpose [ 67 ,  102 ]. 

 The system is made of a machine plus a sys-
tem of different cartridge diagnostics containing 
fi brinogen-coated beads and platelet agonists 
(Fig.  3.3 ). Platelet aggregation occurs in the WB 
and is revealed by a turbidimetric-based optical 
detection exploiting the ability of activated 
platelets to bind upon the fi brinogen-coated 
beads within the assay cartridge in proportion of 
the number of the activated GPIIb/IIIa receptors. 
By using this fully automated system, no blood 
manipulation, instrument handling, neither 
pipetting are necessary. Actually, the methodol-
ogy is so waived that citrated WB tubes are just 
get on the cartridge system (agonist plus 
fi brinogen- coated beads) previously inserted 
into the device.

   Three different assays each sensitive to tar-
geted drugs are available. VerifyNow IIb/IIIa 

Test, sensitive to GP IIb/IIIa antagonists, 
employs as agonist the thrombin receptor-acti-
vating peptide (4 μmol/L iso-TRAP), that 
greatly stimulates platelet aggregation and its 
results are expressed as platelet aggregation 
units (PAU) computed as rate and degree of 
aggregation [ 103 ]. VerifyNow Aspirin Test, 
which uses AA (1 mmol/L) as agonist, is sensi-
tive to aspirin therapy and its results are 
expressed as aspirin reaction units (ARU). A 
cutoff value below 550 ARU was designed to 
identify “true” responder patients to ASA ther-
apy [ 104 ]. VerifyNow PRUTest, that uses as 
agonists 20 μmol/L ADP plus 22 nmol/L 
PGE1 – as suppressor of intracellular free cal-
cium levels for abating the nonspecifi c effect of 
the ADP binding to P2Y1 receptors – is sensi-
tive to thienopyridine treatment and its results 
are expressed as P2Y12 reaction units (PRU) 
[ 68 ,  105 ,  106 ]. VerifyNow system revealed a 
moderate agreement with LTA, poor with PFA-
100 and Plateletworks [ 107 – 111 ]. The defi ni-
tion of cutoff values for the identifi cation of 
patients not responsive to antiplatelets at high 
risk of MACE has been exceedingly discussed, 
and several studies have reported the clinical 
value of this system [ 105 – 113 ]. In particular, 
various indexes of high on-treatment platelet 
reactivity in patients on P2Y12 inhibitors 
deemed at increased risk of thromboembolic 
events are considered: cutoff values of 240 PRU 
[ 105 ,  114 ] or 208/203 PRU [ 110 ] were found. 
On the other hand, in different surgical settings, 
the assessment of response to thienopyridine by 
using the VerifyNow system is recently grow-
ing for attempting to predict postoperative 
hemorrhage. So, different cutoff values were 
considered: results below 60 PRU [ 114 ] or 95 
PRU [ 115 ] and 207 PRU [ 116 ] were assumed as 
suggesting low on- treatment platelet reactivity 
with an increased risk of bleeding events [ 117 , 
 118 ]. Moreover, bleeding and transfusion 
requests in cardiac surgery were signifi cantly 
correlated with preoperatively measured PRU 
values [ 119 ], and low PRU values have been 
reported to have a predictive value of a major 
rate of platelet transfusions in trauma patients 
assuming clopidogrel [ 120 ].    Fig. 3.3    VerifyNow system device       

 

3 General Aspects of Platelet Function Tests



44

3.3.4     Plateletworks System 

 The Plateletworks aggregation kits and Ichor full 
blood counter system is a WB POCT based on the 
measure of platelet counts before and after aggre-
gation. Plateletworks aggregation kit consists of 
EDTA tubes (as baseline controls) and citrate 
tubes fi lled with platelet agonists, ADP or AA, as 
aggregation test samples. By using the Ichor blood 
counter (Helena Laboratories, Beaumont, United 
States), the Plateletworks method compares the 
platelet count measured in the control sample 
(EDTA tube) with that in citrate blood added either 
ADP or AA or collagen. The decrease of platelet 
count measured in citrate tubes is related to the 
extent of aggregation [ 45 ]. The main advantages 
of this method are that no manipulation of blood 
sample is needed and results are obtained in few 
minutes. The main disadvantage is the very short 
interval for performing the test consisting in few 
minutes after blood sampling. In acute care condi-
tion, such as cardiac surgery and cath lab, 
Plateletworks shows the clinical value of giving 
information about both platelet count and function 
[ 121 – 124 ]. Signifi cant correlations between 
Plateletworks and LTA, VerifyNow system, and 
Thromboelastography have been found [ 125 –
 127 ]. These evidences give a clinical value of use-
ful tool for monitoring antiplatelet treatment to 
this system. Indeed, in elective surgery patients, 
this POC system test has been used preoperatively 
for monitoring reversal of clopidogrel therapy 
[ 127 ]. In addition, in cardiac surgery, preoperative 
high platelet inhibition measured by Plateletworks 
either with collagen [ 128 ], either that, or with ADP 
test [ 129 ] was associated with increased postoper-
ative blood loss.   

3.4     Assays Based on Platelet 
Adhesion Under Shear Stress 

3.4.1     The Platelet Function 
Analyzer (PFA)-100/Innovance 
PFA-200 

 This platelet POCT uses the device Innovance 
PFA-200 (Siemens, Munich, Germany) [ 130 ], 
formerly called PFA-100 [ 44 ] (Fig.  3.4 ). Based 

on the capacity of platelets to adhere to collagen 
under high shear stress conditions and aggregate 
in response to specifi c agonists (primary hemo-
stasis), this test has been considered the in vitro 
standardization of BT [ 131 – 134 ]. Originally, the 
prototype of this device was the Thrombostat 
4000 system that was further settled into the 
PFA- 100 by Dade-Behring [ 135 ,  136 ].

   Primary hemostasis is simulated in WB by 
using disposable cartridges in which citrated WB 
(0.8 ml) is moved at high shear rates (5000–6000/
s) through a capillary that at its top presents a 
collagen-coated membrane with a microscopic 
aperture (147 μm). Based on different reagents 
beyond the collagen, three assays are available: 
(1) test cartridge containing the membrane coated 
with collagen (C) plus ADP (CADP cartridge) 
sensible to platelet dysfunctions [ 132 ,  133 ], (2) 
that with collagen plus epinephrine (EPI) (CEPI 
cartridge) also sensible to aspirin therapy [ 108 , 

  Fig. 3.4    Platelet function analyzer – 200 (Innovance 
PFA-200)       
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 137 ], and (3) the Innovance PFA P2Y assay with 
a membrane coated with ADP, prostaglandin E1, 
and calcium designed for monitoring the treat-
ment with P2Y12 inhibitors [ 130 ,  138 ]. The pres-
ence of different agonists in association with the 
high shear rates provoked by the system induces 
platelet activation and aggregation leading to an 
occlusion of the hole by the forming platelet 
plug. The time taken by platelets for occluding 
the aperture and stopping the WB fl ow is defi ned 
as closure time (CT) and it is expressed in sec-
onds (s). The extent of CT is inversely correlated 
to overall platelet-related hemostasis [ 134 ]. The 
test requires a lead time of 5–8 min (maximum 
CT is 300 s) and must be performed within 4 h of 
citrated blood withdrawal. The method is auto-
mated – with the exception of dispensing the WB 
to the cartridge – and non-skilled personnel is 
requested for performing it. 

 The contemporary application of two cartridge 
tests – CEPI and CADP – allows to discriminate 
inherited platelet defects (prolonged times 
obtained with CADP test alone or plus CEPI test) 
such as VW defects or Bernard- Soulier syndrome 
or Glanzmann thrombasthenia from those due to 
antiplatelet therapy with ASA (prolonged time of 
CEPI test) [ 132 ,  134 ,  137 ,  139 ]. Karger and asso-
ciates (2007) [ 140 ] reported that this methodol-
ogy screens primary hemostasis with a sensitivity 
and specifi city of 82.5 and 66.9 % for the CEPI 
test and 88.7 and 85.5 % for the COL/ADP. In 
comparison to BT, this assay has shown to be 
more sensitive [ 141 ] especially for diagnosis of 
VWD and platelet function defects [ 134 ]. But, it 
is not so sensitive for all platelet disorders as it 
could give false-negative results in patients with 
the storage pool disease or mild type I VWD 
[ 139 ]. A short/normal CEPI CT refl ects a high 
residual platelet reactivity on aspirin therapy, and 
this test was reported to be able in predicting the 
risk of thromboembolic events [ 108 ,  139 ,  142 –
 145 ]. In addition, a CT more than 106 s by using 
the new Innovance P2Y1cartridge was indicated 
as a cutoff value for the identifi cation of patient 
responsive to clopidogrel [ 138 ]. Notwithstanding 
the scarcity of information, two studies reported 
its clinical value for detecting P2Y12 antagonist 
effect [ 146 ,  147 ]. 

 Different variables can infl uence this test in 
prolonging or shorting its results. CTs may be 
prolonged by low platelet count (<150,000 plt/
μL) and hematocrit (<35 %), conditions often 
associated to thrombocytopathies. Thus, the cli-
nicians should consider these limitations. 
Conversely, high levels of fi brinogen or VWF, or 
an increased count of erythrocytes, have been 
reported to shorten CEPI CT [ 148 – 150 ]. In par-
ticular, Harrison and associates 2005 [ 151 ] 
reported that high levels of VW in ACS patients 
might really mask a reduced response to ASA 
therapy evidenced with this system. 

 By using the PFA system, the evaluation of 
platelet function of patients undergoing different 
types of surgical procedure device may offer use-
ful information for the postoperative blood trans-
fusion management [ 152 ]. Indeed, it was a useful 
tool for identifying platelet dysfunction before 
surgery [ 153 ,  154 ]. In particular, this system 
showed a high sensitivity and specifi city in 
revealing preoperative platelet dysfunction in 
patients with bleeding history [ 153 ]. In cardiac 
surgery, PFA methodology showed a high predic-
tive value of platelet function for management of 
intra- and postoperative blood loss [ 154 – 158 ], 
but contradictory results are reported regarding 
its predictive potential of postoperative hemor-
rhage. Certain fi ndings provide positive predic-
tive values: in a small study, Raman and associates 
[ 155 ], fi rstly, found that the prolonged CT by 
CADP cartridge was able to identify with high 
sensitivity (94 %) and specifi city (85 %) those 
bleeding patients responsive or not to platelet 
concentrates. The prolonged value of CADP CT 
in association with a reduced angle alpha mea-
sured with thromboelastography was predictive 
of signifi cant postoperative hemorrhage in car-
diac surgery [ 154 ] . Furthermore, Davidson and 
associates [ 158 ] found that prolonged CTs 
obtained before cardiac surgery were predictive 
of postoperative bleeding (more than 200 mL/h 
during the fi rst four postoperative hours). In aor-
tic valve replacement, the maximally prolonged 
CT by both CEPI and CADP tests were found 
associated to an increased probability (up to 
80–90 %) of intraoperative RBC transfusions 
[ 156 ]. On the other hand, other authors did not 
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report this capacity due to its poor positive pre-
dictive value. It was stated that platelet POCT is 
not helpful for routine use after cardiac surgery, 
and thus, it is not helpful in transfusion algo-
rithms [ 159 – 161 ]. Indeed, Slaughter and associ-
ates [ 162 ] determined the potential for the 
PFA-100 to predict postoperative bleeding 
reporting a poor positive predictive value (18 %) 
and a high negative (96 %) predictive value use-
ful only in identifying patients who are unlikely 
to need platelet transfusion to reduce bleeding. 

 Recently, PFA system, used as screening test 
also in different clinical settings, was found sig-
nifi cantly associated with an increased mortality 
in trauma patients [ 163 ]; it was correlated with 
increased postoperative drain output in orthope-
dic surgery [ 164 ], and it was considered an 
independent risk factor for postpartum hemor-
rhage (PPH) severity and signifi cantly related to 
menorrhagia [ 165 ,  166 ]. Moreover, in neurosur-
gical patients with preoperative prolonged CTs, 
the correction with desmopressin allowed to 
maintain a similar amount of transfusions to 
those provided to patients with normal presurgi-
cal CTs [ 167 ].  

3.4.2     IMPACT: Analyzer 

 Impact: Cone And Plate(Let) Analyzer (Image 
Analysis Monitoring Platelet Adhesion Cone and 
Plate Technology-CPA) (DiaMed, Cressier sur 
Morat, Switzerland) – or the recent released 
research version of the instrument called the 
Impact-R – is a platelet POC test based on in vitro 
platelet activation, adhesion, and aggregation 
upon a polystyrene plate or a plate coated with 
collagen or extracellular matrix (ECM) under 
high shear conditions of 1800 s − 1 [ 53 ,  168 ]. The 
shear stress force activates the sample platelets 
by the spinning of a cone coaxial to the plate. 
Primary hemostasis with this fully automated 
methodology is assessed by an automatic and 
computerized system. Indeed, the instrument 
contains a microscope, the reaction device – cone 
and plate – an automatic staining device, and an 
image analysis software that measures and 
records the platelets that have adhered and aggre-
gated on the plate. The software, computes a 

number of parameters, including the percentage 
of the well surface covered by platelet aggre-
gates, representing platelet adhesion; the average 
size of the aggregates (per μm2), representing 
platelet aggregation; and the distribution histo-
gram of adhered platelets [ 169 ]. 

 Initial data suggest that this assay could be a 
consistent system for the diagnosis of platelet 
defects. Glanzmann thrombasthenia, afi brino-
genemia, and von Willebrand disease (VWD) 
were demonstrated by using Impact test that 
revealed the complete lack of adhesion to the 
polystyrene surface [ 170 ,  171 ]. On the other 
hand, Impact test has been able to see an exces-
sive platelet adhesion induced by plasma from 
thrombotic thrombocytopenic purpura (TTP) 
patients or by plasma of patients with erythrocy-
tosis and thrombocytosis [ 170 ,  171 ]. In addition, 
the use of platelet agonists AA and ADP in the 
system has allowed to monitor the effi cacy of 
dual antiplatelet therapy [ 170 – 177 ]. 

 Preoperatively, this methodology has been 
shown to be helpful in the evaluation of platelet 
function in thrombocytopenic patients and in pre-
dicting the risk of bleeding among these patients 
[ 169 ]. During cardiac surgery, platelet dysfunction, 
ascertained by Impact test, was found signifi cantly 
correlated with postoperative bleeding [ 178 – 180 ]. 
To date, only Solomon and associates [ 181 ] found 
that preoperative platelet function evaluation with 
this methodology did not correlate with postopera-
tive bleeding. So, this methodology appears to be a 
poor useful tool to determine perioperative platelet 
function and to help in prediction of postoperative 
bleeding. These open preliminary data might sug-
gest that the use of Impact test might be an interest-
ing tool for the evaluation of platelet function in 
surgical care. However, this method still needs an 
experienced use, and additional studies should be 
tried for assessing its feasible role in the manage-
ment of bleeding in surgical care.  

3.4.3     The Global Thrombosis Test 

 The Global Thrombosis Test (GTT) (Montrose 
Diagnostics Ltd, London, UK) monitors platelet 
function in native non-anticoagulated WB, with-
out the use of agonists in an environment similar 
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to physiological conditions [ 42 ,  46 ,  182 ,  183 ]. 
The principle of the method is based on the 
in vitro platelet activation triggered by high shear 
stress, likewise that existing in the stenosis of 
coronary artery. The device consists of a conical 
tube in which two ceramic balls are placed. A fl at 
segment present along the inner wall of the tube 
prevents its full occlusion due to the inserted 
beads. When the native WB fl ows under the effect 
of gravity through the four narrow gaps on the 
level of fi rst ball, a high shear stress activates 
platelets to aggregate. The low shear and turbu-
lent fl ow produced below the fi rst bead promote a 
platelet plug that closes the gaps of the second 
ball. In this fi rst phase of the test, the closure of 
the tube system is expressed as the occlusion 
time (OT) in seconds. The WB withdraws more 
and more slowly in the form of drops, and the 
time of interval ( d ) between two consecutive 
drops is recorded until an arbitrary endpoint 
( d  ≥ 15 s) is reached. The second phase concerns 
the restart of blood fl ow at the bottom of the tube 
due to the lysis of plug expressed as lysis time 
(LT) in seconds [ 42 ,  182 ]. 

 This POC test, whose purpose is supplying 
results on the patient’s thrombotic status, is used 
both in acute critical settings and for general 
screening [ 183 – 186 ]. Studies about the clinical 
value of GTT as a diagnostic tool in association 
with clinical outcomes are still in progress. The 
ability of this global assay in investigating the 
full process of hemostasis could play a role in 
clinical practice [ 182 ,  187 ].   

3.5     Assays in Combination 
with Viscoelastic 
Methodologies 

 Thromboelastography and thromboelastometry 
are systems that globally assay the hemostatic 
process (see Chap.   2    ). These assays investigate 
the full occurrence of clot formation analyzing 
the modifi cations of viscoelastic forces of WB 
during the clotting formation [ 187 ]. The means 
of this methodology is related to its capacity to 
study the extent of platelet count and function 
and the clotting and fi brinolytic activation [ 188 ]. 
In these tests, platelets play all their functional 

roles in hemostasis: thrombin generation, clot 
formation, clot retraction, and lysis. 

3.5.1     TEG Platelet Mapping System 

 The Thromboelastography® Platelet Mapping™ 
test (Haemoscope Corp, Niles, Ill) is a modifi ca-
tion of the original Thrombelastograph (TEG) 
assay that provides a quantitative analysis of 
platelet function [ 55 ,  189 ]. 

 It has been developed for monitoring the effect 
of antiplatelet drugs specially in cardiological, 
neurological, and perioperative settings. The test 
is performed in a whole-blood sample, which is a 
more physiological approach according to the 
cellular model of hemostasis [ 190 ]. Monitoring 
antiplatelet therapy is relevant in order to prevent 
perioperative bleeding complications when an 
inappropriate timing of discontinuance has not 
been guaranteed, but also in order to prevent 
thromboembolic complications specially in 
patients with coronary or cerebral stents and ven-
tricular assist devices. 

 The examination consists in establishing the 
degree of inhibition of platelet function adding 
the agonist of a specifi c platelet receptor to a 
blood sample in order to activate platelets that are 
not inhibited by antiplatelet drugs. First, a kaolin- 
activated test is performed to evaluate the 
 maximal hemostatic activity as kaolin causes a 
thrombin burst, and thrombin is the most potent 
platelet activator known. It represents the 100 % 
of platelet aggregation potential or the maximum 
uninhibited platelet function of the specifi c sub-
ject. The following measurements are performed 
with heparin to eliminate thrombin activity. 
Second, a test in the presence of heparin and a 
special activator containing reptilase and Factor 
XIIIa (activator F) is performed to produce a 
cross-linked fi brin weak clot that isolates the only 
fi brin contribution to the clot strength [ 55 ,  189 , 
 191 ]. This represents the lower limit of the range 
of platelet aggregation (0 %) for this specifi c 
patient. Then, the addition of adenosine diphos-
phate (ADP) or arachidonic acid (AA) stimulates 
differentially the platelet ADP or thromboxane 
A2 (TXA2) receptors leading to platelet aggrega-
tion in case the receptor is not occupied by the 
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antiplatelet drug or antagonist. So, the contribu-
tion of P2Y12 and cyclooxygenase pathways to 
platelet aggregation is tested by the addition of 
respective agonist, ADP or AA [ 192 ]. The effect 
of therapy with aspirin (AA addition) or thieno-
pyridines (ADP addition) is evaluated by com-
paring the TEG kaolin-activated test trace with 
the AA- or ADP-triggered trace. The maximum 
amplitude (MA) is the key analyzed parameter. 
In original TEG, the MA represents the maxi-
mum strength and stability of the clot. MA 
depends on the contribution of both platelets and 
fi brin. TEG MA parameter measures the percent 
change in clot strength after the addition of plate-
let agonist to the cuvette with reptilase and FXIIIa 
[ 55 ]. The platelet inhibition provided by the anti-
platelet drug is calculated according to the for-
mula (100 % – % aggregation). The percentage 
of aggregation is [(MA ADP – MA Fibrin)/(MA 
thrombin – MA Fibrin)] × 100. 

 The method has been shown to be reliable 
with low analytical variation [ 193 ] that could 
refl ect the use of whole-blood samples, obviating 
pre-analytical and analytical factors such as 
platelet count and size, preparation of platelet- 
rich plasma, including centrifugation steps [ 191 ]. 

 The TEG Platelet Mapping assay enables 
relating the percent platelet inhibition to the indi-
vidual’s maximum uninhibited platelet function. 
Therefore, the individual response to antiplatelet 
therapy is related to their own maximum uninhib-
ited platelet function with potential therapeutic 
consequences [ 192 ] regarding both bleeding and 
thrombotic matters [ 194 ,  195 ]. 

 TEG platelet mapping correlates well with 
optical platelet aggregation that still represents the 
gold standard for platelet function evaluation [ 55 ]. 

 Postoperative bleeding remains one of the 
major complications after cardiac surgery need-
ing cardiopulmonary bypass. Re-exploration and 
transfusions are associated with a signifi cant 
increase of perioperative mortality and morbidity 
such as sepsis, renal failure, acute respiratory dis-
tress syndrome, and prolonged mechanical venti-
lation [ 196 ]. In this context, some authors have 
demonstrated a correlation between the transfu-
sion of platelet concentrate and MA ADP in 
patients undergoing coronary artery surgery who 
presented postoperative bleeding tendency [ 194 ]. 
Despite the role of standard TEG in predicting 

postoperative bleeding is controversial; some 
authors have speculated the usefulness of platelet 
mapping to predict postoperative bleeding in 
patient assuming thienopyridines. The parameter 
MA ADP presents a signifi cant ability to predict 
bleeding tendency in patients treated with clopi-
dogrel requiring coronary surgery. MA ADP of 
<42.5 mm could predict bleeding tendency with a 
sensitivity of 78 % and specifi city of 84 % [ 194 ]. 

 According to some authors, agonist resistance 
is defi ned as >50 % agonist activation [ 197 ]. 

 Nevertheless, the cutoff points to defi ne effec-
tiveness or resistance to antiplatelet drugs have 
still been insuffi ciently investigated. Regarding 
noncardiac surgery populations, the cutoff values 
indicating adequate normal inhibition levels are 
different depending on the drug, the cross-over 
inhibition, the time from suspension of medica-
tions, type of surgery, expected complication 
rate, and acceptable blood losses [ 198 ]. 

 Nowadays, further large prospective studies 
should be performed in order to defi ne the possi-
ble role of Thromboelastography® Platelet 
Mapping™ in monitoring antiplatelet therapy 
and to establish validated cutoff points.  

3.5.2     ROTEM Platelet System 

 Thromboelastometry, formerly called rotational 
thromboelastography, is currently performed on a 
new device, the most recent in technology, the 
ROTEM  delta  (TEM Int., Germany) [ 56 ]. 
Recently, the ROTEM Platelet System has been 
added to the machine as an integrated module. 
The operating principle of the Rotem Platelet 
System is based on platelet impedance aggregome-
try in WB, similarly to MEA system. This allows 
the contemporary analysis of platelet function and 
clotting activation in a single instrument so that 
the ROTEM platelet equipment can simultane-
ously run in conjunction with the ROTEM  delta  
system. Because there is a single software of data 
analysis for this double system, the platelet func-
tion analysis is visualized simultaneously with the 
thromboelastometric measurements on the same 
screen. Some characteristics of the ROTEM plate-
let are similar to those of MEA such as disposable 
cuvettes, measured platelet indexes, and agonists 
used. The assay is just available, but only a few 
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data have been published regarding its laboratory 
and clinical value [ 199 ].   

    Conclusions 

 Platelet function assays have been up to now 
employed either for screening or diagnosing 
idiopathic or acquired pathological platelet con-
ditions that lead to hemorrhagic and/or pro-
thrombotic status [ 15 – 18 ]. Recently, these 
methodologies have been also utilized for moni-
toring antiplatelet therapies in order to identify 
those patients at risk of thromboembolic adverse 
events [ 19 – 22 ]. Traditional tests are not so com-
plex to perform, but are time consuming, expen-
sive, and affected by a great number of different 
methodological aspects requiring an adequate 
degree of expertise and experience. These numer-
ous different aspects have produced an intra- 
and/or interlaboratory variability of results and 
have delayed a clear standardized procedure 
[ 73 – 76 ]. This fact has mostly restricted their 
wide clinic use, notwithstanding the effort in the 
amelioration of ongoing standardization and the 
use of fl ow charts for the correction of platelet 
defects. Actually, these assays are still performed 
only in specialized clinical laboratories dedicated 
to the studies of hemostasis and thrombosis, 
often in close nearness to the associated clinics. 

 As the assessment of platelet (dys)func-
tion play a crucial role in the management of 
severe hemorrhage, a skillful competence to 
perform platelet function assays in a timely 
and effi cient manner is indispensable. During 
the last year, the introduction of simpler assays 
utilized as POCT or within nonspecialized 
laboratories has allowed to investigate plate-
let function [ 15 ,  23 – 29 ]. So, platelet function 
POCT, that shows a standardized operating 
procedure and consists of easy-to- use devices, 
has overwhelmed the important drawbacks 
of traditional tests. Moreover, these method-
ologies, by using WB as milieu, may evalu-
ate in vitro platelet adhesion and aggregation 
in which also other blood cells play a role. 
Fianally, platelet POC can achieve either the 
study of global platelet function (Innovance 
PFA-200, IMPACT, GTT) or the evaluation 
of particular aspects of platelet activation 
(MEA, VerifyNow, TEG Platelet Mapping, 
Plateletworks) (Tables  3.1  and  3.2 ). 

 Now, platelet function POCT seems to be 
able in predicting bleeding (e.g., peri- or post-
operatively) and/or thrombosis in high-risk 
surgical patients. 

 A peri-postoperative coagulopathy might 
occur (e.g., cardiopulmonary bypass), and this 
defective status might also be complicated by 
the use of pharmacological thromboprophy-
laxis [ 200 ]. So, the use of a platelet function 
assay that rapidly can give information about 
platelet function status could be advantageous. 
In this contest, the question is: Are platelet 
function and global hemostatic assays able to 
predict either bleeding or thrombosis in surgi-
cal patients? Preoperative and perioperative 
breakdowns of platelet function are princi-
pally due to unobserved (acquired or inher-
ited) bleeding defects and to surgical 
procedures that may cause platelet defects and 
coagulopathies resulting in massive hemor-
rhage [ 201 ]. Although platelet POCT has 
demonstrated to be able to identify platelet 
function defects, its helpfulness in periopera-
tive setting is still debated [ 23 – 28 ,  202 ,  203 ]. 

 In 2013, guidelines about the management 
of severe perioperative bleeding were delivered 
by The European Society of Anaesthesiology 
(ESA) [ 204 ]. This release has recommended 
the preoperative use of platelet function analy-
sis only when a positive bleeding anamnesis 
there was, or in presence of a platelet function 
affected by antiplatelet therapy or medical con-
ditions. In this issue, platelet POCT has had the 
task of identifying preoperatively potential 
bleeding patients and those at high risk of 
thrombosis for the rapid diagnosis of emerging 
platelet defects and coagulopathies. The conse-
quent management of hemorrhage during sur-
gical procedures by using de facto platelet 
function POCT does consist in providing 
proper transfusions or specifi c targeted hemo-
static treatments in the meantime of surgery, 
reducing unnecessary transfusions and their 
consequent related risks [ 201 ]. 

 In addition, platelet POCT has demon-
strated to be a useful tool in monitoring anti-
platelet therapy, in guiding its titration, and in 
orienteering the possible choice of a different 
drug. Thus, it may be a control for minimizing 
the risk of either thrombosis or bleeding. 
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Recently, guidelines, released by the Society 
of Thoracic Surgeons (STS) [ 205 ], have rec-
ommended that the timing of cardiac and non-
cardiac surgery in patients on antiplatelet 
drugs should be objectively decided on the 
basis of test results rather than arbitrarily 
defi ned delays. Thus, the preoperative assess-
ment of platelet function might be useful for 
identifying those patients with or without high 
residual platelet reactivity, that may undergo 
surgery reducing the bleeding risk. In addi-
tion, perioperative use of platelet function 
POCT has been described as a useful tool in 
regulating blood transfusions. 

 In the light of this, novel non-POC platelet 
adhesion methods such as microfl uidic devices 
or platelet spreading tests, using fl uorescence 
microscopy or scanning electron microscopy, 
are under evaluation [ 206 ,  207 ]. Different test 
such as immunological assay, HPLC, fl uores-
cence microscopy, or fl ow cytometry that inves-
tigate the expression or the release of several 
compounds as ATP, ADP, 5-HT, CXCL12, 
CD34, P-selectine, or thromboxanes are by now 
available. As previously reported, many platelet 
tests like platelet aggregometry in PRP or dif-
ferent prototypes gave rise to the current avail-
able platelet function POCT. Given the plethora 
of the novel tests in studio, it seems to be rea-
sonable to expect that other new platelet POCT 
similarly are quickly available. In the future, it 
would be desirable that specifi c, standardized, 
more rapid, and easy tests – whose clinical 
value has been well defi ned – are available. 

 The effort in translating the traditional plate-
let function tests in platelet function POC 
assays able to predict bleeding disorders or 
high on treatment platelet reactivity is over in 
progress, and the interest on this issue is con-
stantly increasing. An ideal assay should be 
rapid, reliable, maximally standardized, possi-
bly inexpensive, and should offer a global eval-
uation of hemostasis such as viscoelastic 
systems. Indeed, by using these methodologies, 
algorithms for the correct use of blood 
 components and proper pharmacological treat-
ment in surgical patients at high risk have been 
developed. With these tools, the number of 

transfusions has been reduced and postopera-
tive hemorrhage decreased [ 208 ,  209 ]. Along 
viscoelastic method, also platelet POCT has 
been progressively used in cardiovascular 
intensive care, trauma coagulopathy, liver 
transplantation, and obstetric care for the pre-
diction of bleeding [ 25 ,  194 ,  210 ]. However, 
the “ideal” and widely acknowledged platelet 
POCT is still not available. Due to the intrinsic 
peculiarities, each assay has its own strengths 
and drawbacks [ 211 ]. Nevertheless, the correct 
identifi cation of pros and cons of each platelet 
POC assay might guide the clinicians for the 
correct use of transfusions and for the rapid 
identifi cation of bleeding risk directly in peri-
operative care [ 25 ,  153 ,  204 ,  209 ,  210 ]. This 
underlines the need for an evidence- based criti-
cal assessment of further studies supplying 
clinically relevant results on platelet POCT.     
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  4

4.1           Introduction 

 A point-of-care (POC) device is a kind of diag-
nostic testing placed and performed at or in prox-
imity of the site where the patient is receiving 
medical care. The ideal POC assay should be 
rapid with results readily available to the health-
care personnel and applicable to the clinical set-
ting, poorly infl uenced by environmental factors, 
simple to perform and understand, and conve-
nient and cost effi cient if compared to the tradi-
tional laboratory technologies. This kind of 
device is normally positioned outside the labora-
tory, generally in intensive care units, clinical 
wards, or operating rooms. Multiple attempts 
have been made in order to achieve these charac-
teristics in the fi eld of coagulation monitoring, 
both for hemostasis and for anticoagulation pur-
poses. Some of the devices gained success and 
acknowledgment and are now widely used in the 
hospitals, many more have been proposed in the 
past, and others are just at the beginning of their 
development and recognition route. The present 
chapter will address coagulation POC devices 
not treated in Chaps.   2     and   3    .  

4.2     Viscosity-Based Devices 

 The viscosity of a fl uid is a measure of its resis-
tance to gradual deformation by shear stress. 
Under fl ow conditions, a forming thrombus 
presents the properties of both a fl uid (viscosity) 
and a solid (elasticity). The combination of the 
viscoelastic properties of blood has been exten-
sively applied to the coagulation monitoring in 
devices such as TEG® and ROTEM®. These 
devices however are not directly assessing vis-
cosity but only a transition from a viscoelastic 
fl uid to a viscoelastic solid detected as a 
 resistance of the sample to a rotation strain. 
Moreover, in the abovementioned devices, the 
shear rate is settled at a very low rate 
 (approximately 0.5 s −1 ), not present in any area 
of the physiological circulation, and the applied 
shear rate is not constant. Concerns about the 
sensitivity, repeatability, and lack of standard-
ization of these devices have been raised with 
confl icting fi ndings reported so far [ 1 – 4 ]. 

 Blood viscosity and its correlation with differ-
ent blood components have been studied since the 
early twentieth century. The importance of 
changes in blood viscosity in many pathological 
conditions has been elucidated, and instruments 
allowing this kind of analysis were developed and 
refi ned – from homemade capillary viscosimeters 
to complex modern semi-automized devices with 
specifi cally dedicated software. Most of the appli-
cations to the coagulation monitoring proposed so 
far do not totally fulfi ll the POC requirements but 
show promising potentiality for a wider clinical 
use and deserve a mention. 
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4.2.1     Cone-on-Plate Viscosimetry 

 Historically, blood viscosity was assessed in 
anticoagulated blood and is normally 3–4 centi-
poise (cP). However, dynamic measurement of 
blood and plasma viscosity during coagulation 
is feasible. Whole blood is a non-Newtonian 
fl uid, for which viscosity decreases for increas-
ing shear rates in a nonlinear manner and is 
mainly dependent on hematocrit and tempera-
ture. A cone-on- plate rheometer is able to gen-
erate a range of shear rates that reproduce fl ow 
conditions in different areas of the circulatory 
system. Shear rate is a fundamental parameter 
affecting the dynamics of coagulation and 
blood viscosity [ 5 ], infl uencing platelet adhe-
sion and activation, as well as thrombin genera-
tion [ 6 – 8 ]. After a liquid phase with a duration 
depending on the effi cacy of the thrombin gen-
eration by the coagulation cascade, there is a 
transition from the liquid to the gel phase of the 
blood, and this turning point can be identifi ed 
as the gel point (GP). Time-to-gel point (TGP) 
is prolonged when thrombin generation is 
impaired, for example, in presence of antico-
agulation drugs and in case of congenital or 
acquired defi ciency of coagulation factors (due 
to consumption, loss, or hemodilution). The 
viscosity of the growing clot increases until the 
maximum clot viscosity (MCF) is reached; a 
clot lysis could be detected as well [ 9 ]. MCF 
represents the overall clot strength and is infl u-
enced by platelet count, fi brinogen concentra-
tion, and factor XIII. 

 The direct measurement of the viscosity of 
blood coagulation is very sensitive and presents 
the undeniable advantages of applying a constant 
shear rate throughout the whole coagulation pro-
cess and the possibility to change shear rate to 
conform to different physiology of circulation 
districts, as well as measuring the process in stan-
dard instead of arbitrary units. The cone-on-plate 
viscosimeter is still to be conformed to the POC 
requirements but already presents signifi cant 
potential to overcome the limitations of the exist-
ing viscoelastic POC devices, besides offering 
the basis for the development of more sophisti-
cated instrumentation.  

4.2.2     Free Oscillation Rheometry 
(FOR) and ReoRox® 

 The application of the free oscillation rheometry 
concept to body fl uids viscosity assessment was 
fi rst described and patented in 1994 [ 10 ], and 
assays for the measurement of coagulation fac-
tors activity in whole blood were developed after-
wards [ 11 ,  12 ]. 

 In the ReoRox® (Medirox AB, Sweden) 
device blood is added to a cup that is set in free 
oscillation by a torsion wire with a cylinder sub-
merged into the blood sample. The cup is initially 
rotated around its longitudinal axis and then 
released. At release, the torsion wire sets the cup 
into free oscillation, and the movement is 
recorded by an optical detector. FOR allows the 
detection of a wide range of elasticity changes. 
No external force is applied during measurement 
with no mechanical interference with the damp-
ing and frequency change in oscillating 
movement. 

 ReoRox® shows elasticity and viscosity in 
separate curves as compared to TEG® and 
ROTEM® that only presents the overall visco-
elastic data. The detected variables include COT1 
(clot onset time 1, determined from the viscosity 
curve) which represents the start of clot forma-
tion, COT2 (determined from the frequency/elas-
ticity curve) which represents the time to a fully 
formed clot and equals the ROTEM variable CT, 
and G′ max (maximum elasticity which equals 
ROTEM MCF and elastic modulus). Common 
ReoRox® analyses include Fibscreen1 (thrombo-
plastin activation, Fib1) and Fibscreen2 (throm-
boplastin activation and platelet inhibition with 
abciximab); Fib 1 and Fib2 correspond to 
EXTEM and FIBTEM in ROTEM. 

 ReoRox® works both on whole blood and 
plasma. The assay is usually performed on 
citrate-anticoagulated blood then recalcifi ed with 
CaCl 2  with no artifi cial activators or inhibitors. 

 Changes in clot properties have been explored 
in supposed hypercoagulation (pregnancy) and 
hypocoagulation (thrombocytopenia) conditions 
[ 13 ]. It was found that pregnant women presented 
with shorter clotting times and higher clot elas-
ticity than matched nonpregnant female donors 
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with elasticity values higher in the late pregnancy. 
The thrombocytopenic patients presented low 
elasticity values that were readily increased by 
platelet transfusion with no change in corre-
sponding clotting time. 

 There are two studies comparing fi brin-based 
clot elasticity parameters as measured by 
ReoRox® versus thromboelastometry (ROTEM®). 
Both methods were performed under platelet 
inhibition. Sølbeck and associates performed an 
in vitro comparison of ReoRox® and ROTEM® in 
trauma patients upon hospital admission [ 14 ]. 
Clot parameters were found to correlate between 
the two devices, including clot strength parame-
ters. Solomon and associates applied FIBTEM 
test and Fibscreen2 test to native and hemodi-
luted whole blood samples from healthy volun-
teers, concluding that ReoRox® Fibscreen2 test 
has a higher than expected coeffi cient of varia-
tion and that both tests refl ected elasticity impair-
ment due to hemodilution [ 15 ]. 

 In vitro-induced fi brinolysis is also detectable 
using a specifi cally designed ReoLyse test [ 16 ]. 
Spiking whole blood samples from healthy vol-
unteers with different amounts of tissue plasmin-
ogen activator (t-PA), it was assessed that neither 
ReoRox® nor ROTEM® could detect low degrees 
of fi brinolysis. The authors concluded that 
ReoRox® could be a valuable alternative to 
ROTEM® to study high degrees of fi brinolysis 
and should be evaluated in clinical situations 
with increased fi brinolysis. 

 A study evaluating the contribution of vari-
ous blood components to the viscous and elas-
tic properties of the clot as measured by free 
oscillation rheometry reported that increasing 
the number of platelets and fi brinogen concen-
tration resulted in higher elasticity while 
increasing hematocrit gave lower elasticity. In 
spiking samples with receptor GPIIb/IIIa 
inhibitor, the clot elasticity was severely 
impaired. The use of citrate-anticoagulated 
blood versus non- anticoagulated blood sam-
ples did not have signifi cant differences in the 
clot properties [ 17 ]. 

 ReoRox® is sensitive to the effect of the 
 antiplatelet agents, like the receptor P2Y12 inhib-
itors [ 18 ]. ADP-receptor inhibition prolonged the 

 clotting time for whole blood activated with 
collagen- related peptide, but it did not affect the 
properties of the subsequently formed clot. 

 ReoRox® device begins to be employed to 
produce research in the setting of cardiac pathol-
ogies [ 19 ]. Incubating blood samples from 
patients with a history of myocardial infarction 
complicated by ventricular fi brillation versus 
patients without ventricular fi brillation with lipo-
polysaccharide (LPS), a coagulation activator, 
and measuring the relative clotting times, Kälsch 
and associates concluded that the fi rst group 
showed an enhanced coagulation activation 
which may be at least partially due to an enhanced 
platelet activation. 

 FOR technology presents signifi cant qualities, 
but a few concerns regarding its reproducibility 
and precision need to be solved through appropri-
ate investigations. Clinical applications of the 
ReoRox® device and its addition to the bleeding 
management decision helping charts should be 
further explored by specifi cally designed clinical 
studies.   

4.3     Cone-and-Plate(let) 
Analyzer (CPA) 

 The CPA platelet function analyzer is based upon 
a method in which platelets from a whole blood 
sample aggregate on an extracellular matrix 
(ECM) when subjected to high shear stress. The 
surface coverage (SC) and the average size (AS) 
of the surface-bound particles (platelet aggre-
gates) can be evaluated after staining the samples 
with a histologic stain by an inverted light micro-
scope connected to an image analysis system 
[ 20 ]. Under shear stress, platelets adhere to ECM, 
and, following a release reaction, then other 
platelets aggregate on the fi rst layer of adhered 
platelets. In these conditions, SC and AS are pos-
itively correlated with both platelet count and 
hematocrit. Blood samples from patients with 
von Willebrand disease showed reduced SC and 
AS, whereas those with Glanzmann thrombas-
thenia presented an almost normal SC but an AS 
close to that of single platelet. Previous data also 
showed a good correlation between the aggregate 
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size and the bleeding tendency among patients 
undergoing pulmonary bypass [ 21 ]. In a modifi ed 
CPA without ECM, treatment of blood samples 
with arachidonic acid or ADP signifi cantly 
decreased the surface coverage, partially reversed 
by preincubation of the sample with aspirin and 
AMP, respectively [ 22 ]. The CPA technology 
presents the advantage of platelet aggregation 
taking place on an ECM-covered surface and 
under shear stress conditions, closely resembling 
physiological setting. However, this method still 
has steps requiring specialized personnel, and 
more data in prospective monitoring of coagula-
tion and hemostasis should be collected.  

4.4     Optical TEG (oTEG) and Laser 
Speckle Rheology (LSR) 

 Laser speckle rheology is an optical technology 
potentially capable of providing a noncontact 
rapid mechanical assessment of tissue properties 
[ 23 ]. Laser speckles represent a pattern of random 
intensity spots caused by the interference of 
coherent light scattered from tissue. This pattern 
is sensitive to the passive Brownian motion of 
intrinsic light-scattering particles. The analysis of 
laser speckle patterns has already been investi-
gated for a number of biomedical applications, 
especially for the measurement of blood fl ow and 
tissue perfusion. In a viscoelastic medium such as 
blood, the Brownian motion of light-scattering 
centers is directly related to the viscoelastic prop-
erties of the medium. Consequently, during the 
coagulation process, the increasing stiffness of the 
blood clot caused by the formation of a fi brin- 
platelet network limits scatter displacements, elic-
iting a slower rate of speckle intensity fl uctuations 
compared to un-clotted blood. Because scatter 
motion causes a modulation of the laser speckle 
pattern, the measurement of the time scale of 
speckle intensity fl uctuations with a high-speed 
camera should provide information about the vis-
coelastic properties of clotting blood. 

 Applicability to the blood properties assess-
ment was fi rst presented in 2012 [ 24 ], employing 
heparinized blood from a swine animal model 
and then specifi cally designed for real-time coag-

ulation testing with results compared to the con-
ventional coagulation tests [ 25 ]. For each patient, 
the LSR clotting time (CT LSR ) and maximum clot 
stiffness ( τ  Max ) were calculated. Coagulation of 
citrate-anticoagulated samples was kaolin acti-
vated. Blood samples with normal activated par-
tial thromboplastin time (aPTT) and prothrombin 
time (PT) showed shorter clotting times CT LSR  
than samples with prolonged aPTT and PT val-
ues. Blood samples with increased fi brinogen 
concentration presented higher  τ  Max . 

 The development of a point-of-care handheld 
LSR technology will certainly boost the assess-
ment of blood and coagulation properties in vari-
ous clinical settings. Until then, a wider 
application of LSR to bleeding management 
remains a potential.  

4.5     Resonant Acoustic 
Spectroscopy with Optical 
Vibrometry (RASOV) 

 RASOV is a micro-elastometry via acoustic 
spectroscopy that measures the elastic modulus 
of the clot (CEM). Vibration produced by a mag-
netic force applied to the sample surface causes 
the clot to react with a specifi c resonant fre-
quency. CEM is then computed and expressed in 
kPa. This method is not capable of assessing 
coagulation dynamics but offers a major sensitiv-
ity in assessing CEM and the ability to rapidly 
repeat measurements on a single sample. The 
fi rst exploratory study was able to confi rm that 
CEM is strongly infl uenced by fi brinogen con-
centration and is sensitive to a wide range of 
fi brinogen content variation [ 26 ].  

4.6     Global Thrombosis Test 
(GTT) 

 The Global Thrombosis Test or Görög Thrombosis 
Test is a global coagulation test which allows the 
assessment of the overall coagulation process, 
from thrombosis to thrombolysis [ 27 ]. Native 
blood is placed in a test tube and fl ows through 
two consecutive series of narrow gaps, exposing 
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platelets to high shear stress and consequently 
activating them. Activated platelets aggregate and 
thrombin is generated, and the gaps are fi nally 
occluded by the formed clot. Blood fl ow reduc-
tion and arrest is detected as the time interval 
between two consecutive blood drops falling from 
the tube increases and the occlusion time (OT) is 
registered. The displacement of the thrombi is 
indicative of occurred thrombolysis. 

 Platelets play a major role in the obstruction 
fl ow. Monoclonal antibodies against platelet 
GPIIb/IIIa receptor completely prevented occlu-
sion [ 27 ]. GTT is capable of detecting the effect 
of antiplatelet (clopidogrel) and anticoagulation 
(heparin, dabigatran, and argatroban) drugs that 
signifi cantly prolonged OT [ 28 ,  29 ]. The occlu-
sion time was inversely correlated with von 
Willebrand factor, ristocetin cofactor activity, 
and von Willebrand factor antigen, as well as 
with hemoglobin and hematocrit, whereas plate-
let count showed no correlation with OT [ 30 ]. 

 GTT was applied in studies on large series of 
smokers [ 31 ], patients with metabolic syndrome 
[ 32 ], and patients with cerebral infarction [ 33 ], 
but bleeding and cardiovascular setting have not 
been explored yet.  

4.7     Microfl uidics-Based Devices 

 Recent technological advances allowed miniatur-
ization and development of new application of 
already acquired methodologies to the monitor-
ing of blood coagulation. Sophisticated construc-
tions could be potentially downscaled and 
optimized to fulfi ll point-of-care requirements 
into a lab-on-a-chip devices. The advantages of 
these technologies are small size and need for 
small volumes of blood and reagents with conse-
quent lower waste and costs, faster analysis and 
response times due to short diffusion distances, 
faster sample conditioning and high surface to 
volume ratio, high level of automation with no or 
limited need for sample manipulation, and no 
specialized personnel demand. Most of the pub-
lished methodologies are still prototype devices, 
but the proposed ideas and results seem promis-
ing for future application in POC setting. 

 Microfl uidics could be combined with other 
technologies in order to perform dynamic analy-
sis of blood coagulation. In one of the recently 
developed prototypes, Rayleigh surface-acoustic 
waves (SAW) have been implemented into a min-
iaturized device for observation of ongoing 
thrombogenesis [ 34 ]. Rayleigh waves are a type 
of surface-acoustic wave traveling near the sur-
face of solids. When a SAW encounters a solid/
liquid interface, it is transferred into a sound 
wave that generate a pressure gradient and a fl ow 
in the liquid (acoustic steaming). Consequently, 
SAW could be used for instantly mixing and 
recalcifying a drop of citrated whole blood and 
induce coagulation. A small amount of fl uores-
cent microspheres is added to blood, then the 
sample is placed within the reaction chamber, 
calcium chloride is added, and mixing is immedi-
ately started by inducing the SAW. Before coagu-
lation is started, the fl uorescent beads could 
freely move within the sample, but when coagu-
lation is initiated, their degree of freedom is more 
and more reduced until the majority of the micro-
spheres are trapped in the formed clot and the 
movement cease. The fl uorescence displacement 
is registered by a fl uorescence microscope and 
analyzed digitally through an image processing 
technique. Specifi c software measures the corre-
lation between two successive images, with 
images becoming increasingly identical as the 
clot is forming. These coeffi cients are fi nally nor-
malized between 0 % (no correlation) and 100 % 
(identical pictures), and the time corresponding 
to 50 % of maximal response is referred to as 
SAW-clotting time (CT). 

 In untreated blood of healthy volunteers, 
SAW-CT was approximately 200 s. Treatment 
with unfractioned heparin, argatroban, dabiga-
tran, rivaroxaban, and GPIIb/IIIa inhibitor abcix-
imab signifi cantly prolonged SAW-CT, whereas 
acetylsalicylic acid together with clopidogrel had 
no infl uence on coagulation measured with this 
device. 

 In another kind of microdevice, fl uorescently 
labeled fi brinogen combined with microstruc-
tured lateral fl ow platforms is able to detect the 
clot formation. The incorporation of the labeled 
molecules into the growing thrombus induces 
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changes in fl uorescence intensity and distribution 
easily detectable with appropriate instrumenta-
tion. This assay was shown to be specifi cally sen-
sitive to heparin [ 35 ]. 

 Microfl uidic chips could be also used for 
studying the electrical impedance spectrum of 
whole blood [ 36 ]. Applying a frequency of about 
1000 Hz to a whole blood sample placed into a 
micro-well, it is possible to observe the magni-
tude of the electrical impedance growing from 
approximately 10 4  Ω of the fl uid phase to 10 6 –
10 7  Ω of the solid clot with a distinct point at 
which blood coagulation begins. Electrical 
impedance of blood is sensitive to hematocrit and 
temperature variations. It was shown that native 
blood clotting time was increasingly prolonged 
lowering the temperature, from approximately 
1600 s at 37 °C to more than 4000 s at 18 °C. Blood 
coagulation time was linearly associated to hema-
tocrit with higher values for increasing hemato-
crit. This technology is at its very beginning with 
no data in clinical settings available.     

   References 

    1.    Evans PA, Hawkins RH, Morris N et al (2010) Gel 
point and fractal microstructure of incipient blood 
clots are signifi cant new markers of hemostasis for 
healthy and anticoagulated blood. Blood 
116:3341–3346  

   2.    Ågren A, Wikman AT, Holmström M, Östlund A, 
Edgren G (2013) Thromboelastography (TEG®) 
compared to conventional coagulation tests in surgical 
patients – a laboratory evaluation. Scand J Clin Lab 
Invest 73:214–220  

   3.    Theusinger OM, Schröder CM, Eismon J et al (2013) 
The infl uence of laboratory coagulation tests and clot-
ting factor levels on Rotation Thromboelastometry 
(ROTEM®) during major surgery with hemorrhage. 
Anesth Analg 117:314–321  

    4.    Haas T, Spielmann N, Mauch J et al (2012) 
Comparison of thromboelastometry (ROTEM®) with 
standard plasmatic coagulation testing in paediatric 
surgery. Br J Anaesth 108:36–41  

    5.    Ranucci M, Laddomada T, Ranucci M, Baryshnikova 
E (2014) Blood viscosity during coagulation at differ-
ent shear rates. Physiol Rep 2:e12065  

    6.    Chen H, Angerer JI, Napoleone M et al (2013) 
Hematocrit and fl ow rate regulate the adhesion of 
platelets to von Willebrand factor. Biomicrofl uidics 
7:64113  

   7.    Li M, Hotaling NA, Ku DN, Forest CR (2014) 
Microfl uidic thrombosis under multiple shear rates 
and antiplatelet therapy doses. PLoS One 9:e82493  

    8.    Haynes LM, Dubief YC, Orfeo T, Mann KG (2011) 
Dilutional control of prothrombin activation at physio-
logically relevant shear rates. Biophys J 100:765–773  

    9.   Ranucci M, Ranucci M, Laddomada T, Baryshnikova 
E, Nano G, Trimarchi S (2014) Plasma viscosity, 
functional fi brinogen, and platelet reactivity in vascu-
lar surgery patients. Clin Hemorheol Microcirc.   http://
content.iospress.com/articles/clinical-hemorheology-
and-microcirculation/ch1866?resultNumber=0&total
Results=5&start=0&q=baryshnikova&resultsPageSiz
e=10&rows=10      

    10.   Method of measuring rheological properties and rhe-
ometer for carrying out the method, patent WO 
1994008222 A1  

    11.    Ungerstedt JS, Kallner A, Blombäck M (2002) 
Measurement of blood and plasma coagulation time 
using free oscillating rheometry. Scand J Clin Lab 
Invest 62:135–140  

    12.    Rånby M, Ramström S, Svensson PO, Lindahl TL 
(2003) Clotting time by free oscillation rheometry and 
visual inspection and a viscoelastic description of the 
clotting phenomenon. Scand J Clin Lab Invest 
63:397–406  

    13.    Tynngärd N, Lidanhl TL, Ramström S, Räf T, Rugarn 
O, Berlin G (2008) Free oscillation rheometry detects 
changes in clot properties in pregnancy and thrombo-
cytopenia. Platelets 19:373–378  

    14.    Sølbeck S, Vindeløv NA, Bæek NH, Nielasen JD, 
Ostrowski SR, Johansson PI (2012) In-vitro compari-
son of free oscillation rheometry (ReoRox) and rota-
tional thromboelastometry (ROTEM) in trauma 
patients upon hospital admission. Blood Coagul 
Fibrinolysis 23:688–692  

    15.    Solomon C, Schöchl H, Ranucci M, Schött U, 
Schlimp CJ (2015) Comparison of fi brin-based clot 
elasticity parameters measured by free oscillation 
 rheometry (ReoRox®) versus thromboelastometry 
(ROTEM®). Scand J Clin Lab Invest 75:239–246  

    16.    Nilsson CU, Tynngård N, Reinstrup P, Engström M 
(2013) Monitoring fi brinolysis in whole blood by vis-
coelastic instruments: a comparison of ROTEM and 
ReoRox. Scand J Clin Lab Invest 73:457–465  

    17.    Tynngård N, Lindahl T, Ramström S, Berlin G (2006) 
Effects of different blood components on clot retrac-
tion analysed by measuring elasticity with a free 
oscillating rheometer. Platelets 17:545–554  

    18.    Rämstrom S, Rånby M, Lindahl TL (2003) Effects of 
inhibition of P2Y(1) and P2Y(12) on whole blood 
clotting, coagulum elasticity and fi brinolysis resis-
tance studied with free oscillation rheometry. Thromb 
Res 109:315–322  

    19.    Kälsch T, Elmas E, Nguyen DX et al (2005) Enhanced 
coagulation activation by in vitro lipopolysaccharide 
challenge in patients with ventricular fi brillation com-
plicating acute myocardial infarction. J Cardiovasc 
Electrophysiol 16:858–863  

E. Baryshnikova

http://content.iospress.com/articles/clinical-hemorheology-and-microcirculation/ch1866?resultNumber=0&totalResults=5&start=0&q=baryshnikova&resultsPageSize=10&rows=10
http://content.iospress.com/articles/clinical-hemorheology-and-microcirculation/ch1866?resultNumber=0&totalResults=5&start=0&q=baryshnikova&resultsPageSize=10&rows=10
http://content.iospress.com/articles/clinical-hemorheology-and-microcirculation/ch1866?resultNumber=0&totalResults=5&start=0&q=baryshnikova&resultsPageSize=10&rows=10
http://content.iospress.com/articles/clinical-hemorheology-and-microcirculation/ch1866?resultNumber=0&totalResults=5&start=0&q=baryshnikova&resultsPageSize=10&rows=10
http://content.iospress.com/articles/clinical-hemorheology-and-microcirculation/ch1866?resultNumber=0&totalResults=5&start=0&q=baryshnikova&resultsPageSize=10&rows=10


65

    20.    Varon D, Dardik R, Shenkman B et al (1997) A new 
method for quantitative analysis of whole blood plate-
let interaction with extracellular matrix under fl ow 
conditions. Thromb Res 85:283–294  

    21.    Golan M, Modan M, Lavee J et al (1990) Transfusion 
of fresh whole blood stored (4 °C) for short period 
fails to improve platelet aggregation on extracellular 
matrix and clinical hemostasis after cardiopulmonary 
bypass. J Thorac Cardiovasc Surg 99:354–360  

    22.    Spectre G, Brill A, Gural A et al (2005) A new point-
of- care method for monitoring anti-platelet therapy: 
application of the cone and plate(let) analyzer. 
Platelets 16:293–299  

    23.    Hajjarian Z, Tripathi MM, Nadkarni SK (2015) 
Optical thromboelastography to evaluate whole blood 
coagulation. J Biophotonics 8:372–381  

    24.    Hajjarian Z, Nadkarni SN (2012) Evaluating the vis-
coelastic properties of tissue from laser speckle fl uc-
tuations. Sci Rep 2:316  

    25.    Tripathi MM, Hajjarian Z, Van Cott EM, Nadkarni 
SK (2014) Assessing blood coagulation status with 
laser speckle rheology. Biomed Opt Express 
5:817–831  

    26.    Wu G, Krebs CR, Lin FC, Wolberg AS, Oldenburg 
AL (2013) High sensitivity micro-elastometry: appli-
cations in blood coagulopathy. Ann Biomed Eng 
41:2120–2129  

     27.    Yamamoto J, Yamashita T, Ikarugi H et al (2003) 
Görög Thrombosis Test: a global in-vitro test of plate-
let function and thrombolysis. Blood Coagul 
Fibrinolysis 14:31–39  

    28.    Saraf S, Wellsted D, Sharma S, Gorog DA (2009) 
Shear-induced global thrombosis test of native blood: 
pivotal role of ADP allows monitoring of P2Y12 
antagonist therapy. Thromb Res 124:447–451  

    29.    Yamamoto J, Inoue N, Otsui K, Ishii H, Gorog DA 
(2014) Global Thrombosis Test (GTT) can detect 

major determinants of haemostasis including platelet 
reactivity, endogenous fi brinolytic and thrombin gen-
erating potential. Thromb Res 133:919–926  

    30.    Nishida H, Murata M, Miyaki K, Omae K, Watanabe 
K, Ikeda Y (2006) Gorog Thrombosis Test: analysis 
of factors infl uencing occlusive thrombus formation. 
Blood Coagul Fibrinolysis 17:203–207  

    31.    Suehiro A, Wakabayashi I, Yamashita T, Yamamoto J 
(2014) Attenuation of spontaneous thrombolytic 
activity measured by the global thrombosis test in 
male habitual smokers. J Thromb Thrombolysis 
34:414–418  

    32.    Suehiro A, Wakabayashi I, Uchida K, Yamashita T, 
Yamamoto J (2012) Impaired spontaneous thrombo-
lytic activity measured by global thrombosis test in 
males with metabolic syndrome. Thromb Res 
129:499–501  

    33.    Taomoto K, Ohnishi H, Kuga Y et al (2010) Platelet 
function and spontaneous thrombolytic activity of 
patients with cerebral infarction assessed by the 
global thrombosis test. Pathopysiol Haemost Thromb 
37:43–48  

    34.    Meyer dos Santos S, Zorn A, Guttenberg Z et al 
(2013) A novel μ-fl uidic whole blood coagulation 
assay based on Rayleigh surface-acoustic waves as a 
point-of-care method to detect anticoagulants. 
Biomicrofl uidics 7:56502  

    35.    Dudek MM, Kent NJ, Gu P, Fan ZH, Killard AJ 
(2011) Development of a fl uorescent method for 
detecting the onset of coagulation in human plasma 
on microstructured lateral fl ow platforms. Analyst 
136:1816–1825  

    36.    Lei KF, Chen KH, Tsui PH, Tsang NM (2013) Real- 
time electrical impedimetric monitoring of blood 
coagulation process under temperature and hemato-
crit variations conducted in a microfl uidic chip. PLoS 
One 8:e76243      

4 Other Coagulation Point-of-Care Tests



67© Springer International Publishing Switzerland 2016 
M. Ranucci, P. Simioni (eds.), Point-of-Care Tests for Severe Hemorrhage: 
A Manual for Diagnosis and Treatment, DOI 10.1007/978-3-319-24795-3_5

      Coagulation and Point of Care 
in Clinical Practice: History                     

     Luca     Spiezia       and     Paolo     Simioni    

        This was the historical and cultural context that 
framed the work and studies of a young German 
physiologist, Dr. Hellmut Hartert (1918 
Tübingen – 1993 Kaiserslautern). He started his 
research from the two main limitations of PT and 
aPTT: (a) these tests evaluated only the initiation 
of the clotting process; (b) the information 
obtained was limited to plasma. 

 Dr. Hartert conceived the fi rst thromboelasto-
graph in Germany, in 1948 [ 6 ]. He started from the 
concept that blood clot has both viscous and elastic 
properties. Based on these premises, he developed 
an apparatus able to measure the elastic shear mod-
ulus or storage modulus of clotting blood. The 
method provided that an aliquot of whole blood be 
placed in the sample cup. A pin suspended by a 
calibrated torsion wire was lowered into the sample. 
To measure the elastic shear modulus of the sample, 
the cup was oscillated through an angle of 4° 45″ 
over a 10s interval, including 1s rest periods at the 
end of the rotation in each direction to prevent vis-
cosity errors. The torque of the cup is transmitted to 
the pin through the sample in the cup. The width of 
the tracing is proportional to the magnitude of elas-

tic shear modulus of the sample that is affected by 
platelet count and fi brinogen levels in whole blood 
[ 7 ]. Thromboelastographic information was 
obtained from an uninterrupted recorded tracing 
called the thromboelastogram. At the very begin-
ning, only reusable steel sets of cups and pins were 
available and whole blood (350 uL) containing no 
anticoagulants would be placed directly in the 
instrument immediately after being drawn with the 
sample being recalcifi ed to start the procedure. In 
1974, Caprini [ 8 ] and colleagues introduced a mod-
ifi ed technique called celite-activated TEG, consist-
ing of comparing two simultaneously performed 
thromboelastograms: one was a native whole-blood 
thromboelastogram and the other was performed in 
native whole-blood activated with celite. 

 Since the initial four parameters introduced by 
Hartert on each thromboelastogram tracing, 
namely: the reaction time  R ; the coagulation time K 
o k; the angle  α ; and the maximum amplitude, MA 
[ 7 ] (see subsequent paragraphs for further details), 
several new parameters, ratios, indexes, and even 
mathematical equations have been proposed. 

 Originally, the thromboelastography (TEG) 
assay was considered interesting from a theoreti-
cal standpoint, but the clinical applicability was 
not well understood. Therefore, TEG was seen as 
being a bit too esoteric and too shock sensitive 
for routine clinical use. Performing the test was 
also technically challenging and the results of the 
TEG analysis were scarcely reproducible. In the 
subsequent years, several European researchers 
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between the 1950s and the 1970s developed the 
possible clinical applicability of this new appara-
tus. The American use of TEG began with von 
Kaulla and Caprini in the 1960s but minimal 
growth occurred until the 1980s. 

 While the TEG assay experienced growth in 
clinical interest as new surgical procedures evolved 
and perioperative bleeding became more of a seri-
ous complication, it remained mainly outside the 
scope of conventional diagnostic application in 
clinical practice. Even the TEG technology itself 
had not signifi cantly evolved from its original 
design and continued to be performed only by an 
astute few. Nonetheless, the TEG maintained a 
level of interest because it provided a unique, com-
prehensive way to assess hemostasis in a whole-
blood sample, in vitro, which more closely mirrored 
the physiologic conditions in vivo. Through the 
work of the dedicated scientifi c and medical com-
munity, realization of its diagnostic advantages and 
its clinical application began to spread. 

 In the early 1990s, a modifi ed thromboelas-
tography system was developed in Munich, 
Germany. Calatzis et al. reported the develop-
ment of an improved method of viscoelastic test-
ing called “rotational thromboelastography” or 
RoTEG [ 9 ]. This new method minimized many 
of the interferences that plagued classic thrombo-
elastography. Later termed “rotational thrombo-
elastometry” or “RoTEM,” the test was made 
simpler by automating much of the analytical 
process, e.g., by using an automated pipette. The 

sensitivity to agitation was also minimized, 
which allowed the device to be used in a broader 
range of clinical settings. The testing could now 
be performed more easily by clinicians outside of 
the laboratory setting and could deliver more reli-
able and reproducible results.    
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  6

6.1            Fresh Frozen Plasma 

 Fresh frozen plasma is human donor plasma 
either obtained from a single whole-blood dona-
tion or collected by apheresis (jumbo plasma in 
the USA), frozen within a specifi c time period 
after collection, and stored at a defi ned tempera-
ture, typically −30 °C. 

 Plasma frozen within 6–8 h after the collec-
tion is called fresh frozen plasma (FFP) [ 1 ]. 

 FFP contains approximately 1 IU per ml of 
each clotting factor, and for the quality control 
not less than 70 IU factor VIII per 100 mL and at 
least similar quantities of the other labile coagu-
lation factors are required. This quality control is 
required by UK and EU guidelines [ 2 ], but not by 
the American Association of Blood Banks 
(AABB) standards [ 3 ]. This level needs to be met 
for a proportion of units (typically 75 %). 

 Plasma frozen at slightly longer intervals (up 
to 24 h) after collection is referred as frozen 
plasma (FP, known as F24 in the USA). Levels of 
labile coagulation factors V and VIII may be 
lower in FP in comparison with FFP [ 1 ]. Both 
components are largely considered clinically 
equivalent by physicians and are both termed FFP. 

 After thawing, if plasma is not transfused 
within 24 h, it can be relabeled as thawed plasma 
and can be used within 5 days [ 3 – 5 ]. 

 Different forms of industrial plasma are avail-
able in Europe. These components are prepared 
from pools of 300 to 5000 plasma donation and 
are pathogen inactivated in order to guarantee 
additional safety against transfusion-transmitted 
infections [ 4 ]. 

 The main methods used for the pathogen- 
inactivation are solvent/detergent (S/D plasma) 
treatment in which pooled plasma is exposed to a 
solvent and detergent; methylene blue treatment 
in which a single donor unit of plasma is treated 
with an aniline dye (methylene blue) and light 
with the generation of reactive oxygen species 
able to inactivate enveloped and some non- 
enveloped viruses [ 4 ]; and amotosalen treatment 
in which psoralens are added to plasma prior to 
exposure to UVA light. Psoralens have virus- and 
bacteria-killing properties. 

 Due to biological variations in coagulation fac-
tor levels among plasma donors, an inter-unit vari-
ability exists in plasma preparations. Such 
variation seems to be less marked for industrial 
pathogen inactivated plasma together with a reduc-
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tion in the levels of cytokines such as IL-8 and 
IL-10 responsible for immune-modulatory adverse 
events associated with plasma transfusion [ 6 ]. 

6.1.1     Indications 

 The clinical use of FFP has grown steadily in the 
last two decades in many countries, and there is also 
evidence of variation in usage among countries. 

 It is well known the widespread inappropriate 
utilization despite the available national and pro-
fessional guidelines. This is true both for adult 
and children as documented in a recent interna-
tional scenario-based survey on plasma transfu-
sion practice in critically ill children [ 7 ]. 

 Plasma for transfusion is given primarily for 
two indications: therapeutically to stop bleeding 
or as prophylaxis to prevent bleeding in patients 
with coagulation defects determined by the mea-
surement of the prothrombin time (PT) or inter-
national normalized ratio (INR) and the activated 
partial thromboplastin time (aPTT). 

 Several worldwide guidelines recommend 
plasma transfusions when PT/INR and/or aPTT 
is greater than 1.5 times normal [ 8 – 12 ] in a bleed-
ing patient. 

 However, a consensus on laboratory value 
triggers for plasma transfusion has not been 
reached. Recently the American Society of 
Anesthesiologists [ 13 ] proposed an INR grater 
the 2, in the absence of heparin, as a plasma 
transfusion trigger for the correction of excessive 
microvascular bleeding. 

 A recent systematic review [ 14 ] of 80 random-
ized controlled trials (RCTs) failed to demon-
strate a signifi cant benefi t for both prophylactic 
and therapeutic plasma transfusion across a wide 
range of intervention. 

 Kozek-Langenecker and coworkers [ 15 ] ana-
lyzed outcome data (blood loss, allogeneic blood 
transfusion requirement, length of stay and sur-
vival) from 70 studies on FFP and 21 studies on 
fi brinogen concentrate and concluded against the 
evidence for the effi cacy of FFP on all assessed 
outcomes. 

 Other classical indications for plasma transfu-
sion are: replacement of a single factor defi ciency 

for which no coagulation factor concentrate is 
available, disseminated intravascular coagulation 
(DIC) [ 16 – 19 ], liver failure [ 20 ,  21 ], massive 
transfusion [ 22 – 24 ], and plasma exchange and/or 
transfusion for thrombotic thrombocytopenic 
purpura.  

6.1.2     Monitoring the Effects of FFP 

 The effi cacy of plasma transfusion is generally 
assessed by measuring PT/INR and aPTT after 
the transfusion. Nevertheless it is well docu-
mented the inability of FFP to correct mild coag-
ulation abnormalities [ 25 ,  26 ]. 

 Holland and associates [ 26 ] have calculated the 
volume of FFP likely to achieve a target INR. To 
correct a mild prolonged INR, large volume of FFP 
is required, and the potential benefi ts of plasma 
transfusion, in terms of normalization of coagula-
tion test results, are minimal in patients with a INR 
of less than 1.7. Similar conclusions derived from a 
small prospective cohort study [ 27 ] demonstrating 
a correction of coagulation tests and a rise in the 
concentration of  coagulation factors only with a 
high volume of FFP (33. 5 ml/kg). 

 Using viscoelastic test performed on whole 
blood, a shortening in EXTEM CT (ROTEM) or 
R (TEG) and an increase in EXTEM MCF 
(ROTEM) or MA (TEG) after the transfusion of 
a therapeutic dose of fresh frozen plasma are 
expected.  

6.1.3     Adverse Events 

 A comprehensive review of adverse plasma 
transfusion reactions is beyond the scope of this 
chapter. 

 However, plasma transfusion is associated with 
several infectious and noninfectious adverse 
events (  www.shotuk.org    ). Transfusion- transmitted 
diseases include HIV, hepatitis B virus, and hepa-
titis C virus infections, which are to date rare 
events. Noninfectious complications include: 
transfusion-associated cardiac overload (TACO) 
[ 28 ], transfusion-related lung injury (TRALI) 
[ 29 ], and allergic reactions.   
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6.2     Platelets 

 Platelets can be obtained by two different meth-
ods: from donor whole blood or from apheresis. 
Platelet concentrates from whole blood are pre-
pared from platelet-rich plasma [ 30 ], and this 
kind of product is named whole-blood random 
donor platelets (WB-RDP) or from buffy coat 
[ 31 ]. Four to 6 buffy coats are pooled in a larger 
bag to obtain a single unit. 

 Apheresis platelets are collected by cell sepa-
rators through processing 4–5 l of donor blood. 
The major advantage of apheresis platelet trans-
fusion is the reduction in donor exposure and 
consequently a lower risk of transfusion- 
transmitted infection and alloimmunization. 

 Platelet products are stored at 20–24 °C with 
continuous gentle agitation for up to 5 days. 

 Quality controls are required for the institu-
tion that prepares platelet concentrates in order to 
detect problems in the collection, processing, or 
storage of these products. These quality control 
include serological tests for transfusion- 
transmitted infection, platelet content (minimum 
of 2 × 10 11  per unit), residual leukocyte counting 
(<1 × 10 6  per unit), and pH measurement (>6.4) at 
the end of the shelf half-life. 

6.2.1     Indications 

 Platelets transfusions are typically used for pro-
phylaxis or treatment of bleeding episodes in 
patients with thrombocytopenia or congenital 
and acquired platelet dysfunction. Prophylactic 
transfusions are recommended in patients with 
hypoproliferative thrombocytopenia after che-
motherapy or hematopoietic progenitor cell 
transplantation to reduce the risk of for spontane-
ous bleeding when the platelet count is below or 
equal to 10 × 10 9 /L [ 32 – 36 ]. 

 For patients having elective central venous 
placement, prophylactic platelet transfusions are 
indicated when platelet count is below or equal to 
20 × 10 9 /L [ 32 ,  37 ], while a trigger of 50 × 10 9 /L 
is used for patients undergoing major non- 
neuraxial surgery [ 32 ,  38 ,  13 ] and 100 × 10 9 /L for 
neurosurgical interventions [ 39 ]. 

 In case of active bleeding and in patients 
undergoing massive transfusion, there is consen-
sus for using a higher trigger [ 39 ,  40 ]. 

 For patients on antiplatelet drugs who have 
spontaneous or traumatic hemorrhage, there is 
no consensus on platelet transfusion trigger 
[ 32 ,  41 ].  

6.2.2     Monitoring the Effects 
of Platelet Concentrates 

 The effi cacy of platelet transfusion is generally 
assessed by measuring immediate and late plate-
let count increments. The immediate effects of 
the transfusion of platelet concentrates on coagu-
lation may be also evaluated in whole blood by 
viscoelastic tests (ROTEM, TEG). 

 A shortening in EXTEM CFT (ROTEM) or K 
(TEG) may be observed, but the most specifi c 
change is an increase in EXTEM MCF (ROTEM) 
or MA (TEG) after the transfusion of a therapeu-
tic dose of platelet concentrate (Fig.  6.1 ).

6.2.3        Adverse Events 

 A comprehensive review of adverse plasma 
transfusion reactions is beyond the scope of this 
chapter. Basically, the most frequent adverse 
events are febrile and allergic reactions, bacterial 
sepsis, and TRALI [ 29 ].   

6.3     Cryoprecipitate 

 Cryoprecipitate, originally known as cryoprecip-
itated antihemophilic factor, was developed for 
the treatment of congenital hemophilia A, von 
Willebrand disease, and hypofi brinogenemia. 

 It is a concentrate of high-molecular-weight 
plasma proteins that precipitate when plasma is 
slowly thawed at 1–6 °C and the supernatant 
(cryosupernatant or cryoprecipitate poor 
plasma) is removed. The product is refrozen and 
contains factor VIII, von Willebrand factor, fac-
tor XIII, fi bronectin, and small amounts of other 
plasma proteins. 

6 Blood Products, Derivates, and Prohemostatic Drugs
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 One unit of cryoprecipitate is manufactured 
from one unit of fresh frozen plasma and gener-
ally has a volume of 10–15 mL despite a great 
variability in the volume as described in literature 
[ 2 ,  3 ,  42 ,  43 ]. 

 Despite it is believed that cryoprecipitate con-
tains the majority of fi brinogen present in plasma, 
in fact it contains about one-third. Nevertheless, 
because of its small volume, the fi nal fi brinogen 
concentration is higher than in plasma. Actually, 
the fi brinogen concentration derives from donors, 
so there is a wide variation (3.5–30 g/L) in the 
fi nal content of each unit [ 44 ]. 

 Cryoprecipitate can be infused as single unit 
or as a pool of 5–10 single donor units. Pooling 
of cryoprecipitate can be prepared before freez-
ing or after thawing [ 45 ]. 

 The cryoprecipitate specifi cation requires that 
75 % of units contain at least 140 mg of fi brino-
gen and 70 UI/ml of factor VIII [ 9 ]. 

6.3.1     Indications 

 Cryoprecipitate was historically used for the 
treatment of congenital factor VIII defi ciency and 
von Willebrand disease, but now, more safe, puri-
fi ed, and virus-inactivated products or recombi-
nant drugs are available, making it contraindicated 
for this indication in the developed world. 

 The most common indication for cryoprecipi-
tate is to increase fi brinogen levels in acquired 
hypofi brinogenemia seen in trauma setting, in 

obstetric patients with postpartum hemorrhage, 
and in disseminated intravascular coagulopathy 
(DIC). 

 To date, it is recognized that patients with 
major trauma (ISS > 15) will develop, early, a 
relative hypofi brinogenemia, defi ned as a fi brino-
gen level <1.5 g/L [ 46 ,  47 ]. 

 The use of cryoprecipitate in this setting was 
investigated by Morrison and associates in the 
MATTERs II study [ 48 ]. Over a 5-year period, 
1332 patients, requiring at least 1 unit of red 
blood cell concentrate, were identifi ed from the 
UK and US Joint Theater Trauma registries. 
Eleven percent of the cohort received tranexamic 
acid only, 12.6 % received cryoprecipitate only, 
19.4 % received both tranexamic and cryopre-
cipitate, and 56.9 % received no treatment. 
Mortality was the highest in the non-treatment 
group (23.6 %) and the lowest in tranexamic 
acid/cryoprecipitate group (11.6 %). The benefi t 
of tranexamic acid and cryoprecipitate was simi-
lar: in fact both were associated with an odds 
ratio for mortality of 0.61 and 95 % confi dence 
interval of 0.42–0.89 and 0.40–0.94, 
respectively. 

 In the civilian setting, Rourke and associates 
[ 46 ] investigated cryoprecipitate in coagulophatic 
trauma patients demonstrating that the standard 
UK dose of 2 pool of cryoprecipitate maintained 
basal fi brinogen level during transfusion of red 
blood cells without signifi cantly increasing the 
level compared with patients who had not 
received cryoprecipitate. 

  Fig. 6.1    EXTEM ROTEM trace of low platelet count in a patient with cirrhosis pre and post platelet transfusion       
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 In 2007 the European guidelines [ 49 ] on the 
management of bleeding after major trauma rec-
ommended treatment of acquired hypofi brino-
genemia if signifi cant bleeding is accompanied 
by a plasma fi brinogen level <1 g/L. This trigger 
was increased to 1.5–2 g/L in the update to the 
guidelines in 2013 [ 50 ], and cryoprecipitate is a 
therapeutic option. 

 In obstetric bleeding patients, UK guidelines 
for the management of postpartum hemorrhage 
published in 2009 and updated in 2011 [ 40 ] rec-
ommend fi brinogen supplementation with cryo-
precipitate if fi brinogen levels are <1 g/L. The 
European guidelines on the management of 
severe perioperative bleeding suggest a higher 
trigger (2 g/L) due to the physiologically elevated 
fi brinogen concentration in pregnancy [ 51 ].  

6.3.2     Monitoring the Effi cacy 
of Cryoprecipitate 

 It is possible to monitor the effi cacy of cryopre-
cipitate as hemostatic therapy measuring fi brino-
gen plasma concentration by Clauss method or 
by viscoelastic tests such as rotational thrombo-
elastometry (ROTEM) or thromboelastography 
(TEG). Cryoprecipitate transfusion signifi cantly 
improves clot fi rmness measured by EXTEM test 
and FIBTEM test (Fig.  6.2 ). Similar changes are 
observed for the MA at standard TEG and func-
tional fi brinogen test.

   In a recent study Lee and associates [ 52 ] 
investigated the effi cacy of cryoprecipitate in 
increasing plasma fi brinogen concentration 
(fi brinogen recovery) and quality of the fi brin- 
based clot in patients with bleeding during aortic 
surgery. 

 FIBTEM A10 was the test chosen to monitor 
the replacement therapy and the value of 6 mm as 
trigger for the administration of 10 units of 
cryoprecipitate. 

 The authors demonstrated that cryoprecipitate 
is able to increase clot fi rmness in FIBTEM A 10 
and that the dose required to increase FIBTEM 
A10 by 1 mm was 13.2 mg fi brinogen/kg body 
weight or approximately 0.5 units per 10 kg body 
weight.  

6.3.3     Adverse Events 

 A comprehensive review of adverse plasma 
transfusion reactions is beyond the scope of this 
chapter. However, typical adverse events include 
allergic reactions, transfusion-transmitted dis-
ease, TACO [ 28 ], and TRALI [ 29 ].   

6.4     Antifi brinolytic Agents 

 Antifi brinolytic agents are commonly used to 
reduce blood loss and allogeneic blood transfu-
sion during major surgery at high risk of bleeding 

  Fig. 6.2    FIBTEM ROTEM trace in a severely injured patient pre and after administration of 10 single units of 
cryoprecipitate       
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such as cardiac, orthopedic, gynecological, uro-
logical, and neurosurgery. 

 The main antifi brinolytic agents are aprotinin, 
tranexamic acid, and e-aminocaproic acid. 

6.4.1     Aprotinin 

 Aprotinin is a nonspecifi c serine protease inhibi-
tor extracted from bovine lung acting by inhibi-
tion of the serine protease plasmin. The site of 
action is the active center of serine proteases. 
Aprotinin also inhibit trypsin, kallikrein, elas-
tase, and thrombin and can interfere with the con-
tact factor of coagulation (FXII). 

 Aprotinin was introduced for the fi rst time in 
1950 for the treatment of hyperfi brinolysis but 
became routinely used around 1990s in patients 
undergoing complex cardiac surgery [ 53 ]. 

 The use of aprotinin came to the end after the 
publication of the BART (Blood conservation 
using Antifi brinolytic in a Randomized Trial) 
trial [ 54 ] conducted on 2331 patients at high risk 
of bleeding during cardiac surgery and random-
ized to receive aprotinin, e-aminocaproic acid, 
and tranexamic acid. The study was early inter-
rupted because of an increased 30-day mortality 
rate in the aprotinin arm compared with the other 
two antifi brinolytic drugs (RR 1.53, 95 % CI, 
1.06–2.22). 

 After these results, aprotinin was withdrawn 
from the market in 2008, but in 2011 the Canadian 
Health authorities [ 55 ] reviewed the BART trial 
results and authorized aprotinin in coronary 
bypass graft surgery. In 2012 the European 
Medicines Agency [ 56 ] removed the suspension 
after having reevaluated the risk profi le of 
aprotinin. 

 Between 2011 and 2013, a number of meta- 
analyses and trials [ 57 – 60 ] in adult and pediatric 
populations have been published documenting 
that the aprotinin debate is still unresolved.  

6.4.2     Tranexamic Acid 

 Tranexamic acid is a synthetic lysine amino acid 
derivative that exerts antifi brinolytic activity 

reversibly binding to plasminogen and prevent-
ing its interaction with fi brin. Tranexamic acid 
also blocks the binding of alfa2-antiplasmin to 
plasma and its inactivation of plasmin and inhib-
its trypsin and weakly thrombin [ 61 ]. 

 Tranexamic acid can be used intravenously, 
orally, or topically, and the ideal dosage for each 
route of administration is not well defi ned. In 
vivo and in vitro data demonstrated that the effec-
tive therapeutic plasma concentration for inhibit-
ing fi brinolysis has been reported to be 5–10 mg/L 
or 10–15 mg/L, respectively [ 62 ,  63 ]. Intravenous 
administration of 1 g dose achieves plasma con-
centration >10 mg/l for up to 5–6 h; after oral and 
intramuscular administration, the maximum 
plasma concentration is reached at 2–3 h and 
0.5 h, respectively [ 64 ]. The absorption of oral 
tranexamic acid is not markedly affected by food; 
therefore, it can be administered without regard 
to meals. 

 Tranexamic acid crosses the placenta and the 
blood-brain barrier, penetrates eyes, and rapidly 
diffuses into joint fl uid and sundial membranes. 
It requires adjustment in case of renal impair-
ment while there is no need in case of hepatic 
impairment. 

 Few pharmacokinetic data are available for 
pediatric patients. Recently the fi rst pharmaco-
kinetic study in children undergoing craniofa-
cial surgery was published demonstrating that 
a loading dose of 10 mg/kg over 15 min fol-
lowed by continuous infusion of 5 mg/kg/h is 
optimal to reach the minimal therapeutic 
plasma level of 16 μg/mL during this kind of 
surgery [ 65 ]. 

 Renewed interest in tranexamic acid stems 
from the CRASH-2 (Clinical Randomization of 
an Antifi brinolytic in Signifi cant Hemorrhage-2) 
trial [ 66 ] assessing the effects of early adminis-
tration of tranexamic acid in trauma patients with 
or at risk of substantial bleeding. 20,211 trauma 
patients from 40 countries were randomized 
within 8 h of injury to receive either tranexamic 
acid (1 g loading dose then 1 g over 8 h) or 
placebo. 

 The study demonstrated that all-cause mortal-
ity was signifi cantly lower in the tranexamic acid 
group compared to placebo (14.5 % vs 16 %; 
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relative risk 0.91; 95 % CI 0.85–0.97,  P  = 0.0035). 
Also death due to bleeding was reduced from 5.7 
to 4.9 % ( p  = 0.0077). 

 After the publication of CRASH-2 study, a 
number of systematic reviews, meta-analysis, 
and randomized clinical trials have been pub-
lished in the setting of trauma [ 67 ] and surgical 
bleeding [ 68 ], in pediatric noncardiac surgery 
[ 69 ], and in orthopedic surgery [ 70 ,  71 ]. 

 The topical application of tranexamic acid 
reduces the blood loss by 29 % (pooled ratio 
0.71, 95 % CI 0.69–0.72;  p  < 0.0001) versus pla-
cebo as recently documented in a Cochrane sys-
tematic review [ 72 ].  

6.4.3     Monitoring the Effi cacy 
of Antifi brinolytic Drugs 

 Whole-blood viscoelastic tests are established 
methods for the detection of fi brinolysis. 
Fibrinolysis is usually determined by detecting 
more than 15 % breakdown in clot strength as 
compared to MCF within 1 h after clotting time 
(maximum lysis, ML >15 %) in INTEM, 
EXTEM, and FIBTEM. After the administration 
of antifi brinolytic drugs, INTEM, EXTEM, and 
FIBTEM reveal stable clot trace (Fig.  6.3 ). 
Similar response is observed at TEG tests, where 
the clot lysis is expressed in terms of % changes 
in the MA.

6.4.4        Adverse Events 

 The most frequently reported side effects are gas-
trointestinal symptoms such as nausea and vom-
iting. Concerns have been raised regarding the 
prothrombotic potential and the increased risk of 
vascular events related to antifi brinolytic drugs. 
No increase in the rate of myocardial infarction, 
stroke, deep vein thrombosis, or pulmonary 
embolism has been described in recent meta- 
analysis and CRASH-2 trial.   

6.5     Fibrinogen 

 Fibrinogen (factor I) is a plasma-soluble protein 
synthetized in the liver. It is the fi rst clotting fac-
tor to decrease to critically low levels during 
hemorrhage, because the hepatic synthesis 
remains inadequate to compensate for the defi cit 
in case of massive blood loss [ 73 ]. 

 Fibrinogen plays an essential role in coagula-
tion and is a central element of hemostasis [ 74 ]. 
It has a dual role as it enhances platelet aggrega-
tion and it is converted into fi brin to form an 
insoluble clot. During primary hemostasis, plate-
lets become activated, resulting in an activation 
of platelet GPIIb/IIIa receptors that become the 
docking station for fi brinogen, linking platelets 
to platelets and thereby stabilizing the platelet 
plug. Activated platelets present highly effi ca-
cious surfaces for plasma coagulation, resulting 

  Fig. 6.3    ROTEM trace of fulminant hyperfi brinolysis in a severely injured patient pre and post administration of 2g of 
tranexamic acid       
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in the thrombin burst. As a result, fi brinogen is 
converted to fi brin and factor XIII (FXIII) is acti-
vated. The activated FXIII cross-link the soluble 
fi brin into solid fi brin strands [ 75 ,  76 ]. 

 Low preoperative fi brinogen levels have been 
associated with increased perioperative bleeding 
and the need for transfusion of blood products 
[ 50 ,  77 – 82 ]. 

 Thus, fi brinogen supplementation to restore 
plasma levels is an important component for nor-
malizing clot formation in bleeding patients with 
low fi brinogen levels. 

 Fibrinogen concentrate is a plasma-derived, 
pasteurized, and lyophilized human fi brinogen, 
manufactured from pooled plasma donations that 
undergo purifi cation, viral inactivation, and 
removal processes. The risk of immunological 
and allergic reactions is greatly reduced by viral 
inactivation and removal processes [ 83 ]. 
Fibrinogen concentrate is available for almost 
immediate use as no screening for blood type is 
needed and can be stored at room temperature 
(2–25 °C); thus, relatively high doses can be 
administered in a short time. 

 In addition to the advantages mentioned 
above, fi brinogen concentrate can be used to 
deliver a standardized dose, with a concentration 
of 0.9–1.3 g/vial (fi nal concentration of 20 g/L), 
unlike fresh frozen plasma and cryoprecipitate, 
which contain variable amounts of fi brinogen. 

 Haemocomplettan/RiaSTAP (CSL Behring) is 
the only fi brinogen concentrate globally avail-
able and is licensed in a number of countries for 
multiple indications including treating acute 
bleeding episodes with hypofi brinogenemia. 
Other fi brinogen concentrate products with more 
limited availability are licensed in specifi c coun-
tries such as China, Japan, and France (Clottagen/
Clottafact, Fibrinogen HT, FibroRAAS) [ 84 ]. 

 Fibrinogen concentrate is widely used to cor-
rect hypofi brinogenemia with the goal of reduc-
ing coagulopathy, bleeding, and transfusion 
requirements. In particular, a number of clinical 
trials have demonstrated the effi cacy of fi brino-
gen concentrate in aortic and cardiac surgery [ 85 , 
 86 ]. Furthermore fi brinogen concentrate admin-
istration has been described as effective and safe 
in trauma patients and patients with postpartum 

hemorrhage by retrospective analyses and several 
systematic reviews [ 18 ,  87 – 94 ]. 

 Recently, the European Society of Anaesthe-
siology (ESA) published guidelines for the man-
agement of perioperative bleeding which 
recommends substitution therapy with fi brinogen 
concentrate if signifi cant bleeding is accompa-
nied by at least suspected hypofi brinogenemia 
(Grade 1C: Strong recommendation, but with 
low quality of evidence) and suggests including 
fi brinogen concentrate in goal-directed treatment 
algorithms [ 51 ]. 

6.5.1     Monitoring the Effi cacy 
of Fibrinogen 
Supplementation 

 Fibrinogen concentrate dosing should depend 
upon bleeding status and laboratory or point-of- 
care test results. The maximum clot fi rmness 
(MCF) in the FIBTEM test on the ROTEM device 
(or the equivalent parameter maximum ampli-
tude, MA, in the functional fi brinogen assay on 
the TEG device) has been used extensively to 
determine fi brinogen levels [ 77 ,  85 ,  95 ,  96 ]. The 
fi brinogen dose can be calculated as follows:

  

Fibrinogen concentratedose g

target FIBTEM MCF mm
actual FIB

( )
= [ ]

− TTEM MCF mm

bodyweight kg g mm

[ ]
⎛
⎝⎜

⎞
⎠⎟

× [ ]( ) ×/ . /70 0 5
   

  Normal MCF values are 9–25 mm, and they 
should correlate with a normal fi brinogen levels 
[ 77 ]; however, a target MCF of 22 mm has been 
used in aortic surgery patients (achieved using 
mean fi brinogen doses of 5.7 g) [ 97 ]. In the algo-
rithm by Weber, 25 mg/kg fi brinogen concentrate 
is recommended if EXTEM A10 and FIBTEM 
A10 are below 40 mm and 8 mm, respectively. If 
FIBTEM A10 is <6 mm and EXTEM A10 is 
<40 mm, the recommended dose increases to 
50 mg/kg [ 98 ]. According to the recent ESA 
guidelines, the recommended initial dose for 
adults is 25–50 mg/kg (children: 30–50 mg/kg) 
in the perioperative management [ 51 ] or 3–4 g in 
trauma management [ 50 ] (Fig.  6.4 ).
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   However, the critical threshold for fi brinogen 
substitution and the target level to achieve are 
still a matter of debate, and the value of 22 mm at 
FIBTEM should be considered arbitrary.  

6.5.2     Adverse Events 

 When administering a prohemostatic factor such 
as fi brinogen concentrate, the risk of thromboem-
bolic complication should be considered. 
However, in a recent published descriptive 
 analysis of over 27 years of pharmacovigilance, 
data indicates that the rate of adverse drug reac-
tions reported following the administration of 
Haemocomplettan P/RiaSTAP across diverse 
clinical settings is low. In this analysis the authors 
identifi ed approximately 4.3 thromboembolic 
events (TEE) per 105 treatment episodes (calcu-
lated from 28 cases reporting a possible TEE, 
corresponding to one case for every 23,300 stan-
dard doses of 4 g each) including all reported 
TEEs, regardless of their relationship to fi brino-
gen concentrate. Moreover, no allergic reactions 
or virus transmission events were identifi ed dur-
ing this literature review [ 99 ].  

6.5.3     Desmopressin 

 Desmopressin (DDAVP, 1-deamino-8- d -arginine 
vasopressin) is a synthetic vasopressin derivate 

that increases plasma concentration of factor VIII 
(FVIII), von Willebrand factor (vWF), and tissue 
plasminogen activator (t-PA). It also has a vaso-
dilatory action via activation of endothelial nitric 
oxide synthase. 

 Its effect on vWF and t-PA is likely explained 
by a direct action on the endothelium. It is pos-
tulated that activation of endothelial V2 recep-
tors results in c-AMP-mediated exocytosis of 
vWF and t-PA from Weibel-Palade bodies 
where both are stored [ 100 ]. As a result of the 
increase in vWF, there is an increase in the 
number of FVIII binding sites; FVIII is there-
fore better protected against proteolytic break-
down. Desmopressin also induces the release 
and membrane presentation of P-selectin, 
which mediates platelet rolling on endothelial 
cells under high shear conditions [ 101 ]. A 
recent study demonstrated that desmopressin 
increases endothelial adhesiveness for platelets 
and platelet adhesion to collagen by releasing a 
proadhesive factor, likely vWF, from endothe-
lial cells [ 102 ].  

6.5.4     Indications 

 DDAVP has a proven hemostatic effi cacy in mild 
hemophilia A, in von Willebrand disease (VWD), 
in uremia and liver cirrhosis as well as in con-
genital and acquired, drug-induced platelet dys-
function [ 103 ]. 

  Fig. 6.4    FIBTEM ROTEM trace in a severely injured patient pre and post administration of 4 g of fi brinogen 
concentrate       
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 Desmopressin has been used as a hemostatic 
agent in patients without preexisting coagulation 
disorders undergoing high blood loss surgeries 
such as cardiac, spinal, and orthopedic procedures. 
A meta-analysis of 38 randomized, placebo- 
controlled trials indicated that desmopressin (usu-
ally at a dose of 0.3 μg/kg) had a statistically 
signifi cant (albeit clinically modest) effect on 
reducing perioperative bleeding and transfusion of 
blood components without signifi cant increased 
risk of thromboembolic complications [ 104 ]. 

 In patients undergoing liver resection, des-
mopressin does not reduce transfusion require-
ment [ 105 ]. 

 Although there is no evidence for DDAVP 
routine use after cardiac surgery, desmopressin 
may be considered whenever bleeding is sus-
pected to stem from GPIIb/IIIa inhibitors and 
other antiplatelet agents [ 106 ] and in the setting 
of acquired von Willebrand disease (aortic steno-
sis patients) [ 107 ]. 

 However, there is no convincing evidence 
that desmopressin minimizes perioperative 
bleeding or perioperative allogeneic blood 
transfusion in patients without a congenital 
bleeding disorder [ 51 ]. 

 A decreased biological response has been 
observed after DDAVP doses repeated over short 
time intervals (tachyphylaxis), due likely to a V2 
receptors desensitization or a slow vWf stores 
replenished [ 100 ].  

6.5.5     Adverse Events 

 Adverse effects of DDAVP include mild facial 
fl ushing, headache, palpitations, and hypoten-
sion. Desmopressin should be used with cau-
tion in cases of severe congestive heart failure 
because of its potent antidiuretic effect. An 
increased risk of thrombotic events (i.e., myo-
cardial infarction, stroke, arterial thrombosis, 
venous thromboembolism) has been reported 
[ 108 ,  109 ]. DDAVP should, therefore, be used 
with caution in patients with coronary artery 
disease.   

6.6     Prothrombin Complex 
Concentrates 

 Prothrombin complex concentrates (PCCs) rep-
resent a highly purifi ed concentrate of coagula-
tion factors prepared from pooled normal plasma 
and contain a heterogeneous combination of 
coagulation factors and counterbalancing inhibi-
tor components. 

 On market three-factor PCCs (containing fac-
tor II, IX and X) and four-factor PCCs (contain-
ing factor II, VII, IX and X) are available.. 

 Initially PCCs were developed for the treat-
ment of hemophilia B as a source of factor IX, 
and, to date, they are standardized on the basis of 
factor IX content. Concentrations of the other 
coagulation factors differ between batches. 

6.6.1     Indications 

     1.     Reversal of vitamin K antagonists in major, 
life-threatening bleeding or for urgent 
surgery  

 PCCs replenish the coagulation factors 
suppressed by vitamin K antagonists (warfa-
rin, acenocoumarol, or phenprocoumon) 
together with the administration of vitamin K 
i.v. [ 110 – 113 ]. The recommended dosages are 
related to the patient body weight and the INR 
value. Generally PCCs 25–50 IU/kg plus 
10 mg of vitamin K are administered [ 114 ] 
with the goal to lower the INR below 1.5 as 
early as possible [ 113 ,  115 ]. This is particu-
larly true in cases of intracranial hemorrhage 
which represent a serious anticoagulant- 
related bleeding complication, even though 
there is no solid evidence from literature of an 
improvement in prognosis [ 116 ,  117 ]. A close 
monitoring of INR is required in order to 
adjust quickly dosages in cases of unsatisfac-
tory reversal. 

 There is a well-known inverse no linear 
relationship between factor VII levels and 
INR, and for INR values over 4, the level of 
factor VII is under 5–10 %. It is reasonably 
believed that the non-complete reversal of 
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higher INR values by 3 factors PCCs is due to 
the low content of factor VII [ 118 ]. 

 Although randomized control trials do not 
exist to compare directly the effi cacy and 
safety of 4-factor PCCs versus 3-factor PCCs, 
recent guidelines suggest the use of 4-factor 
PCCs because of the presence of anticoagu-
lant factor proteins C and S. These more bal-
anced drugs achieve a rapid reversal of 
anticoagulation at a higher rate [ 114 ,  115 , 
 117 ,  119 – 121 ].   

   2.      Reversal of direct oral anticoagulants (direct 
thrombin inhibitors, direct factor Xa 
inhibitors)  

 Direct oral anticoagulants do not have spe-
cifi c antidotes, although this is an area of 
intense research. Treatment approach for the 
reversal of their effects derives mainly from 
studies on animals or in vitro studies or on 
healthy volunteers [ 122 ,  123 ]. 

 It has been suggest to administer 4-factor 
PCCs as fi rst-line therapy at the dosages of 
30–50 UI/kg [ 124 – 126 ].   

   3.     Major bleeding without vitamin K 
antagonists  

 In the past few years, several reports have 
been published on the effi cacy of PCCs in the 
management of major bleeding in patients not 
on oral anticoagulation. 

 Schols and associates [ 127 ,  128 ] demon-
strated an increased risk of postoperative 
bleeding in patients with a low thrombin gen-
eration, while in vitro studies showed the pos-
sibility to restore thrombin generation through 
the infusion of fi brinogen concentrate and 
PCCs [ 129 – 131 ]. Based on these studies, 
recent guidelines [ 50 ,  51 ] suggest to adminis-

ter PCCs at the dosages of 20–30 U/kg in 
bleeding patients with abnormal coagulation 
results (INR >1.5 or EXTEM clotting time 
>80 s).   

   4.      Treatment and prophylaxis of bleeding in 
congenital vitamin K-dependent factors 
defi ciency  

   PCCs are the treatment of choice in congenital 
bleeding disorders in case the specifi c factor 
concentrate is not available. 

   In particular PCCs are indicated for the man-
agement of bleeding episodes in congenital 
factor X and factor II (prothrombin) defi ciency 
[ 132 – 135 ].      

6.6.2     Monitoring the Effi cacy 
of PCCs Therapy 

 It is possible to monitor the effi cacy of PCCs 
treatment with POC devices such as ROTEM or 
TEG. A reduction of vitamin K coagulation fac-
tors cause a prolongation of clotting time 
(EXTEM ROTEM) or (TEG) which return in 
normal range after the administration of PCCs 
(Fig.  6.5 ).

6.6.3        Adverse Events 

 Potential adverse events related to PCCs infusion 
are allergic reaction, alloantibody development, 
chills, pyrexia, disseminated intravascular dis-
semination, and thromboembolic events [ 136 ] 
(microvascular thrombosis and myocardial 
infarction).   

  Fig. 6.5    TEG trace in a patient on oral anticoagulant therapy pre and post administration of 30UI/kg of 3-factor PCC       

 

6 Blood Products, Derivates, and Prohemostatic Drugs



80

6.7     Bypassing Agents: Activated 
Prothrombin Complex 
Concentrates (aPCC) 
and Recombinant Factor VIIa 

 Bypassing agents consist of activated prothrom-
bin complex concentrates (aPCC) and recombi-
nant factor VIIa (rVIIa). There is only one 
manufactured rFVIIa (NovoSeven; Novo 
Nordisk, Bagsvaerd, Denmark) and one factor 
eight inhibitor bypassing activity (FEIBA; Baxter 
Bioscience, Vienna, Austria). 

 Their bypassing activities induce and facilitate 
thrombin generation, via pathways that do not 
require factor VIII and IX, but for which factor X 
and factor V play critical roles. It should, how-
ever, be emphasized that the two drugs are dis-
similar even though both lead to thrombin 
generation and fi brin formation in patients with 
inhibitors [ 137 ,  138 ]. 

 It is important to underline that neither of 
these two agents are able to completely restore 
thrombin generation in contrast to factor VIII and 
IX administration. Both agents have an overall 
effi cacy rate above 80 % with similar rates of 
adverse events [ 139 ,  140 ]. 

 FEIBA is a mixture of vitamin K-dependent 
coagulation factors obtained from a pooled 
human plasma after removal of cryoprecipitate 
and include factor II (prothrombin), factor VII, 
factor IX, and factor X and a small amount of 
factor IXa, Xa, and thrombin and a larger amount 
of factor VIIa [ 141 – 144 ]. The protein complex, 
apart from routine tests for pharmacological 
products, is subjected to a two-step vapor heat- 
treatment procedure for inactivation of lipid and 
non-lipid-enveloped viruses. 

 Originally it was believed rFVIIa would drive 
the activation of factor X via TF-FVIIa complex, 
bypassing the need for FVIII and FIX in hemo-
philiac patients. Later it was demonstrated that 
rFVIIa can directly activate FX on a negatively 
charged phospholipid surface in the absence of 
TF [ 145 ]. Furthermore at high doses [ 146 ], it can 
form the complex TF-VIIa competing with 
zymogen FVII for binding TF and can activate 
factor IX directly on the surface of activated 
platelets independent of FVIIIa or IXa [ 147 –

 149 ]. To date, although a TF-dependent mecha-
nism of action is not ruled out, it is believed that 
the major contributor to the hemostatic effect of 
rFVIIa is the ability to induce the thrombin burst 
on the platelet surface. 

6.7.1     Indications 

 The principal indication for FEIBA and rFVIIa is 
the treatment of bleeding in patients with hemo-
philia A and B with inhibitors. 

 The usual dosages for FEIBA are 50–100 U/
kg every 6–12 h with a maximum daily dose of 
200 U/kg, while rFVIIa is administered at the 
dose of 90 mcg/kg given every 2–3 h by bolus 
infusion until hemostasis is achieved. For severe 
bleeding, the treatment with rFVIIa should 
 continue at 3–6 h intervals to maintain hemo-
static plug. 

 In acquired hemophilia rFVIIa is infused at 
the dosage of 70–90 mcg/kg repeated every 2–3 h 
until hemostasis is achieved. For the manage-
ment of bleeding in congenital factor VII defi -
ciency, dosages of 15–30 mcg/kg every 4–6 h 
until hemostasis is achieved are recommended. 

 Recently FEIBA and rFVIIa have been pro-
posed as reversal hemostatic drugs in patients on 
direct oral anticoagulants who need urgent or 
emergency surgery or in case of life-threatening 
hemorrhage (e.g., intracranial or in critical 
organs) at the dose of 30–50 U/kg [ 150 – 152 ] and 
90 mcg/kg, respectively. 

 rFVIIa has been used also in the treatment of 
acquired bleeding episodes in patients on oral 
anticoagulants, in intracranial hemorrhage, in 
traumatic bleeding, in postpartum hemorrhage, in 
cardiac surgery [ 153 ], and in surgical bleeding as 
rescue therapy. 

 Nevertheless the published CONTROL trial 
[ 154 ] failed to demonstrate a mortality benefi t in 
using rFVIIa in blunt and penetrating trauma, and 
the study was terminated early. In this phase 3 ran-
domized clinical trial, patients were assigned to 
receive 200 mcg/kg initially and 100 mcg/kg at 1 
and 3 h or a placebo. Despite the fact that the rate 
of allogeneic blood transfusion was reduced in the 
rFVIIa arm, there wasn’t any effect on mortality. 
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 Safety data on 4468 subjects (4119 patients 
and 349 healthy volunteers) were recently ana-
lyzed [ 155 ] to determine the frequency of throm-
boembolic events. A higher rate of arterial 
thrombosis has been described in patients who 
received rFVIIa compared to placebo, while the 
rate of venous thromboembolism was similar in 
the two arms (rFVIIavs placebo).  

6.7.2     Adverse Events 

 Further safety concerns derived from a Cochrane 
Systematic Review [ 156 ] of 29 randomized clini-
cal trials comparing rFVIIa with a placebo for the 
prevention or treatment of bleeding in patients 
without hemophilia. Sixteen trials involved 1361 
participants with prophylactic use of rFVIIa and 
13 trials involved 2929 patients receiving thera-
peutic doses. The results indicated a trend toward 
an increased risk of arterial thromboembolic 
events in patients receiving rFVIIa (RR 1.14; 
95 % CI 0.89–1.47). 

 Choice of bypassing agents depends on the 
current clinical situation, effi cacy for single 
patient, and convenience.  

6.7.3     Monitoring the Effi cacy 
of Bypassing Agents 

 Clinical responsiveness to bypassing agents is 
diffi cult to predict, and no validated laboratory 
method is available for monitoring their thera-
peutic effi cacy [ 157 ,  142 ]. 

 Recently the capability of rotational thrombo-
elastometry (ROTEM) and thrombin generation 
assay (TGA) to monitor the treatment response 
of bypassing agents has been evaluated in patients 
with hemophilia and high titer inhibitors [ 158 ]. 

 On ROTEM, MaxVel and maximum clot fi rm-
ness (MCF) increased to levels comparable to 
that of healthy controls after 15–30 min follow-
ing infusion of FEIBA and NovoSeven, without 
substantial differences between the two drugs. 
The coeffi cient variation (CV) on healthy con-
trols analysis of ROTEM parameters ranged 
between 4 and 31 %. 

 On TGA, lag time (LG) and time to peak 
shortened to minimum values at 15–30 min after 
the infusion of both FEIBA and NovoSeven; 
endogenous thrombin potential (ETP) and peak 
thrombin increased two- to threefolds 15–30 min 
after infusion. The individual variation was more 
evident for aPCC than for rFVIIa. 

 The CV ranged between 7 and 30 % for TGA 
parameters. 

 In conclusion, both methods are promising in 
monitoring response to bypassing agents 
although the clinical values need to be further 
evaluated in future clinical trials.   

6.8     Factor XIII 

 FXIII concentrate is a highly purifi ed, heat- 
treated plasma derivate, which has been available 
in Europe as Fibrogammin P (CSL Behring 
GmbH, Marburg, Germany) since 1993 and was 
approved by the US Food and Drug Administration 
(FDA) in 2011 as CorifactTM. 

 A recombinant FXIII concentrate, catride-
cacog (NovoThirteen, Novo Nordisk), which 
contains the A subunit of human factor XIII pro-
duced in yeast cells ( Saccharomyces cerevisiae ) 
and associated in plasma with factor XIII-B sub-
unit to form a stable heterotetramer, has been 
licensed by the European Medical Agency for 
prophylaxis in patients with congenital factor 
XIII defi ciency aged > 6 years at recommended 
dose of 35 U/kg once a month (  www.ema.
europa.eu    ). 

6.8.1     Indications 

 FXIII concentrate is approved for routine pro-
phylaxis of congenital factor XIII defi ciency 
every 28 days at a loading dose of 40 U/kg 
adjusted to maintain factor XIII activity between 
5 and 20 %. 

 Acquired factor XIII defi ciency may be caused 
by perioperative hemodilution in cardiac surgery, 
neurosurgery, and trauma in adults and children 
[ 159 – 161 ]. In these cases, plasma FXIII levels 
are usually in the range of 30–70 %. 
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 A randomized clinical trial in surgical cancer 
patients [ 162 ] and other studies [ 163 ,  164 ] sug-
gest maintaining FXIII levels above 50–60 % of 
normal during perioperative bleeding through the 
administration of 20 U/kg [ 165 ] of factor XIII 
concentrate or FFP transfusions.  

6.8.2     Monitoring the Effi cacy 
of FXIII Treatment 

 Factor XIII defi ciency is not detected by standard 
coagulation tests (PT/aPTT), and specifi c factor 
XIII assay is available only in specialized labora-
tory. This makes monitoring of factor XIII levels 
and the response to treatment challenging during 
perioperative period. 

 Point-of-care (POC) monitoring of blood 
coagulation is becoming increasingly used pro-
viding real-time results, and the detection of FXIII 
defi ciency with POC devices would be desirable.      
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7.1            Trauma-Induced 
Coagulopathy (TIC) 

 Trauma is the leading cause of death between the 
ages of 1 year and 44 years, and uncontrolled bleed-
ing is the primary cause of these deaths [ 1 ]. 
Coagulopathy is a frequent complication of hemor-
rhage and may occur in up to 25 % of patients, even 
before hospital admission [ 2 ]. While traditionally 
believed to be a result of iatrogenic causes such as 
dilution, hypothermia, and acidosis, trauma-
induced coagulopathy (TIC) is now interpreted as a 
multifactorial global failure of the coagulation sys-
tem to sustain adequate hemostasis after major 
trauma. Derangements in coagulation may occur 
soon after a severe trauma, thus supporting the 
hypothesis of an early endogenous process. This 
acute coagulopathy, which occurs before and inde-

pendently from iatrogenic reasons, is driven by the 
combination of tissue trauma and systemic hypo-
perfusion and characterized by global anticoagula-
tion and hyperfi brinolysis [ 3 ]. Cohen addressed this 
early onset coagulopathy as endogenous acute 
coagulopathy (EAC) to distinguish it from the iat-
rogenic dilutional coagulopathy (systemic acute 
coagulopathy, SAC). Patients presenting with EAC 
have a mortality approaching 50 %, a greater need 
for transfusion of blood products, and signifi cantly 
higher morbidity. With the term of TIC, we tend to 
identify all the severe derangements in coagulation 
response as a consequence of major injuries. The 
pathophysiology of TIC is not yet [ 4 ] fully under-
stood. Early coagulopathy (EC) occurring before 
hospital admission is caused mainly by tissue hypo-
perfusion and severe tissue injury. EC might have 
different causes than coagulopathy associated with 
 hemodilution, acidosis, and hypothermia. Patients 
with tissue hypoperfusion and severe tissue damage 
have a strong activation of the protein C pathway. 
Protein C (PC) is activated as a consequence of tis-
sue damage leading to thrombomodulin expression 
on endothelial cells. Thrombin-thrombomodulin 
complex then activates protein C, bringing to a 
depletion in PC levels and protein C stores. This 
brings to increased levels of plasminogen activator 
inhibitor-1 (PAI-1), favoring fi brinolysis. The 
diversion of thrombin from cleaving fi brinogen to 
binding to thrombomodulin also reduces activation 
of thrombin-activatable fi brinolysis inhibitor 
(TAFI), which further leads to hyperfi brinolysis 
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[ 5 ]. Activated protein C also inactivates factor Va 
and factor VIIIa [ 6 ] bringing to a signifi cant con-
sumption of factor V and VIII. Coagulopathy 
caused by hypoperfusion is therefore characterized 
by an acquired defi cit in coagulation factor V (and 
by a less extent, VIII, VII, II, IX, X, and XI [ 7 ]) 
together with a hyperfi brinolytic condition. 
Acidosis as a consequence of massive hemorrhage 
has a detrimental effect on the coagulation cascade; 
a low pH strongly affects the activity of factor VII 
and to a lesser extent factor X and factor V [ 8 ]. 
Moreover massive bleeding may cause also an 
acquired defi cit of factor XIII which has an impor-
tant role in clot stabilization and clot fi rmness. It 
has been suggested that a decreased factor V activ-
ity as well as a defi cit in factor XIII concentration 
might play a role in the pathogenesis of the early 
onset acute traumatic coagulopathy [ 9 ]; however, 
this hypothesis has not been confi rmed by sound 
clinical data. In addition to EAC and hyperfi bri-
nolysis, further coagulopathy results from infusion 
of crystalloids, blood products, and severe anemia. 

Massive hemorrhage leads to anemia, which com-
promises the marginalization of platelets thus 
affecting primary hemostasis by impairing platelet 
adhesion and aggregation. Transfusion of large 
amount of red blood cells (RBCs) without addi-
tional clotting factors or platelets results in further 
impairment of hemostasis from both hemodilution 
(dilutional coagulopathy and thrombocytopenia) 
and metabolic derangement (acidosis and hypocal-
caemia). Hypocalcemia develops as a consequence 
of the administration of relevant amounts of citrate 
in storage solution and hypothermia from refrigera-
tion. Acidosis and hypocalcaemia are detrimental 
to normal hemostasis. Furthermore, hypothermia is 
associated with impairment of both platelet and 
coagulation factor activity. Although hemodilution 
and hypothermia are frequently associated, their 
detrimental effect on coagulation is different: hypo-
thermia impairs coagulation mainly by platelet 
inhibition, whereas hemodilution principally 
impairs plasma coagulation. All of these “exoge-
nous” factors contribute to the vicious cycle of pro-
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  Fig. 7.1    Physiopathology of trauma-induced coagulopathy       
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gressive coagulopathy due to the “lethal triad” of 
refractory coagulopathy, progressive hypothermia, 
and persistent metabolic acidosis [ 10 ]. Trauma 
patients with uncontrolled bleeding requiring high 
amount of blood transfusion over a short time (mas-
sive transfusion, MT) have a very high mortality. 
Several defi nitions of MT exist based on the vol-
ume of the blood products transfused and also the 
time frames over which these transfusions occurred 
(Fig.  7.1 ). The three most common defi nitions of 
MT in adult patients are:

•     Transfusion of ≥10 units of RBCs, which 
approximates the total blood volume (TBV) of 
an average adult patient, within 24 h  

•   Transfusion of at least 4 units of RBCs in 1 h 
with anticipation of continued need for blood 
product support  

•   Replacement of .50 % of the TBV by blood 
products within 3 h    

 Patients who undergo massive transfusion 
have a high mortality rate. A mortality rate 
ranging between 25 % [ 11 ] and 50 % [ 12 – 15 ] 
has been reported. A recent meta-analysis 
focused on the association between RBCs trans-
fusion and mortality or other signifi cant out-
comes such as multiorgan failure (MOF) and 
acute respiratory distress syndrome (ARDS) 
[ 16 ]. According to this study, the odds for mor-
tality increases with each additional unit of 
RBCs transfused as well as the risks of MOF 
and ARDS. However, these results are based on 
observational studies only.  

7.2     Clinical Management 

 In recent years, international guidelines [ 17 – 19 ] 
have been developed aimed at preventing and 
treating trauma-induced coagulopathy (TIC). The 
immediate identifi cation of patients who may 
require transfusion of several units of blood is 
critical to ensure a timely intervention. 
Unfortunately clinical criteria as well as predic-
tive scores have a lower than desirable predictive 
ability for massive transfusion. Predictive models 
of massive transfusion upon admission have been 

developed for this purpose. The Trauma- 
Associated Severe Hemorrhage (TASH) score has 
been reported to have a high predictive value [ 20 ] 
and is widely used in Germany and other European 
countries. The TASH score (Table  7.1 ) is based on 
a point system taking into consideration clinical 
and laboratory data as well as the severity of inju-
ries (orthopedic fractures and intra-abdominal 
fl uid). In a multicenter study based on the data of 
the German Trauma Registry, Borgman [ 21 ] 
divided the population of trauma victims accord-
ing to their TASH score. A TASH score ≥ 15 was 
associated with a 40 % risk to receive a massive 
transfusion. Patients with a TASH score ≥ 15 had 
a high ISS (42 ± 15.4) and a mortality rate of 
39.5 %. Maegele [ 22 ] and Brockamp [ 23 ] used 

   Table 7.1    The TASH score   

 TASH Score (Trauma-Associated Severe Hemorrhage) 
 Predicts the need for massive transfusion based on 
clinical and laboratory data 

  Sex  

 Male  +1 

 Female  0 

  Hemoglobin  

 <7 g/dL  +8 

 <9 g/dL  +6 

 <10 g/dL  +4 

 <11 g/dL  +3 

 <12 g/dL  +2 

 ≥12 g/dL  0 

  Base excess  

 < −10 mmol/L  +4 

 < −6 mmol/L  +3 

 < −2 mmol/L  +1 

 ≥ −2 mmol/L  0 

  Systolic blood pressure  

 <100 mmHg  +4 

 <120 mmHg  +1 

 ≥120 mmHg  0 

  Heart rate  

 >120 bpm  +2 

 ≤120 bpm  0 

  Positive FAST for intra-abdominal fl uid  

 YES  +3 

  Clinically unstable pelvic fracture  

 YES  +6 

  Open or dislocated femur fracture  

 YES  +3 
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the German Trauma Society database to  evaluate 
the predictive values for MT of six different scor-
ing algorithms. Although the weighted and more 
complex systems such as the TASH score had the 
highest overall accuracy, more simple score as the 
one proposed by Vandromme [ 24 ] performed 
nearly as well. The Vandromme score is based on 
fi ve parameters four of which immediately avail-
able by clinical examination or by the generally 
available point-of- care devices: blood lactate 
≥5 mMol/L, heart rate >105 bpm, INR >1.5, 
hemoglobin ≤11 g/dL, and systolic blood pres-
sure <110 mmHg. Its predictive value for the need 
of massive transfusion increases with the number 
of positive parameters, and the model with ≥3 
positive criteria showed a sensitivity of 53 % and 
a specifi city of 98 %. A major limitation of all 
models is their retrospective nature and the lack of 
prospective validation. It has been therefore sug-
gested that individual triggers should be consid-
ered in order to improve the accuracy of the 
models [ 46 ]. An unpublished analysis of about 
1700 major trauma cases from the Italian Trauma 
Registry (RIT) showed that hypotension (systolic 
blood pressure, SBP ≤90 mmHg) on hospital 
admission is associated with a mortality rate as 
high as 50 % mainly due to uncontrolled hemor-
rhage. However many hypotensive patients do not 
meet the MT criteria as they do not survive enough 
time to receive 10 units of RBCs.

   Based on the available data from the literature 
and the trauma registries, the Italian Trauma 

Network (TUN) suggests to start an aggressive 
coagulation support in all the patients presenting 
with a signifi cant uncontrolled bleeding  associated 
with one or more of the following criteria 
(Fig.  7.2 ): SBP <100 mmHg, base excess (BE) < 
−6, lactate >5 mMol/L, hemoglobin <9 g/dL, or a 
international normalized ratio (INR) >1.5. The 
last criterion is thought to be relevant in the case 
of patients referred from other hospitals with lab-
oratory data showing an impaired coagulation.

   Any therapeutic strategy should rapidly tackle 
acute traumatic coagulopathy through the early 
replacement of clotting factors. However, due to 
the heterogeneous availability of hemocompo-
nents and clotting factors in different countries 
and to the lack of sound data in the literature, 
there is not a widely agreed clinical strategy yet. 

 Moreover, because of the aging population in 
western countries, elderly people with cardiovas-
cular comorbidities and on antiplatelet agents or 
oral anticoagulants are increasingly represented, 
thus introducing further complexity in identify-
ing an adequate treatment approach for most of 
the bleeding patients. 

 An ideal strategy to prevent and treat the coag-
ulopathy trauma should focus on four key points 
to be addressed in quick succession:

    1.    Prevention and treatment of 
hyperfi brinolysis   

   2.    Identifi cation and reverse of drug-induced 
coagulopathy   

Early Coagulation Support Criteria

(to start aggressive coagulation support)

Significant / uncontrolled bleeding

+ at least one of the following:

SBP < 100 mm Hg
BE < - 6
Lactate > 5 mMol/L 
Hemoglobin< 9gr/dL
(INR > 1.5)

  Fig. 7.2    Criteria to start coagulation support by “blind” administration of 2 g of Fibrinogen concentrate according to 
the ECS protocol       
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   3.    Early support to the hemostatic process   
   4.    Goal-directed correction of specifi c coagula-

tion abnormalities     

7.2.1     Prevention and Treatment 
of Primary Hyperfi brinolysis 

 Hyperfi brinolysis has been identifi ed in a signifi -
cant percentage of severely injured patients. 
Acutely injured patients with severe hyperfi bri-
nolysis (maximum clot lysis >15 % after 30 min) 
are reported to have mortality rates exceeding 
70 % [ 25 ,  26 ]. The CRASH-2 [ 27 ] trial demon-
strated the potential benefi t of empiric antifi bri-
nolytic therapy in injured patients. This study led 
to a Level 1A recommendation for early adminis-
tration of antifi brinolytic agents. Based on the 
results of the CRASH-2 study, administration of 
tranexamic acid (TA) to all patients with ongoing 
bleeding or at risk of signifi cant bleeding is now 
standard care. Although, hyperfi brinolysis may 
be identifi ed only in a limited number of severely 
injured patients by viscoelastic tests Raza [ 28 ] 
demonstrated that as many as 57 % of the severely 
injured patients had fi brinolytic activation mea-
sured by plasmin-antiplasmin complex. These 
data may better explain the results of the 
CRASH-2 study. Although according to the cur-
rent recommendations, all the bleeding patients 
should receive TA soon after injury, TA is prob-
ably to be avoided at a later stage. A new analysis 
of the CRASH-2 study shows that if treatment is 
not given until 3 h after injury, it is less effective 
and could even be harmful [ 29 ]. 

 Recently, Moore and associates [ 30 ] observed 
three distinct phenotypes of fi brinolysis in 
response to trauma. Despite having similar demo-
graphics and injury patterns, 64 % of their 
patients presented with a fi brinolysis shutdown, 
while physiologic fi brinolysis was observed in 
18 % of the patients and hyperfi brinolysis in 
another 18 %. Hyperfi brinolytic patients had a 
higher mortality rate due to exsanguination 
occurring early after injury, whereas shutdown 
patients had an increased delayed mortality more 
frequently due to organ failure. Modest levels of 
fi brinolysis seem to be protective. Therefore, 

according to this data, there might be a U-shaped 
curve in mortality with the highest peak for 
patients with acute hyperfi brinolysis and a sec-
ond peak for patients with a fi brinolysis shut-
down. This fi nding comes from a retrospective 
study and needs to be considered with caution. 
However, if they were confi rmed, this could lead 
to reconsider the present indications for a manda-
tory initial administration of TA.  

7.2.2     Identifi cation and Reversal 
of Drug-Induced 
Coagulopathy 

 The number of patients on antiplatelet or antico-
agulation therapies is increasing. A retrospective 
cohort study of trauma centers submitting data to 
the National Trauma Databank (NTDB) from 
2002 to 2007 demonstrated an increase in vita-
min K antagonists (VKA) use in the general 
trauma population from 2.3 % in 2002 to 4 % 
( p  < 0.001) in 2006. In patients older than 65 
years, the use of VKA increased from 7.3 to 
12.8 % in the same period ( p  < 0.001). Pre-injury 
VKA use is age related with a sharp increase 
between the age of 45 and 70 years. Head trauma 
patients on VKA have an increased risk of intra-
cranial hemorrhage. The younger patients on 
anticoagulants have a 50 % higher mortality [ 31 ]. 
Recent guidelines recommend emergency antico-
agulation reversal with prothrombin complex 
concentrate (PCC) and vitamin K in trauma 
patients with major bleeding or cerebral hemor-
rhage who are on VKA treatment [ 32 – 34 ]. PCCs 
are classifi ed into three-factor and four-factor 
products. Three-factor concentrates have thera-
peutically useful level of FII, FIX, and FX; four- 
factor PCCs contain FII, FVII, FIX, and FX 
together with protein C and S. PCC is associated 
with a non-negligible risk of thrombogenicity 
and disseminated intravascular coagulation 
(DIC) [ 35 ]. Eight retrospective studies have eval-
uated the outcomes associated with pre-injury 
anticoagulation therapy in patients admitted for 
traumatic head injury. In two of these studies, the 
mortality was similar between the control and 
warfarin-treated patients; in the other six studies, 
there was an increased mortality in the warfarin- 
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treated group compared to the control group [ 36 ]. 
While mortality has been shown to increase in 
patients with traumatic brain injury on VKAs, 
data for trauma patients without brain injury are 
less clear. “Time to correction of the INR” or 
“extent of correction of the INR” has been used 
as a surrogate outcome of clinical effectiveness 
rather than the cessation of clinical bleeding or 
mortality. Only one retrospective analysis could 
demonstrate that in trauma patients receiving 
warfarin, the addition of PCC treatment to fresh 
frozen plasma (FFP) and vitamin K results in a 
quicker INR reversal. However, no outcome 
improvement was observed [ 37 ]. Notwithstanding 
the lack of strong evidence, all international 
guidelines agree in recommending the use of 
PCC for the emergency reversal of vitamin 
K-dependent oral anticoagulation. According to 
the ECS protocol, patients with signifi cant active 
bleeding known to be on VKAs should immedi-
ately receive 25 UI/kg of PCC even before INR 
results. PCC treatment will be subsequently 
adjusted according to INR results [ 38 ,  39 ]. The 
italian F.C.S.A. recommendations [ 40 ] for the 
management of intracranial hemorrhage have 
been endorsed to guide treatment once INR is 
known (Fig.  7.3 ).

   Recently, several new oral anticoagulants 
(NOACs) have been introduced in the clinical 
practice, and a few more are under clinical devel-
opment. These drugs are thought to have a more 
balanced benefi t/risk ratio and several advantages 
over warfarin: a rapid onset of action, a more pre-
dictable anticoagulant effect so that routine labo-
ratory monitoring is not required, and minor food 
and drugs interactions. Moreover they may carry 
less hemorrhagic risks, particularly, less intracra-

nial bleeding [ 41 ]. NOACs are still relatively 
known to the practicing community, and there is 
little or no evidence to guide practical manage-
ment when patients present with acute bleeding. 
The use of NOACs as well as the strategies to 
reverse their effects in case of bleeding is 
addressed in a separate section of the book (Chap. 
  12    ). We will therefore focus on a few simple con-
cepts important to manage trauma patients with 
critical bleeding. Major and/or life-threatening 
bleeding should be treated with immediate anti-
coagulant withdrawal. However, neither FFP nor 
cryoprecipitate is effective in reversing the anti-
coagulant effect of the new drugs [ 42 ]. A few 
studies have investigated reversal agents; all of 
these, except one, have used animal model to 
evaluate the role of different reversal drugs. The 
only human study focused on the effect of four- 
factor PCC on coagulation tests [ 43 ]. The use of 
activated charcoal has been suggested if oral drug 
assumption is within a couple of hours. High 
doses of 3-factor or 4-factor PCC are probably 
effective for the reversal of factor Xa inhibitor 
such as rivaroxaban, but not for thrombin inhibi-
tor as dabigatran [ 44 ]. The Italian Federation of 
Thrombosis Centers produced a consensus docu-
ment suggesting the use of hemodialysis as a 
therapeutic option in case of assumption of dabi-
gatran and the administration of 4-factor PCC for 
the reversal of rivaroxaban in the one-shot dose 
of 50 IU/kg [ 45 ]. The European Guidelines sug-
gest to start with a similar dose (25–50 IU/kg). 

 Antiplatelet drugs – mostly aspirin and P2Y12 
antagonists (clopidogrel, prasugrel, ticlopidine, 
and ticagrelor)  are prescribed for prophylaxis and 
treatment in patients with cardiovascular or cere-
brovascular diseases. These drugs are  associated 

INR not known (blind reversal) PCC 25U/kg +VitK

INR 1.5-2.0

INR 2.1-3.9

INR 4.0-5.9

INR > 6.0

PCC 20U/kg +VitK

PCC 50U/kg +VitK

PCC 30U/kg +VitK

PCC 40U/kg +VitK

  Fig. 7.3    Anticoagulation 
reversal for bleeding patients 
on vitamin K antagonists 
(From FCSA 
recommendations [ 40 ], 
modifi ed)       
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with an increased risk of intracranial hemorrhage. 
Drugs of both classes (with the exception of 
ticagrelor) irreversibly inhibit platelets function 
making their short half-lives clinically irrelevant. 
For each day after the interruption of these medica-
tions, the 10–14 % of normal platelet function is 
restored; so it takes 7–10 days for the entire platelet 
pool to be refurbished. 

 There is little evidence to guide platelet trans-
fusion in major trauma patients on antiplatelet 
medications. A recent meta-analysis of six stud-
ies failed to demonstrate any clear benefi t of 
platelet transfusions in patients with either spon-
taneous or traumatic intracranial hemorrhage 
[ 46 ]. In a retrospective analysis of a cohort of 113 
patients with traumatic intracerebral hemorrhage 
(TICH) on antiplatelet medications, Washington 
and associates [ 47 ] could not fi nd any statistically 
signifi cant difference in outcome between 
patients treated with platelets and those who were 
not transfused. Similar data were reported by 
Downey in a retrospective study involving two 
level 1 trauma centers over a 4-year period [ 48 ]. 
Ivascu [ 49 ] and Fortuna [ 50 ] in two separate 
studies observed a nonsignifi cant trend toward 
higher mortality in patients with traumatic brain 
injury treated with platelets transfusion, but 
patients transfused were older and presented a 
lower Glasgow Coma Scale (GCS) and higher 
Injury Severity Score (ISS) [ 35 ]. All of these 
studies have some weakness: they are retrospec-
tive and relative small, and the indication and 
timing for platelet transfusion were not standard-
ized. The timing of transfusion might play a key 
role as the hematoma may set up very early after 
trauma [ 51 ]. 

 Despite the lack of evidence supporting the 
use of platelets, many institutions have imple-
mented protocols for the reversal of platelet med-
ications in the presence of TICH. According to a 
multidisciplinary institutional protocol published 
by Campbell et al. [ 52 ], 5 units of platelet con-
centrate (PLT) should be transfused right on 
admission to the patients on aspirin who present 
with a small TICH. Patients on P2Y12 antago-
nists or with large TICH should receive 10 units 
of platelets together with 0.3 mcg/kg of desmo-
pressin. As patients with major trauma and criti-

cal bleeding often require surgical or intravascular 
procedures, many authors recommend the use of 
platelet concentrates even in the absence of brain 
injury [ 53 ].  

7.2.3     Early Support 
to the Hemostatic Process 

 Hemostasis is critically dependent on fi brinogen 
as a substrate for clot formation. Fibrinogen is 
the single factor which is more and earlier 
affected in case of TIC. Many bleeding trauma 
patients with TIC present with a depletion of 
fi brinogen below levels currently recommended 
for therapeutic supplementation. Recently, 
Schlimp et al. [ 54 ] demonstrated that fi brinogen 
levels upon admission show strong correlation 
with rapidly obtainable routine laboratory param-
eters such as hemoglobin and BE. A level of 
fi brinogen lower than 150 mg/dL is detected in as 
many as 73 % of the patients with admission 
hemoglobin lower than 10 g/dL and in 63 % of 
those with a BE lower than −6. Moreover Rourke 
and Brohi [ 55 ] found low fi brinogen in 41 % of 
the patients who were hypotensive on admission. 
In their study, hypotension, increasing shock 
severity (as measured by the base defi cit), and 
high degree of injury (ISS ≥25) were all associ-
ated with a reduction in fi brinogen levels. 
Fibrinogen depletion is associated with poor out-
comes, and survival improves with the amounts 
of fi brinogen administered [ 56 ]. Fibrinogen is by 
far the most extensively represented coagulation 
protein in plasma. One liter of FFP contains on 
average 2 g of fi brinogen. However, until a few 
years ago, FFP transfusion was not recommended 
for the bleeding trauma patients in absence of a 
prolongation of the prothrombin time (PT) or 
INR or fi brinogen decrease to less than 1.5 g/L 
[ 57 ]. In the year 2007 retrospective evidences 
from both military [ 58 ] and civilian [ 59 ] practice 
were published suggesting improved outcomes in 
patients with massive bleeding, after the adoption 
of a massive transfusion protocol (MTP), includ-
ing the early administration of high-dose FFP 
therapy. According to these fi rst reports, a 1:1 
FFP/RBCs ratio was associated with a sharp 
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decrease in mortality. Because of these fi ndings, 
signifi cant changes in the treatment strategy of 
patients with critical bleeding were introduced, 
bringing to anticipate coagulation support by 
administering FFP with a high FFP/RBCs ratio. 
Several studies focused on this strategy trying to 
determine if standard doses of FFP and platelets 
in a fi x ratio RBCs were able to improve survival. 
Notwithstanding a large number of studies, there 
are still confl icting evidences regarding the use of 
high ratios. Although many authors suggested 
that early and aggressive FFP transfusion may 
reduce mortality [ 60 ], the optimal FFP/RBC and 
PLT/RBCs ratio is controversial because of the 
possible survival bias fl awing most studies [ 61 , 
 62 ]. Survival bias is the bias resulting from the 
fact that surviving patients are more likely to 
receive more FFP and platelets compared with 
non-survivors, because they lived long enough to 
receive those blood products. This issue is still 
under debate: a multicenter prospective study on 
a large population of patients undergoing MT 
showed that high FFP/RBCs and PLT/RBCs 
ratios are associated with a survival benefi t also 
when time dependency is accounted for [ 63 ], but 
more recently other authors came to opposite 
conclusion [ 64 ]. In their study, Khan and Brohi 
[ 65 ] observed that there was no consistent correc-
tion of any measure of clot function nor any large 
increases in the procoagulant factor level, when 
FFP was delivered during the acute phase of 
ongoing bleeding. Furthermore, FFP/RBCs ratios 
above 1:2 were not associated with any major 
hemostatic benefi t. 

 Despite the widespread use of blood compo-
nents to treat TIC, their effects on the coagulation 
profi le when administered during damage control 
resuscitation remain therefore largely unknown. 
To defi ne which is the best FFP/RBC and PTL/
RBC ratio, a large multicenter randomized study 
has been designed: the Pragmatic Optimal 
Platelet and Plasma Ratio (PROPPR) trial [ 65 ]. 
The PROPPR was designed as a randomized trial 
to be conducted in subjects with the highest level 
of trauma activation and predicted to have a mas-
sive transfusion. Twelve North American level 1 
trauma centers were involved in the trial. The 
PROPPR aimed to look for a different outcome in 

patients randomized into one of two standard 
transfusion ratio interventions: 1:1:1 or 1:1:2 
(FFP, PLT, and RBCs). Despite being able to ran-
domize over 680 patients, the PROPPR trial was 
unable to reach defi nitive conclusions [ 66 ]. 
Patients treated with a 1:1:1 ratio, who therefore 
received PLT in a very early treatment stage, had 
a 5 % lower 24-h mortality and a 3.7 % lower 
hospital mortality if compared with those who 
initially received FFP (but no PLT) in a 1:2 ratio 
and were subsequently treated with a 1:1:2 PLT/
FFP/RBCs ratio. However, these differences 
were not statistically signifi cant. The early use of 
PLT was not associated with a higher rate of 
ARDS. 

 Transfusing patients based on an empirical 
ratio rather than guided solely by laboratory data 
(goal-directed) is considered controversial by 
some researchers [ 67 ]. Moreover there are still 
confl icting opinions among the experts on the 
choice of using FFP as the initial strategy for sup-
porting coagulation. Severe tissue damage and 
hemorrhagic shock are frequently associated with 
a decreased fi brinogen. Administration of FFP to 
bleeding patients may stabilize fi brinogen levels, 
avoiding a further decrease, but FFP transfusions 
cannot result in a signifi cant increase of fi brino-
gen levels unless very high volumes are infused 
[ 68 ]. The ACIT study [ 69 ] confi rmed these fi nd-
ings showing that fi brinogen did not correct with 
standard damage control resuscitation. 

 There are indeed several limitations on the use 
of FFP to prevent and treat TIC. Both FFP and 
pathogen-inactivated plasma (industrial purifi ed 
plasma) need to be group matched, thawed, and 
warmed before administration. Therefore, unless 
pre-thawed plasma is available, plasma transfu-
sion cannot be started at the same time as RBCs. 
A delay of 93 min has been reported [ 61 ] possi-
bly explaining why the targeted FFP/RBCs ratio 
is reached only a few hours after starting treat-
ment. During this interval, fi brinogen level is 
likely to be lower than desired. 

 FFP transfusion has also been associated with 
an increased risk of post injury multiple organ 
dysfunction syndrome (MODS), ARDS, and 
infections. These complications increase with the 
volume of transfused FFP [ 70 ]. The risk of 
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transfusion- related acute lung injury (TRALI) 
has been greatly reduced by avoiding the use of 
the FFP of women with pregnancy history [ 71 ]. 
In Italy the recent introduction of pathogen- 
inactivated plasma enabled to further minimize 
the risks of TRALI and virtually eliminate the 
risks of transmission of infective diseases. 
Although these measures are effective in reduc-
ing some of the adverse effects of FFP transfu-
sions, there are data [ 72 ] showing that in patients 
who require less than 6 units of RBCs, the com-
plications related to plasma transfusion may 
overcome the benefi ts. 

 Moreover the early and aggressive administra-
tion of plasma may result in diluting the blood 
cells with a decrease in hemoglobin level [ 73 ] 
and may further contribute to reduce platelet 
marginalization with a potentially negative 
impact on platelet activation. Therefore, dilu-
tional anemia might bring to transfusing a higher 
amount of RBCs in order to adhere to the transfu-
sion trigger recommended by the European 
Guidelines (7–9 g/dL) [ 17 ]. 

 The balance between a rapid intervention to 
treat or prevent TIC and the risk related to unnec-
essary transfusion of plasma is diffi cult to 
achieve. Therefore, several authors prefer to start 
treatment with coagulation factors and in particu-
lar with fi brinogen. 

 The use of coagulation factor concentrates has 
been proposed as the strategy to reduce and even 
avoid plasma transfusion in patients with signifi -
cant bleeding. In the Austrian guidelines [ 74 ], 
fi brinogen concentrate is the fi rst-line treatment. 
Two retrospective studies comparing data from 
Austrian Trauma Centers with the German 
Trauma (TR-DGU) registry reported a signifi cant 
reduction in platelet transfusion and a limited 
decrease in blood transfusion for bleeding 
patients treated with fi brinogen concentrate and 
PCC who did not receive FFP during initial 
resuscitation [ 75 ,  76 ]. However, these results 
have not been confi rmed by prospective con-
trolled studies. 

 Although very appealing, the “plasma-free” 
strategy proposed by Schöchl [ 75 ] may not be 
easily adopted by many trauma centers as it 
requires thromboelastometry monitoring to be 

started straight on patient’s admission and not all 
the hospitals can adhere to this requirement at the 
moment. Moreover it may imply the use of a 
rather high amount of fi brinogen with consider-
able related costs.  

7.2.4     Goal-Directed Correction 
of Specifi c Coagulation 
Abnormalities 

 The utility of the standard coagulation tests (PT, 
INR, activated partial thromboplastin time 
[aPTT], platelet count, and fi brinogen levels 
[Clauss method]) to guide the acute hemostatic 
treatment in trauma patients with signifi cant 
bleeding is limited. First, their results are inevita-
bly delayed. In addition, because they are not per-
formed on whole blood but on plasma, they 
cannot analyze the entire process of coagulation 
as it occurs in vivo. Moreover, hyperfi brinolysis 
cannot be detected [ 77 ]. Although these conven-
tional coagulation assays do not predict the future 
need for massive transfusion and have limited 
utility to direct ongoing blood component therapy 
in real time because of slow turnaround times, 
nevertheless all the guidelines still suggest they 
should be ordered to provide information that 
might be helpful in correcting abnormalities 
occurring during resuscitation. Recently, it has 
been suggested that point-of-care hemostasis 
assays, such as thromboelastography (TEG) and 
rotational thromboelastometry (ROTEM), might 
be better at assessing coagulopathy in patients 
with critical bleeding and TIC [ 78 ,  79 ]. These 
assays offer to clinicians a graphic representation 
of the coagulation process. In addition, the param-
eters obtained from TEG/ROTEM could provide 
a quantitative measure of individual components 
of the hemostatic process. Hence, the use of TEG/
ROTEM can provide better information to guide 
blood component therapies in a more timely man-
ner. There are several advantages of using TEG/
ROTEM: fi rst of all, the turnaround time for these 
assays is shorter compared with conventional 
assays; thus, they can be used in combination with 
clinical assessment for the decision-making 
 process. Moreover the viscoelastic point-of-care 
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(POC) tests can detect severe hyperfi brinolysis 
that plays a major role in TIC. TEG/ROTEM can 
be performed at the patient’s true temperature, 
which makes it more sensitive for detection of 
coagulopathy due to hypothermia. In a recent 
in vitro experimental study, Winsted et al. [ 80 ] 
observed that hypothermia affects coagulation 
more during hemodilution with starches than with 
crystalloids. Fibrinogen concentrate is effective in 
correcting dilutional coagulopathy induced by 
crystalloids irrespective of temperature. However, 
it is much less effective in case of hypothermia-
induced coagulopathy associated with colloid-
induced hemodilution. TEG/ROTEM has been 
shown to reduce the transfusion requirement and 
need for MT in patients undergoing cardiovascu-
lar surgery [ 81 ]. The early use of thromboelas-
tometry to guide treatment is recommended by 
the Austrian Guidelines [ 19 ]. However, notwith-
standing all these potential advantages, a Cochrane 
review suggested that there is no evidence that 
TEG/ROTEM reduced the morbidity and mortal-
ity in the massively transfused patients [ 82 ].   

7.3     The Early Coagulation 
Support Protocol (ECS) 

 The updated European Guidelines [ 17 ] for man-
agement of bleeding and coagulopathy recom-
mend that every trauma center implement an 
evidence-based treatment algorithm for the 
bleeding trauma patient and promote the use of 
treatment algorithms to guide clinical manage-
ment. To adhere to these recommendations, the 
Italian Trauma Centers Network (TUN) has 
developed a treatment algorithm (early coagula-
tion support or ECS) [ 83 ] aiming to improve and 
homogenize the early treatment of trauma 
patients with signifi cant bleeding and at high risk 
of massive transfusion. The ECS has been for-
mally adopted by several Italian Trauma Centers; 
to our knowledge, this is the fi rst example in 
Europe of the adoption of the same step-by-step 
algorithm for the management of trauma-induced 
coagulopathy by a large number of trauma cen-
ters. The ECS protocol is summarized in Fig.  7.4 . 
The ECS protocol is an integrated part of a com-

prehensive damage resuscitation strategy. It is 
also based on fl uid restriction and the prohibition 
of colloids. As well as having the objective of 
ensuring an earlier coagulation support, the pro-
tocol also aims to limit the use of plasma in 
patients who are not likely to need it, in order to 
reduce plasma-related adverse effects. 

•    According to the ECS protocol, TA must be 
initiated on patient’s admission immediately 
after the collection of a blood sample for labo-
ratory tests, crossmatching, and basal clotting 
profi le. TA must be initiated within the fi rst 
3 h after trauma. If for any reason, a patient 
has not received TA within this deadline, TA 
administration is not recommended. 
Recommendations for a quick reverse of drug- 
induced anticoagulation and/or antiplatelet 
treatment are summarized in Fig.  7.4 .  

•   The ECS protocol suggests platelet transfu-
sion for patients on antiplatelet drugs with 
critical bleeding and/or intracranial hemor-
rhage and/or undergoing emergency surgery. 
In patients with TICH on aspirin therapy, the 
protocol suggests the administration of 1 
apheresis platelet concentrate (single donor) 
or 1 pool platelet concentrate (from pooling of 
4–6 buffy coats). In patients with TICH or sig-
nifi cant extracranial bleeding who are under 
the effects of P2Y12 inhibitors (ticlopidin, 
clopidogrel, prasugrel, ticagrelor), the admin-
istration of 2 apheresis platelet concentrates or 
2 pool platelet concentrates is recommended 
[ 84 – 86 ].  

•   According to the ECS, coagulation support is 
started in patients presenting with signs of 
severe hypoperfusion even before the results 
of the fi rst ROTEM test. Therefore, patients 
who met one or more of the following criteria 
(“clinical” criteria), SBP <100 mmHg, lac-
tate ≥5 mmol/L, BE ≤6, or hemoglobin 
≤9 g/dL, are expected to receive a standard 
dose of fi brinogen concentrates (2 g) together 
with the fi rst units of RBCs. As soon as these 
patients start transfusion with universal 
RBCs, they should receive an initial dose of 
2 g of fi brinogen concentrate. In the Brohi’s 
study patients who did not receive any source 
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Early Coagulation Support

Identified problem

Prolonged CT
(> 80” in Extem) – impaired thrombin
generation

Fibrinolysis

Anti Vit. K anticoagulants

CT Extem > CT Aptem Tranexamic acid 1g

PCC 25U/kg

Fibrinogen (if Fibtem A10< 7 mm)
Plasma (if Fibtem A10> 7 mm)

Fibrinogen 2-4 g

Platelets

Tranexamic acid 1g + fibrinogen  4g +
plasma + platelets

Tranexamic acid

Protamin 1000-2000

Anamnesis/age

Massive hemodilution?
Severe acidosis?

Factors deficit

Low fibrinogen

Low PLT

Severe global deficit

Fibrinolysis

Heparin

Reduced A10 / MCF (<40 mm in
Extem) – impaired cloth strenth

A10  Extem < 30 mm

A10  Fibtem ≤ 7 mm

A10  Extem ≤ 40 mm
A10  Fibtem ≤ 7 mm

ML > 15% in Extem, Intem and Fibtem, but not
in Aptem

CT Heptem < CT Intem

ML increased
(maximum lysis > 15%)

Prolonged CT after cell-saver
reinfusion

If heparin has been employed (i.e. cell-saver) check also Heptem e Intem

Diagnostic hypothesis Confirmatory test and need to check for Treatment

check for hypothermia

Drug Treatment

ECS protocol

ROTEM-guided treatment

•

•

•

YES NO

YES

NO

YES

•
•
• 
• 
• 

•
•

NO

NO

YES NO

•
•
•

NO

•
•
•

YES

YES NO

YES

Administer 2g of fibrinogen concentrate

Bleeding under control?

ROTEM / TEG available?

Is the pt. actively bleeding or at risk
of significant haemorrhage?

No need
for ECS

Standard care
Wait and re-check

At least one among
the following:

SBP ≤ 90 mmHg
Start transfusion of universal PRBCs (4 Units)

No plasma needed

Start plasma 

Follow the
Goal-directed Algorithm

Follow the Standard Algorithm:
transfuse plasma aiming at a
plasma/PRBCs ratio ≥ 1:1.5;
keep PTL > 100,000. Monitor
fibrinogen and PTL every 2

hours guide treatment

Ask for PTL
Monitor coagulation

Need for volume
support?Monitor coagulation

Wait and re-check

BE < -6

(INR > 1.5)

Lactate ≥ 5 mmol/l
Collect blood samples for:
Hemoglobin, PTL, Glucose

and Electrolytes, Fibrinogen,
Standard coagulation (PTT, INR),

Blood Gas Analysis + Lactate,
Cross match + ROTEM / TEG

Tranexamic and
(1 g + 1 g over 8 h)

Anticoagulants or antiplatelets?
Is bleeding significant
and / or uncontrolled?

Oral anti Vit. K
Anti factor X
(rivaroxaban,
endoxaban, etc.)
Anti thrombin
(dabigatran)

Clopidogrel

Reverse if active bleeding

Hemoglobin ≤ 9 g/dl

PCC 25 U/Kg + Vit. K
PCC 25-50 U/Kg

Consider dyalisis

Platelets 10 U

Basal test: collect sample before any treatment

Repeat test 20’/30’ after fibrinogen

Repeat test every 2 hours or every 4 PRBCs

  Fig. 7.4    The Early Coagulation Support (ECS) Algorithm       
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of fi brinogen had a reduction in fi brinogen 
level to 1.2 g/L (1.0–1.8) as an average after 
the fi rst 4 units of RBCs. The standard dose 
of 2 g of fi brinogen concentrate therefore 
aims to immediately provide the needed 
amount of fi brinogen to prevent its expected 
decrease following the fi rst 4 units of RBCs. 
Four units of universal RBCs is the standard 
package for emergency transfusion immedi-
ately available in the trauma bay of the TUN 
trauma centers. Therefore, patients with 
ongoing critical bleeding and signs of hypo-
perfusion are expected to receive 4 units of 
RBCs and 2 g of fi brinogen as the fi rst treat-
ment step. POC tests (TEG/ROTEM) should 
subsequently guide the treatment algorithm 
(Fig.  7.4 ).  

•   FFP is not part of the early treatment stage. 
Permissive hypotension and moderate fl uid 
restriction are recommended until surgical 
bleeding control is achieved. However in case 
of prolonged bleeding, if an increasing num-
ber of RBCs is required and high volume sup-
port is needed, FFP is indicated both for 
volume and coagulation support. Fibrinogen 
concentrate does not provide volume 
 expansion; hence, higher amounts of crystal-
loids and/or colloids need to be infused to 
replace volume if a “plasma-free” strategy is 
adopted. Crystalloids and more importantly 
colloids signifi cantly impair the clotting pro-
cess, either by diluting clotting factors or 
directly impairing the clot strength. In a ran-
domized controlled study comparing saline 
with hydroxyethyl starch (HES) 130/0.4 for 
trauma resuscitation, patients in the HES 
group required signifi cantly more blood and 
blood products [ 87 ]. Synthetic colloids such 
as gelatins and HES interfere with fi brin net-
work structure and consequently weaken the 
clot by a greater extent than explained by dilu-
tion of plasma proteins alone. If concentrates 
are employed instead of plasma, the higher 
amount of crystalloids and colloids needed to 
support volume might hamper the effi cacy of 
this treatment strategy. This may explain the 
reason why, even in Schöchl series, a percent-
age of the bleeding patients still received 

plasma. As no proper study has compared yet 
the “factor-based” strategy with the “plasma- 
based” approach, this issue has not been 
settled.    

 The rationale of the ECS strategy is to provide 
a rapid support to the clotting process by the 
early administration of fi brinogen concentrate, 
with the aim to reduce plasma transfusion at least 
in patients who eventually will not need massive 
transfusion. These patients are the ones expected 
to get more harm than benefi ts from plasma. 
Patients who continue to present signifi cant a 
bleeding notwithstanding early coagulation sup-
port and damage control surgery will usually 
require more than 10 units of RBCs and meet the 
defi nition of MT. The TUN expert committee that 
developed the protocol agreed there is still not 
enough evidence in the literature to adopt a 
“plasma-free” strategy for the patients who 
require MT. Moreover, it has been shown that in 
the severe uncontrolled bleeding, beside fi brino-
gen other coagulation factors as factor V and fac-
tor XIII may decrease. Some concern has 
therefore been raised about the potential risk of a 
“plasma-free” strategy, as administration of 
plasma might play a role in restoring factor XIII 
levels and factor V activity in the coagulopathic 
patients with severe hypoperfusion. It should be 
stressed that the choice of the ECS protocol to 
start coagulation support with 2 g of fi brinogen 
before plasma infusion differs substantially from 
other strategies which also consider administra-
tion of fi brinogen-rich components. In the 
Activation of Coagulation and Infl ammation in 
Trauma (ACIT) study [ 69 ], cryoprecipitate was 
administered only after the fi rst 6 units of RBCs 
and after infusion of the fi rst FFP units. 

 The impact of the early coagulation support 
protocol on blood products consumption, mortal-
ity, and treatment costs has been recently 
addressed through a pre/post-cohort multicenter 
study [ 88 ]. Data from all severely injured patients 
(ISS >15) admitted to two Italian Trauma Centers 
during a 12-month period in 2013 were collected 
and compared with the same time period in 2011. 
In both periods, only patients transfused with at 
least three units of RBCs within 24 h of an 
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 accident were included in the study. The two 
groups were well matched (Table  7.2 ). In 2011 
patients with signifi cant hemorrhage were treated 
with “early” administration of plasma aiming at a 
high (≥1:2) FFP/RBCs ratio. In 2013 the ECS 
protocol was the treatment strategy. The adoption 

of the ECS protocol was associated with a 40 % 
overall reduction in RBCs transfusion, together 
with a statistically signifi cant reduction in the use 
of FFP (−65 %) and platelet concentrates (−52 %) 
(Fig.  7.5 ). Hospital mortality for patients treated 
following the ECS protocol was 13.4 %, with a 
nonsignifi cant reduction if compared with the 
standard treatment group (20 %). Although these 
are only preliminary data, the observed mortality 
compares favorably with the recent data from the 
PROPPR study [ 66 ] where plasma at different 
ratio was used to support the failing hemostasis 
(22.4 % in the 1:1:1 group and 26.1 % in the 1:2 
group).

    One of the main concerns related to the use of 
concentrates in the treatment of trauma patients 
with critical bleeding is the economic impact of 
such a strategy. Data from the surgical and trauma 
intensive care units of the Innsbruck University 
show that a goal-directed coagulation manage-
ment based on POC tests monitoring and the use 
of factors brought to a sharp reduction in FFP 
transfusions (−88 %) and RBCs requirement over 
a 5-year period [ 81 ]. The overall cost of blood 
products decreased by 200,000 Euro per year in 
spite of a signifi cant increase in the cost of fi brin-
ogen. However, these results are referred to the 
general population of patients requiring transfu-
sions, including patients undergoing elective car-
diac surgery; therefore, they might not be 

   Table 7.2    Matching of the two groups in the Italian mul-
ticenter study [ 88 ]   

 Standard 1:1  ECS 

 ISS >15  435  431 

 ISS >15 e ≥3 PRBCs  130  96 

 Age  48.8  51.1  Ns 

 Gender (f/m)  27 %  32 %  Ns 

 GCS  10.8  10.8  Ns 

 SBP  108.4  104.8  Ns 

  ISS    32.92    33.58    Ns  

 AIS head  2.19  2.49  Ns 

 AIS face  0.52  0.48  Ns 

 AIS chest  2.56  2.53  Ns 

 AIS abdomen  1.83  1.36  ns 

 AIS pelvis and limbs  2.15  2.51  Ns 

 AIS ext  0.36  0.20  Ns 

 PH  7.32  7.30  Ns 

  Lactate mmol/L    3.15    3.2    Ns  

 BE  −4.5  −4.8  Ns 

 Hb  10.8  11.3  Ns 

 PTL  196  205  Ns 

 INR  1.41  1.39  Ns 

 FIB (Clauss method)  184.6  196  Ns 
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  Fig. 7.5    Transfusion require-
ments reduction with the adop-
tion ECS protocol       
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applicable to major bleeding in trauma victims. 
The impact of the ECS protocol on the global 
treatment cost in patients with clinical bleeding 
was also addressed by the Italian multicenter 
study: when costs for blood components, factors, 
and point-of-care tests were compared, a €76,340 
saving in the ECS group (−23 %) was recorded.  

    Conclusions 

 Although our understanding of the pathophysi-
ology of TIC is much improved in recent years, 
data in the literature are not sound enough to 
determine which is the best treatment. In the 
past 30 years, trauma hemorrhage has been 
evaluated through a limited number of trials. 
Many of these trials were poorly designed or 
numerically underpowered and did not produce 
reliable results. Recruitment to trauma RCTs 
can be diffi cult, not least because of the chal-
lenges of enrolling incapacitated patients, 
where informed consent is impossible to obtain. 
Low patient numbers affect study power and 
increase the risk of bias. Large, well-conducted 
studies with pragmatic endpoints are required 
to improve our understanding of the complex 
interplay between bleeding and coagulopathy, 
transfusion requirements, and mortality. 
However, these studies have extremely high 
costs, and this hinders their feasibility. For this 
reason, even the most recent recommendations 
for prevention and treatment of trauma coagu-
lopathy could be only based on the results of 
observational studies.     
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8.1            Specifi c Aspects 
of Coagulopathy in 
Cardiac Surgery 

 Cardiac operations represent a clinical environ-
ment where a specifi c pattern of coagulopathy 
takes place in the majority of the cases. As a result, 
cardiac surgery is responsible for the majority of 
blood transfusions in many countries [ 1 ]. 

 During cardiac operations, with or without 
cardiopulmonary bypass (CPB), an extensive 
amount of thrombin is generated [ 2 ]. Contrary to 
what generally thought in the fi rst years of car-
diac surgery, thrombin generated due to the con-
tact of blood with foreign surfaces is a minor 
component, and the largest amounts of thrombin 
are generated due to tissue factor (TF) release [ 3 ]. 

TF is extensively formed from the surgical dam-
ages to tissues and accumulates in the pleuro- 
pericardial space, and, when shed blood is 
re-infused (especially during CPB), this activates 
the coagulation system and produces large 
amounts of thrombin [ 4 ,  5 ]. 

 Separation of shed blood reduces thrombin 
generation: this may be achieved using closed 
circuits and shed-blood processing with a cell- 
saver before reinfusion [ 6 ]. Minimal invasive 
CPB circuits are associated with a decreased 
thrombin generation [ 7 ]. 

 The nature of cardiac surgery-induced coagu-
lopathy is complex and multifactorial. Cardiac 
surgery patients (especially coronary patients) are 
usually pretreated with anticoagulants and/or anti-
platelet agents which may determine a pro- 
hemorrhagic status. Additionally, due to the 
extensive thrombin generation, unfractionated 
heparin is extensively used to guarantee anticoag-
ulation during CPB. Heparin is then antagonized 
by protamine, but an incomplete antagonization 
may lead to bleeding, whereas protamine in excess 
is a bleeding factor as well [ 8 ]. 

 The continuous activation of the coagulation 
system during surgery leads to consumption of 
coagulation factors and fi brinogen [ 9 ], and hemo-
dilution further decreases coagulation factors and 
fi brinogen levels after surgery. These effects are 
even more pronounced in neonates and infants, 
where the role of hemodilution is more 
pronounced. 
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 Thrombocytopenia and platelet dysfunction are 
common fi ndings in the context of postsurgical 
coagulopathy. Platelets are consumed due to adhe-
sion/aggregation on the foreign surfaces of CPB; 
thrombin is a major source of platelet activation, 
leading to degranulation and loss of function. 
Additionally, platelets are often poorly working 
due to residual effects of antiplatelet agents. 

 Finally, hyperfi brinolysis is invariably found 
in cardiac surgery patients, due to the thrombin- 
mediated activation of the fi brinolytic system 
[ 10 ]. 

 On top of all these mechanisms, post-cardiac 
surgery coagulopathy is associated with an endo-
thelium disturbance that may lead even to a pro- 
coagulant condition. Due to the extensive 
thrombin generation, the endothelium reacts with 
a release of natural anticoagulants (protein C-S; 
tissue factor pathway inhibitor, antithrombin) 
[ 11 ], and circulating antithrombin is extensively 
consumed [ 12 ]. As a result, the endothelium loses 
its natural anticoagulant properties. 

 Overall, at the end of cardiac surgery, there is 
a sort of “downregulation” of the hemostatic sys-
tem, with a reduced thrombin generation, platelet 
function, and fi brin(ogen)-derived clot fi rmness 
as pro-hemorrhagic mechanisms and loss of nat-
ural anticoagulants as pro-coagulant mechanism. 
This balance guarantees a mild-to-moderate 
bleeding, without the need for specifi c treatment 
in the majority of the cases. When the pro- 
hemorrhagic effects prevail, severe bleeding may 
occur, requiring a specifi c, targeted, and nonem-
pirical treatment. A sound diagnostic of the 
bleeding state is mandatory, and point-of-care 
(POC) coagulation tests play an important role in 
this setting. 

 Nowadays, clinicians have a number of weap-
ons to fi ght against major bleeding in cardiac sur-
gery. Most of them are powerful and associated 
with potentially severe adverse events: in particu-
lar, excessive or inappropriate use of drugs 
increasing thrombin generation may determine 
thromboembolic complications. 

 The following sections will address the differ-
ent mechanisms leading to bleeding in cardiac 
surgery patients, their diagnosis using POC coag-
ulation tests, and their possible treatments.  

8.2     The Bleeding Mechanisms 
in Cardiac Surgery 

8.2.1     Residual Heparin Effect 

 Residual heparin and either poor or excessive 
reversal with protamine have been recognized as 
causes of microvascular bleeding after cardiopul-
monary bypass. 

 Heparin is a glycosaminoglycan that exerts its 
coagulant effect by binding to antithrombin. 
Heparin presents a sophisticated anticoagulant 
effect. The heparin-AT complex inactivates 
thrombin factor (IIa) and factors Xa, IXa, XIa, 
and XIIa. By inhibiting thrombin, heparin also 
inhibits thrombin-induced activation of factor V 
and factor VIII. Furthermore, heparin presents 
other anticoagulant effects as it induces secretion 
of tissue factor pathway inhibitor (TFPI) by vas-
cular endothelial cells that reduces the pro- 
coagulant activity of TF-FVIIa complex and 
releases t-PA from endothelial cells, triggering 
hyperfi brinolysis [ 13 ]. 

 Incomplete heparin neutralization could obvi-
ously cause bleeding after cardiopulmonary 
bypass [ 14 ]. On the other hand, also an excessive 
dose of protamine could lead to bleeding, whereas 
protamine sulfate alters the interaction between 
the platelet receptor glycoprotein Ib and the von 
Willebrand factor interfering with platelet adhe-
sion as assessed by ristocetin-induced platelet 
agglutination test [ 15 – 17 ]. 

 Several methods have been proposed in order to 
assess the residual effect of heparin after cardiopul-
monary bypass. The main are the activated clotting 
time (ACT), the measurement of plasma heparin 
concentration, and the heparinase- modifi ed visco-
elastic tests such as the heparinase- modifi ed throm-
boelastography and thromboelastometry. 

 The ACT presents several limits after CPB 
weaning. The ACT depends on temperature and 
hemodilution, so a prolonged level of ACT may 
not exactly refl ect the extent of anticoagulation 
by heparin leading to inappropriate further 
administration of protamine that can paradoxi-
cally exacerbate the anticoagulant state [ 18 ]. 

 The heparin concentration-based anticoagula-
tion system (Hepcon HMS; Medtronic, 
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Minneapolis, MN) titrates the presence of hepa-
rin using different concentrations of protamine, 
so this method confi rms the complete in vitro 
reversal of heparin after CPB weaning [ 19 ,  20 ]. 

 The viscoelastic tests TEG (Haemoscope 
Corporation, Niles, IL, USA) and ROTEM (Tem 
International, Munich, Germany) evaluate the 
presence of heparin in the sample comparing the 
reaction time (R) or clotting time (CT) of a test 
that analyzes the intrinsic pathway (kaolin-TEG 
and INTEM, respectively), with and without add-
ing heparinase to the cuvette. Heparinase is 
derived from the  Flavobacterium heparinum  and 
neutralizes heparin by enzymatic cleavage of 
alpha-glycosidic linkages at the antithrombin III 
binding site [ 21 – 25 ]. 

 Another potential cause of bleeding related to 
heparin is the heparin rebound [ 26 ] or recurrence 
of heparin anticoagulant effect. It has been 
observed up to 6 h after adequate protamine 
administration following cardiopulmonary 
bypass and, according to some authors, could 
lead to postoperative bleeding [ 27 ]. The mecha-
nism of heparin rebound is still discussed and not 
well understood. The main hypothesis includes a 
release of heparin from fat cells several hours 
after surgery, a rapid protamine elimination from 
plasma, and the presence of plasma proteins that 
bind heparin subsequently released at a later time 
[ 28 ]. The clinical importance of heparin-rebound 
phenomena remains unclear [ 29 ].  

8.2.2     Decreased Thrombin 
Generation 

 Dilution and consumption are mechanisms lead-
ing to decreased activity of coagulation factors 
after cardiac surgery. The great majority of coag-
ulation factors (with the exception of factors I 
and XIII) concur in the mechanism of thrombin 
generation. 

 There are different views with respect to 
reduced thrombin generation as a mechanism 
leading to postoperative bleeding. The activity of 
coagulation factors may decrease down to 30 % 
without giving course to a signifi cant bleeding 
tendency, and the decrease of any coagulation 

factor involved in thrombin generation was not 
associated with increased bleeding in a prospec-
tive study [ 9 ]. Conversely, other authors [ 30 ] 
could fi nd that direct thrombin generation mea-
surement during CPB provides clinically relevant 
data and that there is an inverse relationship 
between thrombin generation and postoperative 
bleeding. In general terms, it is unlikely that a 
reduced thrombin generation may lead to clini-
cally relevant bleeding in the setting of routine 
cardiac surgery; however, there are conditions 
that are associated to a greater consumption/dilu-
tion of coagulation factors, and in this setting, a 
reduced thrombin generation may be considered 
within the possible mechanisms leading to bleed-
ing. These conditions include prolonged (>2 h) 
CPB, preoperatively reduced levels of coagula-
tion factors activity, preoperative consumption 
due to thrombi formation (aortic dissection), and 
extensive use of cell-saver. Additionally, preop-
erative use of drugs inhibiting vitamin 
K-dependent factors (warfarin) or direct factor 
Xa (rivaroxaban and apixaban) or thrombin 
inhibitors (dabigatran) creates an environment of 
poor thrombin generation. 

8.2.2.1     Thrombin Generation Tests 
 Thrombin generation may be measured in plasma 
samples by calibrated automated thrombography 
(CAT, Fig.  8.1 ). After activation with TF, throm-
bin generation is defi ned by a peak level, a time 
to peak, and the endogenous thrombin potential. 
At present, CAT cannot be considered as a POC 
test, even if new devices (based on whole blood 
thrombin generation assessment) are entering the 
market.

   Conventional tests offer a limited information 
on thrombin generation, even if prothrombin 
time and international normalized ratio are 
related to extrinsic pathway-dependent thrombin 
generation and activated partial thromboplastin 
time to intrinsic pathway-dependent thrombin 
generation. 

 Viscoelastic tests (thromboelastography, 
TEG®, and rotational thromboelastometry 
ROTEM®) may offer a contribution to indirect 
assessment of thrombin generation. In TEG and 
ROTEM, whole blood may be activated by kaolin 
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(classical TEG) and ellagic acid (INTEM) or by TF 
(rapid TEG and EXTEM). The time required to 
change the physical properties of blood from the 
liquid phase to the gel phase (time to gel point [ 31 ]) 
is expressed as reaction time (R-time, TEG) or 
clotting time (CT, ROTEM) and may be considered 
as a surrogate for thrombin generation through the 
intrinsic or extrinsic pathway. However, it should 
be considered that the main determinant of a poor 
thrombin generation after cardiac surgery is a 
residual heparin activity [ 32 ]. Whereas some tests 
are insensitive to heparin (EXTEM), other tests like 
classical TEG should be run with and without hep-
arinase to rule out the heparin role and address 
heparin-independent thrombin generation. 

 The main problem of viscoelastic tests in the 
setting of cardiac surgery is their very low posi-
tive predictive power for severe postoperative 
bleeding. In particular, there is a poor or even null 
relationship between R-time or CT and postop-
erative bleeding (Fig.  8.2 ). However, once there 
is the evidence for microvascular bleeding, visco-
elastic tests may provide some information sug-
gestive for poor thrombin generation. After 
cardiac surgery, a certain degree of reduced 
thrombin generation is usual and acceptable. 
Empirically, an R-time or CT time up to 20 % 
longer than the upper normal range may be con-
sidered a routine value. At present, we are lack-

ing clear cutoff values suggestive for a bleeding 
mechanism related to poor thrombin generation. 
In the setting of pediatric cardiac surgery, a CT 
value >111 s was suggested [ 33 ], whereas other 
algorithms in adult cardiac surgery empirically 
suggest shorter values, around 80–90 s [ 34 – 36 ]. 
Given the low positive predictive power of these 
tests, and the multifactorial nature of postopera-
tive bleeding in cardiac surgery, these cutoff val-
ues make sense only in the bleeding patient and 
once heparin effects or other reasons for bleeding 
are ruled out.

8.2.2.2        Therapeutic Interventions 
 Bleeding related to a poor thrombin generation 
may be corrected using fresh frozen plasma 
(FFP), 3–4 factors prothrombin complex concen-
trates (PCCs), activated factors like factor eight 
inhibitors bypassing activity (FEIBA), or recom-
binant activated factor VII (rFVIIa). 

 FFP is the most “natural” source of coagula-
tion factors; however, large doses are required to 
restore thrombin generation. The dose ranges 
from 10 to 15 mL/kg in mild patterns of decreased 
thrombin generation to larger doses (30 mL/kg) 
in the most severe cases [ 37 ]. FFP is still largely 
used in the setting of cardiac surgery, basically 
due to its low cost and to its nature of “balanced” 
solution, containing both pro-coagulant and anti-

  Fig. 8.1    Calibrated 
automated thrombography. 
 ETP  endogenous thrombin 
potential;  TF  tissue factor       
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coagulant factors. However, FFP is associated 
with a number of possible adverse reactions (see 
Chap.   6    ) and to fl uid overload. 

 PCCs are certainly more effective in terms of 
thrombin generation recovery. Their use for the 
treatment of dilution/consumption coagulopathy 
has been successfully tested in cardiac surgery 
patients [ 38 ,  39 ]. However, there are reports of 
increased thromboembolic complications linked 
to the use of PCCs [ 40 ]. 

 Due to its ability to bypass the other coagula-
tion factors, rFVIIa is able to induce a thrombin 
burst. The suggested dose ranges from 60 to 90 μg/
kg i.v. rFVIIa is certainly effective in reducing 
bleeding in cardiac surgery as well as in other sce-
narios [ 41 ,  42 ]. However, there is a well- established 
risk of thromboembolic complications [ 41 ]. 

 As a general rule, every correction leading to 
increased thrombin generation (with the excep-
tion of FFP) has been linked to an increased risk 
of thromboembolic events. Additionally, it should 
be considered that thrombin alone is unable to 
induce the formation of a stable clot unless ade-
quate amounts of fi brinogen and well-working 
platelets (together with FXIII) are available. 
Therefore, a prerequisite for interventions aimed 
to increase thrombin generation is the presence 
of adequate levels of the abovementioned hemo-
static factors.   

8.2.3     Low Fibrinogen Levels 

 Fibrinogen is converted into fi brin by thrombin 
and binds platelets through the platelet receptor 
GPIIbIIIa, leading to a stable clot after the inter-
vention of factor XIII. 

 After cardiac surgery, low levels of fi brinogen 
are a common fi nding [ 9 ]. Low levels of fi brino-
gen after surgery have been associated with post-
operative bleeding in a number of studies [ 9 , 
 43 – 45 ]. Additionally, other studies have found an 
association between preoperative fi brinogen lev-
els and postoperative bleeding [ 46 – 49 ]. 

 The clinical conditions leading to low fi brino-
gen levels after cardiac surgery are similar to 
those leading to a consumption of coagulation 
factors. 

8.2.3.1     Functional Fibrinogen Tests 
 Low fi brin(ogen) levels lead to a poor clot fi rm-
ness. In general, there is presently a general opin-
ion that clot fi rmness may be most relevant than 
thrombin generation in the pathophysiology of 
severe postoperative bleeding in cardiac surgery. 

 Viscoelastic tests provide a measure of clot 
fi rmness based on the viscoelastic properties of 
the clot, namely, expressed in terms of “ampli-
tude” (mm) of the formed clot. For TEG, this is 
represented by the maximum amplitude (MA) 

  Fig. 8.2    Relationship 
between clotting time at 
ROTEM (after protamine 
administration) and 
postoperative bleeding. No 
signifi cant association was 
found (personal data).  CT  
clotting time       
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and for ROTEM as maximum clot fi rmness 
(MCF). However, these measures provide a com-
bined assessment of the interaction between 
fi brin(ogen) and platelets and are therefore not 
specifi c for fi brin(ogen) contribution to clot fi rm-
ness. To achieve this specifi c measure, the plate-
let contribution must be eliminated, and modifi ed 
TEG/ROTEM assays are available. Basically, 
platelet contribution is blunted by a GPIIbIIIa 
inhibitor in functional fi brinogen (FF) TEG and 
by cytochalasin D in FIBTEM (ROTEM). 

 The resulting values of MA and MCF at 
FF-TEG or FIBTEM are representative of 
fi brin(ogen) alone contribution to clot fi rmness. 

 There is an acceptable correlation between visco-
elastic tests measure of fi brin(ogen) contribution to 
clot fi rmness and fi brinogen levels as measured with 
the conventional Clauss method [ 50 ] (Fig.  8.3 ). 
However, the two measures are not interchangeable, 
since one represents fi brinogen concentration, the 
other a functional fi brinogen activity.

   At present, it is still unclear which levels of 
postoperative fi brinogen should lead to fi brino-
gen supplementation. Some authors suggest trig-
ger values of 1.0–2.0 g/L [ 51 – 53 ], while others 
suggest higher values in the setting of cardiac 
surgery [ 54 ]. 

 A specifi c issue is represented by the possibil-
ity of prophylactic correction of low preoperative 

fi brinogen levels. The recently released guide-
lines for the management of severe perioperative 
bleeding (European Society of Anaesthesiology) 
[ 54 ] consider the possibility of correcting values 
<3.8 g/L, based on a single, small randomized 
controlled trial [ 47 ]. However, an analysis of the 
existing literature [ 55 ] has demonstrated that pre-
operative fi brinogen levels have a very poor 
(about 10 %) positive predictive power for pre-
diction of severe postoperative bleeding. A trig-
ger value of 3.8 g/L would lead to an unacceptable 
90 % rate of superfl uous treatments. Trigger val-
ues settled around 2.0 g/L seems more adequate, 
but however a strategy based on postoperative 
values is certainly more reasonable.  

8.2.3.2     Therapeutic Interventions 
 Fibrinogen can be supplemented using three dif-
ferent strategies. FFP contains fi brinogen but 
actually at a very variable concentration. A rea-
sonable value can be settled at about 2 g/L [ 56 ], 
and therefore, the amount of FFP to increase 
fi brinogen levels by 1 g/L is about 30 mL/kg. 
Therefore, the same considerations applied to 
FFP as a source of factors increasing thrombin 
generation may be applied to FFP as a source of 
fi brinogen, the main problem remaining the large 
dose required to achieve a clinically relevant 
benefi t. 

  Fig. 8.3    Linear regression 
relationship between 
fi brinogen concentration 
(Clauss method) and 
maximum clot fi rmness at the 
FIBTEM ROTEM test 
(personal data). Dashed lines 
are 95 % confi dence interval. 
 MCF  maximum clot fi rmness       
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 A second source of fi brinogen is represented 
by cryoprecipitates. The fi brinogen content in 
cryoprecipitates is variable, but a value of 12 g/L 
seems reasonable [ 57 ]. In some countries, cryo-
precipitates are the standard of care for fi brino-
gen supplementation in case of acquired bleeding; 
however, they are not available in many European 
countries [ 58 ]. 

 Fibrinogen concentrate is probably the most 
effective treatment for fi brinogen defi ciency. 
The high concentration (20 g/L) allows treat-
ment without volume overload, and its purifi ed 
nature limits the risks associated with FFP and 
cryoprecipitates. The suggested dose is 25–50 
mg/kg [ 54 ]. Fibrinogen concentrate is not 
licensed for acquired bleeding in the UK and 
USA [ 58 ]. 

 Many studies suggest to settle the fi brinogen 
dose on the value of MCF at FIBTEM [ 17 – 19 ]. A 
target value of 22 mm at FIBTEM is suggested, 
and an equation to achieve the target has been 
proposed [ 59 ,  60 ]:
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[ ]

−
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⎟

× [ ]( )/140
   

However, following this equation leads to admin-
istration of large doses of fi brinogen concentrate. 
At present, we are lacking an evidence-based 
information with respect to the exact fi brinogen 
trigger values, targets, and dosage. 

 A recent RCT on postoperative fi brinogen 
concentrate administration demonstrated the effi -
cacy of this strategy in reducing postoperative 
bleeding and transfusions [ 61 ]. This study sug-
gested that a target MCF at FIBTEM in the range 
of 15–17 mm is enough to avoid severe 
bleeding. 

 Finally, FXIII has been proposed to increase 
clot fi rmness in the setting of the bleeding patient. 
However, a recent randomized controlled trial of 
FXIII supplementation in cardiac surgery failed 
to demonstrate any effect on bleeding and trans-
fusions [ 62 ].   

8.2.4     Thrombocytopenia 

 After cardiac surgery with CPB, a certain degree 
of thrombocytopenia is inevitable. Different fac-
tors concur in its determinism: platelet activation 
and adhesion to the CPB circuit, hemodilution, 
extensive use of cell-saver, platelet activation due 
to the elevated shear stress in critical parts of the 
CPB circuit, and thrombin-induced platelet 
activation. 

 Platelet counts about 30–40 % lower than the 
preoperative value are common fi ndings and are 
not necessarily associated with bleeding. In 
adults, platelet count rarely reaches critical levels 
unless in case of preoperative thrombocytopenia. 
This last condition can be found in patients oper-
ated under septic conditions or in patients with 
congenital cyanotic heart disease. 

8.2.4.1     POC Tests and Platelet Count 
 The diagnosis of thrombocytopenia is based on 
conventional cell count. However, thrombocyto-
penia may be suspected in case of low values of 
clot fi rmness (MA-MCF) with normal values of 
functional fi brinogen. When applying this con-
cept, however, it should be considered that the 
values of MA/MCF are not linearly correlated 
with the real viscoelastic properties of the clot.  

8.2.4.2     Therapeutic Options 
 The only therapeutic option is transfusion of 
platelet concentrates. Compensating a low plate-
let count with large doses of fi brinogen is a theo-
retical option which has never been confi rmed in 
large studies.   

8.2.5     Platelet Dysfunction 

 There are basically two mechanisms leading to 
acquired platelet dysfunction in cardiac surgery 
patients. The fi rst is related to the preoperative 
use of antiplatelet agents (aspirin and P2Y12 
receptor inhibitors); the second depends on the 
effects of surgery and CPB (platelet activation by 
the extensive thrombin generation and adhesion 
to foreign surfaces). As a result of these com-
bined effects, after cardiac surgery, platelet dys-
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function is an invariable fi nding. Both adhesion 
and aggregation are blunted, in a time-dependent 
fashion, by CPB [ 63 ]. 

 Platelet function tests (PFTs) in this setting 
have an important role. However, they are still 
poorly diffused in the clinical practice, and their 
role in preventing and treating postoperative 
bleeding is still a matter of debate. 

8.2.5.1     Platelet Function Tests 
before Surgery 

 Before surgery, coronary patients are usually 
treated with aspirin and/or P2Y12-inhibitors 
(ticlopidine, clopidogrel, prasugrel, and ticagre-
lor). Aspirin determines a mild increase in post-
operative bleeding [ 64 ]; conversely, 
P2Y12-inhibitors are associated with patterns of 
severe bleeding and risk of reoperation [ 65 ,  66 ]. 

 The existing guidelines suggest 5 days of drug 
discontinuation before surgery [ 67 ,  68 ], but it is 
admitted that even three days may be enough 
[ 67 ]. Platelet recovery after antiplatelet drug dis-
continuation is highly individual and somehow 
unpredictable [ 69 ]; for this reason, the use of 
PFTs to assess the correct timing of surgery after 
P2Y12-inhibitors discontinuation is considered a 
reasonable option [ 54 ,  70 ]. Conventional tests 
confi rm that preoperative assessment of platelet 
function may predict postoperative bleeding: a 
value <40 % of ADP-dependent platelet activa-
tion at light transmission aggregometry was 
found predictive of severe bleeding in clopidogrel- 
treated patients [ 71 ]. 

 Multiple-electrode aggregometry (MEA) has 
been proposed to assess ADP-dependent platelet 
reactivity in P2Y12-inhibitors treated patients. A 
study based on the Multiplate technology (Roche 
Diagnostics GmbH, Mannheim, Germany) pro-
posed a minimal value of 31 [U] at the ADP test 
as a suitable cutoff level for admitting patients to 
surgery, with a negative predictive power of 92 % 
[ 72 ]. Subsequently, a combination of ADP test 
and TRAP test was found to offer better accu-
racy: a minimal value of TRAP test of 75 [U] in 
patients with an ADP test <22 [U] was associated 
with a 100 % negative predictive power for severe 
bleeding [ 73 ] MEA was found useful even to 
detect patients that may be operated after a time 

from drug discontinuation shorter than fi ve days 
[ 74 ]. 

 Other POC-PFTs have shown an association 
between ADP-dependent preoperative platelet 
function and postoperative bleeding. Modifi ed 
TEG (TEG platelet mapping) may predict post-
operative bleeding in clopidogrel pretreated 
patients [ 75 ]. A preoperative value of MAadp 
<42.5 mm had a 78 % sensitivity and 84 % speci-
fi city for predicting excessive bleeding [ 75 ]. 

 The VerifyNow (Accumetrics Inc, San Diego, 
CA, USA) is another POC-PFT which can aid in 
determining the timing of cardiac surgery: preop-
erative values of ADP-dependent platelet inhibi-
tion >21 % in clopidogrel-treated patients have 
been found associated with a higher surgical revi-
sion rate and blood use in off-pump coronary sur-
gery [ 76 ]. A previous study demonstrated an 
association between preoperative VerifyNow 
P2Y12 platelet inhibition and blood loss and 
blood use in coronary patients under double anti-
platelet therapy until three days before surgery 
[ 77 ]. 

 Recently, ROTEM has provided a ROTEM 
platelet device based on multielectrode 
aggregometry, but no data are available at 
present.  

8.2.5.2     Platelet Function Tests 
after Surgery 

 After surgery, PFTs show different degrees of 
platelet dysfunction, depending on the preopera-
tive use of antiplatelet agents, the type of surgery, 
and the duration of CPB. Low levels of platelet 
function after surgery have been associated with 
postoperative bleeding [ 78 ,  79 ]. Algorithms 
including PFTs for the diagnosis of postoperative 
bleeding exist, including trigger values for des-
mopressin infusion or platelet concentrate trans-
fusions. A recent study proposed MEA test values 
for triggering interventions aimed to increase 
platelet function: a TRAP test <50 [U] and/or an 
ASPI test <30 [U] and/or an ADP test <30 [U] 
[ 34 ]. Previously, another study suggested the fol-
lowing values: TRAP test <50 [U] and/or an 
ASPI test <20 [U] and/or an ADP test <30 [U] to 
trigger platelet concentrates transfusions in 
actively bleeding patients after cardiac surgery 
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[ 36 ]. These values, however, are empirical and 
not yet validated; they have been proposed within 
algorithms including other POC tests to rule out 
other possible causes of bleeding. The combina-
tion of drug-related factors with operation-related 
factors makes diffi cult a clear determination of a 
specifi c value of postoperative platelet activity 
responsible for severe bleeding.  

8.2.5.3     Therapeutic Interventions 
 The most reasonable approach to the treatment of 
drug-related platelet dysfunction bleeding is the 
transfusion of platelet concentrates. In patients 
treated with ticagrelor, the transfused platelets 
may be attacked by the still active forms of the 
drug, given the pharmacokinetic of ticagrelor. 

 Desmopressin (0.3 μg/kg) may be used to treat 
surgical bleeding due to acquired platelet dys-
function, especially in the setting of acquired von 
Willebrand disease (aortic stenosis patients) [ 80 ] 
and after CPB. Despite a low level of evidence, 
this approach is included in the European 
Guidelines [ 54 ].   

8.2.6     Hyperfi brinolysis 

 Hyperfi brinolysis has been identifi ed as a cofac-
tor of hemostatic impairment during cardiac sur-
gery contributing to cardiopulmonary bypass 
coagulopathy and microvascular bleeding [ 81 ]. 

 Fibrinolysis is responsible for fi brin degrada-
tion and consequently for clot breakdown. 
Fibrinolysis starts when plasmin cleaves fi brin 
and fi brinogen. The process is triggered by the 
plasminogen activators as tissue plasminogen 
activator (t-PA) released by the Weibel-Palade 
bodies of endothelial cells and urokinase plas-
minogen activator synthesis by monocytes, mac-
rophages, and fi broblasts. The process is regulated 
by the plasminogen activator inhibitors (PAI) 
type 1 and 2, the thrombin activatable fi brinolytic 
inhibitor (TAFI), and the α-2-antiplasmin. The 
most important systemic plasminogen inhibitor 
PAI 1 is mainly released by platelets at the site of 
a forming thrombus. Hyperfi brinolysis occurs 
when the balance between fi brinolysis activators 
and inhibitors is altered [ 82 ,  83 ]. 

 Activation of fi brinolysis depends on several 
simultaneous mechanisms [ 84 ], and both intrin-
sic and extrinsic coagulation pathways can initi-
ate fi brinolysis [ 14 ]. 

 Cardiac surgery using CPB is associated with 
increased fi brinolytic activity compared to off- 
pump cardiac surgery. During cardiopulmonary 
bypass, excessive fi brinolysis can due to either 
primary or secondary fi brinolysis (i.e., as related 
to reduced fi brinolysis inhibitors such as PAI-1, 
alpha 2-antiplasmin) [ 83 ]. Before weaning from 
CPB, a discrepancy between plasma levels of 
plasmin and alpha 2-antiplasmin is observed due 
to alpha 2-antiplasmin absorption to extracorpo-
real surfaces [ 85 ]. The high thrombin generation 
throughout CPB associated with the contribu-
tions of high levels of epinephrine, bradykinin 
and vasopressin trigger a high fi brinolytic activ-
ity [ 2 ]. Almost immediately after CPB initiation, 
t-PA levels rise 6-fold and plasmin generation 
suffers a 100-fold increase [ 86 ]. Besides, alterna-
tive pathways of fi brinolysis as neutrophil 
elastase- mediated fi brin digestion may also con-
tribute to hyperfi brinolysis during CPB demon-
strating that the systemic infl ammatory response 
syndrome induced by CPB is closely related to 
hemostatic phenomena [ 87 ]. Plasmin interacts 
also with the infl ammatory system triggering the 
complement cascade and kallikrein [ 14 ]. 

 The fi brinolytic response to CPB is heteroge-
neous, and large interindividual variations in 
fi brinolytic response have been observed during 
CPB. The most frequent (40 %) pattern or typical 
response consists in a rapid rise in active and total 
t-PA during CPB followed postoperatively by 
elevated PAI-1 and reduced t-PA. Approximately 
one-third of patients show no change in fi brino-
lytic parameters. When present, the t-PA response 
is rapid, occurring within the fi rst 30 min of CPB 
and is more common in patients undergoing 
valve surgery than in coronary artery bypass 
grafting [ 88 ,  89 ]. Some studies have described 
the infl uence of genetic factors as 675 (4G75G) 
polymorphism, on the plasma levels of PAI 1, 
t-PA, and t-PA/PAI-1 complex [ 90 ]. The main 
factors contributing to fi brinolysis are the t-PA 
released from CPB-mediated contact activation 
of factor XII, thrombin, or hypothermia or 
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released from the traumatized shocked endothe-
lial cells or returned from the blood suctioned 
from the pericardial cavity [ 91 – 93 ]. 

 Moreover, hyperfi brinolysis could affect other 
aspects of hemostasis. For instance, plasmin may 
reduce platelet adhesion and aggregation by deg-
radation of von Willebrand receptor glycoprotein 
Ib and platelet fi brinogen receptor glycoprotein 
IIb/IIIa, respectively [ 94 ]. 

 Hyperfi brinolysis can be classifi ed as primary 
and secondary hyperfi brinolysis. Primary is inde-
pendent to high amounts of thrombin generation, 
whereas secondary hyperfi brinolysis is the con-
sequence of activation of coagulation and throm-
bin formation. Secondary hyperfi brinolysis is not 
always harmful as it prevents end organ damage 
caused by microvascular fi brin deposition during 
disseminated intravascular coagulation [ 81 ]. 

8.2.6.1    Therapeutic Interventions 
 When bleeding is associated to primary hyperfi -
brinolysis, the use of an antifi brinolytic agent is 
appropriate. Several studies and meta-analyses 
have shown the synthetic lysine analogues and 
aprotinin to be effective in reducing bleeding and 
the need for blood transfusion during high-risk 
cardiac surgery, as compared with placebo 
[ 95 – 99 ]. However, the blood conservation using 
antifi brinolytics in a randomized trial (BART) 
demonstrated a strong and consistent negative 
mortality trend associated with aprotinin com-
pared to lysine analogues, leading to aprotinin 
withdrawal worldwide by manufacturer in 2007 
[ 100 ]. The synthetic lysine analogues tranexamic 
acid (TXA) and epsilon-aminocaproid acid 
(EACA) inhibit in a reversible way the fi brino-
lytic enzyme plasmin. Both are indicated to 
reduce the number of patients who require blood 
transfusion and to reduce total blood loss after 
cardiac operations. However, these agents are 
slightly less potent drugs, and the safety profi le 
of these drugs is less well studied compared with 
aprotinin [ 66 ]. 

 A wide range of dosages of antifi brinolytic 
drugs has been proposed [ 101 ]. Suggested TXA 
doses during cardiac surgery varies from a load-
ing dose of 12.5 mg/kg followed by an infusion 
of 6.5 mg/kg/h [ 102 ] up to higher doses such as 

20 g administered during a period of 12 h [ 103 ]. 
Often, the chosen regime is not denoted by phar-
macokinetic studies. It has been observed that 
plasma levels are maintained over the therapeutic 
level for most of the duration of cardiopulmonary 
bypass with a regime of 10 mg/kg loading dose 
followed by an infusion of 1 mg/kg/h for up to 2 
h after arrival in intensive care unit. The dosing of 
TXA is important because its side effects are 
dose related [ 104 ]. The administration of high 
doses of TXA has been associated to a higher rate 
of seizures in the postoperative period [ 104 ,  105 ]. 
The safer scheme and optimal dosing regimen for 
lysine analogues in cardiovascular surgery has 
still to be established [ 101 ]. Currently, a new 
antifi brinolytic drug CU-2010 is in clinical devel-
opment [ 106 ]. 

 Monitoring the fi brinolytic activity can be 
made by the determination of D-dimers, FDP, 
and XDP plasma levels or using viscoelastic 
tests. The D-dimer, FDP, an XDP levels are not 
quickly and immediately available. Besides, 
D-dimers are not useful to determine the etiology 
of coagulopathy in situations of perioperative 
bleeding, as its concentration is usually increased 
postoperatively in all patients [ 81 ]. Viscoelastic 
hemostatic assays such as TEG and ROTEM are 
the current most useful clinical hemostatic test 
used in perioperative setting to determine hyper-
fi brinolytic status in bleeding patients. However, 
it has been argued that the viscoelastic tests only 
detect the most severe forms of systemic hyperfi -
brinolysis, but lower degrees of fi brinolysis may 
critically infl uence the outcome too [ 107 ]. 

 The TEG parameters of lysis are the Ly30 and 
Ly60 (percentage of lysis 30 and 60 min after 
maximum amplitude respectively) and the EPL 
(estimated percent lysis parameter). Both param-
eters measure the decrease in amplitude of the 
trace as a function of time and refl ect the loss of 
clot integrity due to clot lysis [ 108 ]. ROTEM 
parameters of lysis are maximum lysis (ML) [%] 
and clot lysis index 30 or 60 min after maximum 
clot fi rmness (CLI30; CLI60) [%]. Monitoring 
can be performed in EXTEM or HEPTEM tests 
that allow for timely detection of hyperfi brinoly-
sis even under the conditions of anticoagulation 
with heparin during cardiopulmonary bypass. In 
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addition, the APTEM test consists in a specifi c 
ROTEM assays that test the in vitro effect of anti-
fi brinolytics (i.e., aprotinin) in a whole blood 
sample of a bleeding patient [ 109 ]. According to 
some published protocols in cardiac surgery, 
hyperfi brinolytic state needing antithrombotic 
therapy is diagnosed in the presence of EPL >7.5 
% in TEG analysis [ 110 ] or CLI60 <85 % accord-
ing to ROTEM analysis during or after CPB [ 36 ].   

8.2.7     Surgical Sources 

 The nature itself of cardiac surgery involves the 
risk of surgical sources of bleeding (suture lines, 
small arteries, collateral vessels, and others). In 
this setting, the value of POC tests relies on their 
high negative predictive value. In the setting of 
the bleeding patient, each test should be applied 
to rule out residual heparin effects, poor throm-
bin generation, poor clot fi rmness, and hyperfi -
brinolysis. Once none of these factors appear to 
be involved, surgical revision of the patient is 
warranted.   

8.3     Bleeding in Pediatric Cardiac 
Surgery 

 Children that undergo cardiac surgery are partic-
ularly prone to surgical and CPB effects on the 
coagulation system. Early postoperative hemor-
rhage is independently associated with increased 
mortality in infants after cardiac surgery [ 111 ]. 
Besides the alterations of coagulation due to 
exposure to CPB, the risk for postoperative coag-
ulation disorders in this population is increased 
by small age and body weight, as well as pre- 
existing congenital and acquired coagulation dis-
orders, specifi c for cardiac congenital heart 
disease. 

8.3.1     Preoperative Conditions 

8.3.1.1    Developmental Hemostasis 
 The concept of developmental hemostasis, intro-
duced by Andrew and colleagues [ 112 – 115 ], 

states that the hemostatic system of newborns 
and infants is effective and they do not suffer 
from spontaneous hemorrhagic complications, 
but their concentration of the majority of coagu-
lation proteins, as measured by functional assays, 
varies signifi cantly with age. At birth. plasma 
concentrations of the vitamin K-dependent and 
contact factors are decreased, whereas fi brino-
gen, FV, FVIII, and FXIII are similar or increased 
compared with adults. Plasma concentrations of 
plasminogen are decreased, whereas tissue plas-
minogen activator and plasminogen activator 
inhibitor are increased. The hemostatic system of 
the young is a dynamic process. Within the fi rst 6 
months of life, at times even later, the concentra-
tion of the coagulation factors reaches the adult 
levels. Reference ranges for ROTEM and TEG 
are determined for all pediatric age groups 
[ 116 – 118 ].  

8.3.1.2    Congenital Heart Disease (CHD) 
and Coagulation 

 In patients with CHD, the heart defect itself com-
promises coagulation. Neonates and infants with 
single-ventricle or two-ventricle physiology have 
lower levels of pro-coagulant and anticoagulant 
factors compared to healthy children of the same 
age group [ 119 ,  120 ]. POC-based studies (TEG 
and ROTEM) indicate that children of less than 1 
year affected by congenital heart disease have a 
lesser balance between coagulation and fi brinoly-
sis compared to healthy children of the same age 
[ 121 ,  122 ] and that cyanosis and/or polycythemia 
has the major negative impact on hemostasis 
[ 123 ]. 

 The shear stress-induced degradation of VWF 
might be the cause of the high frequency of 
acquired von Willebrand disease in pediatric 
patients with a shunt defect or valve stenosis 
associated with increased shear [ 124 ,  125 ].  

8.3.1.3    Special Considerations 
in Children with Cyanotic Heart 
Disease 

 Cyanotic heart disease is associated with a sig-
nifi cant tendency to bleeding. Platelet count 
reduction in cyanotic children is an ongoing pro-
cess. In 25 % of the patients of a study that 
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included Eisenmenger syndrome patients, the 
authors found thrombocytopenia. They hypothe-
sized that platelets are reduced due to right-to- 
left intracardiac shunts that bypass the lungs 
where megakaryocytes are fragmented into plate-
lets [ 126 ]. Born aggregometry studies have 
shown a higher platelet reactivity compared to 
controls in children with cyanotic heart disease 
[ 127 ]. At hematocrit levels over 60 %, due to 
blood hyperviscosity, there is an overproduction 
of platelet microparticles and suppression of 
platelet aggregation [ 128 ]. Recently, some 
authors reported impaired fi brinogen functional-
ity (detected by TEG and TEG FF) in patients 
with cyanotic heart disease [ 129 ,  130 ].   

8.3.2     Intraoperative Bleeding 
Mechanisms in Pediatric 
Cardiac Surgery 

 Exposure to CPB puts in jeopardy the fragile 
hemostatic balance of the young. The mecha-
nisms of intraoperative coagulation alterations 
are the same as for adult patients, but the impact 
they have on the children hemostasis is more pro-
nounced. On CPB levels of coagulation, factors 
and platelet counts are lower than the adult ones 
because the preoperative coagulation alterations 
sum up with coagulation factors consumption 
and massive dilution by CPB priming. In an aver-
age adult, the CPB priming volume is 1/3–1/4 of 
total blood volume (i.e., 1000–1500 mL of prim-
ing to 4200–4500 mL of total blood volume). For 
a newborn, it can be 1–1.5 times the total blood 
volume (i.e., 250–300 mL of priming volume to 
200–250 mL of total blood volume). In a study in 
neonates, at the initiation of CPB, the authors 
found 50 % decrease in circulating coagulation 
factors and antithrombin levels, as well as 70 % 
of platelet count reduction [ 131 ]. 

8.3.2.1    Low Thrombin Generation 
 In pediatric cardiac surgery, thrombin generation 
has been studied with the markers of thrombin 
generation such as TAT and F 1.2 and recently 
with calibrated automated thrombography [ 132 ]. 
Preoperative thrombin generation is a predictive 

risk factor for postoperative bleeding [ 133 ], but 
intraoperative data is lacking. The information 
that viscoelastic tests give on thrombin genera-
tion is used in the perioperative settings for its 
evaluation. To date, there are no cutoff values that 
can guide therapy. In a recent algorithm, CT 
≥111 s was suggested to trigger hemostatic ther-
apy [ 33 ]. 

 FFP and cryoprecipitates are the sources of 
coagulation factors more used in pediatric 
patients. Where available, especially in small 
patients, cryoprecipitate (0.5–1 Unit/kg) is a 
much more effi cient source of coagulation fac-
tors than FFP. 

 PCCs have been successfully used in pediatric 
cardiac surgery, but concern still remains about 
thromboembolic events reported in adult patients. 
In a recent study, infusion of a PCC (0.1 mg/kg of 
4-factor PCC) in infants younger than 1 year 
reduced postoperative bleeding and red blood 
cell transfusion [ 134 ]. 

 There is little evidence to guide clinicians on 
the most effective or safe dose of rFVIIa for off- 
label indications of rFVIIa. In the hemostasis 
registry of Australia and New Zealand, FVIIa 
was administered in 202 cardiac surgery patients, 
the fi rst dose ranging from 90 to 193 mcg/kg, and 
8 % of patients experienced a thromboembolic 
event [ 135 ,  136 ].  

8.3.2.2    Low Fibrinogen Level 
 Hemodilution and consumption are the leading 
causes for low fi brinogen level after pediatric car-
diac surgery. Recently, there is an increasing aware-
ness on the role of fi brinogen and clot fi rmness in 
the postoperative hemostasis even in this group of 
patients. Fibrinogen concentrations of less than 1.5 
g/L and a MCF less than 3 mm predict excessive 
blood loss in pediatric cardiac surgery [ 45 ]. Cutoff 
levels to trigger pharmacological intervention are 
not yet established. In a recent TEM-based algo-
rithm, the authors propose A10 ≤3 mm on FIBTEM 
to be the guiding level for hemostatic therapy [ 33 ]. 
Fibrinogen supplements can be provided by FFP, 
cryoprecipitate, and fi brinogen concentrations. 
FFP is traditionally used in pediatric cardiac sur-
gery, especially in newborns, for CPB priming, and 
in the post-CPB period, to avoid and treat hypofi -
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brinogenemia. Fibrinogen concentrates (60 mg/kg) 
were as effective as cryoprecipitate in the treatment 
of postoperative bleeding in a study in pediatric 
cardiac surgery [ 137 ]. Although low levels of 
fi brinogen are found to correlate with postoperative 
blood loss, prophylactic use of FFP in the priming 
solution does not provide the presumed clinical 
benefi ts [ 138 ,  139 ].  

8.3.2.3    Decreased Platelet Count 
and Function 

 Both platelet count and platelet aggregation are 
markedly reduced during surgery with the great-
est reduction on CPB. The duration of CPB and 
hypothermia are associated with signifi cant 
changes in platelet function [ 140 ,  141 ]. 

 Due to the complexity of platelet function and 
heterogeneity of platelet testing assays, data on 
intraoperative platelet testing should be inter-
preted carefully. Platelet function tested with 
MEA TRAP test and cone and platelet analyzer 
have shown no correlation with postoperative 
blood loss [ 142 ,  143 ]. Other authors fi nd correla-
tion between platelet function tested with MEA 
and platelet function analyzer and transfusion 
requirements [ 140 ,  144 ,  145 ]. 

 Platelet transfusions of 0.5–1.0 unit/kg is the 
fi rst-line therapy for the low platelet count and 
platelet dysfunction.  

8.3.2.4    Hyperfi brinolysis 
 Besides the demonstrated importance of fi brino-
lysis in adult patients, a few studies have investi-
gated fi brinolysis during CPB surgery in children. 
Hyperfi brinolysis accompanying CPB in children 
can cause signifi cant bleeding in this population 
after CPB [ 146 ]. 

 Fibrinolysis defi ned at TEG as A30/MA less 
than 0.85 was found in 16 % of children during 
CPB. It occurred in young children undergoing 
complex surgery with prolonged CPB and deep 
hypothermia [ 147 ]. 

 Prevention of hyperfi brinolysis with lysine 
analogues, especially with tranexamic acid, is 
given routinely in pediatric cardiac surgery. 
Different infusion protocols and dosages are in 
use nowadays. In a dose-ranging study of TXA, 
the authors found the most effective dosing 

scheme, a 10 mg/kg load, 10 mg/kg in the pump 
prime, and 10 mg/kg after protamine [ 148 ]. 

 In conclusion, POCs can be used in pediatric 
cardiac surgery to detect coagulation abnormali-
ties in the preoperative period [ 124 – 130 ], to pre-
dict postoperative bleeding and to guide its 
treatment [ 149 – 152 ].       
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  9

        Postpartum hemorrhage (PPH) is the leading 
cause of severe maternal morbidity and mortality 
worldwide. 

 Its management is complex and requires 
timely interventions, skilled personnel, human, 
technological and fi nancial resources, and well- 
organized maternity services. A treatment failure 
or near misses could be the results of misdiagno-
sis or a delay in diagnosis of the underestimation 
of the bleeding rate and of a lack of adequate edu-
cation and training together with a defi ciency in 
the organization. 

 This chapter focuses the attention on the 
hemostatic management of severe obstetric 
hemorrhage. 

9.1     Defi nitions 
and Epidemiology 

 A satisfactory defi nition of PPH does not exist, 
but traditionally, primary PPH is defi ned as a 
blood loss of 500 mL or more from the genital 

tract within 24 h from the birth of a baby, and it 
can be minor (500–1000 mL), moderate (1000–
2000 mL), or severe (more than 2000 mL). 
Massive PPH has been defi ned as a bleeding 
>2500 mL and is associated with signifi cant 
 morbidity such as hysterectomy and need for 
intensive care admission (  http://www.healthcare-
improvementscotland.org    ). The amount of blood 
loss is very diffi cult to clinically assess and is 
usually underestimated [ 1 ]. Other defi nitions of 
PPH are the following: a decline in hemoglobin 
of 4 g/dL or more, transfusion of at least 4 units 
of red blood cells, or the need for embolization or 
operative intervention. 

 A recent systematic review [ 2 ] has estimated a 
global prevalence of PPH to be 10.8 % and severe 
PPH to be 2.8 %. 

 It is well known that there is a regional varia-
tion of postpartum hemorrhage (≥500 mL) rang-
ing from 7.2 % in Oceania to 25.1 % in Africa, 
while the prevalence of a blood loss equal or 
above 1000 mL is higher in Africa (5.1 %) and 
lower in Asia (1.9 %). 
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 In developed countries such as Europe and 
North America, the prevalence is around 13 %, 
being higher for multiple pregnancies (32.4 % 
compared with 10.6 % for singletons) and for fi rst-
time mothers (12.9 % compared with 10.0 % for 
women in subsequent pregnancies). Furthermore 
there are some evidences of an increased incidence 
in PPH in Canada, the UK, Australia, and the USA 
between 2001 and 2006 related to a rise in obesity. 

 On the contrary it is possible that the lower 
prevalence of PPH in Asian women is related to 
regional differences in genetics or underlying 
risk factors such as a lower incidence of obesity 
in Asia.  

9.2     The Pathogenesis of PHH 

 There are several causes of PPH, classifi ed 
according to their underlying pathophysiology: 
tone (uterine atony), tissue (placenta accreta, per-
creta, increta, previa), trauma (laceration of cer-
vix, vagina), and thrombin (congenital 
coagulation disorders). Uterine atony is the lead-
ing cause of massive obstetric hemorrhage, diffi -
cult to be predicted. 

9.2.1     Pregnancy-Induced 
Coagulation Changes 

 It is important to highlight that at term the hemo-
static system is unbalanced toward a prothrom-
botic state, due to an increase of procoagulant 
factors VII, VIII, IX, X, XII, von Willebrand, and 
fi brinogen. In particular the fi brinogen level is 
markedly increased, reaching 4–6 g/L compared 
with the nonpregnant normal range of 
2–4 g/L. Prothrombin (FII) and factor V remain 
unchanged, while factor XI is somewhat reduced 
[ 3 ,  4 ]. On the other hand, there is a decrease of 
the natural anticoagulant protein S level. These 
changes are responsible for the shorter prothrom-
bin time (PT) and activated partial thromboplas-
tin time (aPTT) and for the increase of 
thromboelastometric parameters such as maxi-
mum amplitude (MA) and maximum clot fi rm-
ness (MCF) [ 5 ]. 

 Plasma fi brinolytic activity is reduced during 
pregnancy, remains low during labor, and increases 
at the time of delivery due to the reduction of the 
fi brinolytic inhibitors (PAI-1 and 2) and to the high 
levels of plasminogen tissue factor (t-PA). 

 Five different studies with different entry cri-
teria demonstrated that low fi brinogen levels in 
the early stages of PPH have similar predictive 
values. In particular, a fi brinogen level <2 g/L is 
associated with progression to severe PPH. 

 Charbit and associates [ 6 ] showed that in 
women at the time of a second-line uterotonic for 
atony, a fi brinogen level <2 g/L had a positive 
predictive value (PPV) of 100 % for progression 
to severe PPH, while a level >4 g/L had a nega-
tive predictive value of 79 %. 

 Collins and associates [ 7 ] recently investi-
gated the utility of FIBTEM A5 and Clauss 
fi brinogen as predictors of progression of PPH in 
a consecutive cohort of 356 women in a 1-year 
period (2012–2013), all experiencing a bleeding 
>1000 mL. Entry criteria were a bleeding of 
1000–1499 plus cesarean section or uterine atony 
or placental abruption or placenta previa or 
microvascular bleeding or cardiovascular insta-
bility or any bleeding >1500 mL. Blood samples 
were collected before any administration of pro-
hemostatic drugs or blood component therapy. 

 The primary outcome was to evaluate the util-
ity of FIBTEM A5 and/or Clauss fi brinogen as 
predictors of progression to massive hemorrhage 
(>2500 mL). Other outcomes were transfusion of 
<4 or ≥4 units of red blood cells, transfusion <8 
or ≥8 of any blood product (red blood cells, fresh 
frozen plasma, or platelets), need for an invasive 
procedure, bleeding duration, and length of stay 
in the high-dependency unit. 

 The positive predictive value for progression 
to any transfusion of a fi brinogen <2 g/L or 
FIBTEM A5 <10 mm was 75 and 71 %, respec-
tively; these values reached 100 % in women 
with ongoing bleeding at study entry. For pro-
gression to massive PPH (>2500 mL) in the fi nal 
multivariate analysis, only FIBTEM A5 was an 
independent predictor. 

 The median fi brinogen level of women trans-
fused with ≥4 units RBCs was 2.6 g/L compared 
with 3.9 g/L for those not transfused. 
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 During PPH, coagulopathies may develop 
secondary to the dilution related to volume 
replacement and to the loss and consumption of 
coagulation factors. All these factors lead to a fall 
in fi brinogen levels and platelet count and affect 
thrombin generation.   

9.3     Coagulation Monitoring 

 To date there are mainly two different strategies 
to monitor coagulation changes during PPH: the 
fi rst is based on standard laboratory tests (PT/
aPTT and Clauss fi brinogen) and the second on 
point-of-care coagulation testing devices such as 
thromboelastometry/thromboelastography. 

 Despite the hemostatic derangement, standard 
coagulation tests (PT/aPTT) remain normal until 
the blood loss reaches 4000–5000 mL, while the 
fi brinogen levels fall earlier than the other coagu-
lation factors [ 8 ]. Recent data show that a low 
Clauss fi brinogen (<2 g/L) and a reduced maxi-
mum amplitude at the ROTEM device are accu-
rate biomarkers for the progression to severe 
PPH, and the recent ESA guidelines [ 9 ] recom-
mend thromboelastometric measurements in 
order to identify the contribution of fi brinogen to 
clot strength. 

 Conventional coagulation tests typically 
require 45–60 min to be available; they are not 
adequate to diagnose hyperfi brinolysis, and their 
results may not infl uence the initial resuscitation 
although they are a useful baseline for later man-
agement of blood component therapy. 

 Viscoelastic tests such as rotational thrombo-
elastometry or thromboelastography are dynamic 
tests which give information on the whole coagu-
lation process from the initiation of clot forma-
tion through fi brinolysis. The major advantages 
of point-of-care testing are that the clinicians can 
rapidly identify if the bleeding has a coagulo-
pathic or a surgical origin. Furthermore there is 
good evidence that the ROTEM FIBTEM A5 
assay can be used as a surrogate for Clauss fi brin-
ogen during PPH [ 7 ,  10 ,  11 ]. 

 In a prospective observational study, Houissoud 
and associates [ 11 ] compared 51 women with 
PPH to a control group and demonstrated that in 

ROTEM, FIBTEM clotting amplitudes were 
lower in the PPH group in comparison with the 
control group. Furthermore a strong correlation 
between fi brinogen levels and the FIBTEM 
parameters was present in both groups. The 
Clauss fi brinogen threshold of 2 g/L corresponded 
to a FIBTEM A5 of 6 mm and to a FIBTEM A15 
of 8 mm with a sensitivity of 100 % both and a 
specifi city of 87 and 84 %, respectively. It is 
important to consider that thromboelastometry 
normal ranges at the time of delivery differ from 
the nonpregnant normal range. Armstrong and 
associates [ 12 ] studied ROTEM parameters from 
60 healthy pregnant women presenting for elec-
tive cesarean section and 60 matched nonpregnant 
female controls presenting for elective surgery 
and demonstrated that pregnant women had sig-
nifi cant lower INTEM CT, CFT, and EXTEM 
CFT ( p  < 0.001) and higher MCF in INTEM, 
EXTEM, and FIBTEM ( p  < 0.001) in comparison 
to the control nonpregnant group. 

 De Lange et al. [ 5 ] in a Dutch multicenter 
study reported ROTEM reference values after 
having collected blood samples from 161 women 
at two different times: time 1 during labor 
between 6 and 10 cm cervical dilatation or before 
elective cesarean section and time 2 within 1 h of 
delivery of the placenta. They found a shorter CT 
and CFT in EXTEM and INTEM and larger A10, 
A20, and MCF in INTEM and FIBTEM in preg-
nant women in comparison with reference values 
in nonpregnant adults. Parameters before and 
after labor were not different, and there was a 
strong correlation between ROTEM FIBTEM 
and fi brinogen concentration. 

 All these data are extremely important because 
of the increasing use of viscoelastic tests in post-
partum hemorrhage management and in order to 
defi ne specifi c triggers for hemostatic therapy in 
this setting.  

9.4     The Hemostatic 
Management of PPH 

 Rapid diagnosis and early treatment of PPH are 
critical for a favorable patient outcome. It is well 
known that the underestimation of the speed and 
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extent of hemorrhage, delay in blood transfusion, 
lack of treatment algorithm, lack of adequate 
education and training, poor communication, and 
defi ciencies in organization [ 13 ] are responsible 
for failures in treatment. 

 The hemostatic management of PPH is chal-
lenging, and current guidelines rely on experi-
ence from the nonpregnant population and expert 
opinion. 

 Three different approaches are used to date for 
the management of PPH: a laboratory-driven 
approach, a formula-driven one, and, more 
recently, a goal-directed strategy based on visco-
elastic coagulation monitoring. 

9.4.1     Laboratory-Driven Strategy 

 This approach derived from the past guidelines 
[ 14 – 16 ] recommends to start red blood cell 
(RBC) transfusion as soon as possible together 
with warm crystalloid and colloid solutions for 
the volume replacement. 

 Fresh frozen plasma (FFP) should be used 
when the results of PT/aPTT are available and 
>1.5 × normal at the standard dose of 12–15 mL/
kg or a total of 1 l every 6 units of RBC. Platelet 
concentrates (PLT) should be transfused if plate-
let count <50 × 10 9 /L and cryoprecipitated (2 
pools) if fi brinogen level <1 g/L with the goal to 
keep:

•    Hemoglobin >8 g/dl  
•   Platelet count >75 × 10 9 /L  
•   PT/aPTT <1.5 × normal control  
•   Fibrinogen >1 g/L    

 This kind of approach is now considered 
unsatisfactory especially in case of severe/mas-
sive PPH and in case of hemodynamically unsta-
ble patients, when there is no time to wait for the 
result of standard laboratory test.  

9.4.2     The Formula-Driven Approach 

 In order to save time, most centers have recently 
adopted the strategy used for the management of 

trauma-induced coagulopathy based on the deliv-
ery of predefi ned “shock packs” (the so-called 
formula-driven approach). 

 This strategy, derived from trauma experi-
ences, consists in the adoption of formulaic 
protocols based on the release of blood compo-
nent therapy in fi x ratio 1:1 RBC/FFP or 1:1:1 
RBC/FFP/PLT, adding cryoprecipitate later on 
during resuscitation. A number of retrospective 
studies, in the last decade, have reported a cor-
relation between earlier and higher FFP to RBC 
transfusion ratios and improved survival and 
outcomes. In comparison to traumatology data, 
fewer studies have been conducted in obstetric 
setting. 

 In 2007 Burtelow and associates [ 17 ] 
described the implementation of a massive trans-
fusion protocol for life-threatening primary post-
partum hemorrhage consisting in the release of 6 
units of group 0 D-negative RBC, 4 units of FFP, 
and 1 apheresis unit of platelets (fi xed ratio 
6:4:1). This fi xed pack allowed the blood bank to 
quickly release blood component therapy during 
the acute phase of resuscitation and the clinicians 
to anticipate and probably prevent dilutional 
coagulopathy. After the fi rst pack (6:4:1), the 
protocol consisted in the release of other FFP, 
platelets, and cryoprecipitate units on the basis of 
the standard coagulation laboratory results. The 
same group in 2011 [ 18 ] analyzed the impact of 
their massive transfusion protocol (fi x pack 
6:4:1) on blood inventory and the wastage rates 
of blood components. 

 The rationale for a fi xed ratio approach is to 
recapitulate whole blood and to maintain throm-
bin generation and fi brinogen concentration by 
the replacement of coagulation factors as soon as 
possible. 

 However recent data from trauma research 
demonstrated the inability of this strategy to 
maintain good levels of fi brinogen. 

 Moreover the major disadvantage of a formu-
laic unmonitored approach is the risk of an over-
treatment of women with a normal coagulation 
profi le at admission and a dilution effect on 
fi brinogen level, if it is considered that plasma 
derived from donors contains approximately 
2 g/L of fi brinogen. 
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 Early empirical transfusion of FFP might be 
justifi ed in cases:

•    Of consumption (e.g., amniotic fl uid embolism)  
•   Of expected very large volumes of blood loss 

(placenta abnormalities, e.g., placenta accreta)  
•   Of hemodynamically instability     

9.4.3     The Goal-Directed Approach 

 This strategy was started in German-speaking 
countries since 20 years ago, and it can be con-
sidered a tactical approach to the problem. It is 
based on the rapid differential diagnosis of coag-
ulopathies through the use of viscoelastic coagu-
lation monitoring devices (ROTEM, TEG) with 
the possibility to step by step treat the coagula-
tion abnormality without using an empirical or 
formulaic approach, avoiding unnecessary blood 
component transfusions and using prohemostatic 
drugs such as antifi brinolytic agents, fi brinogen 
concentrate, and prothrombin complex 
concentrates. 

 Different algorithms were recently published 
from different groups. 

 Girard and associates in 2014 [ 19 ] proposed 
an algorithm from a German-speaking countries’ 
(Austria, Germany, and Switzerland) working 
group of obstetricians, anesthesiologists, and 
hemostasis specialists. 

 The algorithm is based on four steps:

•    Step 1 (no more than 30 min): recognize PPH, 
establish monitoring measures, identify the 
source of bleeding, and try to increase the 
uterine tone.  

•   Step 2 (no more than 30 min): is focused on 
the interdisciplinary management of obstetri-
cians, anesthesiologists, and hemostasis spe-
cialists. During this step every effort should 
be done to anticipate the development of 
coagulopathy. Point-of-care coagulation 
monitoring (ROTEM or TEG) should be 
scheduled, and tranexamic acid (2g IV) and 
fi brinogen concentrate (2–4 g) should be 
administered; RBC, FFP, and platelet concen-
trates are requested.  

•   Step 3: the goal is to maintain hemodynamic 
stability and to stop bleeding.  

•   Step 4: if the bleeding persists, invasive mea-
sures are necessary such as interventional 
radiology procedures or surgery.    

 At any time it is mandatory to avoid acidosis, 
hypothermia, and hypocalcemia. 

 In 2014 Mallaiah and associates [ 20 ] pub-
lished the results of a prospective study at the 
Liverpool Women’s Hospital comparing the 
transfusion requirements and patient outcomes 
using the traditional “shock pack” containing 4 
RBC units, 4 FFP units, and 1 adult dose of plate-
lets versus a pack containing fi brinogen (fi brino-
gen phase) in place of FFP and platelets. The 
fi brinogen phase consisted in the administration 
of 3 g of fi brinogen concentrate if fi brinogen 
<1.5 g/L or as guided by ROTEM. The authors 
chose a conservative trigger for the administra-
tion of fi brinogen concentrate: FIBTEM A5 
<7 mm indicative of a fi brinogen level of 
1.5–2 g/L. The algorithm suggests to quickly 
reassess the response to treatment in order to 
administer more fi brinogen in case of persistence 
of FIBTEM abnormalities and patient still 
bleeding. 

 The results showed a reduction in transfused 
RBC, FFP, platelets, and cryoprecipitate and 
transfusion-associated cardiac overload. There 
was also a nonsignifi cant reduction in 
hysterectomy. 

 Carvalho and associates [ 21 ] for the Share 
Network Group, a multidisciplinary Portuguese 
group, published their algorithm for the manage-
ment of coagulopathy during postpartum hemor-
rhage based on ROTEM monitoring. It is a 
vertical algorithm considering fi ve steps: hyperfi -
brinolysis, fi brinogen defi ciency, thrombocytope-
nia, defi ciency in other coagulation factors, and 
lastly factor XIII defi ciency. 

 In the Share Network Group algorithm, a trig-
ger of fi brinogen <3–4 g/L or FIBTEM MCF 
<18 mm was chosen for fi brinogen concentrate 
supplementation. 

 Collis and associates [ 22 ] have recently pub-
lished their pragmatic protocol for the manage-
ment of postpartum hemorrhage in Cardiff using 

9 Clinical Management of Postpartum Hemorrhage



130

ROTEM. The protocol is activated in case of 
bleeding of 1000 mL or more by the delivery 
suite staff. On activation, blood samples are taken 
together with a sample for a FIBTEM assay, and 
fi brinogen concentrate is infused if FIBTEM 
<7 mm.   

9.5     Pharmacologic Treatment 
of PPH 

 All the above algorithms for the management of 
postpartum hemorrhage include the utilization of 
a pharmacological approach. 

 In fact in recent years there has been an 
increasing and renewed interest in antifi brinol-
ytic therapy (tranexamic acid, TA) and fi brino-
gen supplementation, mainly after trauma 
studies. 

9.5.1     Tranexamic Acid 

 The new interest in fi brinolysis during bleeding 
and in antifi brinolytic therapy in reducing bleed-
ing derives from the large randomized control 
trial CRASH-2, published in 2010 [ 23 ]. This 
study included more than 20,000 adult trauma 
patients received empirically TA and demon-
strated a reduction in all-cause mortality (14.5 % 
vs 16 %, relative risk: 0.91, 95 % CI:0.85–0.97, 
 p  = 0.0035) as well as mortality due to hemor-
rhage (4.9 % vs 5.7 %) in the TA group, without 
a signifi cant increase in thromboembolic 
complications. 

 The role of TA in postpartum hemorrhage is 
not well established although a Cochrane system-
atic review [ 24 ] established that TA reduces post-
partum blood loss after vaginal delivery and 
cesarean section. 

 Current guidelines on postpartum hemorrhage 
recognize a role of tranexamic acid in control of 
bleeding. 

 The Royal College of Obstetricians and 
Gynecologists guidelines [ 14 ] confi rm that “there 
is a consensus that fi brinolytic inhibitors (such as 
tranexamic acid) seldom, if ever, have a place in 
the management of obstetric hemorrhage.” 

 The ESA guidelines “recommend the admin-
istration of tranexamic acid in obstetric bleeding 
to reduce the blood loss, bleeding duration and 
the number of units transfused” (level 1B) [ 9 ]. 
The World Health Organization (WHO) guide-
lines [ 25 ] recognize a role of tranexamic acid in 
uterine atony in case of failure to control bleed-
ing of uterotonics, and NICE guidelines (2007) 
[ 26 ] consider tranexamic acid an additional 
option. 

 There are several prospective randomized tri-
als demonstrating a small and not clinically sig-
nifi cant reduction in estimated blood loss 
obtained by prophylactic administration of TA 
before elective cesarean section or routine vagi-
nal delivery [ 27 – 31 ]. 

 A controlled, multicentered, open-label trial, 
published in 2011 [ 32 ], randomized women 
experiencing a blood loss >800 mL following 
vaginal delivery to receive TA loading dose 4 g 
over 1 h and a maintenance dose of 1 g/h over 6 h 
(TA group) versus no antifi brinolytic treatment 
(control group). The primary end point was to 
verify the effi cacy of TA in the reduction of blood 
loss, while secondary end points were to assess 
the effi cacy of TA on duration of bleeding, ane-
mia, need for invasive procedures (surgery and 
interventional radiology), and need for 
transfusions. 

 The high dose of TA was mutated from studies 
in high-risk cardiac surgery [ 33 ,  34 ]. 

 A total of 144 women completed the study 
protocol. 

 The evaluation of blood loss was scheduled at 
four time points: at inclusion (T1), after 30 mins 
(T2), after 2 h from T2 (T3), and after 6 h from 
inclusion (T4). 

 The blood loss between T1 and T4 was lower 
in the TA group (median 170 mL, interquartile 
range 58 mL to 323 mL) compared to the control 
group (median 221 mL, interquartile range 110–
543 mL) ( p  = 0.041). The duration of bleeding 
was also lower in the TA group ( p  = 0.004), and 
bleeding was stopped in 63 % of patients in TA 
group by T2 in comparison to 46 % in the control 
group. 

 Furthermore there was a reduction in severe 
PPH progression, hemoglobin drop >4 g/dL, 

V. Agostini et al.



131

and number of RBC units transfused throughout 
day 42. 

 The study has some limitations: fi rstly it is 
unblinded, secondly it was not designed to evalu-
ate the reduction in maternal death, and lastly it 
was not powered to evaluate thromboembolic 
complications although an increase in thrombosis 
in the treatment group was not observed. 

 The pragmatic, randomized, double-blinded 
placebo-controlled WOMAN trial [ 35 ] is ongo-
ing with the aim to evaluate the role of TA in 
early PPH in reducing death, hysterectomy, 
and other morbidities (surgical intervention, 
blood transfusion, and risk of nonfatal vascular 
event) (  www.thewomantrial.lshtm.ac.uk     accessed 
05/01/2015). 

 Finally, a systematic review and meta-analysis 
on prophylactic tranexamic acid in women at low 
risk for postpartum hemorrhage have been 
recently published [ 36 ]. It included seven studies 
[ 29 – 31 ,  37 – 40 ] on 1760 patients at low risk for 
PPH (excluded women with multiple gestations 
or preterm deliveries), of which six reported on 
cesarean sections under spinal anesthesia and one 
on vaginal delivery. 

 The dosages of TA used were different in the 
studies analyzed, ranging from 1 g to 15 mg/kg. 
The analysis found that TA reduced blood loss 
(weighted mean difference: −140 mL, 95 % CI 
−189 to −91 mL;  p  < 0.00001) and the risk for 
blood transfusion (RR 0.34, 95 % CI 0.20–0.60). 
However data on the incidence of blood transfu-
sion must be confi rmed in further studies because 
the transfusion policy was described only in one 
study; additionally, there were wide differences 
in the transfusion rate in the placebo group 
(between 1.4 and 33 %). The study also demon-
strated that TA did not increase the rate of 
thrombosis.  

9.5.2     Fibrinogen Supplementation 

 Recent studies demonstrated a correlation 
between severe PPH and hypofi brinogenemia [ 6 , 
 8 ,  41 – 43 ] and the role of fi brinogen level as good 
biomarker of PPH progression. These evidences 
opened the possibility for a potential therapeutic 

role of fi brinogen administration to correct the 
acquired hypofi brinogenemia. 

 Three main sources are available for fi brino-
gen supplementation: FFP, cryoprecipitate, and 
fi brinogen concentrates, with FFP containing 
lesser amount of fi brinogen in comparison with 
the other two products. 

 With respect to cryoprecipitate, fi brinogen 
concentrate has the advantage of being pathogen 
reduced, of containing a more standardized dose 
of fi brinogen, and of being used as an infusion 
over 10–15 min without thawing. 

 To date there are no randomized control trials 
comparing the effi cacy of cryoprecipitate and 
fi brinogen concentrates for the management of 
hypofi brinogenemia during PPH. 

 Ahmed and associates (2012) [ 44 ] reported a 
prospective audit on 21,614 women during a 2.5- 
year period, identifying 77 cases of major obstet-
ric hemorrhage, of which 34 developed 
hypofi brinogenemia (<2 g/L) and required treat-
ment with cryoprecipitate ( n  = 14) and fi brinogen 
concentrate ( n  = 20). 

 Cryoprecipitate had been produced by the 
Irish Blood Transfusion Service and supplied in 
pools of fi ve donor units. The minimum fi brino-
gen content was >700 mg/pool, and the mean 
fi brinogen content was 1470 mg/pool. 

 The mean dose of cryoprecipitate was 
2.21 ± 0.35 pools, and the mean dose of fi brino-
gen concentrate was 4 ± 0.8 g. 

 Hypofi brinogenemia was corrected by both 
products; the fi brinogen level achieved with the 
two treatments was the same although the corre-
lation between the level of increase and the dose 
administered was stronger for fi brinogen concen-
trate than for cryoprecipitate. 

 The study demonstrated the non-inferiority of 
fi brinogen concentrate compared to cryoprecipi-
tate in correcting hypofi brinogenemia leading to 
the decision of the Irish Blood Transfusion 
Service to replace cryoprecipitate with fi brinogen 
concentrate. 

 A Japanese single-center study [ 45 ] reported 
the effi cacy of fi brinogen concentrate in the man-
agement of 18 cases of massive postpartum hem-
orrhage, defi ned as bleeding >1000 mL, with 
hypofi brinogenemia (fi brinogen level <150 mg/
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dL) due to consumption (placental abruption and 
amniotic fl uid embolism) and dilution (uterine 
atony, uterine inversion, placenta previa, and vag-
inal trauma). The fi brinogen level increased 
approximately by 40 mg/dL, and the response 
rate was considered good (bleeding <1000 mL 
after drug administration and no interventional 
procedures required) or moderate (bleeding 
>1000 mL after drug infusion and no interven-
tional procedures performed) in 88 % of dilution 
coagulopathy and 89 % in case of consumptive 
coagulopathy. The authors did not report serious 
adverse events related to fi brinogen concentrate 
infusion. 

 The FIB-PPH trial [ 46 ] is ongoing in Denmark 
with the aim to investigate if early fi brinogen con-
centrate supplementation reduces transfusions in 
PPH. The study is randomized, placebo controlled, 
and double blinded including patients experienc-
ing blood loss after vaginal delivery. The patients 
are randomly assigned to receive 2 g of fi brinogen 
concentrate or placebo, and the primary end point 
is the reduction of allogeneic blood transfusion.  

9.5.3     Recombinant Factor VIIa 

 Recombinant activated factor VII (rFVIIa, 
NovoSeven, Novo Nordisk A/S, Bagsvaerd, 
Denmark) is licensed for the treatment of hemor-
rhage in patients with congenital hemophilia A 
and B and who have developed inhibitors to fac-
tor VIII and IX, in patients with FVII defi ciency, 
and in patients suffering Glanzmann’s thrombas-
thenia with anti-GpIIb/IIIa. 

 Data on its use in the management of PPH are 
anecdotal or derived from national and interna-
tional registries or from systematic review [ 47 –
 50 ]. There are no dose-fi nding studies in obstetric 
hemorrhage, but there is a general agreement on 
a standard dose of 90 μg/kg. 

 To date rFVIIa is considered a rescue therapy 
in case of refractory PPH when all the other mea-
sures have failed and hemoglobin level is >8 g/
dL, platelet count is >70 × 10 9 /L, fi brinogen level 
is >2 g/L, and the patient is not acidotic and 
hypothermic.   

    Conclusions 

 An optimal management of postpartum hem-
orrhage requires:

•    A team-working approach  
•   The existence of transfusion protocols 

based on local organization in order to 
ensure the availability of blood products  

•   Point-of-care technologies, such as rota-
tional thromboelastometry or thromboelas-
tography, to obtain timely information on 
clot formation and lysis and to guide an 
early coagulation support        
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10.1            Hemostasis in Chronic Liver 
Disease 

 The liver plays key roles in blood coagulation 
being involved in both primary and secondary 
hemostasis [ 1 ]. It is the site of synthesis of most 
coagulation factors and their inhibitors except for 
von Willebrand factor (vWf) [ 2 ]. Liver failure is 

accompanied by multiple changes in the hemo-
static system, because of reduced plasma levels 
of procoagulative and anticoagulative clotting 
factors synthesized by the intact liver [ 3 ]. The 
hemostatic system is then in a delicate balance 
between prothrombotic and antithrombotic pro-
cesses, the fi nal aim being to prevent both exces-
sive blood loss from injured vessels and 
spontaneous thrombosis. In case of liver failure, 
there is a reduced capacity to clear both activated 
hemostatic proteins and protein inhibitor com-
plexes from the circulation. Since the global 
effect of liver disease on the hemostatic system is 
complex, patients with end-stage liver disease 
(ESLD) can experience severe bleeding or, at the 
opposite, thrombotic complications. Finally, 
together with marked portal hypertension with 
secondary splenomegaly, thrombocytopenia 
develops. Decreased platelet function could be 
counteracted by the concomitant increase level of 
vWf. This delicate hemostatic balance can be 
easily tip towards bleeding or thrombosis by 
superimposed conditions such as infections. 

 While in classical coagulation disorders such as 
hemophilia A or B, or von Willebrand disease, a 
specifi c coagulation factor (namely, factor VIII, 
factor IX, or von Willebrand factor, respectively) 
is missing or defective, making bleeding predict-
able based on the absent factor; cirrhosis repre-
sents a far more complex scenario, where multiple 
aspects of hemostasis are deeply altered, making 
the prediction of bleeding much more challenging. 
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Progressive worsening of the ESLD is character-
ized by varying degrees of alterations of the differ-
ent hemostatic components, but in general, 
cirrhosis entails modifi cations both in the pro- 
thrombotic and the pro-hemorrhagic components. 

 Although it is becoming clear that standard 
hemostatic tests (SHT) are inadequate to evaluate 
the so-called rebalanced hemostatic profi le of the 
cirrhotic patient and are poor predictors of bleed-
ing, they are still widespread used and may pro-
vide misleading information regarding the risk of 
bleeding: in particular, clinicians have to be 
aware that unneeded, useless, or even dangerous 
pro-hemostatic factors might be administered 
with no demonstrated benefi t. 

 Thrombocytopenia is very frequent (77 % in 
compensated cirrhosis, even higher in more 
advanced stages of cirrhosis) [ 4 ] ranking fi rst 
among the altered hematological tests [ 5 ]. 
Thrombocytopenia is probably due to the combina-
tion of decreased hepatic thrombopoietin synthesis 
[ 6 ,  7 ], splenic pooling/sequestration and destruc-
tion due to hypersplenism [ 8 ]; relative bone mar-
row suppression [ 9 ,  10 ], according to the available 
literature, is a predictor of mortality in cirrhosis 
[ 11 ]. Moreover, platelet adherence to the subendo-
thelium of an injured vessel is altered, sharing simi-
larities with the uremic thrombocitopathy [ 12 ]. 

 Von Willebrand factor is elevated and 
ADAMTS-13 (the protease that cleaves von 
Willebrand factor) instead decreased, counterbal-
ancing/compensating in some way the thrombo-
cytopenia [ 13 ,  14 ]. Bleeding time (much less 
used now) is regarded as the global test for pri-
mary hemostasis: it is prolonged in up to 40 % of 
cirrhotic patients; the longer the time, the greater 
the severity of liver disease. When tested in 
Child-Pugh C patients, it shows an inverse (sig-
nifi cant) correlation both with platelet count and 
with fi brinogen levels [ 15 ]. 

 Refl ecting the impaired synthetic function of 
the liver, proteins involved in coagulation are 
diminished in plasma. Reduced levels of proco-
agulant factors like factors V, VII, IX, X, XI, and 
XIII, as well as fi brinogen and prothrombin, are 
offset by elevated levels of procoagulant factor 
VIII and reduced levels of the anticoagulants 
antithrombin, protein C, protein S, and tissue fac-

tor pathway inhibitor [ 16 ]. In vitro thrombin gen-
eration is maintained or even increased in patients 
with cirrhosis and platelet counts >75 × 10 3 /dL, 
because of the above-cited simultaneous decrease 
in coagulation inhibitors (protein C, protein S, 
and antithrombin) and increased procoagulant 
factor VIII. 

 Fibrinolysis is also altered two-sidedly: ele-
vated levels of plasminogen activator (tPA), 
decreased levels of thrombin-activated fi brinoly-
sis inhibitor (TAFI), and low levels of plasmin 
inhibitors are balanced by reduced levels of plas-
minogen and high levels of plasminogen activa-
tor inhibitor (PAI) [ 17 ,  18 ]. Aside from a delayed 
conversion of fi brinogen to the fi brin clot under 
the infl uence of thrombin, the occurrence of 
abnormal fi brin polymerization in ESLD, charac-
terized by an acceleration of fi brinolysis and pro-
longed presence of cross-linked fi brin degradation 
products, is frequent [ 19 – 22 ]. However, whether 
fi brinolytic activation is primary or secondary in 
response to disseminated intravascular coagula-
tion is still controversial [ 23 ]. The role that these 
abnormalities play in the clinical risk of bleeding 
is still unclear.  

10.2     Bleeding during Invasive 
Procedures 

 Bleeding risk associated with invasive proce-
dures in patients with cirrhosis, albeit small, is 
signifi cant [ 24 ]. The most frequent procedures 
performed in patients with cirrhosis include para-
centesis, liver biopsy, and dental extraction. 
Traditionally, platelet count and prothrombin 
time (PT) international normalized ratio (INR) 
have been used to evaluate the bleeding risk dur-
ing invasive procedures and surgery. Although 
PT/INR correlates with severity of liver disease 
and is usually considered a prognostic indicator 
in this regard, the usefulness of INR in assessing 
the bleeding risk in patients with cirrhosis is lim-
ited [ 25 – 27 ]. Thrombocytopenia, present in 
nearly half of the advanced cirrhotic patients [ 2 ], 
seems to be the major determinant of procedural 
bleeding: a threshold between 50 and 75 × 10 3 /dL 
[ 28 ] is signifi cantly associated with a negative 
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outcome. Patients with platelet count above this 
limit are generally not at risk for bleeding during 
minor invasive procedures. Instead, platelet 
transfusion prior to more invasive procedures 
(liver biopsy) or in case of bleeding is frequent in 
patients with platelet counts below this threshold 
[ 29 ]. In vitro studies on platelet-rich plasma from 
patients with cirrhosis demonstrated that platelet 
count of 60 × 10 3 /dL is suffi cient to sustain nor-
mal thrombin generation [ 30 ]. 

 Patients with severe thrombocytopenia 
(<75 × 10 3 /dL) who require invasive procedures 
are at higher risk of bleeding. In a series of 121 
candidates to OLT undergoing nonsurgical inva-
sive procedures (e.g., endoscopic variceal liga-
tion, transcatheter arterial chemoembolization, 
transjugular intrahepatic portosystemic shunt, 
dental extraction, large volume paracentesis, 
endoscopic polypectomy radiofrequency thermal 
ablation (RFTA), thyroid biopsy, endoscopic gas-
tric biopsies, and liver biopsies), procedure- 
related bleeding events occurred signifi cantly 
more frequently in patients with platelet count 
<75 × 10 3 /dL [ 28 ]. Bleeding-related deaths or 
surgical interventions to correct bleeding were 
not reported. Notably, “signifi cant coagulopathy” 
(defi ned as INR >1.5) was similar in patients who 
bled (30 %) and those who did not (35 %) [ 31 ]. In 
the same study, severe thrombocytopenia and 
MELD and Child-Pugh scores and other bio-
chemical, hematological, or clinical variables 
were not predictive of bleeding. Even uremia, 
without abnormal creatinine, was not associated 
with bleeding risk. 

 Major bleeding episodes after paracentesis are 
reported in two landmark studies. Platelet count 
below 50 × 10 3 /dL and a therapeutic (vs. diagnos-
tic) procedure were the only two factors signifi -
cantly associated at univariate analysis with 
major complications (bleeding, small bowel per-
foration, and secondary bacterial peritonitis) in 
the fi rst study [ 32 ]. In the second [ 33 ] during a 
10-year period, the occurrence of severe hemor-
rhage was recorded in 0.19 % of all procedures, 
with a death rate of 0.016 %. Interestingly, bleed-
ing was unrelated to operator experience, ele-
vated INR, or thrombocytopenia but rather 
occurred in patients with high Child-Pugh and 

MELD scores, underscoring the impact of multi-
ple factors (including the disease severity) on 
bleeding. The lack of correlation between INR, 
platelet count, and bleeding complications in 
paracentesis performed in cirrhotic patients was 
also reported by other authors [ 34 ]. Data from an 
evidence-based review demonstrate that altered 
parameters (including prolonged PT/INR and 
platelet count <50 × 10 3 /dL) do not predict bleed-
ing, particularly in case of central vein cannula-
tion [ 35 ]. A prospective study analyzing 
complications following central venous cannula-
tion in patients with acute or chronic liver disease 
(with an INR ranging from 2.4 to 2.7 and median 
platelet count of 81–83 × 10 3 /dL) documented 1 
major bleeding event (related to accidental sub-
clavian arterial puncture) out of 638 procedures 
[ 36 ]. Superfi cial hematoma formation was sig-
nifi cantly and independently associated with a 
high INR and low platelet count, while oozing 
from the puncture site was associated with low 
platelet count and local heparin therapy. 

 Liver biopsy is a common procedure in patients 
with cirrhosis: bleeding complications are 
reported in 0.35–0.5 %, with a mortality rate of 
0.1 % [ 37 ]. Bleeding risk after laparoscopic liver 
biopsy is not correlated with standard coagulation 
factors but rather with local factors including elas-
ticity of the hepatic tissue. Notwithstanding INR 
and platelet count are still considered key to assess 
the bleeding risk during percutaneous liver biopsy 
[ 38 ,  39 ]. Experts’ opinion suggests keeping plate-
let count above 50 × 10 3 /dL to safely perform a 
liver biopsy to avoid a major bleeding risk [ 38 –
 40 ]. In spite of being considered useful in predict-
ing bleeding risk before a planned liver biopsies, 
bleeding time in the actual clinical practice is not 
routinely performed, being cumbersome, partly 
refl ecting platelet count, and of unclear value in 
predicting bleeding.  

10.3     Bleeding Risk Associated 
with Surgery 

 In cirrhotic patients, outcomes of major surgery, 
which are largely dependent upon the severity of 
portal hypertension, are best predicted by the 
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Child-Pugh score [ 41 – 43 ]: postoperative compli-
cations are more frequent than in the general 
population and include renal failure, bleeding, 
postoperative ascites, and infection [ 44 – 46 ]. 
However, there are no large prospective studies 
able to predict the bleeding risk (mainly but not 
exclusively from the surgical site or the GE tract) 
which can seriously affect morbidity and mortal-
ity [ 47 ]. As a matter of fact, in cirrhotic patients 
undergoing surgery, increased morbidity and 
mortality [ 48 ,  49 ] are associated with increased 
bleeding in 60 % of cases [ 50 ,  51 ]. Another 
author states that prolonged PT (>1.5 s and >2.5 
s) was associated with 47 and 87 % mortality, 
respectively [ 52 ], while platelet count below 
50 × 10 3 /dL correlated with an increased risk of 
bleeding during surgery. Severity of liver disease 
itself is another predictor of bleeding associated 
with surgery in cirrhosis patients: recently, the 
severity of liver disease has been shown to cor-
relate with the risk of bleeding complications 
during brain surgery, mortality rate reaching 63 
% in Child C patients [ 53 ]. 

 In a study dealing with outcomes of open 
heart surgery (both emergency and elective sur-
gery) in 24 cirrhotic patients, a large part of the 
postoperative complications were related to 
bleeding: mediastinal bleeding occurred in 25 % 
of patients, while cardiac tamponade occurred 
in 17 %. Moreover, the principal causes of death 
in Child B patients (4/6) were hemorrhage and 
infection, while the cause of death in Child A 
and C patients (1/17 and 1/17, respectively) was 
infection. In this study, platelet count was not 
different in survivors versus nonsurvivors, and 
other parameters related to coagulation and 
hemostasis were not explored in relation to sur-
vival or to frequency of complications [ 54 ]. In 
another study reporting on outcomes of 12 cir-
rhotic patients (6 Child A and 6 Child B ) who 
underwent open heart surgery, major complica-
tions (including hemorrhage and hepatic decom-
pensation) were associated with platelet count, 
and mortality (5/12) was associated with bleed-
ing complications in three cases [ 55 ]. In another 
study, Hayashida and associates, reporting on 
open heart surgery in cirrhotic patients, found 
infection complications in 33 % and major 

bleeding in 17 % of patients [ 56 ]. INR does not 
predict catheterization- related bleeding compli-
cations, as was shown in one study in which, 
however, no patient had an INR greater than 
2.35 [ 57 ]. 

 Under physiological conditions, the hemo-
static system in patients with cirrhosis reaches a 
new equilibrium, determined by a parallel decline 
of the pro- and anticoagulants factors, but this 
balance is not as stable as that present in healthy 
persons, who have an excess of both procoagu-
lants and anticoagulants: the actual defi nition of 
this condition is “rebalanced hemostasis,”a new 
concept recently introduced by Tripodi, 
Mannucci, and Lisman [ 26 ,  58 ]. 

 The fact that ESLD patients, in spite of the 
elevated INR and the sometimes very severe 
thrombocytopenia, rarely bleed outside of the 
consequences of portal hypertension should be 
attributed to the parallel reduction of procoagu-
lant and anticoagulant factors realizing the 
abovementioned “rebalanced hemostasis.” 

 The acquisition of this new concept has 
allowed therefore overcoming the assumption 
that patients with ESLD have a natural bleeding 
tendency (“naturally anticoagulated”) and has 
introduced new knowledge with regard to the 
management of hemostasis. These new concepts 
discourage prophylactic transfusion of blood 
products prior to invasive procedures and under-
line the unreliability of laboratory routine tests 
in predicting the risk of bleeding. As very 
recently reported by van Veen and associates 
[ 59 ] and Weeder and associates [ 60 ], bleeding 
tendency is not predicted by the extent of the 
alterations of both PT and INR neither in medi-
cal nor in surgical setting. On the contrary, global 
coagulation assays, such as thrombin generation 
and more global techniques based on whole 
blood, such as thromboelastometry/graphy 
(ROTEM or TEG), may be used to assess and 
manage the hemostasis in cirrhotic patients [ 26 , 
 60 ]. This new viscoelastic testing such as throm-
boelastometry/graphy seems to be the best 
method to refl ect the interaction between plas-
matic and cellular components of hemostasis 
[ 61 ]. Moreover, these methods can also be used 
for the reliable and fast detection of hyperfi bri-
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nolysis and hypofi brinogenemia [ 62 – 64 ]. 
Fibrinogen levels vary greatly among cirrhotic 
patients. The Clauss method is currently consid-
ered the gold standard for determination of 
fi brinogen, but it can be affected by multiple fac-
tors. The infusion of colloidal solutions (starch 
and gelatins) and the administration of direct 
thrombin inhibitors may alter the results of this 
test, making it less reliable [ 65 ,  66 ]. Since the 
early clinical experiences of human orthotopic 
liver transplantation (OLT), it was clear that an 
already impaired hemostatic system was further 
stressed by complex and multiple changes occur-
ring during the various phases of the transplant 
procedure [ 67 ] and still now OLT can be accom-
panied by severe bleeding [ 68 – 70 ]. As the coag-
ulation balance in the cirrhotic is unstable, the 
early recognition of the cause of the severe 
bleeding (technical, surgical, not surgical/medi-
cal) is important in order to start an appropriate 
and timely intervention.  

10.4     Severe Bleeding in Liver 
Transplant (OLT): An Open 
Problem 

 Liver transplantation is actually the treatment of 
choice for patients with acute or ESLD not 
responding to medical treatment. Since the late 
1963 when the fi rst recipients of liver allografts 
transplanted by Thomas E. Starzl died mainly by 
uncontrolled bleeding, great progresses have 
been made in surgical and anesthesia techniques 
and in bleeding management: in spite of that, 
liver transplantation can be associated with cata-
strophic and life-threatening hemorrhagic com-
plications as yet. Major blood losses are a 
consequence of pre-existing hemostatic abnor-
malities, previous abdominal surgery, portal 
hypertension with multiple collateral vessels, 
portal vein thrombosis, and poor functional 
recovery of the new liver. Even if important both 
for research purposes and to defi ne strategies to 
manage bleeding and transfusion in clinical prac-
tice, an accepted common defi nition of perioper-
ative massive bleeding/massive transfusion in 
this setting is still lacking. 

 In trauma setting, massive blood transfusion 
(MBT) is the transfusion of 10 or more red blood 
cell (RBC) units within a period of 24 h [ 71 ,  72 ] 
even if several other defi nitions are available, due 
to the arbitrary defi nition of the length of the 
period during which acute blood loss and resusci-
tation occur. 

 Other defi nitions of massive bleeding used in 
other settings are the following:

•    Loss of 100 % of blood volume within 24 h 
[ 73 ,  74 ]  

•   Loss of 50 % of blood volume within 3 h [ 73 , 
 74 ]  

•   A rate of blood loss of 150 mL/min [ 74 ]    

 Same concerns are present in the liver trans-
plant setting. MBT is still defi ned as the transfu-
sion of >6 units of packed RBC within the fi rst 24 
h of surgery [ 75 ] even if more practical could be 
to limit the defi nition to a period ranging from 
bleeding due to injury to control of hemorrhage 
[ 76 ]. The most recent and convincing defi nition 
of MBT in the perioperative period of OLT, 
defi ned as the fi rst 48 h after the fi rst cut, has been 
proposed by Reichert and associates [ 77 ] accord-
ing to the clinical outcome (signifi cantly worse 
patient survival and signifi cantly worse dialysis- 
free survival). In this defi nition, the cutoff values 
for massive transfusion are packed red blood 
cells (PRCs) >17.5 units, fresh frozen plasma 
(FFP) >12.5 units, and platelets >1.5 unit (not 
specifi ed if pooled or from apheresis). This defi -
nition includes both the timespan (48 h since the 
fi rst cut) and the transfusion needs. 

 Beside MBT defi nition, in OLT, it is crucial 
to identify any perioperative condition that 
might facilitate a possible severe bleeding dur-
ing the transplant. In general, the prediction of 
bleeding during OLT is based on the severity of 
liver disease, preoperative coagulation function 
(under discussion, see below), recipient’s clini-
cal status (mainly nutritional status, very 
recently assessed with the psoas diameter), 
quality of the donor liver, and experience of the 
transplantation team: contributing factors to 
blood loss during OLT can be categorized as 
 preoperative  and  intraoperative.  
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10.4.1     Preoperative Factors 
Contributing to Bleeding [ 78 ] 

 There are several preoperative important vari-
ables affecting transfusion requirements during 
OLT:

    1.    Baseline platelet count [ 79 ], preoperative 
hematocrit value, baseline hemoglobin value 
[ 80 ].   

   2.    Severity of disease (MELD, Child-Turcotte- 
Pugh score, United Network for Organ Sharing 
priority for transplantation) [ 81 ]. On the con-
trary, coagulation parameters at the time of sur-
gery (preoperative prothrombin time, activated 
partial thromboplastin time) do not predict the 
risk of bleeding in OLT candidates [ 78 ,  82 ].   

   3.    Hyperdynamic circulation and the portal 
hypertension [ 83 ].   

   4.    The type of liver disease (primary biliary cir-
rhosis, primary sclerotizing cholangitis, and 
fatty liver disease, characterized by a proco-
agulant imbalance) [ 84 ,  85 ].   

   5.    Quality of the donor liver (ischemia time, the 
use of a partial liver graft, the use of extended 
criteria donors).   

   6.    Experience of the surgical and anesthetic 
transplantation team [ 86 ].   

   7.    The length of cold ischemia time and poor 
graft preservation have also been associated 
with short-term graft dysfunction and nega-
tive effects on perioperative red blood cell 
(RBC) [ 75 ,  86 ].      

10.4.2     Intraoperative Factors 
Contributing to Bleeding [ 78 ] 

 Complex coagulation disorders may occur during 
liver transplantation and can derive from:

    1.    Possible platelet and coagulation factors con-
sumption. Platelets are implicated in reperfu-
sion injury in the ischemic liver [ 87 ]. Adhesion 
to the sinusoidal endothelium with a concomi-
tant increase of vWf expression in the reper-
fused liver is one of the main deleterious 

effects of cold preservation of liver allografts, 
amplifying the reperfusion injury indepen-
dently of their procoagulant properties and 
contributing to their decrease in number [ 88 ].   

   2.    Hemodilution and reduction of coagulation 
factor synthesis and clearance (anhepatic 
phase). Visceral congestion may play a rele-
vant role in bleeding during the anhepatic 
phase.   

   3.    Fibrinolysis: bleeding is greatly potentiated 
by the activation of the fi brinolytic system, 
which occurs both during the anhepatic and 
reperfusion phases. During the anhepatic and 
reperfusion phases, circulating levels of t-PA 
are increased respectively for PAI-1 level 
reduction and for tPA release from the reper-
fused graft [ 68 ]. The fi brinolytic process may 
fade spontaneously within hours of reperfu-
sion in a well-functioning allograft or may 
have a more protracted course associated with 
marginal functional recovery [ 89 ,  90 ]. In the 
liver transplant settings, hyperfi brinolysis 
may occur in up to 60–70 % of the cases, a 
third of which are self-limiting without antifi -
brinolytic treatment [ 58 ,  91 ].   

   4.    Surgical technical problems during hepatic 
dissection and vascular anastomoses.   

   5.    The release of exogenous heparin from the 
harvested graft after donor heparinization or 
endogenous heparin-like substances from the 
damaged ischemic graft endothelium may 
also play a role in the coagulopathy at reperfu-
sion [ 92 ]. Even if the heparin-like effect 
(HLE) is detected in many liver transplant 
patients both before and after reperfusion of 
the donor graft, it is still a matter of debate 
whether HLE contributes to bleeding during 
OLT and requires to be treated [ 84 ,  91 ,  93 ].   

   6.    Acidosis, hypothermia, hypocalcemia, and 
citrate toxicity.     

 Transplantation of an optimal graft restores 
the patient’s clotting function, while a dysfunc-
tional graft leads to a prolonged coagulopathy 
usually associated with and increase transfusion 
requirement [ 82 ]. Given the poor predictive value 
of a single preoperative variable even in a homo-
geneous population, some authors recommend a 
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center-oriented transfusion practice to identify 
the center-specifi c risk factors and patients at 
high risk for perioperative blood losses [ 94 ].   

10.5     Transfusion Practice 
during OLT: Intraoperative 
Blood and Blood Component 
Management with 
Viscoelastic Tests 
(TEG/ROTEM) 

 SHT such as prothrombin time (PT/INR), acti-
vated partial thromboplastin time (aPTT), fi brino-
gen level, and D-dimer have long been the 
standard laboratory indicators of patients’ coagu-
lation status. According to the cell-based model 
of hemostasis, these tests do not take into account 
the important interactions between platelets, clot-
ting factors, and other cellular components in the 
generation of thrombin nor the balance between 
coagulation and fi brinolysis. Because of the limits 
of conventional coagulation tests in recognizing 
signifi cant coagulopathies or guiding transfusion, 
in recent years, the viscoelastic tests (VET) have 
gained increasing importance. A more dynamic 
and targeted approach to the overall hemostatic 
process is at the base of their success providing a 
visual information on fi brinolysis and tendency to 
hypercoagulability: these characteristics make 
these tests ideal for a rapid diagnosis of the type 
of coagulopathy and for an appropriate (and ratio-
nale) choice of the therapeutic option. 

 A recent review of Yeung and associates [ 95 ], 
including the original and major review articles 
related to the use of VET in different surgical set-
tings including trauma, cardiac surgery, and liver 
transplantation, came to the conclusion that VET, 
as compared with conventional coagulation tests, 
are relevant for the detection of coagulopathy and 
are the only tests able to provide a rapid diagnosis 
of hyperfi brinolysis. Goal-directed administration 
of blood products based on the results of visco-
elastic hemostatic assays was furthermore associ-
ated with reduction in allogeneic blood product 
transfusions in liver transplantation cases [ 95 ]. 
Similarly, Mallet and associates performed a sys-
tematic review of all relevant studies that used 

VET of coagulation in patients with liver disease: 
although many studies are observational and small 
sized, VET provide additional information com-
pared to SHT in patients with liver  disease and 
should be used to monitor coagulation changes 
and to guide hemostatic therapy during liver trans-
plantation [ 96 ]. In another study analyzing 303 
liver graft recipients, the use of operating room 
ROTEM resulted in better defi nition of coagula-
tion changes and reliable indication of the need for 
FFP, prothrombin concentrate complex (PCC), 
and fi brinogen and platelet (PLT) requirements. 
Furthermore, the use of ROTEM during the OLT 
was able to reduce the postoperative mortality in 
polytransfused patients [ 97 ]. A Cochrane review 
which included all randomized clinical trials that 
were performed to compare various methods of 
decreasing blood loss and blood transfusion 
requirements during liver transplantation (1913 
patients studied) concluded that VET may poten-
tially reduce blood loss and transfusion require-
ments during liver transplantation [ 98 ]. 

 These point-of-care devices, providing a rapid 
and reliable diagnostic test, are able to support the 
clinician in the differential diagnosis between sur-
gical bleeding and coagulation alteration, to guide 
the therapeutic interventions in case of hyperfi bri-
nolysis, thus contributing in the reduction of intra-
operative blood loss and transfusion requirements 
[ 86 ,  99 ]. Since Kang’s TEG-based algorithm, sev-
eral other algorithms (TEG or ROTEM based) 
have been developed to guide intraoperative blood 
component transfusion during OLT [ 99 – 101 ]: 
recently, the European Society of Anesthesia 
(ESA) has recommended the use of perioperative 
coagulation monitoring using ROTEM/TEG for 
targeted management of coagulopathy. According 
to these guidelines, implementation of transfusion 
and coagulation management algorithms (based 
on ROTEM/TEG) can reduce transfusion-associ-
ated costs in trauma, cardiac surgery, and liver 
transplantation [ 102 ]. 

10.5.1     Red Blood Cell Transfusion 

 The decision to transfuse RBCs is still a matter of 
debate. General guidelines for patients with liver 
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disease are not available so far, and several 
approaches have been proposed/reported by dif-
ferent centers. Erythrocytes contribute to hemo-
stasis, infl uencing the biochemical and functional 
responsiveness of activated platelets, via the rhe-
ological effect on platelet margination and sup-
porting thrombin generation [ 103 ]. RBCs release 
adenosine diphosphate, which promotes platelet 
aggregation and stimulates platelet synthesis of 
thromboxane-A2, a platelet activator, thus reduc-
ing platelet activation in anemia [ 104 ]. 
Theoretically, RBC transfusion is needed only 
when the hemoglobin concentration decreases to 
a level below which oxygen demand cannot be 
met. As a matter of fact in cirrhotic patients, RBC 
transfusion until the restitution of the whole 
blood volume may induce a rebound increase in 
portal pressure, able to precipitate portal 
hypertension- related bleeding. In this line, a 
restrictive strategy (transfusion only for Hb con-
centration below 7 g/dL) was safe in acute gastro-
intestinal bleeding [ 105 ]. In Jehovah’s witnesses 
undergoing surgery, postoperative morbidity and 
mortality increased for each gram of Hb decre-
ment only in cases where the hemoglobin con-
centration was less than 7 g/dL [ 106 ]. Massicotte 
and associates showed that phlebotomy prior to 
the anhepatic phase of OLT was effective in lim-
iting blood losses, thus leading to a decreased 
transfusion rate [ 107 ]. 

 In spite of multiple trials evaluating transfu-
sion thresholds on patient outcome, the evidence 
in the literature is insuffi cient to defi ne a transfu-
sion trigger in surgical patients [ 108 ,  109 ]. 

 In case of massive bleeding, ESA guidelines 
[ 102 ] recommend aggressive and timely stabili-
zation of the cardiac preload throughout the sur-
gery but insist against crystalloids or colloids 
overload. During active bleeding, the ESA guide-
lines suggest a hemoglobin concentration of 7–9 
g/dL as a transfusion threshold, while in a recent 
prospective survey in the OLT setting, an extreme 
trigger for packed RBC transfusion was a hemo-
globin level below 6 g/dL [ 110 ]. Probably, more 
than a fi xed Hb threshold as a transfusion trigger, 
a combination of physiologic parameters able to 
describe the need for an increased oxygen- 
carrying capacity, is to be considered also in 

OLT. Repeated measurements of a combination 
of hematocrit/hemoglobin, serum lactate, and 
base defi cit in order to monitor tissue perfusion, 
tissue oxygenation, and the dynamics of blood 
loss during acute bleeding are perhaps the param-
eters to be considered. In the liver transplant set-
ting, serum lactate concentration and base defi cit 
refl ect not only global tissue perfusion and oxy-
genation during hemorrhagic shock but are also 
infl uenced by the ischemic injury to the graft dur-
ing harvesting, the post-reperfusion acute acid 
load secondary to the visceral and pelvic conges-
tion during the anhepatic phase, and the quality 
of functional recovery of the graft [ 111 ]. As 
stated by Niemann and Liu [ 68 ,  109 ], the peculiar 
context of OLT (possible acute blood loss and 
consequent hemodynamic instability) makes 
unlikely a strict standardization, as proposed for 
other clinical settings.  

10.5.2     Fresh Frozen Plasma 
Transfusion 

 Along with RBCs, both PLT and FFP [ 112 ] trans-
fusions have been associated with adverse 
outcomes. 

 Even if the standard indication for FFP admin-
istration is a clotting process improvement, every 
hemostatic intervention should be reserved for 
the bleeding patients and not just to correct labo-
ratory results (“numbers”) [ 113 ]. Many guide-
lines including the recent ESA ones recommend 
against pre-procedural correction with FFP in 
case of mild-to-moderate elevated INR [ 60 ,  96 ] 
and in not-bleeding patients when INR is ≤2. As 
conventional laboratory methods (PT/INR, 
aPTT) do not predict bleeding risk/complications 
in these patients [ 84 ,  114 ], the perioperative use 
of ROTEM/TEG (VET), as point-of-care coagu-
lation monitors for a targeted and dynamic man-
agement of coagulopathies, is becoming a 
relevant alternative in patients with cirrhosis 
[ 102 ]. 

 In the ESLD patients, FVIII and vWf blood 
levels are elevated (up to 200 % of the reference 
value) [ 13 ,  113 ]: aggressive efforts to normalize 
the coagulation profi le with volumes of blood 
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products as high as 30 mL/kg are probably not 
necessary due to a more than possible creation 
of a hypervolemic state, responsible for an 
increased portal pressure and bleeding risk. The 
use of VET-based algorithm has shown to 
reduce FFP use [ 115 ]: however, its administra-
tion remains the only valid option in all coagu-
lopathies caused by factors V and XI and vWf 
defi ciencies. Although an isolated decreased 
activity of coagulation factors V and XI down to 
10–20 % does not compromise thrombin gener-
ation [ 116 ], these are the only factors replaced 
solely by FFP and not by coagulation factor 
concentrates [ 84 ]. During an ongoing massive 
bleeding, the activity of coagulation factors V, 
VIII, or XI may limit thrombin generation in 
patients treated exclusively with fi brinogen and 
PCC: these are the cases in which FFP should be 
administered at a dose of 15–30 mL/kg body 
weight [ 101 ,  117 ]. 

 Currently, no consensus exists on the volume 
or rate of infusion of FFP required to prevent or 
treat intraoperative liver transplant persistent 
bleeding: in the common practice, volumes close 
to 10–15 mL/kg are usually administered. 
Because of the lack of universally shared guide-
lines, beside some center-specifi c indications, 
both the amount and timing of FFP administra-
tion during OLT are still guided by experienced 
clinical judgment or local practices: the assis-
tance of VET is becoming the best alternative 
option to optimize and verify the effi cacy of cor-
rection/supplementation.   

10.6     TEG-/ROTEM-Guided 
Indication for FFP 
Transfusions and PCC 
Administration 

 The implementation of perioperative algorithms 
for coagulation management based on early goal- 
directed therapy with VET-guided supplementa-
tion of fi brinogen concentrate and PCC has been 
associated with a reduction in the transfusion 
requirements for FFP, RBC, and PLT as well as 
with a reduced incidence of massive transfusion 
[ 99 ,  115 ,  118 ,  119 ]. 

10.6.1     TEG-Based Indications 

 Recommendations for correction of TEG param-
eters are often not standardized across transplant 
centers and usually refer to kaolin-activated 
assay. Wang and associates suggest a FFP titra-
tion to provide an r-time of less than 10 min at 
kaolin-activated TEG assay [ 99 ]. The same 
authors in a more recent paper adopted a TEG- 
guided transfusion protocol using higher thresh-
old values to start transfusions [ 120 ]:

   2 units of FFP if the r-time was >15 min  
  1 unit of apheresis platelets if the MA was 

<40 mm  
  6 units of cryoprecipitate (6 pooled units) for an 

alpha angle <45°  
  Another transfusion algorithm (kaolin-activated 

TEG assay) proposed by Larsen [ 121 ] sug-
gests to transfuse:  

  2 units of FFP or 10 mL/kg if 11 ≥  R  ≤ 14 min  
  4 units of FFP or 20 mL/kg if  R  >14 min    

 Although not standardized across transplant 
centers, recommendations to correct TEG param-
eters on native (without activators) TEG assays 
are often those suggested by Kang and associ-
ates. In the late 1980s, during OLT [ 100 ]:

   2 units of plasma for an  r -time >15 min.  
  10 units of platelets for a maximum amplitude 

<40 mm.  
  6 units of cryoprecipitate for an  α -angle 

<40–45°.  
  Unfortunately, these indications refer to 1985. 

Compared to the abovementioned period, 
improvements in surgical techniques and 
anesthetic management led to a revision of the 
Kang’s algorithm.    

 If TEG is performed on native blood, FFP is 
titrated to provide a reaction time of <40 min 
according to a single-center experience. The use 
of native blood allows to avoid the risk of altera-
tions of the test results secondary to the addition 
of citrate and calcium, in particular of the  r ,  k , 
and alpha angle parameters, as observed by 
Roche and Zambruni [ 122 ,  123 ]. Native blood 
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avoids the possible alteration associated to kaolin 
as well. Kaolin, in fact, not only initiates the 
intrinsic coagulation pathway but has complex 
effects on platelets. It activates platelets by 
releasing platelet factor 3 [ 124 ] and can also 
affect the clot retraction mimicking the fi brinoly-
sis pattern [ 125 ]. 

 In case of long reaction time ( r  > 40 min, 
native blood;  r  > 15 min, kaolin), active bleeding, 
and circulatory overload, the administration of 25 
IU/kg PCC is perhaps the best alternative to FFP.  

10.6.2     ROTEM-Based Indications 

 An EXTEM clotting time of >80 s in a bleeding 
patient triggers PCC administration at a dose of 
25 IU/kg. If patients continue to bleed after cor-
rection with factor concentrates and show signs 
of FV and/or FXI defi ciency (indicated by pro-
longed INTEM clotting time, cutoff value of 
≥240 s), FFP is administered at a dose of 15–20 
mL/kg [ 101 ,  126 ]. 

 All the ROTEM-based algorithms apply a 
goal-directed strategy with a fi rst-line adminis-
tration of fi brinogen concentrate and prothrom-
bin complex concentrate (PCC) instead of the use 
of FFP and PLT transfusion. FFP administration 
is indicated only after administration of PCC and 
fi brinogen concentrate, in case of MCF  EXTEM  
< 35 mm and MCF  FIBTEM  < 6 mm [ 126 ].  

10.6.3     The Effects of Heparin 

 TEG is extremely sensitive to heparin (both 
endogenous and exogenous), its effect being 
sometimes detected even prior to reperfusion. 
This is why during OLT, it is recommended to 
run a heparinase-modifi ed TEG in parallel with 
the native TEG. This advice is even more impor-
tant after reperfusion, when heparinase TEG or 
HEPTEM (heparinase-modifi ed thromboelas-
tometry) test is helpful to distinguish between a 
coagulation factor defi ciency and a heparin- 
produced prolongation of the R or CT respec-
tively. A signifi cant heparin effect is not frequent 
using activated (Kaolin) TEG and INTEM 

(intrinsic ROTEM). Even if the HLE is detected 
in many liver transplanted patients both before 
and after reperfusion of the donor graft, its clini-
cal signifi cance still remains unclear. In case of 
HLE thromboelastographic tracing and active 
bleeding, an empirical dose of 50 mg of prot-
amine is often administered if the decision to 
treat is made [ 86 ]. 

 In accordance to recent clinical experiences 
and practice, it seems reasonable, before treating 
long r or CT with FFP or PCC, to consider the 
possibility of fi brinogen administration, which 
not only increases clot fi rmness but also shortens 
both parameters as described by Ranucci and 
associates [ 127 ] in the treatment of complex car-
diac surgery.   

10.7     Indications to Prothrombin 
Complex Concentrates (PCC) 
Administration TEG/ROTEM 
Guided 

 Transfusion of PRC, FFP, and PLTs has been 
shown to be associated with increased morbid-
ity and mortality both in major liver surgery 
and transplantation [ 108 ]. With the diffusion of 
the thromboelastography/metry, newer hemo-
static strategies based on a goal-directed ther-
apy with fi brinogen and PCC have been 
developed. 

 These therapeutic strategies were effective 
in the bleeding management and in reducing 
transfusion requirements as well as safe, 
according to the low incidence of thrombotic or 
thromboembolic events in cardiovascular sur-
gery and liver transplant setting [ 115 ,  128 ]. 
According to the most recent available litera-
ture, readdressing the OLT coagulation man-
agement from a FFP- and PLT-based strategy to 
a fi brinogen concentrate and PCC supplementa-
tion seems to be possible, well-tolerated, and 
not burdened by thrombotic complications. 
This offers the great advantage to manage coag-
ulation imbalance without circulatory overload 
and worsening of portal hypertension. Studies 
on the impact on outcome and cost-effective-
ness are ongoing. 
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10.7.1     TEG-Based Indications 

 According to a single-center experience, PCC are 
administered at a dosage of 25 IU/kg in case of 
(unfortunately still not well-defi ned) prolonged 
r-time when circulatory overload is to be avoided. 
Some authors suggest to check the antithrombin 
activity before administering PCC, to avoid 
thrombosis [ 129 ]. The recently marketed 4-factor 
PCC products are not reported to increase the 
occurrence of thrombosis and ischemic events in 
the OLT setting [ 126 ]. This result is in line with a 
recently published pharmacovigilance study 
showing that one marketed four-factor PCC is an 
effective hemostatic treatment without demon-
strated risk of thrombosis [ 130 ].  

10.7.2     ROTEM-Based Indications 

 A clinically relevant defi ciency in vitamin 
K-dependent coagulation factors results in a pro-
longation of the coagulation time (CT) in 
EXTEM. In OLT setting, in case of a clinically 
relevant diffuse bleeding and a prolongation of 
the CT in EXTEM >80 s, 25 IU PCC per kg body 
weight (corresponding to 1 mL PCC per kg body 
v) administration is recommended [ 101 ,  115 , 
 126 ,  131 ]. This strategy may avoid the risk of cir-
culatory overload, acute lung injury, and infec-
tions, which can occur following a large amount 
of FFP administration [ 102 ].   

10.8     Indications to TEG-/ROTEM- 
Guided Platelet (PLT) 
Transfusion 

 Although there is no consensus regarding the 
appropriate threshold for PLT transfusion, plate-
let concentrates are frequently administered dur-
ing OLT to prevent or treat bleeding. 

 According to Pereboom and associates [ 88 ], 
patients and graft survivals were signifi cantly 
reduced in patients who received PLTs transfu-
sions when compared with those who did not. 
Acute lung injury and its major consequences 
were considered the main reason for the lower 

survival rate associated with the use of platelets 
[ 88 ]. Indeed, recent data clearly demonstrated 
that platelet transfusion during liver transplanta-
tion is associated with a signifi cantly increased 
1-year mortality (26 vs. 8 %) due to acute lung 
injury, independently from RBC transfusion 
[ 108 ]. In animal models of liver transplantation, 
studies have demonstrated that platelets are 
involved in the pathogenesis of reperfusion injury 
of the liver graft by inducing endothelial cell 
apoptosis [ 87 ]. 

 In addition, platelet transfusions are associ-
ated to a risk of viral transmission, the potential 
for bacterial contamination especially for plate-
lets stored at room temperature, and the risk of 
alloimmunization, graft-versus - host disease, and 
nonspecifi c immunosuppressive effects [ 108 ]. 

 PLT transfusion should be avoided if a severe 
thrombocytopenia or platelet dysfunction is not 
associated to signs of clinically relevant bleeding 
[ 60 ,  84 ]. To decide if thrombocytopenia needs to 
be treated in OLT setting is a diffi cult task. It is a 
common experience that patients with a very low 
platelet level can show a dry surgical fi eld. 
Therefore, a simple numeric cutoff value does 
not offer a real help. 

 The available evidence suggests that conven-
tional laboratory tests (platelet count) are of little 
use in providing information on platelet function; 
TEG/ROTEM tracings may offer a help, even 
though both a dysfunctional and a functional 
platelet coagulation process may not be detected 
by VET methods when platelet count is signifi -
cantly reduced [ 102 ]. 

 In the liver transplant setting, the VET-based 
algorithms have shown to reduce platelet transfu-
sions [ 115 ,  119 ]. 

10.8.1     TEG-Based Suggested 
Indications 

 Recommendations for correction of TEG param-
eters are often not standardized across transplant 
centers and commonly refer to kaolin-activated 
assay. 

 Wang and associates suggested to transfuse a 
single apheresis unit (corresponds to approxi-
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mately 6–8 pooled units) of platelets when the 
maximum amplitude was less than 55 mm 
(kaolin-activated TEG assay) [ 99 ]. 

 The same authors in a subsequent paper 
adopted a TEG-guided transfusion protocol using 
different threshold values to initiate 
transfusions: 

 Two units of FFP if the r-time was greater than 
15 min and 1 unit of apheresis platelets if the MA 
was less than 40 mm and 6 units of cryoprecipi-
tate (6 pooled units) for an alpha angle <45° 
[ 120 ] 

 Another transfusion algorithms proposed by 
Larsen [ 121 ] suggest to transfuse:

   1 unit of apheresis platelets if MA is between 46 
and 60 mm  

  2 units of apheresis platelets if MA is <46 mm 
(kaolin-activated TEG assay)    

 Although not standardized across transplanta-
tion centers, recommendations for correction of 
TEG parameters on native (without activators) 
TEG assay are often those suggested by Kang 
and associates [ 100 ] during OLT:

   10 units (1 apheresis unit) of platelets for a maxi-
mum amplitude less than 40 mm, 2 units of 
plasma for an r-time longer than 15 min, and 6 
units of cryoprecipitate for an  α -angle less 
than 40°–45°    

 Unfortunately, these indications refer to 1985. 
Compared to this period very far in time, there 
have been numerous improvements in both the 
surgical and anesthetic management that led to a 
revision of the parameters to guide transfusions, 
originally proposed by Kang. 

 If TEG is performed on native blood, the 
available literature (but unfortunately without 
strong evidence) suggests to administer 1 unit of 
apheresis platelets if MA <30 mm. 

 Maximum amplitude (MA) refl ects the contri-
bution of fi brin and platelets to clot strength, 
approximately 80 % of the clot strength being 
related to platelet number and function. The 
functional fi brinogen (FF) assay (TEG) and 
FIBTEM (ROTEM) defi ne the relative 

 contribution of fi brinogen to clot strength. 
Hypofi brinogenemia (TEG or ROTEM) has to be 
ruled out before PLT transfusion. In case of con-
temporary reduction of MA and FF amplitude, 
the initial administration of fi brinogen concen-
trate, instead of PLT, might be the correct action. 
In presence of MA <30 mm (native blood with-
out activator), a possible algorithm might be to 
run a FF-TEG test. In case of FFMA test >7 mm, 
the indication is to fi rst transfuse PLT, while with 
FFFMa <7 mm fi brinogen correction is indicated 
(a single-center experiences). Should fi brinogen 
be unavailable, cryoprecipitate are to be 
transfused.  

10.8.2     ROTEM-Based Indications 

 According to the ROTEM-guided transfusion 
protocol, 1 unit of apheresis platelets has to be 
transfused if EXTEM MCF is <35 mm and 
FIBTEM MCF >than 6 mm. On the contrary, in 
case of EXTEM and FIBTEM MCF values <35 
and 6 mm, respectively, the administration of 
fi brinogen concentrate has to be considered, 
instead of PLTs [ 126 ]. 

 As evident, both with TEM and ROTEM indi-
cations, fi brinogen supplementation has to be 
considered a priority to correct MA, when hypo-
fi brinogenemia might be the most probable cause 
of reduced clot strength.   

10.9     Indications to TEG-/ROTEM- 
Guided Fibrinogen 
and Cryoprecipitate 
Administration 

 Fibrinogen levels in cirrhotic patients are 
reduced, mainly due to a decreased synthesis and 
an increased turnover. The ESLD and the slow 
recovery of graft function after reperfusion make 
quite unlikely a spontaneous postoperative 
increase in fi brinogen blood levels. Several stud-
ies have shown that besides a decreased fi brino-
gen concentration, coagulation is also impaired 
by dysfi brinogenemia and disorders of fi brin 
polymerization due to fi brin-degrading products, 

L. De Pietri et al.



147

increased circulating sialic acid, and/or infused 
artifi cial colloids [ 132 ,  133 ]. 

 Because of its relatively high initial plasma 
concentration, fi brinogen is the fi rst clotting fac-
tor to decrease to critically low levels in case of 
severe bleeding, while all other coagulation fac-
tors provide suffi cient hemostatic power being as 
low as 30 % of their activity [ 134 ,  135 ]. 
Hypofi brinogenemia has a signifi cant infl uence 
on blood product transfusions and is correlated to 
severe bleeding complications in cirrhotic 
patients. 

 There are three main approaches to fi brinogen 
supplementation: fresh frozen plasma, cryopre-
cipitate, or fi brinogen concentrate. 

 FFP contains approximately 2.0 g/L of fi brin-
ogen: the great variability of fi brinogen concen-
trations between FFP units makes it diffi cult to 
predict the increase in patient plasma fi brinogen 
concentrations after transfusion. 

 Cryoprecipitate is a human plasma concen-
trate derived from FFP. Cryoprecipitate transfu-
sion is the therapeutic option often used for 
fi brinogen supplementation in the United States 
and United Kingdom while has been withdrawn 
in some European countries (not in Italy), due to 
safety concerns (immunological reactions, trans-
mission of infectious agents) [ 136 ]. 

 Fibrinogen concentrate is derived from human 
plasma, and as a pasteurized, lyophilized powder 
signifi cantly reduces the risk of viral infections 
and immunological reactions and allows a pre-
dictable increase in plasma fi brinogen levels. 

 In the liver transplant setting, fi brinogen con-
centrate has shown to be effective in reducing 
perioperative bleeding and transfusion needs and 
in optimizing coagulation profi le [ 115 ,  119 ]. A 
fi brinogen concentration <1.5–2 g/L or ROTEM/
TEG signs of functional fi brinogen defi cit (see 
above) should trigger fi brinogen supplementation 
[ 102 ]. According to the viscoelastic tests, clot 
strength (MA/MCF) is the result of platelets- 
fi brinogen interaction: even in presence of a low 
platelet count, an adequate clot strength is 
achieved, provided that fi brinogen concentration 
is within the normal range or even above the 
upper limit [ 86 ]. The most recent ESA guidelines 
recommend the use of ROTEM/TEG for targeted 

management of perioperative coagulation man-
agement. However, while FIBTEM test is 
reported to possibly guide administration of 
fi brinogen concentrate or cryoprecipitate to 
reduce platelet and RBC transfusions, there is no 
formal recommendation for fi brinogen supple-
mentation in OLT surgery. Instead, in a different 
setting (obstetric hemorrhagic emergencies), 
trigger levels for fi brinogen substitution were for-
mally addressed, varying between 1 and 2 g/L, 
with a mean administered dose of 2–4 g. 

 The FIBTEM test and FF test to guide fi brino-
gen concentrate supplementation or cryoprecipi-
tate transfusion are reported to reduce platelet 
and RBC transfusions [ 119 ]. 

10.9.1     TEG-Based Indications 

 As far as we are aware, there is no defi nite and 
shared defi nition of fi brinogen cutoff values to 
support a rationale supplementation during OLT 
when TEG is used to manage coagulation, apart 
from the correction of fi brinogen blood level 
below 100 mg/dL (Kang 1985). The functional 
fi brinogen test is relatively recent [ 137 ], and tra-
ditionally TEG parameters associated with fi brin-
ogen activity were alpha angle and  K : however 
the correlation with clinical fi brinogen levels is 
considered suboptimal.  K -time and  α -angle are 
poor predictors of fi brinogen function with 
fi brinogen levels <115 and >400 mg/dL [ 138 ]. 
The most recent (and unique) experience in the 
OLT was reported by Planinsic using rapid TEG 
and FF-TEG. Correlation between rapid TEG 
and k-TEG was reported as “strong” for MA and 
“moderate” for  α -angle. Instead, in spite of good 
estimation of the plasma fi brinogen level, 
FF-TEG is to be interpreted with caution because 
of an overestimation after graft reperfusion 
(fi brinogen levels often decreased to less than 
100 mg/dL). Changes in hematocrit, coagulation 
factors levels, the release of procoagulant and 
anticoagulant factor, and hemodilution due to the 
use of colloids and/or crystalloids were among 
the possible explanation [ 139 ] 

 Major points to be considered when using 
TEG to correct alpha angle are the absence of 
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standardization across transplant centers and the 
frequent use of kaolin (activated) and not natural 
assays. In this context, Wang and associates sug-
gest to transfuse cryoprecipitate (5–6 pooled 
units) when the alpha angle is less than 45° [ 99 ], 
while Larsen and associates [ 121 ] suggest to 
transfuse 2 units of FFP or fi brinogen concen-
trates when the alpha angle is less than 52°. It has 
to be underlined that even if not standardized 
across transplantation centers, recommendations 
to correct TEG parameters on native traces (with-
out activators) are those (sometimes slightly 
modifi ed) originally proposed by Kang and asso-
ciates in 1985 [ 103 ]. Unfortunately, neither the 
use of FF test nor fi brinogen concentrates supple-
mentation were available: this explains why 
cryoprecipitate transfusion is proposed to correct 
reduced amplitudes of the alpha angle (6 units of 
cryoprecipitate for an  α -angle <40–45°) while 10 
units of platelets were to be transfused to correct 
MA <40 mm [ 100 ]. 

 The quite recent introduction of FF-TEG test 
(as for FIBTEM test) might provide a better 
interpretation of the reduced amplitude of MA/
MCF (reduced PLT function/count vs. reduced 
fi brinogen concentration). FF-TEG test provides 
FLEV value (estimated fi brinogen level, mg/dL) 
and a fi brinogen-dependent MA amplitude on the 
TEG trace (FF-MA) using a GPIIb/IIIa platelet 
inhibitor. As above reported [ 139 ], concern exists 
on the available results. Poor agreement between 
conventional Clauss method and FLEV results 
were also reported by Agren and associates [ 140 ]: 
according to this study, raw TEG FF-MA values 
(mm) might be used instead of functional fi brino-
gen (g/L) to track changes in an individual patient 
only. According to the personal, unpublished 
experience of one of the authors of this chapter 
(LDP), in case of MA <30 mm (native blood 
without activator), an FF test is run: if FF-MA is 
<7 mm (normal range: 9–26 mm), fi brinogen 
concentrate (25–50 mg/kg) is administered.  

10.9.2     ROTEM-Based Indications 

 Based on thromboelastometry measurements, 
according to Gorlinger and associates (127) if the 

EXTEM and FIBTEM MCF values are below 35 
and 6 mm respectively, the administration of 
fi brinogen concentrate is recommended [ 126 ]: 
FIBTEM MCF below 6 mm is used as a trigger 
value for fi brinogen substitution in bleeding 
transplant patients [ 126 ]. ROTEM algorithms are 
able, when compared to TEG kaolin active tests, 
to reduce PLT transfusion in favor of fi brinogen 
substitution, thus reducing the risk associated 
with the use of PLT [ 141 ]. Even if this statement 
is frequently reported, very recently published 
studies challenge this consideration. In a large 
LDLT series, Seo and associates [ 142 ] reported a 
minor infl uence of fi brinogen (22 %) on MCF- 
FIB variability even in case of severe hypofi bri-
nogenemia (fi brinogen <100 mg/dL). In their 
series, MCF-FIB was less reliable in predicting 
the fi brinogen concentration in cases of severe 
hypofi brinogenemia. On the contrary, platelet 
count was a constant primary determinant of the 
MCF-EXT and MCF-INT. In a recent compara-
tive, prospective, without-versus-with study, the 
implementation of a ROTEM-based transfusion 
algorithm during OLT had no infl uence on bleed-
ing and transfusion requirements: again, while 
the ROTEM-based algorithm was associated 
with an increased perioperative use of fi brinogen, 
this was not associated with a difference in bleed-
ing and the transfusion needs [ 143 ]. 

 According to the most recent experiences in 
massively bleeding patients, the required fi brino-
gen dosage can be calculated based on the tar-
geted increase in MCF or A10 in FIBTEM and 
the body weight (Table  10.1 ). In the authors’ 
opinion, one of the major concerns with these 
formulas is the more than probable fi brinogen 
over administration, leading to prohibitive costs 

   Table 10.1    Required fi brinogen dosage expressed in 
grams   

 Body weight 
(kg) 

 Targeted increase in MCF (A10) FIB 
TEM 

 4 mm  8 mm  12 mm  16 mm 

 20  0.5 g  1 g  1.5 g  2 g 

 40  1 g  2 g  3 g  4 g 

 60  1.5 g  3 g  4.5 g  6 g 

 80  2 g  4 g  6 g  8 g 

  Modifi ed from Gorlinger [ 101 ]  
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without demonstrated utility. An alternative, 
more balanced approach might be a progressive 
correction with repeatable boluses of 2 g fi brino-
gen concentrate followed by a new TEG/ROTEM 
test to document the correction.

   

Fibrinogen dosage g

targeted MCF in FibTEM mm

body weight kg

( )
= ( )

× (
D

)) /140
   

Cryoprecipitate source of fi brinogen is now only 
indicated when there is a lack of available fi brin-
ogen concentrate. The risks of infection and 
immune reaction are reported by some as a con-
traindication for the treatment of bleeding and 
hypofi brinogenemia [ 102 ]. 

 TEG monitoring can reduce transfusion 
requirements by 30 % [ 119 ]. TEG/ROTEM might 
improve patient outcomes: however, larger trials 
are required to investigate/demonstrate this 
hypothesis [ 144 ]. 

 TEG/ROTEM can identify hyperfi brinolysis, 
indicating antifi brinolytic therapy in case of 
bleeding (Table  10.2 ).

   Every therapeutic decision (FFP, PLT, fi brino-
gen administration) should be done in case of 
ongoing bleeding and should be verifi ed by a new 
TEG test (Table  10.3 ).

10.10         TEG-/ROTEM-Based 
Pharmacological 
Management of Bleeding 

 The management of bleeding and coagulopathy 
varies greatly between different centers. Again, 
VET devices offer a rapid diagnostic point-of- 
care test to aid the clinician in orienting/directing 
pharmacological therapeutic interventions. 

10.10.1     Antifi brinolytic Drugs 

 Hyperfi brinolysis may play a signifi cant role in 
nonsurgical blood loss requiring massive transfu-
sion during liver transplantation. Antifi brinolytic 
therapy has been shown to reduce blood loss and 
blood product transfusions [ 102 ,  146 ] and to be a 
good therapeutic option in cases of enhanced 
fi brinolysis. Such a therapy has to be guided by 
clinical judgment, TEG/ROTEM signs of lysis 
and “evident” bleeding, and not administered for 
routine prophylaxis [ 102 ] due to potential (albeit 
not demonstrated in a comprehensive meta- 
analysis) thrombotic risk [ 78 ,  147 ]. 

 Except for VET, no commercial test evaluates 
global fi brinolysis. Measurement of individual 
components of the fi brinolytic pathway is 
unlikely to help in assessing and managing bleed-
ing risk of cirrhosis [ 148 ]. 

   Table 10.2    Simplifi ed summary of three published TEG-based transfusion algorithm on kaolin blood   

  11 
min ≤ r-time ≤ 15 min  

  40 ≤ MA ≤ 46 mm  
  and  
  FF-MA 7–19 mm  

  40 ≤ MA ≤ 46 mm  
  and  
  FF-MA 7–19 mm  

  alpha angle  
  <52°  

  Ly 30 min > 8 %  

 10 mL/kg FFP 
 or 2 U FFP 

 Apheresis 
platelets 1U 

 Fibrinogen 25–50 mg/kg 
 or 
 Cryoprecipitate 6U 

 2 UI FFP or fi brinogen 
concentrate 

 Tranexamic acid 
 1–2 g 

  r-time > 15 min    MA < 40 mm  
  and  
  FF-MA 7–19 mm  

  MA < 40 mm  
  and  
  FF-MA ≤7 mm  

  alpha angle  
  <45°  

  Ly 30 min >8 %  

 20 mL/kg FFP 
 or 4 U FFP 

 Apheresis 
platelets 2 U 

 Fibrinogen 25–50 mg/kg 
 or 
 Cryoprecipitate 6 U 

 Fibrinogen 25–50 mg/kg 
 or 
 Cryoprecipitate, 6 U 

 Tranexamic acid 
 1–2 g 

  Modifi ed from Larsen and associates [ 121 ], Kang and associates [ 100 ], Wang and associates [ 120 ] 
  FF  functional fi brinogen,  FFP  fresh frozen plasma,  r  time to initiation clot formation,  Ly30  lysis 30 min after the maxi-
mum amplitude,  MA  maximum amplitude of clot formation  
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 The timing and severity of fi brinolysis is rele-
vant to decide whether to treat or not this compli-
cation. It is not unusual to see a spontaneous 
resolution of lesser degree of fi brinolysis in the 
post-reperfusion phase. In the liver transplant set-
tings, hyperfi brinolysis may occur in up to 60 % 
of the cases, but it is self-limiting in one third of 
these cases [ 101 ]. Hyperfi brinolysis typically 
subsides within an hour but may persist with 
poorly functioning or marginal grafts. This sce-
nario rarely occurs in acute liver failure due to a 
high PAI-1 [ 149 ]. 

 The drugs usually administered during liver 
transplant to treat hyperfi brinolysis are:

•    Aprotinin: associated with reduced blood loss 
and transfusion requirements. It is no longer 
available (withdrawn from the market for 
safety concerns) [ 146 ,  149 ].  

•   Lysine analogues (tranexamic acid (TA) and 
E-aminocaproic acid (EACA)). TA and EACA 
are associated with lower risk of death when 
compared to aprotinin. Overall, TA seems to 
be the agent of choice in liver transplantation, 
being equally effi cacious as the currently 
unavailable aprotinin [ 150 ]. According to a 
recent Cochrane review, antifi brinolytic ther-
apy helps reduce blood loss and perioperative 
allogeneic blood transfusion [ 146 ].    

 As opposed to a blind prophylaxis with antifi -
brinolytics in liver transplantation, a goal- 
directed therapy, using thrombelastometry/
graphy to assess fi brinolysis and evaluating the 

response to antifi brinolytic therapy, has been sug-
gested [ 102 ]. Optimal timing and dose of TA dur-
ing OLT have not been established [ 151 ]. 
Currently, in many centers, tranexamic acid is 
usually given to treat ongoing bleeding in 1–2 g 
increments (20–25 mg/kg body weight bolus) 
[ 102 ]; a continuous infusion of 1–2 mg/kg/h is 
also used in some institutions. 

10.10.1.1     TEG-Based Indications 
 Fibrinolysis is defi ned as present when whole 
blood clot lysis index is less than 80 % [ 152 ]. 
Manufacturer reference values defi ne fi brinolysis 
when LY30 min is >8 % and LY60 min >15 %. 
Therefore, the antifi brinolytic therapy is sug-
gested by TEG monitoring and by the presence of 
coexisting microvascular oozing in the surgical 
fi eld.  

10.10.1.2     ROTEM-Based Indication 
 The presence of clinically relevant fi brinolysis 
can be detected as increased maximum lysis (ML 
>15 % of MCF), early starting reduction in MCF 
(<45 min), and improved measurement values 
obtained from a test containing aprotinin 
(APTEM) [ 150 ]. 

 If APTEM clotting time (CT) is shorter than 
EXTEM CT, or CLI60 in EXTEM is <85 % dur-
ing preanhepatic or early anhepatic, a therapeutic 
administration of tranexamic acid may be 
suggested. 

 If fi brinolysis is observed during the late anhe-
patic phase (CLI30EXTEM) <50 % therapeutic 
administration of tranexamic acid (25 mg/kg) is a 

   Table 10.3    Simplifi ed summary of ROTEM-based transfusion algorithm   

  EXTEMCT >80 s    INTEM CT 
>240 s  

  EXTEM MCF  
  <35 mm  
  and  
  FIBTEMMCF  
  >6 mm  

  EXTEM MCF <35 mm  
  and  
  FIBTEMMCF <6 mm  

  EXTEM and INTEM 
decline after MCF  
  APTEM normal  
  CLI30EX <50 %  

 PCC 25 UI/kg  15–20 mL/kg 
FFP a  

 Apheresis platelets,1 U  Fibrinogen 
 25–50 mg/kg 

 Tranexamic acid 
 1–2 g 
 or 
 25 mg/kg 

  Modifi ed from Kirkner and associates [ 126 ], Larsen and associates [ 121 ], and Coackley and associates [ 145 ] 
  APTEM  tissue factor and aprotinin,  CLI30  clot lysis index at 30 min,  CT  clotting time,  EXTEM  tissue factor,  FIBTEM  
tissue factor and cytochalasin D,  FFP  fresh frozen plasma,  INTEM  ellagic acid,  MCF  maximum clot fi rmness 
  a If patients continue to bleed after correction with factor concentrates and show signs of FV and/or FXI defi ciency (indi-
cated by prolonged INTEM clotting time, cutoff value of ≥240 s), FFP can be administered at a dose of 15–20 mL/kg  
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useful option to reduce blood loss. Tranexamic 
acid administration is indicated after reperfusion 
when CLIEXTEM <50 % is present and persis-
tent bleeding occurs [ 101 ].   

10.10.2     Recombinant Activated 
Factor VII (rFVIIa) 

 Recombinant factor VIIa (rFVIIa) is recombinant 
human coagulation factor initially developed for 
bleeding episodes in hemophilia A and B patients 
who developed inhibitors against standard-factor 
replacements. It promotes hemostasis by activat-
ing the extrinsic pathway of the coagulation cas-
cade. rFVIIa, bypassing factors VIII and IX, 
initiates coagulation of blood. The FVIIa tissue 
factor complex catalyzes the conversion of factor 
IX and factor X into the active proteases, leading 
to thrombin generation. 

 The administration of this drug during liver 
transplantation, enthusiastically welcomed after 
the fi rst reports, and associated with reduction of 
blood loss and transfusion needs, was quickly 
stopped after two multicenter studies that showed 
an increased number of thromboembolic-related 
events and no reduction in blood loss and transfu-
sion requirements [ 84 ,  153 ,  154 ]. 

 According to a recent retrospective review, 
intraoperative versus preemptive administration 
of rFVIIa during liver transplant was associated 
with higher blood product use, lower graft and 
patient survival rates, longer ICU stays, and 
higher overall costs compared with preemptive 
administration [ 155 ]. The implication for clinical 
practice was the absence of clear evidence to pro-
mote FVIIa use in OLT apart from rescue therapy 
for uncontrolled bleeding after having ruled out 
other possible alternative causes and interven-
tions [ 102 ]. 

 Even if more trials are needed to adequately 
evaluate the use of prophylactic rFVIIa in liver 
transplantation, room for a specifi c role does not 
seem to be likely: as commented on by Yank and 
associates, however, available evidence is of low 
strength and too limited to compare the harms 
and benefi ts of rFVIIa in OLT [ 156 ].  

10.10.3     Desmopressin 

 Desmopressin, a derivative of the antidiuretic 
hormone, was used for the fi rst time to treat 
patients with hemophilia A and von Willebrand 
disease (vWD). Its indications were quickly 
expanded to bleeding disorders not involving a 
defi ciency or dysfunction of factor VIII or vWf, 
as it can happen in liver diseases. Despite a reduc-
tion in the bleeding time in cirrhotic patients, 
controlled clinical trials were not able to confi rm 
a positive effect in the management of acute vari-
ceal bleeding in ESLD patients [ 157 ]. Arshad and 
associates [ 158 ] showed that desmopressin 
administration had minimal hemostatic effects in 
cirrhotic patients while could be more effective in 
patients with mild disease: further clinical studies 
are required to confi rm this point. 

 Desmopressin has been shown to improve 
laboratory parameters of primary hemostasis 
(including the ex vivo bleeding time) [ 159 ], but 
there is very little evidence at the available dos-
age (0.3 μg/kg) for clinical effi cacy in patients 
with ESLD undergoing liver transplantation 
[ 160 ,  161 ].   

    Conclusions 

 In the last 10 years, a sort of copernican revo-
lution changed the interpretation of the hemo-
static and coagulation profi les of the ESLD 
patients. Cirrhotic patients are not by defi ni-
tion auto- anticoagulated and then by default 
predisposed to bleeding: instead, they react, 
according to the different stimuli (e.g., endo-
toxemia) with a “rebalanced coagulation.” It 
is now clear that cirrhotic patients might be 
considered in some settings at greater risk of 
thrombosis than bleeding, even if routine 
plasmatic coagulation tests suggest hypoco-
agulability: this is the reason to explain the 
negative effects often associated with “fi xed” 
prophylactic correction of laboratory values 
(mainly INR and R) with blood products. 
According to the above concepts, the use of 
rapid and more dynamic tests, as the visco-
elastic TEG and ROTEM, are on the rise, pro-
viding a rapid diagnostic (and now reliable) 
bedside tests to aid the clinician in directing 
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therapeutic interventions. An easy to use, 
rapid, fl exible, and reliable VET point of care 
should guide a “step-by-step” evaluation of 
the ongoing hemostatic phenomenon/bleed-
ing event, allowing an in vitro simulation of 
the correction (if and when needed) and the 
timely and appropriate correction of the 
disorder(s). In the near future, endothelial 
cells seeded onto microbeads or microchips 
fl ow chamber technique will improve the 
in vitro coagulation assessment, adding to the 
available technology the two missing links, 
endothelium and fl ow rate [ 144 ]. Algorithms, 
in some cases, even quite complex, are now 
available: however a strong evidence of their 
effects on outcome, blood loss, and transfu-
sion needs is still lacking, particularly accord-
ing to the most recent available experiences 
[ 144 ]. As a matter of fact, still unmet needs 
are consensus on MBT defi nition and shared 
attitudes/consensus on each step of the algo-
rithm designed to guide coagulation monitor-
ing and substitution/transfusion management. 
While VET point-of-care devices are not 
under discussion as monitors, cutoff values of 
the single TEG/ROTEM parameters are at 
least as far as we are aware. Thus, we con-
sider wise and mandatory to design large 
clinical trials to fi nd a consensus on values 
below which fi brinogen or PCC is to be 
administered (the same is for tranexamic acid 
in hyperfi brinolysis) or to be considered for 
an appropriate correction: the actual ever-
growing economic constraints and an appro-
priate use of resources mandate this step. 

 Finally yet importantly, in the absence of a 
clinically relevant bleeding, pathological labora-
tory results (VET tests or conventional laboratory 
tests) are not an indication for a hemostatic 
 intervention: correction of bleeding and, perhaps 
before, of pH, calcium, and body temperature are 
the fi rst targets of the anesthesiologist: “cosmetic 
correction” of numbers is indeed beyond the aim 
of this chapter.     
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11.1            Overview 

 Hemostasis disorders (coagulopathies involving 
both prothrombotic states and bleeding due to 
several pathological mechanisms) are common 
clinical conditions in critically ill patients admit-
ted in the intensive care unit (ICU) [ 1 ,  2 ]. 
Different hemorrhagic scenarios represent a chal-
lenging aspect of daily practical activity of anes-
thesiologists and intensivists facing perioperative 
bleeding in major surgery, trauma, burns, obstet-
rical hemorrhage and even in medical and septic 
patients, all of these conditions involving possi-
ble life-threatening coagulation disorders. The 
management of bleeding in these patients 
involves outstanding clinical aspects, requiring a 
pathophysiological and, possibly, a clinicopatho-
logical approach together with diagnostic tools. 
These include conventional laboratory coagula-

tion tests or, more recently, point-of-care (POC) 
devices (thromboelastography/thromboelastom-
etry: TEG®/TEM®; platelet aggregometry), to 
ensure a rapid, appropriate and correct diagnosis 
to activate a  theranostic approach  (a term derived 
from the fusion of two words:  thera- peutic and 
diag -nostic) , in order to administer the appropri-
ate and goal-directed treatment(s) [ 3 ,  4 ]. 
Coagulation disorders and severe bleeding condi-
tions associated with postpartum hemorrhage 
(PPH), acute trauma with trauma-induced coagu-
lopathy (TIC), and cardiac surgery-associated 
coagulopathy are treated in other chapters of this 
textbook. We will overview and summarize the 
pathophysiology of the coagulation disorders 
most frequently recorded in patients admitted to 
a general ICU after major surgery, polytrauma 
treated according to damage control surgery and 
“damage control resuscitation” with hemostatic 
control approach, burns, and severe sepsis/septic 
shock patients, looking at clinical and laboratory 
features of DIC (Disseminated Intravascular 
Coagulopathy). This chapter will focus on the 
more recent evidences regarding the costant rela-
tionships and cross talks between the coagulation 
and the infl ammation systems, summarizing and 
outlining the importance of approaching these 
bleeding and unstable patients looking at a rapid, 
POC evaluation with viscoelastic hemostatic 
tests (VHT) such as TEG®/TEM®. Finally this 
chapter will report the principal therapeutically 
approaches, looking at the actual evidences, if 
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any, to administer blood products and/or blood 
derivatives in a timely, goal-directed, and appro-
priated fashion.  

11.2     Pathophysiology of the Most 
Common Coagulation 
Abnormalities in Critical 
Patients Admitted to the ICU 

 In critically ill patients admitted to the ICU due 
to major surgery, trauma, burns, obstetrical severe 
bleeding (PPH: postpartum hemorrhage), sepsis 
and in patients undergoing extracorporeal life 
support, the entire coagulation system may show 
several degrees of abnormalities at multiple lev-
els [ 1 ,  2 ]. The risk of hemorrhage due to a coagu-
lopathy in these settings and the administration 
of allogeneic blood products has been reported as 
independent risk factors of adverse and worse 
outcome, in terms of morbidity and mortality [ 5 ]. 
As a consequence, a rapid and correct diagnosis 
of the underlying main causes sustaining the 
coagulopathy is mandatory, since every different 
deranged and identifi ed mechanism necessitates 
an appropriate and goal-directed therapeutic 
approach. Standard coagulation tests have shown 
several limitations, in terms of partial diagnostic 
informations and time of turnaround response 
from laboratory [ 6 ]. However, using conventional 
tests, important coagulopathy identifi cation and 
pathophysiological mechanisms (like reduced 
clot fi rmness, hyperfi brinolysis or platelet dys-
function) remain undetected, therefore leading to 
no goal-directed management. Standard coagula-
tion tests do not provide the right answers to 
clinical acute care requests, representing week 
 biomarkers  of abrupt coagulation derangements 
and poor predictors of bleeding and related mor-
tality [ 4 ,  7 ,  8 ]. Therefore, in recent years, there 
has been a renewed and increasing interest for 
POC devices such as thromboelastography/
thromboelastometry and platelet aggregometry 
tools, in order to obtain a rapid whole blood, 
near-patient analysis of the hemostatic function 
[ 7 ,  9 ]. Moreover, an increasing number of institu-
tions worldwide have developed and adopted 
local protocols to manage hemorrhage, which 

include POC-based assessment, aiming at three 
main points: (1) a rapid diagnosis of the underly-
ing coagulopathy, (2) an early goal-directed treat-
ment approach, and (3) the potential for a timely 
and rapid clinical follow-up in terms of coagula-
tion management [ 10 ]. The comprehensive goal 
seeks for blood loss containment, reduced alloge-
neic blood components requirements, favorable 
impact on the potentially severe or even life- 
threatening transfusion-related adverse effects, 
prevention of thromboembolic events and, fi nally, 
cost containment. 

11.2.1     Diagnostic Approach 
to Coagulopathy in 
Intensive Care Patients 

 The main (but not exclusive) pathophysiological 
derangements at the basis of the ICU coagulopa-
thies are the following [ 1 ]:

•    Alterations of the physiological profi le able to 
interfere with basic conditions for hemostat-
ing capabilities (pH, concentration of ionized 
calcium, temperature and hematocrit)  

•   Disturbances of primary hemostasis, e.g., pre-
existing or perioperatively acquired altera-
tions of platelet count and function due to 
antiplatelets medications, sepsis, disseminated 
intravascular coagulation (DIC), heparin- 
induced thrombocytopenia (HIT) and massive 
blood loss  

•   Abnormalities of the coagulation cascade due 
to preoperative anticoagulation medications 
such as vitamin K antagonists (VKA) and/or 
the novel oral anticoagulants (NOAC: dabiga-
tran, rivaroxaban, apixaban) as well as isolated 
or global clotting-factor defi cits (impaired syn-
thesis, massive loss, consumption)  

•   Complex systemic hemostatic derangements 
(DIC or hyperfi brinolysis)    

 In Fig.  11.1 , a schematic representation of the 
main aspects of the most relevant coagulopathies 
observed in the ICU patients is represented.

   In patients with extracorporeal life support 
such as ECMO, the risk of coagulopathy is 

L. Bucci et al.



161

 further increased by therapeutic anticoagulation 
using unfractionated heparin (UFH) to prevent 
blood clotting and by hemodilution, both result-
ing in the activation and consumption of coagula-
tion factors and platelets [ 12 ,  13 ].  

11.2.2     Limitations of Conventional 
Laboratory Coagulation Tests 

 Standard laboratory coagulation tests (prothrom-
bin time, PT; activated partial thromboplastin 
time, aPTT; platelet count; fi brinogen plasmatic 
concentration; D-dimer) appear to be of limited 
value for the precise assessment and the timely 
monitoring of ICU coagulopathies and for their 
treatment strategies, in particular in patients with 
critical and ongoing bleeding [ 4 ,  8 ,  14 ]. 
Hypothermia-induced coagulopathy might be 
masked by the usual sample analysis at a stan-
dardized temperature of 37 °C. The conventional 
“static” tests (PT and aPTT) only partially refl ect 
the initial thrombin generation; platelet count is 
merely quantitative and does not detect preexist-

ing, drug-induced or perioperatively acquired 
platelet dysfunction. Moreover, conventional 
coagulation tests do not provide information 
about clot stability over time, giving a limited 
information regarding (hyper)fi brinolysis. It is 
therefore of paramount importance to acknowl-
edge the intrinsic limitations of routine coagula-
tion tests in detecting clinically signifi cant 
conditions which may infl uence bleeding.   

11.3     Point-of-Care Devices 

 For an appropriate and clinically useful hemostatic 
evaluation of the critically ill patient, the analysis 
of a rapid, reproducible and reliable hemostatic 
profi le is mandatory. Differently from the standard 
tests, POC techniques, including whole blood 
platelet function tests (impedance or turbidimetric 
aggregometry) and particularly viscoelastic tests 
(thromboelastography/thromboelastometry: 
TEG®/TEM®) might provide detailed results, 
including the correction for the core temperature 
of the patient. When compared to conventional 
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  Fig. 11.1    A schematic overview of the main principal 
coagulopathies in ICU critical patients.  DIC  disseminated 
intravascular coagulopathy,  HIT  heparin-induced throm-

bocytopenia,  NOAC  novel oral anticoagulant (Modifi ed 
from Levi and van der Poll [ 11 ])       
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laboratory test, viscoelastic assay results are avail-
able much earlier (analysis time of 20–25 min vs. 
laboratory turnaround time of 40–90 min) and 
might identify in a large part of the cases the 
underlying hemostatic derangement (i.e. factor 
defi ciency, low fi brinogen, altered platelet func-
tion, increased fi brinolysis). Therefore, they can 
provide the indication for a targeted drug therapy 
or the appropriate blood component administra-
tion [ 6 ,  15 ]. More importantly, the results of the 
hemostatic interventions are real-time available, 
an opportunity which might become critical in this 
setting (rapid display of the  in vitro  drug effect and 
of the  in vivo  results early after the therapeutic 
intervention). Viscoelastic POC techniques 
(ROTEM®, TEG®) are based on thromboelastog-
raphy, which was described several decades ago 
by Hartert [ 16 ]. These tests are used to measure 
the time until clot formation begins, the dynamics 
of clot formation and the fi rmness and stability of 
clots over time. A special and unique advantage 
provided by the viscoelastic techniques is the 
direct detection of hyperfi brinolysis [ 17 ]. Platelet 
aggregation tests combined with viscoelastic 
methods yield a far broader diagnostic spectrum 
than conventional laboratory testing of coagula-
tion may offer [ 15 ]. However, none of the cur-
rently available POC techniques can provide 
adequate information about all aspects of the com-
plex process of blood clotting. For more detailed 
informations regarding the techniques, the points 
of strengths and limitations of POC devices, see 
elsewhere in Chaps.   2     and   3    .  

11.4     Coagulation 
and Infl ammation: 
Relationships and Cross talk 
Pathways between the Two 
Systems 

 In recent years, evidences from basic researches 
and clinical studies focused on the profound rela-
tionships and the costantly cross talks between 
the coagulation system and the infl ammatory cas-
cade. This involves the cellular elements of the 
immune response, the released substances (i.e. 
cytokines, PAMPs and DAMPs, and more 

recently microparticles and histones; see below) 
[ 18 ], the endothelium with its complex system of 
signals’ mechano-transducers such as glycocalyx 
and receptors [ 19 ] and the infl ammatory response 
to tissue damages, due to invading pathogens or 
sterile injuries [ 20 ]. Blood coagulation and 
infl ammation represent the two main ancient 
human host defense systems, aiming to recog-
nize, contain and kill invaders, trying to limit tis-
sue injury and to start repair mechanisms [ 21 , 
 22 ]. The interplay of the coagulation and infl am-
matory pathways shows a formidable complex-
ity, in which laboratory researches and animal 
model studies offer even more elements to clini-
cal queries to reach (possibly) solid evidences. 
The need is for  biomarkers  and rapid diagnostic 
POC tools. The ultimate goal is to defi ne precise 
targets for appropriate drug delivery to guide a 
goal-directed treatment; the fi nal result should be 
to modulate both coagulation and infl ammatory 
systems’ responses and, defi nitively, to counter-
act possible impending bleeding situations. 

11.4.1     Infl ammatory Response in ICU 
Patients due to Surgery, 
Trauma, and Burns: Lessons 
Learned from Sepsis 

 Tissue injury following major surgery, trauma 
and burns represents a formidable boost of 
infl ammatory response, with the host immune 
system involved both in protection from infec-
tion (a major factor of increased morbidity, mor-
tality and overall costs) and in the initiation and 
guidance of the repair mechanisms aiming at the 
fi nal “ restitutio ad integrum ”. Immunological 
variations following surgery and trauma are 
only  partially understood. They appear as char-
acterized by an increase of expression of 
T-helper 2 (Th2) lymphocytes with impaired 
cell-mediated immunity. Moreover, an imbal-
ance between the pro- and the anti-infl ammatory 
pathways of Th1/Th2 occurs, with changes over 
time, following activation of hypothalamic-pitu-
itary-adrenal (HPA) axis and sympathetic adre-
nal system activation, with the release of cortisol 
and catecholamines [ 23 ]. In trauma patients, the 
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host’s immune response is widely believed to 
follow a bimodal sequential organized forms, 
represented by the systemic infl ammatory 
response syndrome (SIRS, a pro-infl ammatory 
activated condition) followed by a series of 
mechanisms of compensatory anti-infl amma-
tory response syndrome (CARS) to counteract, 
balance and dump the overwhelming and possi-
bly dangerous infl ammatory reaction. However, 
recent data in severely injured patients with 
blunt trauma and burns seem to suggest a differ-
ent view and this paradigm may not be correct 
[ 24 ]. This proposed new model accounts for a 
simultaneous and rapid boost of innate immu-
nity (with activation of both pro- and anti-
infl ammatory genes) and suppression of those 
genes involved in adaptive immune response. In 
this paradigmatic shift of view, those compli-
cated recoveries are delayed, resulting in a pro-
longed and dysregulated immune- infl ammatory 
state.   

11.5     Clinical Scenarios of Critical 
ICU Patients 
with Coagulopathy 

11.5.1     Perioperative Coagulation 
Management in Major 
Surgery and Trauma Bleeding 
Patients 

 By defi nition, the intraoperative and the postop-
erative phases are summarized together as “peri-
operative” period. “Surgical bleeding” from an 
uncontrolled source, with no clinical and labora-
tory evidence of coagulopathy, may present as 
an early pathomechanism of perioperative hem-
orrhage in ICU. During ongoing major bleeding 
requiring a massive transfusion approach, coag-
ulopathy may develop in a high percentage of 
cases. Depending on the patient’s compensatory 
capability, bleeding situations with a blood loss 
exceeding 20 % of the blood volume may repre-
sent an emergency as well as a risk factor for 
postoperative anemia, tissue hypoperfusion, 
transfusion requirements and associated adverse 
events and, ultimate, coagulopathy [ 4 ]. All these 

factors are independent predictors for survival 
outcome in postoperative critical care patients 
and are major drivers for resource application 
and costs [ 4 ,  9 ,  14 ]. Moreover, as surgery and 
trauma injuries are not limited to previously 
healthy people, the increasing number of patients 
treated with oral anticoagulants and antiplatelet 
drugs poses an additional problem to clinicians. 
Diagnosis of perioperative coagulation derange-
ments in major bleeding necessitating massive 
transfusion needs to be addressed by appropriate 
coagulation tests. Repeated coagulation moni-
toring is the rational basis for the introduction of 
prothrombotic and/or antithrombotic interven-
tions. In the last decade, there has been a para-
digmatic shift in the management of these 
patients, with an increased awareness for the 
limitations of routine coagulation tests to guide 
coagulopathy treatment in massive bleeding, 
pointing out that predominant pathomechanism(s) 
of bleeding in the complex scenario of perioper-
ative coagulopathy cannot be differentiated. A 
prolonged activated partial thromboplastin time 
(aPTT) may be due to “intrinsic coagulation fac-
tor” defi ciency requiring specifi c substitution, 
fi brinogen defi ciency requiring fi brinogen sub-
stitution, hypothermia necessitating rewarming, 
residual heparinization requiring protamine 
reversal or hyperfi brinolysis requiring antifi bri-
nolytic drugs. Normal viscoelastic assay results 
and normal platelet count/function are unlikely 
to coincide with bleeding (high negative predic-
tive value), which should trigger a requirement 
of surgical re- exploration. In major trauma 
patients, coagulopathy is recorded in approxi-
mately 25–30 % of patients admitted to the 
emergency room, being involved in up to 40 % 
of all trauma-related deaths [ 25 ]. Although fresh 
frozen plasma (FFP) transfusion is often a rou-
tine part of transfusion protocols, its effi cacy is 
uncertain. Most notably, FFP administration is 
also associated with acute lung injury (TRALI), 
transfusion-associated cardiac overload (TACO) 
and nosocomial infections [ 26 ,  27 ]. Additionally, 
trauma-associated coagulopathy is a very com-
plex biological process; for the updated informa-
tions of early trauma-induced coagulopathy 
(TIC) and its detection and treatment approach, 
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see Chap.   7    . However, care of the most injured 
trauma patients does not end in the trauma resus-
citation bay and/or in the operating room. ICU 
physicians must be skilled to receive patients at 
any point along the continuum of care, both with 
an assessment of the patient’s physiologic status 
and addressing ongoing needs in a prompt and 
rapid fashion [ 28 ]. Once the patient is more sta-
ble, the ICU physician must begin the mainstays 
of care focusing on clinical issues such as organ 
function support, potential for infectious, throm-
boembolic events and the need for planned re-
exploration (e.g. in case of open abdomen 
strategy) and staged defi nitive repair. 

 The resuscitation strategies from surgery or 
trauma injury are based on the prerequisite of 
stopping hemorrhage. Life-threatening coagu-
lopathy is one of the most dangerous complica-
tions of patients in severe hemorrhagic shock and 
increased transfusion requirements are generally 
predictive of subsequent organ dysfunction; 
moreover, there are data showing that persistent 
bleeding with ongoing coagulopathy of patients 
admitted to the ICU is independently associated 
with increasing in morbidity and mortality [ 29 , 
 30 ]. In these critical care settings, there are more 
and more urgent needs for the ICU physicians for 
reliable POC hemostatic monitoring devices, 
with clinical relevance in conditions of severe 
coagulopathy due to massive hemorrhage. There 
is increasing evidence that viscoelastic monitor-
ing systems such as TEG (Haemonetics Corp., 
Niles, IL, USA) and ROTEM (Tem Innovations 
GmbH, Munich, Germany) are useful for detect-
ing clinically relevant hemostatic alterations in 
surgical and trauma patients with critical bleed-
ing and diffuse coagulopathy [ 31 ,  32 ]. 
Viscoelastic monitoring has been much more 
widely used in Europe than in the United States, 
both for perioperative and ICU management of 
the hemorrhagic patients [ 3 ,  33 ,  34 ]. In the recent 
published ESA Guidelines on Perioperative 
Bleeding Management, the authors suggest the 
use of viscoelastic tests (ROTEM/TEG) for mon-
itoring perioperative hemostatic function in 
major orthopedic surgery and neurosurgery 
(Grade of Evidence: 2C), as well as a recommen-
dation in visceral and transplant surgery for a tar-

geted coagulation disorders management (Grade 
of Evidence: 1C) [ 7 ].  

11.5.2     Burn Injury 

 Severe burn injury (burned body surface area 
>15 % in adult and >10 % in children) triggers a 
SIRS with serious metabolic derangements. One 
of the best known systemic manifestations evi-
denced in the fi rst hours after a major burn trauma 
is related to systemic microcirculation damage 
with increased capillary permeability and protein 
leakage into the interstitial space, with clinical 
evidence of huge generalized edema and hemo-
dynamic features of hypovolemic shock. 
Adequate fl uid replacement is mandatory in the 
fi rst hours after a traumatic burn. However, in 
burn patients other systemic disorders are also 
accompanied by SIRS such as cardiac dysfunc-
tion, acute respiratory distress syndrome, acute 
renal failure, increased intestinal permeability 
resulting in bacterial translocation, hypermetabo-
lism, hypercatabolism and sepsis [ 35 ]. These 
severe alterations in homeostatic balance may 
escalate in multiple organ failure (MOF) and 
death. Therefore, research seeking new mecha-
nisms by which to attenuate infl ammation after 
severe burn injury is urgently needed. The goal 
for early excision of burns is the reduction in 
release of infl ammatory mediators and bacterial 
colonization of wounds. This currently world-
wide adopted strategy can attenuate SIRS phe-
nomena and reduce the incidence of metabolic 
derangements, sepsis and multiorgan failure. 
Once performed as early as possible, excisions 
and immediate wound closure have shown an 
improvement in survival, with a decrease in ICU 
and hospital length of stay [ 36 ]. Once activated, 
infl ammation and coagulation systems in septic 
burn patients can defi nitively lead to increased 
mortality [ 37 ]. Coagulation system derange-
ments during the early phases of burn injury are 
characterized by activation of procoagulation 
pathways, enhanced fi brinolysis and consump-
tion of natural anticoagulant factors. Both the 
thrombotic and fi brinolytic pathways are trig-
gered proportionally to the degree and the extent 
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of the burn [ 38 – 40 ]. Confl icting results about a 
possible, early acute burn-induced coagulopathy 
with similarities to TIC are reported. Sherren and 
associates showed that, in major burns, the dys-
function of the procoagulant, anticoagulant and 
fi brinolytic pathways may occur early [ 41 ], argu-
ing that, to date, the existent trials were focused 
on the incidence and the time course of DIC and 
a hypercoagulable state. The initial coagulation 
test reported values referred to the fi rst 24–36 h; 
therefore, if any laboratory evidence of the coag-
ulation derangements was observed, it was often 
delayed [ 42 ,  43 ]. Lu and associates found in their 
single-center, retrospective study that the screen-
ing hematologic profi le of burn patients at admis-
sion was normal and the standard screening 
assays did not suggest the existence of an admis-
sion coagulopathy analogous to TIC [ 44 ]. The 
current trend for increased survival in burn 
patients has been attributed to various improve-
ments in care, including early total burn wound 
excision and grafting, both with dedicated inten-
sive care units and an improved infection control 
due to a more coordinated multidisciplinary 
approach [ 45 ,  46 ]. A major challenge for the 
anesthesiologists regards blood loss and transfu-
sion management during early burn wound exci-
sion. The surgical approach is often associated 
with severe bleeding [ 47 ]. Despite multiple 
attempts to reduce blood losses, patients still 
need large amounts of allogeneic blood products 
both with blood derivatives (red blood cells, FFP, 
platelet concentrates and coagulation factor con-
centrates) [ 48 – 50 ]. Schaden and associates 
reported data from a prospective, single-center, 
randomized study focused on the management of 
coagulation disorders through a treatment algo-
rithm centered on POC (ROTEM) evaluation, 
aiming at reduction of allogeneic blood products 
transfusions during surgical burn wound exci-
sions [ 51 ]. The primary endpoint was the evalua-
tion of the cumulative transfused number of 
allogeneic blood units on the day of surgery. 
Given the limitations due to the power of the 
study, a signifi cant decrease in blood product 
transfusions was observed in the ROTEM-based 
algorithm group. No FFP was administered in the 
algorithm group. Low fi brinogen levels or hyper-

fi brinolysis was not signifi cant pathomechanisms 
requiring goal-directed treatment.  

11.5.3     Severe Sepsis 

 Hemostatic derangements represent a common 
early event in patients with severe sepsis. Sepsis 
is characterized by a procoagulant state and the 
resultant hypercoagulability may lead in the most 
severe cases to DIC. An excessive activation of 
the coagulation system involves platelets and 
coagulation factor consumption, which may shift 
the hypercoagulant state into a hypocoagulant 
state, ultimately leading to the hemorrhagic com-
plications [ 52 ]. 

 For the diagnosis of DIC, a simple scoring 
system has been developed from the International 
Society of Thrombosis and Haemostasis, which 
can be adopted and repeated daily for the man-
agement of these patients [ 11 ]. 

 In clinical practice, it is well known that com-
monly used biomarkers of sepsis such as procal-
citonin and interleukin-6 (IL-6) may also increase 
in patients with trauma or surgery even without 
infection. However, thromboelastometry vari-
ables may play a potential role as early coagu-
lopathy biomarkers in critical septic patients 
[ 53 ]. Adamzik and associates [ 54 ] reported in 
their observational cohort study (56 patients with 
severe sepsis and 52 patients after major surgery) 
that the thromboelastometry-derived lysis index 
was a more reliable biomarker of severe sepsis 
compared with procalcitonin, IL-6 and C-reactive 
protein. More interestingly, a multivariate analy-
sis of another cohort study of 98 septic patients 
evidenced that the absence or presence of at least 
one pathological thromboelastometry variable 
allowed better prediction of 30-day survival in 
severe sepsis, compared with the simplifi ed acute 
physiology system (SAPS) II and sequential 
organ failure assessment (SOFA) scores [ 55 ]. 
This again highlights the relevance of the coagu-
lation system and the possible role in the next 
future of POC techniques in critical septic 
patients. In a very recent multicenter prospective 
observational study, Haase and associates investi-
gated the outcome in patients with severe sepsis 
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evaluated with repeated TEG measurements 
(standard TEG and functional fi brinogen) [ 56 ]. 
This was a subgroup of the 6S Trial, comparing 
hydroxyethyl starch (HES) vs. Ringer’s acetate 
as fl uid resuscitation in severe septic patients 
[ 57 ]. Two hundred sixty patients were assessed 
consecutively for 5 days, and data including 
death and bleeding were retrieved from the origi-
nal databases. For all TEG variables, a hypoco-
agulability state was signifi cantly associated with 
an increased risk of death. Patients treated with 
HES had lower values of functional fi brinogen 
maximum amplitude compared with patients 
who received Ringer’s acetate with a consistent 
increased risk of bleeding (hazard ratio 2.43, 
95 % CI 1.16–5.07). However, to date, a clear 
relationship between viscoelastic test variables 
and clinically relevant outcomes such as hemor-
rhage and mortality has not yet been demon-
strated in patients with sepsis, because previous 
published studies were relatively low powered 
and only few made sequential measurements 
[ 58 ].   

11.6     Therapeutical Options 
in Managing Coagulopathies 
in ICU Patients 

 The cornerstone of the therapeutical strategies in 
managing coagulopathy in the critical patients is 
that transfusional decisions should not be based 
only on coagulation test results, rather being 
guided by global clinical evaluation and possibly 
through an individualized approach. In a stable 
patient with no clinical signs of an ongoing 
bleeding, an unexpected abnormal coagulation 
test result must be repeated, in order to exclude 
possible sampling and/or laboratory errors. 

 The need to transfuse allogeneic blood prod-
ucts and/or blood derivatives is indicated for 
patients who are actively bleeding; actually, lim-
ited data exist regarding a prophylactic use of 
blood products in order to prevent a possible 
hemorrhage [ 2 ,  15 ]. Moreover, the very recent 
Practice Guidelines for Perioperative Blood 
Management by the ASA Task Force on 
Perioperative Blood Management emphasized 

new evidences including preoperative evaluation, 
assessment for transfusion risk and the use of 
adjunctive therapies to prevent and/or to treat 
bleeding [ 59 ]. These updated ASA guidelines 
promote the use of transfusion algorithms, in par-
ticular those based on thromboelastographic 
evaluations, blood ordering schedules and restric-
tive transfusion regimens. They advocate for 
implementing the adoption of pharmacologic 
therapies aiming to reduce allogeneic blood 
transfusions, using alternatives like coagulation 
factors concentrates (e.g. prothrombin complex 
concentrate) for rapid reversal of vitamin K 
antagonists or antifi brinolytic drugs during 
selected cardiac and noncardiac procedures with 
a high risk of bleeding. 

 A brief overview on the principal therapeuti-
cal options as blood components and blood deri-
vates used in treating coagulopathy in the 
bleeding ICU patients is presented. 

11.6.1     Fresh Frozen Plasma (FFP) 

 Transfusions with FFP are increased in recent 
years, with a usage up to 39 % of all patients 
admitted in the ICU [ 60 ,  61 ]. The most common 
clinical indications for FFP transfusion are pro-
longed PT or aPTT coagulation tests, meaning a 
decrease in coagulation factors with a major con-
tribution and an increased risk for bleeding. FFP 
transfusion is able to increase the levels of coagu-
lation factors normalizing coagulation tests and 
decreasing bleeding [ 62 ]. However, several 
observations should be applied to these ratio-
nales. A reduction in coagulation factor levels 
can increase the risk of bleeding but only when 
coagulation factors activity decreases below the 
minimum hemostatic threshold of 30 %, which 
correlates with an INR >1.7 [ 63 ]. FFP transfu-
sions increase coagulation factor levels, but the 
effect on the laboratory tests (INR and aPTT) 
depends on two factors: the amount of transfused 
FFP (which is quite large to reach an effective 
result) and the degree of the coagulopathy [ 60 ]. 
Finally, a recent systematic review of 80 random-
ized trials failed to identify any evidence of effec-
tiveness for FFP [ 64 ]. 
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 For the use of FFP in critical ill patients see indi-
cations, mode of uses and possible adverse events 
in published guidelines [ 7 ,  9 ,  59 ], reviews on this 
topic [ 2 ,  4 ] and in Chap.   6     of this manual.  

11.6.2     Thrombocytopenia 
and Platelet Dysfunction 

 For thrombocytopenia, the main trigger for trans-
fusion occurs in approximately 35–45 % of the 
ICU patients; approximately, 15–30 % of patients 
who develop thrombocytopenia in the ICU will 
receive platelet concentrates [ 65 ,  66 ]. 

 The rationales for transfusion of platelets in 
the critically ill patient are (1) a therapeutic inter-
vention to stop bleeding, (2) prophylactically 
prior to a surgical intervention or (3) for patients 
at a high suspicion of bleeding risk including 
those with combined coagulation defi cits, plate-
let dysfunction due to treatment with antiplatelet 
agents or renal disease. 

 However, other concomitant factors may 
increase the bleeding risk in the critical patients 
due to the presence of other coagulation abnor-
malities or DIC, uremia, continuous renal 
replacement therapy in case of renal failure, as 
well as medications like antiplatelet drugs that 
may interfere with platelet function [ 67 ]. 

 A failure to increase platelet count after plate-
let concentrate transfusions may be due to the 
presence of antiplatelet antibodies; however, 
these are unlikely in patients who have not been 
previously transfused. In the critically ill, the 
commonest reason for the platelet count not to 
increase is due to the ongoing consumption either 
by hemorrhage or thrombosis. Heparin-induced 
thrombocytopenia (HIT) is a rare, adverse drug 
reaction caused by heparin. It is a prothrombotic 
disorder which can lead to a worse outcome when 
a delay in diagnosis occurs. The treating team 
and hematologist must have a high index of sus-
picion to facilitate diagnosis and treatment. The 
pathophysiology of HIT centers on the develop-
ment of pathological antibodies to the combina-
tion of heparin and platelet factor 4 (PF4). These 
antibodies activate platelets, triggering the 
release of their procoagulant substances and pre-

cipitating the development of pathological throm-
bus [ 15 ]. The timing of onset of the 
thrombocytopenia is of key importance, with 
classical onset HIT occurring between 5 and 10 
days after heparin has been initiated. The treat-
ment consists in stopping heparin and start an 
alternative anticoagulation (e.g. fondaparinux or 
a direct thrombin inhibitor). 

 Desmopressin (DDAVP, 1-deamino-8-D-argi-
nine vasopressin) enhances platelet adherence and 
platelet aggregation on human subendothelium 
and is the fi rst choice in the treatment of bleeding 
in patients with von Willebrand disease. Its use at 
a dose of 0.3 μg/kg has been recommended in 
patients treated with antiplatelet drugs, suffering 
from intracerebral bleeding and in trauma patients 
with von Willebrand disease (Grade 2C) [ 9 ].  

11.6.3     Fibrinogen Supplementation 

 In some countries (the United States and United 
Kingdom among others) cryoprecipitate is the 
fi rst-line product to supplement fi brinogen. 
Cryoprecipitate is rich in fi brinogen factor VIII, 
vWF (von Willebrand Factor), fi bronectin and 
factor XIII. A standard transfusion of two bags of 
cryoprecipitate is expected to increase the fi brin-
ogen concentration by 0.5–1 g/l. The transfusion 
of cryoprecipitate is appropriate when a patient is 
bleeding and the fi brinogen level is below 1.5 g/l 
[ 68 ]. There are no randomized controlled trials 
on the use of cryoprecipitate and the recommen-
dations are based on expert opinion. Fibrinogen 
concentrate is produced from pooled donor 
plasma, and during manufacturing, it undergoes 
several steps designed to produce viral 
 inactivation [ 69 ]. Its usage appears appealing in 
several clinical settings with critical bleeding like 
severe trauma and postpartum hemorrhage (PPH) 
(see Chaps.   7     and   9    ).  

11.6.4     Prothrombin Complex 
Concentrate (PCC) 

 If coagulopathy persists even after fi brinogen 
supplementation and if the INR is >1.4 or if 
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 viscoelastic measures reveal a defi ciency of 
coagulation factors, then substitution of these is 
indicated. A dosage of FFP 15–30 ml/kg is neces-
sary to increase their concentration. However, the 
use of a prothrombin complex concentrate, 
depending on different production techniques (as 
a three-factor or four-factor) marketed forms. In 
the four-factor form, PCC contains factors II, 
VII, IX and X, proteins C and S, heparin and anti-
thrombin; it represents an attractive alternative to 
FFP because of the smaller volumes required to 
supplement the defi ciency [ 70 ]. 

 Moreover, the use of PCC as a rapid reversal of 
vitamin K antagonist in case of ongoing bleeding 
when an urgent surgery or an interventional pro-
cedure is indicated has been claimed. Its use has 
been advocated also in case of bleeding as rapid 
reversal of the novel anticoagulant drugs [ 71 – 73 ], 
however with limited evidence of effi cacy.  

11.6.5     Recombinant Activated 
Factor VII (rFVIIa) and Factor 
XIII (FXIII) 

 If the coagulopathy persists with an ongoing 
bleeding and surgical causes have been ruled out, 
 off-label  use of two additional coagulation factor 
concentrates such as human recombinant acti-
vated factor VII (rFVIIa) and factor XIII (FXIII) 
may represent an “extrema ratio” therapeutic 
approach. As an additional pro-hemostatic agent, 
rFVIIa has undergone an ever-increasing  off- 
label   use within the fi rst 10 years of its approval 
for treatment of hemophilia patients with inhibi-
tors. Administration of recombinant factor VIIa 
(90 μg/kg) induces a so-called thrombin burst. As 
a “last-ditch” attempt of the therapy algorithm, 
this approach may potentially reverse life- 
threatening coagulopathy. However, several con-
ditions, such as pH ≥7.2, fi brinogen concentration 
>150 mg/dl, platelet count >50,000/μl, hemato-
crit ≥25 %, ionized calcium concentration 
>1 mmol/l and body temperature >36 °C should 
be reached, before factor VIIa be administered. 
Moreover, as highlighted in a recent systematic 
review, the effectiveness of recombinant factor 
VIIa in reducing perioperative bleeding and the 

transfusion rate of blood products remains con-
troversial [ 74 ]. 

 Factor XIII (FXIII) enhances blood clot stabil-
ity by cross-linking fi brin monomers and inte-
grating alpha 2-antiplasmin into developing clots. 
There is no routinely available test parameter for 
factor XIII defi ciency. In addition, there are cur-
rently no standardized reference values. However, 
especially in diffuse bleeding, factor XIII substi-
tution (15–30 IU/kg) may be indicated as a “last 
ditch” to achieve a factor XIII activity above 
60–70 % [ 75 ].   

    Conclusion 

 Coagulopathy is very common in the critically 
ill patients once admitted in ICU in several 
clinical settings. Blood product support is fre-
quently required, but there are very limited 
evidence- based data to support their use. 
Clinicians should try to collect all the possibly 
available data at the bedside, aiming to 
approach these bleeding patients in goal-
directed fashion guided by a rapid viscoelastic 
analysis through POC devices. In many cases, 
as the so-called magic bullet does not exist to 
date, no specifi c product support is required 
and the core management approach is the 
treatment of the underlying condition(s) trig-
gering and sustaining the coagulopathy itself. 
Further basic researches and well-built clini-
cal studies are urgently warranted to assure 
the best diagnostic approaches (e.g. POC 
techniques) and the optimal goal-directed 
treatment(s) for these patients. POC tests 
themselves are an integral part of a Patient 
Blood Management  program [ 76 ] and the 
future studies should aim to demonstrate that 
hemostatic therapies, based on POC algo-
rithms, are benefi cial in improving the out-
come of the critical care patients.     
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      Assessment of the Effects 
of Antithrombotic Drugs                     
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12.1            Introduction 

 One of the main causes involved in acquired 
hemorrhagic disturbs are the side effects of anti-
thrombotic drugs that can lead to bleeding com-
plications due to overdosage or accumulation or 
contribute to worsening a bleeding status trig-
gered by other causes like surgery or trauma. 
Bleeding is the major adverse reaction to antico-
agulants, leading to signifi cant morbidity and 
even mortality [ 1 ]. Moreover, one of the most 
challenging aspects of antithrombotic drugs man-
agement is their capability to be monitored in 
order to establish their adequate anticoagulant 
effect protecting versus thrombosis and to be able 
to modulate their dosage quickly in case of over-
dosage or to reverse their action in case of life- 
threatening bleeding or schedule for an 
emergency procedure. 

 Recently, several efforts have been made to 
create point-of-care versions of the main labora-
tory test routinely used to monitor antithrombotic 

drugs. Furthermore, viscoelastic tests (VET) (i.e., 
TEG® and ROTEM®) that are currently widely 
used to detect global coagulation changes and 
guide blood product replacement in cardiac and 
liver surgery perioperative context, trauma, and 
peripartum settings have been increasingly tested 
to monitor the effect of anticoagulants bedside. 

 Actually, there are not many evidences regard-
ing the monitoring of the majority of the anti-
thrombotic drugs supported by large clinical 
randomized trials involving patients assuming 
these drugs and affected by bleeding complica-
tions. Therefore, to date, the current available 
recommendations are given from small in vitro 
studies and experts’ opinion. 

 In the following sections the authors will 
expose the point-of-care tests to monitor the anti-
coagulant action of the main antithrombotic 
drugs currently available on the market. The lab-
oratory POC monitoring of the effect of anti-
platelet drugs has been study in deep in previous 
chapters.  
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12.2     Heparin 

 Unfractionated heparin (UFH) is a heteroge-
neous mixture of branched glycosaminoglycans 
that acts as antithrombotic drug by means of an 
endogenous cofactor named antithrombin (AT). 
Heparin exerts its anticoagulant effect by bind-
ing to lysine sites on AT, modifying AT from a 
slow to a very rapid and powerful thrombin 
inhibitor [ 2 ]. 

 The heparin-AT complex inactivates thrombin 
factor (IIa), factors Xa, IXa, XIa, and XIIa. 
Thrombin is about tenfold more sensitive to inhi-
bition than factor Xa. Moreover, by inhibiting 
thrombin, heparin also inhibits thrombin-induced 
activation of factor V and factor VIII. Heparin 
presents other AT-independent anticoagulants 
effects. It induces secretion of tissue factor path-
way inhibitor (TFPI) by vascular endothelial 
cells that reduce procoagulant activity of 
TF-fVIIa complex and release of tPA from endo-
thelial cells, triggering hyperfi brinolysis. 

 Heparin is heterogeneous with respect to 
molecular size, anticoagulant activity, and phar-
macokinetic properties, and its clearance is infl u-
enced by the chain length of the molecules. This 
differential clearance (the rapid plasmatic satu-
rable route versus the slow non-saturable renal 
route) results in accumulation in vivo of the 
lower-molecular-weight species, which have a 
higher ratio of antifactor Xa to antifactor IIa 
activity [ 3 ]. 

 Despite its imperfect profi le due to its hetero-
geneous molecular size, anticoagulant activity, 
and pharmacokinetic profi le [ 2 ,  4 ,  5 ], heparin still 
remains the gold standard for systemic anticoag-
ulation in different settings such as cardiac sur-
gery due to several advantages. First, it presents a 
short onset time and half-life, and secondly, its 
neutralization is possible by protamine. The main 
drawbacks of heparin are its high interindividual 
variability and the potential heparin rebound after 
adequate antagonization with protamine due to 
heparin release from certain tissues and due to 
shorter half-life of protamine than heparin [ 2 ]. 

 Its pharmacokinetic characteristics and its 
dependency on the presence of antithrombin 
cause a high interindividual variability of heparin 

anticoagulant effect leading to numerous modifi -
cation of heparin velocity of infusion with a risk 
of under- and overdosage that could produce dan-
gerous thrombotic and bleeding complications, 
respectively. 

 Several assays are today available to monitor 
the UFH anticoagulant effect in laboratories and 
bedside. Point-of-care tests (POCT) are able to 
shorten the time to have a result leading to clini-
cal decisions. They are mainly used in cardiac 
angiography laboratories, during cardiopulmo-
nary bypass, and in critically ill patients admitted 
to intensive care units. 

 The POC tests to monitor UFH are based on 
activated partial thromboplastin time (aPTT), 
activated clotting time (ACT), and heparin con-
centration measurement. 

12.2.1     Activated Partial 
Thromboplastin Time 

 The aPTT is a laboratory coagulation test that 
explores the intrinsic and common pathway. It is 
a modifi cation of the partial thromboplastin time 
(PTT) that was fi rst described in 1953 to detect 
clotting factors defi ciencies in hemophiliacs [ 6 ]. 
Phospholipids without tissue factor associated to 
a particular matter such as kaolin, celite, and oth-
ers are added to recalcifi ed plasma to trigger a 
clot formation that is detected using an electro-
mechanical or photo-optical device. It represents 
the in vitro analysis of coagulation factors of the 
intrinsic and common pathways. The aPTT is the 
suggested test to monitor the effect of heparin 
therapy in low ranges [ 2 ,  7 ]. 

 Prolongation of the aPTT by 1.5–2.5 times the 
upper limit of the normal reference range is gen-
erally considered therapeutic, and the aim is to 
reach an aPTT of 1.5 times the upper limit of the 
normal range within 24 h [ 8 ]. It also exists in 
point-of-care versions. 

 Notwithstanding, several limits of heparin 
monitoring by aPTT have been described. Firstly, 
aPTT has a lack of specifi city for heparin effects. 
Falsely prolonged aPTT due to short draw and in 
polycythemic patients (hematocrit >60 %) can be 
observed. Besides, concomitant defi ciencies or 
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presence of inhibitors of the intrinsic and com-
mon pathways factors and congenital disorders 
(lupus-like antibodies, antiphospholipid syn-
drome, etc.) can prolong aPTT. Acute phase high 
levels of fVIII can shorten the aPTT, despite the 
presence of heparin [ 8 ]. Secondly, the aPTT is a 
highly variable test that produces inconsistent 
results for several reasons. Signifi cantly different 
aPTT results have been observed with different 
instruments, reagents, and different lots of the 
same reagent implying diffi culties in standardiza-
tion. To overcome this problem, some authors 
have suggested to express the aPTT result as a 
ratio of the aPTT. This issue still remains contro-
versial because therapeutic heparin concentra-
tions determined by factor Xa inhibition (0.3–0.7 
antifactor Xa units) correspond to different aPTT 
ratio ranges. Consequently, the use of a standard 
aPTT therapeutic range of 1.5–2.5 for all reagents 
and instruments leads to the systematic adminis-
tration of subtherapeutic doses of heparin [ 2 ,  9 ]. 
According to other authors, the therapeutic range 
for each aPTT reagent should be reported in sec-
onds and calibrated to correspond with heparin 
serum concentrations of 0.2–0.4 units/mL by 
protamine titration or antifactor Xa activity of 
0.3–0.7 units/mL [ 10 ]. It should be recommended 
that every clinical laboratory calibrate its thera-
peutic range using a minimum of 30–40 samples 
from patients receiving heparin [ 8 ,  11 ]. Finally, 
the aPTT is insensitive to heparin concentrations 
higher than 1.0 units/mL, so it is not useful to 
monitor large doses of heparin, such as during 
cardiopulmonary bypass (CPB) [ 8 ,  11 ]. 

 Several aPTT POC devices are available today 
on the market. The main devices are GEM 
Portable Coagulation Laboratory (Instrumentation 
Laboratory, Lexington, MA), Hemochron 401 
(International Technidyne, Edison, NJ), 
Hemochron Jr. Signature+ (International 
Technidyne, Edison, NJ), Hemochron Response 
(International Technidyne, Edison, NJ), and ACT 
II (Medtronic, Minneapolis, MN). The technical 
characteristics of each device have been described 
elsewhere [ 9 ]. 

 Spinler and associates [ 9 ] analyzed the studies 
regarding the aPTT POCT, underscoring the 
inconsistencies between trials even if the same 

method of measurement was considered. The 
authors concluded that the aPTT test was associ-
ated with signifi cant inherent inaccuracy, and 
POC testing of the aPTT may heighten this inac-
curacy. Performing routine heparin concentra-
tions may be useful albeit complex, to establish a 
reagent-specifi c therapeutic range for aPTT. 
Cuker and associates compared the interlabora-
tory agreement of the anti-FXa-correlated aPTT 
with that of the traditional 1.5–2.5 times normal 
method and concluded that the anti-FXa–correla-
tion method does not seem to improve the inter-
laboratory agreement in UFH monitoring 
compared with the traditional 1.5–2.5 times 
method [ 12 ]. 

 Another important aspect is that POC aPTT 
should not be used interchangeably with standard 
laboratory assays [ 13 ]. Discrepancies between 
POC aPTT and laboratory assays are due to the 
nonstandardized nature of aPTT assay itself [ 9 ]. 
In conclusion, clinical application of POC aPTT 
seems limited at the moment.  

12.2.2     Activated Clotting Time 

 The ACT was fi rst described in 1966 [ 14 ] and 
widely diffused for clinical UFH monitoring in 
1980. It measures the antithrombotic (anti-IIa) 
action of heparin in a whole-blood sample con-
taining an activator of contact phase (kaolin, 
celite, or glass particles). ACT is the laboratory 
test most frequently used to measure the antico-
agulant effect of high doses of heparin or bivali-
rudin [ 15 ,  16 ]. It is a point-of-care whole-blood 
clotting test, performed bedside and expressed in 
seconds. 

 ACT and aPTT are not equivalent tests and 
can lead to discordant clinical decisions [ 17 ]. 

 Different technologies according to magnetic, 
optical, or viscoelastic detection of fi brin are cur-
rently available to measure ACT. Generally, 
whole blood is collected into a tube containing a 
coagulation activator and a magnetic stir bar. The 
clot formation interrupts a magnetic fi eld and 
stops the timer [ 18 ]. 

 ACT is typically used to monitor heparin 
activity during cardiac surgery. However, its use 
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presents several limits. First, during CPB the 
ACT has been shown to be highly susceptible to 
variation. It does not correlate well with anti-Xa 
measures and heparin concentration especially in 
case of hemodilution, hypothermia and severe 
thrombocytopenia. Secondly, the type of activa-
tor can modify the result of ACT. Celite prolongs 
ACT in the presence of aprotinin or anti-GPIIb/
IIIa drugs [ 19 ,  20 ]. 

 Some authors have observed a good correla-
tion between ACT and plasma heparin concentra-
tion after the initial bolus of UFH in cardiac 
surgery patients population [ 20 ]. Nevertheless, 
after the beginning of cardiopulmonary bypass, 
this correlation is lost due to the effects of hemo-
dilution, hypothermia, and platelet dysfunction 
[ 21 ,  22 ]. Besides that, warfarin, aprotinin, and 
glycoprotein IIb/IIIa receptor inhibitors prolong 
ACT independently of the heparin presence and 
amount [ 23 ,  24 ]. 

 Regarding ACT accuracy, correlations 
between the ACT and heparin concentrations 
have ranged from 0.24 to 0.98 in different stud-
ies. The more signifi cant variability was observed 
in case of low-range heparin concentrations 
(0–0.7 IU/mL by antifactor Xa assay) [ 9 ]. On the 
contrary, ACT offers interpretable results in case 
of high plasma levels of heparin [ 25 ]. 

 The main ACT devices currently available on 
the market are Hemochron Jr. Signature 
(International Technidyne, Edison, NJ), 
Hemochron Response and Hemochron 401 
(International Technidyne, Edison, NJ), Actalyke 
XL and Actalyke Mini (Helena Laboratories, 
Beaumont, TX), ACT Plus Automated 
Coagulation Timer (Medtronic Biologic 
Therapeutics and Diagnostic, Minneapolis), 
Hepcon HMS Plus (Medtronic Perfusion 
Systems, Minneapolis), and ACT from viscoelas-
tic global test of hemostasis such as ACT 
RapidTEG (Haemoscope Thrombelastograph® 
Haemostasis Analyzer TEG®) and kaolin-based 
ACT test from the Sonoclot® Analyzer (SkACT, 
Sienco Inc, Arvada, CO). Technical characteris-
tics of each device have been described elsewhere 
[ 9 ,  18 ,  19 ,  26 ]. 

 A main issue is that ACT which results from 
different instruments may not be interchange-

able [ 9 ] and, as a consequence, the target ACT 
range can vary according to the device used 
[ 27 ,  28 ].  

12.2.3     Heparin Concentration 
Monitoring 

 The multiple limitations of ACT and the fact that 
ACT does not correlate well with heparin levels 
in specifi c situations like hypothermia or hemo-
dilution during cardiopulmonary bypass have 
led to develop an alternative strategy to antico-
agulation management during cardiac surgery. A 
combination of ACT with heparin plasmatic lev-
els measurement has been proposed. The most 
widely available POC systems for measuring 
heparin levels are the Hepcon HMS Plus 
(Medtronic Inc., Minneapolis, MN, USA) and 
the Hemochron Response RxDx System 
(International Technidyne Corporation) which 
allow a tailored management of anticoagulation 
by heparin and protamine titration creating an 
individualized heparin dose-response curve [ 29 ]. 
The Hepcon HMS Plus uses the protamine titra-
tion method to establish the heparin plasma con-
centration and correlates well with the laboratory 
anti-Xa values [ 30 ]. A strong association 
( r  = 0.74) between the Hepcon HMS and the 
anti- Xa plasma heparin has been found [ 31 ]. 
Despotis and associates compared the conven-
tional management of anticoagulation during 
CPB using ACT or the maintenance of a target 
heparin plasma concentration as determined by 
the Hepcon HMS. The heparin concentration 
method resulted in both larger doses of adminis-
tered UFH and a lower hemostatic blood prod-
ucts administration because higher concentrations 
of heparin more effectively suppress coagulation 
activation and thrombin formation, leading to 
less consumption of coagulation factors [ 32 ]. 
Noui and associates compared the standard 
coagulation management during CPB using 
ACT and the antagonization of heparin dose/
dose by protamine with Hepcon HMS. The 
authors demonstrated that heparin and protamine 
titration using Hepcon HMS device predicted a 
lower protamine dose, decreased postoperative 
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bleeding and  perioperative red blood cell trans-
fusion rate, and shortened chest closure time 
[ 29 ]. As the protamine/heparin ratio has been 
described as one of the main factors associated 
with the postoperative bleeding and transfusion 
requirements in cardiac surgery [ 33 ], this strat-
egy could infl uence the outcome. On the con-
trary, other authors have found opposite results 
with HMS management leading to higher post-
operative bleeding, but these studies included 
small numbers of patients and heterogeneous 
populations [ 34 ,  35 ]. At the current time, further 
studies are necessary to establish if these devices 
can really infl uence the clinical outcome and are 
cost-effective [ 9 ,  36 ].  

12.2.4     Viscoelastic Hemostatic 
Assays 

 In cardiac surgery setting, excessive postopera-
tive bleeding has been frequently associated to 
insuffi cient reversal of heparin by protamine after 
the weaning from CPB, in part due to the routine 
monitoring of heparin anticoagulation with ACT, 
which does not differentiate between coagulopa-
thy caused by heparinization, hemodilution, 
platelet dysfunction, and others [ 33 ,  37 ]. 

 The TEG is the best predictor of trace amounts 
of heparin [ 38 ]. Heparin causes a dose-dependent 
inhibition of TEG clotting of normal blood [ 39 ]. 
As heparin inhibits thrombin formation, in the 
presence of heparin the reaction time and the 
 K -time of TEG and the CT and CFT of ROTEM 
are expected to be prolonged. In a study from 
Coppell and associates [ 40 ], UFH prolonged 
 R -time at blood concentrations ≥0.25 IU/mL and 
 K -time at concentrations ≥0.1 IU/mL. Besides, 
UFH reduced the α-angle at concentrations ≥0.1 
IU/mL and the MA at any concentration. The 
 R -time and α-angle were the least sensitive of the 
TEG parameters to UFH in this study. Overall, 
TEG has a higher sensitivity than standard labo-
ratory tests as concentrations of heparin of less 
than 0.1 IU/mL had no effect on PT, aPTT, or 
thrombin time (TT) assays [ 40 ]. 

 In order to discriminate the prolongation of 
 R -time due to heparin rebound or insuffi cient 

reversal from prolonged  R -time due to other 
causes such as lack of coagulation factors, a mod-
ifi ed viscoelastic test has been developed. Adding 
heparinase I to the TEG/ROTEM cuvettes, hepa-
rin becomes neutralized allowing to assess the 
global coagulation status independently of hepa-
rin activity [ 40 ,  41 ] (see Fig.  12.1 ). Inhibition of 
TEG clotting by heparin is reversed in vitro by 
both protamine sulfate and heparinase, but hepa-
rinase is more effective than protamine sulfate 
[ 39 ,  42 ].

   In the presence of heparin, TEG parameters 
return within reference ranges if the tests are per-
formed in heparinase-coated cuvettes, suggesting 
that the enzyme is able to successfully neutralize 
the anticoagulant effect of UFH [ 40 ]. Heparinase- 
modifi ed TEG is useful to monitor heparin rever-
sal in special clinical settings such as cardiac 
surgery [ 43 ]. 

 Heparinase I is an enzyme derived from the 
bacterium  Flavobacterium heparinum  that 
neutralizes heparin by enzymatic cleavage of 
alpha- glycosidic linkages at the antithrombin-
binding site [ 44 ,  45 ]. If heparin activity is 
identifi ed as the cause of bleeding, reversal 
with protamine can be performed avoiding 
unnecessary and potentially harmful blood 
transfusions. 

 In addition, heparinase is able to antagonize 
up to 6 IU/mL of heparin, so during cardiopul-
monary bypass, the heparinase-modifi ed throm-
boelastogram and the HEPTEM test of ROTEM 
are feasible despite anticoagulation with hepa-
rin in doses of 300 IU/kg, giving the chance to 
early understand the potential hemostatic defi -
ciency regardless of heparin before CBP wean-
ing [ 45 ,  46 ]. 

 Therapeutic UFH affects TEG parameters at 
lower concentrations than those that affect the 
PT, aPTT, TT, and ACT and in a dose-dependent 
fashion. For example, the aPTT is only slightly 
prolonged at doses of heparin that will com-
pletely inhibit TEG clotting. The standard TEG is 
more sensitive to UFH and low-molecular-weight 
heparin (LMWH) than most conventional coagu-
lation tests, except the anti-FXa activity. The dif-
ference between standard and heparinase-modifi ed 
TEG parameters increases the sensitivity of the 
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assay for the effects of heparins and is more sen-
sitive to very low doses of UFH than anti-FXa 
activity [ 40 ]. 

 The infl uence of unfractionated heparin on 
thromboelastometry parameters is markedly 
stronger than that of the LMWHs [ 47 ].  

12.2.5     Low-Molecular-Weight 
Heparin Antithrombotic 
Effect Monitoring 

 LMWHs are derived from UFH by chemical or 
enzymatic depolymerization and have higher 

a

b

  Fig. 12.1    Heparin rebound. Postoperative bleeding in 
aortic valve replacement. ( a ) Kaolin-TEG trace without 
heparinase. ( b ) Kaolin-TEG trace with heparinase. The 

presence of heparinase reduces  R -time and  K -time and 
normalizes alpha angle and MA       

 

B. Martinez et al.



179

antifactor Xa and reduced antifactor IIa activity 
(in an antifactor Xa/antifactor IIa ratios between 
2:1 and 4:1 depending on the type of LMWH). 
LMWHs present superior pharmacokinetic prop-
erties with a more predictable dose-response with 
respect to UFH due to their reduced binding to 
plasma proteins, endothelial cells, and macro-
phages [ 2 ]. As a rule, laboratory monitoring is 
needed when the variation in the individual 
response to a given drug is so variable that a cor-
relation between dose and standard effect is dif-
fi cult to predict [ 48 ]. The good bioavailability 
and long half-life of subcutaneous LMWHs pro-
vide a predictable anticoagulation effect and con-
sequently routine monitoring of their action is 
not necessary. However, in special populations 
prone to overdosing such as pediatric, obese, and 
pregnant patients and in case of renal insuffi -
ciency (creatinine clearance <30 mL/min) 
LMWH anticoagulant effect is not foreseeable 
and laboratory measurements are recommended 
[ 2 ], LMWHs do not prolong the assays used to 
monitor UFH (aPTT and ACT) [ 49 ]. The antifac-
tor Xa activity monitored by chromogenic assay 
is the test currently recommended by the College 
of American Pathologist [ 50 ]. However, this 
assay is neither standardized nor routinely avail-
able universally and around the clock. To over-
come this drawback, a point-of-care qualitative 
test called enoxaparin clotting time has been 
developed, but currently it is withdrawn from the 
market [ 9 ]. 

 In case of bleeding complications during 
LMWH therapy a quick bedside qualitative/semi-
quantitative monitoring able to discriminate the 
effect of the LMWHs as a major contributor to 
the hemostatic disturbance could be useful [ 51 ]. 
In this clinical setting, viscoelastic assays have 
been tested. Coppell and associates have investi-
gated the correlation between the variables of the 
standard and heparinase-modifi ed TEG with con-
ventional clotting tests (aPTT, TT and antifactor 
Xa activity) obtained from in vitro citrated sam-
ples spiked with increasing amounts of UFH, 
LMWH, and danaparoid from 0.025 to 1.0 U/
mL. The results of this study pointed out that 
UFH and LMWH (dalteparin) are able to modify 
the following TEG parameters: the  R -time, the 

 K -time, the α-angle and the MA. In Coppell’s 
study, LMWH prolongs  R -time at blood concen-
trations ≥0.5 IU/mL and  K -time at concentra-
tions ≥0.0025 IU/mL, and reduces α-angle at 
concentrations ≥0.25 IU/mL and the MA at any 
concentration. Furthermore, the addition of hepa-
rinase neutralizes LMWH and normalizes TEG 
parameters [ 40 ] (see Fig.  12.2 ).

   In case of bleeding due to multiple and 
dynamic factors, VETs are able not only to 
establish the contribution of anticoagulants to 
the coagulation disorder but also to monitor the 
normalization of hemostasis after a reversal of 
the drug has been administered [ 1 ]. Regarding 
different LMWH agents, Zmuda and associates 
showed that enoxaparin caused a dose-depen-
dent inhibition of TEG clotting of normal blood. 
Abnormal TEG clotting was observed in patients 
receiving enoxaparin whose plasma level of the 
drug was more than 0.1 anti-Xa U/mL. However, 
the degree of TEG abnormality did not always 
coincide with plasma levels of the agent. The 
inhibition of TEG clotting by enoxaparin was 
reversed by protamine sulfate and heparinase 
[ 39 ]. TEG is able to detect the presence of 
enoxaparin but does not seem an appropriate 
assay for monitoring adequate enoxaparin anti-
thrombotic therapy. This statement is based on 
the inconsistent fi ndings for the TEG parame-
ters (reaction time,  K -time and alpha angle) for 
plasma levels of anti- Xa activity [ 39 ]. Similar 
results have been pointed out by other authors. 
White and associates showed that there was no 
evidence of association between  R  and anti-Xa 
in patients treated with 1 mg/kg of enoxaparin. 
In addition, TEG was unable to predict anti-Xa 
activity. However, TEG  R  was prolonged in 
more than 90 % patients and showed a correla-
tion with the dose of enoxaparin [ 52 ]. These 
conclusions are not share by other authors. 
Klien and associates underlined that the  R -time 
from thromboelastogram correlates with serum 
anti-Xa in an orthopedic population treated with 
enoxaparin [ 53 ]. Therefore, the correlation 
between  R -time and antifactor Xa in patients 
treated with LMWH remains still  controversial. 
In order to optimized the thromboelastometric 
capability to monitor the anticoagulant effects 
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of LMWH, new reagents like prothrombinase- 
induced clotting time reagent are currently 
under investigation [ 54 ]. 

 Regarding the possibility of preventing bleed-
ing associated to LMWH administration in surgi-
cal populations, the use of thromboelastography 

a

b

  Fig. 12.2    Effects of therapeutic doses of enoxaparin (80 
IU/kg twice a day) in a patient with thrombosis of right 
jugular subclavian axis. ( a ) Plain kaolin-TEG trace. ( b ) 
Kaolin-TEG trace with heparinase. In the presence of 

low-molecular-weight heparin, heparinase normalized the 
prolonged  R-  and  K -times and the reduced alpha angle 
and maximum amplitude       
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has been also proposed preoperatively to estab-
lish an adequate window of anticoagulant effect 
leading to a decreased risk of perioperative bleed-
ing complications [ 55 ].   

12.3     Fondaparinux 

 Fondaparinux is a synthetic factor Xa inhibitor ana-
log of the active pentasaccharide present in UFH 
and LMWHs that involves the antithrombin- 
binding site [ 56 – 58 ]. It is approved for thrombo-
prophylaxis in medical and orthopedic patients, for 
treatment of venous thromboembolism, and for 
NSTEMI-acute coronary syndromes in Europe 
after the results of the OASIS-5 trial [ 59 ,  60 ]. 

 Due to its 100 % bioavailability after subcuta-
neous administration, fondaparinux elimination 
is completely dependent on renal clearance; 
therefore, it is contraindicated in patients with 
severe renal insuffi ciency (creatinine clearance 
<30 mL/min). In patients with moderate renal 
insuffi ciency (creatinine clearance 30–50 mL/
min), the dose should be reduced by 50 %. 

 Routine anticoagulant monitoring is not rec-
ommended, but, considering that fondaparinux 
activity is not reversed by a specifi c antidote, in 
special situations such as renal insuffi ciency, 
extremes of body weight, and bleeding complica-
tions, it is useful to determine its real anticoagu-
lant effect [ 48 ,  58 ,  61 ]. Fondaparinux slightly 
(but without clinical signifi cance) prolongs the 
PT and the aPTT [ 62 ] and has no effect on the 
ACT. Therefore, these assays are not adequate to 
monitor the anticoagulant effect of fondaparinux 
[ 63 ]. A standard curve taking fondaparinux as a 
calibrator should be used for reporting 
fondaparinux levels using an antifactor Xa assay 
[ 62 ]. Patients with Non-ST segment elevation- 
Acute Coronary Syndrome (NSTE-ACS) often 
require urgent percutaneous coronary interven-
tions (PCI) or aortocoronary bypass surgery, so a 
point-of-care test able to monitor quickly the 
anticoagulant effect of this agent should be use-
ful. The main limitation of antifactor Xa assay 
calibrated for fondaparinux is the same that hap-
pens for LMWHs. It is not available in every 
laboratory at every time. In order to try to over-

come this drawback, clinicians have analyzed the 
possibility of monitoring the fondaparinux anti-
coagulant activity using the point-of-care tests of 
hemostasis usually present in the intensive care 
units and operating theaters. 

 Gerotziafas and associates analyzed in vitro 
the infl uence of clinically relevant concentrations 
(prophylactic and therapeutic) of fondaparinux 
on thromboelastographic profi les of citrated 
whole blood of 12 healthy volunteers after trig-
gering TF pathway with a minimal amount of 
thromboplastin. Diluted thromboplastin was 
added to samples supplemented with 
fondaparinux (0.25; 0.5; 1 μg/mL). At concentra-
tions used in prophylaxis regimen (0.25 μg/mL 
equivalent to 0.27 anti-Xa IU/mL), fondaparinux 
signifi cantly prolonged the  R-  and  K -times but 
did not signifi cantly modify the alpha angle as 
compared to the control. At concentrations 
observed after administration of therapeutic 
doses for the treatment of deep venous thrombo-
sis (≥0.5 μg/mL for fondaparinux), fondaparinux 
induced a signifi cant prolongation of  R-  and 
 K -times and a signifi cant decrease of the alpha 
angle ( p  < 0.05). Fondaparinux did not induce 
modifi cations of MA at any concentration. In this 
study,  R-  and  K -times were the most sensitive 
parameters of the modifi ed TF-TEG assay to 
reveal the anticoagulant effect of prophylactic 
concentrations of fondaparinux. A ceiling effect 
of the inhibitory effect of fondaparinux was 
observed at the concentration of 0.55 anti-Xa IU/
mL. This study provides evidence that the whole- 
blood TF-triggered TEG assay is sensitive to the 
presence of clinically relevant concentrations of 
fondaparinux. Moreover, the alpha angle may be 
used in order to distinguish the effect of prophy-
lactic and therapeutic concentrations [ 64 ]. 

 However, these results have been not con-
fi rmed by other authors. Eller and associates 
spiked blood samples from healthy volunteers 
with therapeutic and supra-therapeutic concen-
trations of fondaparinux and other direct antifac-
tor Xa and antifactor IIa drugs. Only 
supra-therapeutic concentrations of fondaparinux 
signifi cantly infl uenced the clotting time (CT) of 
INTEM assay of ROTEM. No signifi cant 
 modifi cations were observed at therapeutic and 
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prophylactic doses. Moreover, no modifi cations 
of EXTEM-CT were observed at any 
concentration. 

 Again, in another study, the authors prospec-
tively measured the antifactor Xa levels and ana-
lyzed the thromboelastographic profi le triggered 
by kaolin of whole-blood samples of orthopedic 
patients treated with prophylactic doses of 
fondaparinux (2.5 mg once a day). Samples were 
taken at baseline (before fi rst postoperative 
 injection of fondaparinux), 2 h after administra-
tion, 17 h after administration (half-life of 
fondaparinux), and 24 h after administration of 
the drug. The  R -time was into the normal range at 
any phase of the study, and there were not signifi -
cant differences between the  R  mean value at the 
different phases. Moreover, the reaction time did 
not correlate with antifactor Xa levels at any 
phase. Only the parameter MA had a signifi cant 
variation over time [ 66 ]. 

 In conclusion, further studies are necessary to 
establish the real capability of viscoelastic point- 
of- care assays to monitor the anticoagulant effect 
of pentasaccharides. 

 Regarding the fondaparinux anticoagulant 
effect reversal, recombinant factor VIIa is able to 
reverse in vitro the TEG modifi cations caused by 
fondaparinux [ 1 ], so if uncontrollable bleeding 
occurs with fondaparinux, recombinant factor 
VIIa may be effective [ 67 ].  

12.4     Parenteral Direct Thrombin 
Inhibitors 

 As well known, heparin is far to be the ideal anti-
coagulant. Its main drawbacks are that heparin 
can inhibit only fl uid-phase thrombin as opposed 
to other thrombin inhibitors (e.g., bivalirudin) 
that can inhibit clot-bound thrombin. Heparin is 
not a direct thrombin inhibitor and requires anti-
thrombin (AT) as a cofactor, thus heparin effi cacy 
is susceptible to pharmacodynamic differences 
based on AT level and activity (heparin resis-
tance). Finally, heparin binds to endothelial sur-
faces and has high affi nity to platelets (platelet 
factor 4), potentially leading to heparin-induced 
thrombocytopenia [ 4 ,  5 ]. 

 In order to overcome these limitations, paren-
teral direct thrombin inhibitors (DTI) have been 
developed. The current marketed parenteral DTIs 
are bivalirudin, argatroban, and danaparoid. The 
FDA-approved indications of bivalirudin are 
anticoagulation during percutaneous translumi-
nal coronary angioplasty (PTCA), percutaneous 
coronary intervention (PCI) with use of glyco-
protein IIb/IIIa inhibitors, and for patients with or 
at risk of heparin-induced thrombocytopenia 
(HIT) and HIT with thrombosis (HITT) undergo-
ing PCI. In Canada, bivalirudin is also approved 
for patients with or at risk of HIT undergoing car-
diac surgery [ 68 ]. Moreover, bivalirudin has been 
proposed as an off-label alternative to UFH dur-
ing on-pump and off-pump cardiac surgery in 
patients affected by HIT [ 69 – 72 ]. 

 Bivalirudin is a potent reversible bivalent 
direct inhibitor of free and clot-bounded throm-
bin. It inhibits the activation of fi brinogen and the 
thrombin-mediated activation of factors V, VIII, 
and XIII and platelets. One of its main advan-
tages is its low immunogenic potential. 
Bivalirudin has a unique pharmacologic profi le: 
it undergoes predominant non-organ elimination 
by plasmatic proteolysis with only a 20 % of 
renal elimination that imposes, in any case, a 
dose reduction in case of renal insuffi ciency. 
Bivalirudin is the parenteral DTI with the short-
est half-life (25 min) [ 73 ]. Bleeding is the major 
adverse effect, more commonly found in patients 
with renal impairment. 

 Regarding laboratory monitoring, PT, ACT, 
aPTT, and TT are all prolonged in a linear fash-
ion with increased doses of bivalirudin, but this 
linearity is lost at high doses [ 74 ]. 

 Bivalirudin is usually monitored by aPTT in 
case of anticoagulation for HIT/HITT [ 68 ] main-
taining a therapeutic range from 1.5 to 2.5 times 
the upper limit of normal range. 

 INR rises in the presence of bivalirudin, so 
attention must be paid during DTI shift to vita-
min K antagonist (VKA) when concomitant 
administration of both drugs occurs, as thrombo-
sis risk exits with premature discontinuation of 
DTI due to wrong INR interpretation [ 75 ]. 

 ACT is generally used to monitor bivalirudin 
during interventional cardiology and in cardiac 
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surgery (with and without CPB) [ 69 – 72 ]. 
However, the ecarin thrombin time would be the 
preferred assay, if available [ 75 ]. 

 Monitoring bivalirudin with a point-of-care 
ecarin clotting time (ECT) during cardiac surgery 
has been anedoctically proposed too [ 76 ]. 

 Argatroban is the second parenteral DTI cur-
rently on the market. It is a synthetic DTI that 
reversibly binds to activated thrombin. It exerts 
its anticoagulant effects by inhibiting thrombin- 
induced reactions including fi brin formation and 
activation of factors V, VIII, and XIII and platelet 
aggregation. Its half-life is longer than that of 
bivalirudin (45 min). It has a hepatic clearance, 
so no dose modifi cation is necessary in case of 
renal impairment [ 77 ]. It has been approved for 
prophylaxis and treatment of thrombosis compli-
cating HIT and in patients with or at risk of HIT 
undergoing PCI. 

 As bivalirudin, argatroban dose dependently 
increases aPTT/ACT/PT/INR and TT. The aPTT 
is the recommended assay for monitoring the 
anticoagulant effect of argatroban in patients 
with HIT. The suggested aPTT target is 1.5–3 
times the baseline value and it should never 
exceed 100 s. aPTT loses its linear relationship 
with argatroban plasma concentrations if aPTT is 
higher than 60 s. In this case, shift to ECT is nec-
essary. ACT is the suggested test in patients 
undergoing PCI with a therapeutic target of 300–
450 s [ 77 ]. 

 Regarding the capacity of viscoelastic point- 
of- care tests to monitor parenteral DTI, an in vitro 
study has demonstrated that argatroban at supra- 
therapeutic and therapeutic concentrations pro-
longs the INTEM-CT and the EXTEM-CT [ 65 ]. 
In a clinical study involving patients undergoing 
PCI the  R -time of a modifi ed thromboelasto-
graph, ecarin clotting time had a better correla-
tion ( r  2  = 0.746) with bivalirudin level than the 
standard ACT ( r  2  = 0.306) [ 78 ]. Again, ecarin 
modifi ed rotational thromboelastometry (EMT) 
has been proposed as a point-of-care monitor of 
argatroban. Ecarin acts as a direct thrombin acti-
vator. It is a metalloprotease isolated from the 
venom of the saw-scaled viper that activates pro-
thrombin without affecting other coagulation fac-
tors and independently of the calcium, 

phospholipids, factor V, and heparin. In this 
study, the correlation between argatroban con-
centration and EMT-CT was high ( r  2  = 0.94) and 
statistically signifi cant [ 79 ]. 

 Defi nitely, the development of a reliable point- 
of- care monitoring of DTIs still remains a chal-
lenging issue because a strict control of the level 
of anticoagulation is necessary as specifi c anti-
dotes are not available. Unlike that for argatroban, 
in case of bleeding due to overdose of bivalirudin, 
hemodialysis, hemofi ltration, and plasmapheresis 
can be helpful because they are able to remove 
signifi cant amount of the drug [ 68 ].  

12.5     Vitamin K Antagonists 

 Arterial and venous thromboses are common 
causes of morbidity and mortality for the surgical 
and medical patients and increase with age. The 
thrombosis risk stays for about a year after the 
triggering event [ 80 ], and among the drugs used 
for the long-term anticoagulation in the risk 
patients, the vitamin K antagonists (VKA), which 
are used for those up to 60 years, symbolize the 
cornerstone of the treatment. They are approved 
for the prevention and/or treatment of venous 
thrombosis, pulmonary embolism, and thrombo-
embolic complication [ 81 ]. These drugs are pro-
thrombin synthesis inhibitors, and they can be 
divided in two categories: the coumarins and the 
indandiones [ 82 ]. 

 Those belonging to the fi rst class work with 
the same mechanism of action: they interfere 
with the carboxylation of glutamate residues on 
the N-terminal regions of vitamin k-dependent 
proteins as II, VII, IX, and X. The principal 
action develops through the cyclic interconver-
sion of vitamin K, so the vitamin K-dependent 
coagulation factors are produced by the liver par-
tially carboxylated and decarboxylated with 
reduced coagulation activity. These drugs inhibit 
also the synthesis of endogenous anticoagulant 
proteins such as protein C and S [ 82 ]. 

 However, the coumarins have a different phar-
macokinetic and pharmacodynamic mechanism. 

 The molecules differ primarily for half-lives 
9 h for acenocoumarol, 30–40 h for warfarin, and 
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up 120 h for phenprocoumon [ 81 ]. Their use is 
infl uenced by pharmacological interactions, par-
ticularly the drugs which work through the 
hepatic P450 cytochrome. Moreover vegetables 
and also some other food can alter the pharmaco-
kinetics and the pharmacodynamics of these 
drugs. 

 Warfarin is the most common used in clinical 
situations, it is given orally and it is rapidly 
adsorbed from the gastrointestinal tract. Its 
mechanism is infl uenced by metabolic clearance 
and vitamin K intake. 

 Acenocoumarol is derivate from coumarin, 
and the age and its dosage is established by two 
parameter, body mass index and international 
normalized ratio (INR). The therapeutic effects 
are faster than warfarin that gives more steady 
hematic concentration. 

 The use of VKA is increasing, but bleeding is 
a frequent and important complication affecting 
between 10 and 16 % of the treated patients. The 
reasons are due to incorrect treatment in 20–40 % 
of them and to spontaneous bleeding which has a 
frequency of 14 % in the emergency department’s 
admissions due to drug-related adverse effects, 
while during hospitalization is 25 % [ 83 ]. 

 Monitoring of VKA therapy is the tool for the 
effectiveness of these drugs and INR is the only 
parameter used until now: the typical target of 
INR range for the anticoagulation is 2–3 [ 84 ]. 
INR (international normalized ratio = patient PT/
mean normal PT) is the standardization of the PT 
based on ISI values derived from the plasma of 
patients who had received stable anticoagulant 
doses for at least 6 weeks [ 82 ]. It explores the 
extrinsic or vitamin K-dependent factors of the 
coagulation cascade. In some settings, such as 
surgery and trauma, INR is not reliable to predict 
the coagulopathy and has a relatively long turn-
around time [ 85 ]. 

 A still open question is if the POCT could 
result useful to manage or to understand the vari-
ations on hemostatic balance induced by VKA. 

 The POCT can rapidly assess global hemosta-
sis and give information to treat patients at bed-
side [ 18 ], to manage bleeding, and to measure the 
anticoagulation level in order to prevent throm-
botic events. 

 Among POCT, the coagulometers perform a 
valuable aid to measure INR. Several devices are 
available: the CoaguChek XS, INRatio Time, 
ProTime, and SmartCheck. All start the clotting 
process by a recombinant thromboplastin, except 
SmartCheck which uses thromboplastin from 
rabbit brain. These coagulometers differ in the 
methodology of clotting detection: respectively, 
electrochemical detection of thrombin activity, 
electrochemical detection of changes in imped-
ance of blood, and cessation of blood fl ow 
through capillary channel and a magnetic fi eld. 
These tests are assessed by their accuracy and 
precision, and the imprecision is expressed by 
means of coeffi cient of variation, which should 
be less than 3 % [ 86 ]. Furthermore, the coagu-
lometers are not subject to control and standard-
ization as laboratory measurements: only 
CoaguChek presents a calibration process of 
each lot with the corresponding code chip. 

 The coagulometers are tools to self- monitoring 
the INR: the frequent control confi rms the clini-
cal effi cacy and safety of VKA treatment also 
if the choice of coagulation monitor had no 
effect on clinical outcome of a large patients’ 
cohort [ 87 ]. 

 Regarding VET POCT, there is not an agree-
ment about indications to the use of TEG or 
ROTEM for monitoring the VKA effect. 

 The TEG assesses the global process of hemo-
stasis, analyzing the viscoelastic properties of 
blood during the clotting process. The role of the 
activator is very important. The reagents can 
quicken the coagulation and the kaolin spur the 
intrinsic via. So clotting times measured by aPTT 
correspond to coagulation time ( R -time) in TEG. 

 The patients treated with VKA and showing a 
therapeutic INR presented a TEG signature typi-
cally normal, and the literature described several 
case reports where there is no agreement between 
the variation of INR and the TEG parameter [ 88 ]. 

 The kaolin-TEG is insensitive to warfarin 
effects and also, when triggered by both kaolin 
and tissue factor, is not able to show the alteration 
of hemostasis induced by coumarins, maybe due 
to that the intrinsic pathway activation may miti-
gate detection of an extrinsic pathway coagulopa-
thy [ 88 ]. Again, Nascimento and associates 
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conclude that in trauma patients, the reaction 
time of RapidTEG® is not superior to INR to 
identify vitamin K factors defi ciency [ 85 ]. A 
recent analysis [ 89 ] confi rmed this result, even if 
the markers of thrombus generation [reaction 
time ( R ), maximum rate of thrombus generation 
(MRTG), and time to maximum range thrombus 
generation (TMRTG)] correlated with INR in a 
series of 104 patients. 

 With regard to the ROTEM, performed in 
patients treated with VKA and triggered by cal-
cium chlorides and tissue factor, a marked sig-
nifi cant increase in clotting time (CT) [ 4 ] and 
higher levels of maximum clot fi rmness (MCF) 
and area under curve (AUC) even if their values 
were in range were obtained. Of special interest 
is the MCF in FIBTEM, which was signifi cantly 
higher in VKA patients than in the control group: 
this feature probably describes a hypercoagulable 
paradox of the patients anticoagulated, being 
MCF in FIBTEM a parameter infl uenced by 
fi brinogen concentration and fi brin polymeriza-
tion [ 90 ]. 

 In conclusion, among POCTs the coagulome-
ters are safe and adequate for clinical use, even if 
they need quality control and calibration. 
Although several papers were published during 
the last years about the use of the TEG and 
ROTEM to identify and manage the coagulopa-
thy and antithrombotic therapy, at present these 
techniques are puzzling to understand the hemo-
static alteration induced by VKA and data from 
literature are few and lacking. Despite all its criti-
cisms, to date the INR remains the gold standard 
laboratory test for warfarin monitoring.  

12.6     Novel Oral Anticoagulants 

 Agents directly inhibiting thrombin (dabigatran) 
and activated factor X (rivaroxaban and apixa-
ban) are now increasingly employed in prevent-
ing and treating venous thromboembolism in 
orthopedic surgery and preventing arterial throm-
boembolism in non-valvular atrial fi brillation 
[ 91 ]. Thrombin and factor Xa have a central role 
in the coagulation cascade, being the converging 
point of the extrinsic and the intrinsic pathways. 

Activated factor X is the enzyme that triggers the 
prothrombinase to thrombin activation. Thrombin 
catalyzes the conversion of fi brinogen to fi brin, 
activates positive feedback signals for coagula-
tion amplifi cation, and is a strong platelet activa-
tor, being the fi nal and the most important 
contributor to clot formation and stability. The 
development of these novel drugs was aimed at 
increasing the effi cacy and overcome variable 
dosing and safety issues of the traditional antico-
agulants. Indeed, these inhibitors show a faster 
onset of action, reduced half-lives, a wider thera-
peutic window, fewer drug interactions, and more 
predictable pharmacokinetics allowing to get 
over the routine coagulation monitoring required 
in patients administered with traditional drugs, 
such as warfarin and heparin. Noteworthy, the 
anticoagulant effect of these inhibitors cannot be 
reversed specifi cally and antidotes are still to 
undergo defi nitive clinical testing and approval 
[ 92 ,  93 ]. Interindividual variability of patient 
response to anticoagulant administration and thus 
a particular need for drug activity monitoring, 
especially in patients with changing renal func-
tion and in the elderly, still remains a not fully 
clarifi ed matter [ 94 ]. Till then, rapidly recogniz-
ing and monitoring the extent of the coagulation 
suppression in settings where bleeding could put 
the patient in danger of life is of fundamental 
importance. 

 Emergency situations, such as urgent invasive 
surgery, hemorrhage, or overdose, may require a 
rapid and reliable assessment of the extent of the 
anticoagulant effect. Monitoring is also required 
in assessing the patient compliance to the treat-
ment or tracking the anticoagulation reversal in 
critical settings [ 95 ]. To date there are no com-
mercially available antidotes towards these novel 
anticoagulant agents. Until the promising spe-
cifi c antibodies will be available, prothrombin 
complex concentrate (PCC), activated prothrom-
bin complex concentrate (aPCC), factor VIII 
inhibitor bypassing activity (FEIBA), and 
 recombinant activated factor VII (rFVIIa) have 
been proposed for managing bleeding complica-
tions in patients under active treatment [ 95 ,  96 ]. 

 Dabigatran etexilate is an oral prodrug that 
is rapidly converted to active dabigatran that 
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competitively inhibits thrombin through binding 
to its active site. Dabigatran is excreted almost 
completely by the kidney, so this is why renal 
failure is a major issue for the management of 
anticoagulation effect and dialysis has been 
shown to be effi cient for drug removal but poorly 
applicable in most cases [ 97 ]. 

 Apixaban and rivaroxaban are not prodrugs 
and competitively bind to the active site of both 
free factor Xa and factor Xa bound in the pro-
thrombinase complex. The major part of circulat-
ing rivaroxaban (67 %) is metabolized to inactive 
metabolites in liver, but a part of unmodifi ed riva-
roxaban is eliminated through renal route (33 %). 
Apixaban undergoes excretion mainly through 
hepatobiliary route (75 %) and only 25 % in 
excreted through kidneys [ 98 ,  99 ]. These drugs 
circulate mainly in protein-bound form, and dial-
ysis is not effi cient in removing them from circu-
lation [ 95 ]. 

12.6.1     Traditional Laboratory 
Testing 

 Standard laboratory methods have shown impor-
tant limitations in quantitative assessment of 
novel oral anticoagulants (NOACs) activity that 
have not been overcome yet. Different reagents, 
classical and modifi ed analytical methods, and a 
wide range of laboratory instruments have been 
described with results still requiring further clini-
cal validation and standardization. However, 
despite its limitations, laboratory testing could 
provide important qualitative information regard-
ing the presence of drug of interest. 

 For dabigatran, the PT shows a low sensitivity 
and is not recommended. Nevertheless, a pro-
longed PT is reliable in predicting the presence of 
dabigatran in amounts suffi cient to produce an 
anticoagulant effect. The aPTT time is suitable 
for the purpose but values seem variable depend-
ing on the reagent used; a prolonged aPTT may 
indicate the presence of dabigatran but does not 
accurately refl ect plasma drug concentration. 
Thrombin clotting time is linearly correlated to 
drug concentration in plasma but is too sensitive 
even at therapeutic dosages and not routinely 

available in most laboratories. Ecarin thrombin 
time needs standardization and is poorly avail-
able in most laboratories as well. Hemoclot, a 
commercial dabigatran calibrator, where a diluted 
TT test has been coupled with a dabigatran cali-
bration curve, has been developed recently and is 
now more and more widely applied in clinical 
setting [ 100 ,  101 ]. 

 For factor Xa inhibitors, PT is more sensitive 
than aPTT, but the results are depending on the 
reagents used, and apixaban seems to have less 
effect on PT than rivaroxaban. However, the 
degree of PT prolongation is not reliable for 
assessing the amount of circulating drug because 
it is infl uenced by reagents used for the assay. 
The dilute PT test (or modifi ed PT test) offers a 
better sensitivity for apixaban detection. 
Commercially available antifactor Xa chromo-
genic assays with appropriate calibration curves 
may provide sensitive and specifi c measurement 
of drug concentration [ 101 ].  

12.6.2     Point-of-Care Tests 

 Multiple studies pointed out that point-of-care 
tests were applicable for qualitatively monitoring 
the anticoagulant effect of novel oral anticoagu-
lants and the eventual reversibility of their 
 activity with the most commonly available pro-
thrombotic drugs as well. 

 In an in vitro experiment employing blood sam-
ples from healthy volunteers, Xu and associates 
showed that dabigatran signifi cantly affected both 
TEG and thrombin generation assay (TGA) param-
eters in a concentration-dependent manner [ 102 ]. 
In particular,  R -time of TEG and the lag time of 
TGA were prolonged, whereas the maximum 
amplitude of the TEG curve and the endogenous 
thrombotic potential (ETP) and the peak height on 
the TGA curve were signifi cantly depressed. 

 Eller and associates spiked blood samples from 
healthy volunteers with therapeutic and supra-
therapeutic concentrations of direct thrombin 
inhibitors (including dabigatran) and factor Xa 
inhibitors (rivaroxaban and apixaban) [ 65 ]. They 
showed that therapeutic concentrations of dabiga-
tran prolonged ACT in a concentration- dependent 
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manner and that only ROTEM CT parameter was 
affected when therapeutic concentrations of dabi-
gatran, rivaroxaban, and apixaban were tested. 
Interestingly, they found that platelet function 
tests (except for the α-thrombin-induced aggre-
gation on the light transmission aggregometer) 
were not affected by the tested inhibitors, specu-
lating that their validity is not questioned when 
both anticoagulant and antiplatelet therapy are 
administered. 

 Dinkelaar and associates explored the in vitro 
reversal of dabigatran and apixaban with PCC as 
monitored by the most available laboratory and 
point-of-care technologies [ 103 ]. They pointed 
out that the reversal of NOACs anticoagulation 
by PCC will be primarily due to an increase of 
plasma levels of vitamin K-dependent coagula-
tion factors rather than to the interference 
between the NOAC agent and its ligand. Assays 
based on the measurement of residual thrombin 
or factor Xa activity (TT, ECT, or chromogenic 
anti-Xa assays) are inappropriate for the purpose. 
Moreover, assays based on contact activation of 
the coagulation cascade (aPTT or ROTEM 
INTEM test) were not sensitive to inhibitor rever-
sal by PCC as well. It was confi rmed that throm-
bin generation was depressed when plasma 
samples from healthy volunteers were added 
with apixaban or dabigatran and found that PCC 
administration could achieve a signifi cant but not 
full reversal (only ETP normalized) of the antico-
agulation. TEG was sensitive as well to the 
NOAC activity showing a  R -time prolongation 
and the angle reduction with dabigatran achiev-
ing a stronger effect than apixaban (being the 
only able to reduce the curve maximum ampli-
tude of the TEG curve). 

 In another study, Dinkelaar and associates 
analogously explored the reversal of rivaroxaban 
with PCC as assessed by PT and thrombin gen-
eration tests [ 104 ]. They found that PCC only 
partially reverted the lengthening of PT and 
thrombin lag time due to rivaroxaban anticoagu-
lation in vitro; however, the total thrombin poten-
tial could be neutralized. Noteworthy, they found 
that the results were somehow dependent of the 
assay conditions, pointing out the need for stan-
dardization and further studies to identify the 

best assay protocol for this scope. Future pro-
spective studies in clinical setting are also 
strongly required. 

 Animal models have been used to observe the 
effect of NOACs and their reversal with point-of- 
care devices. 

 In a porcine trauma model, animals were 
orally administered with dabigatran, and the 
blood samples were ex vivo spiked with different 
prohemostatic agents, including a specifi c anti-
dote to dabigatran [ 105 ,  106 ]. Dabigatran pro-
longed all the analyzed coagulation parameters, 
including PT, aPTT, and ROTEM EXTEM-CT; 
clot strength (MCF), platelet number, and fi brin-
ogen concentration were not infl uenced. 
Additional intravenous infusion of dabigatran, 
further impairing thrombin bioavailability, fi nally 
reduced the maximum clot fi rmness, readily 
restored once suffi cient thrombin is provided 
through prothrombin complex concentrate [ 105 ]. 
Therapeutic concentrations of PCC and activated 
PCC were able to reduce the extent of dabigatran- 
induced anticoagulation, but only the specifi c 
antidote fully neutralized the dabigatran activity 
[ 105 ,  106 ] without an associated thrombin over-
correction [ 106 ]. No signifi cant correction was 
achieved using rFVIIa [ 105 ]. 

 Herrman and colleagues analyzed samples of 
17 patients on 150 mg dabigatran twice daily (for 
non-valvular atrial fi brillation therapy) and of 17 
patients on 10 mg rivaroxaban daily (for DVT 
prevention after orthopedic surgery) for thrombin 
generation (using calibrated automatic thrombo-
gram, CAT) and for thromboelastic parameters 
using TEG and ROTEM devices [ 108 ]. 
Dabigatran and rivaroxaban both signifi cantly 
increased thrombin generation lag time and 
decreased the endogenous thrombotic potential 
(ETP) and the peak height of the curve. 
Dabigatran prolonged the  R -time on TEG, 
whereas rivaroxaban administration kept the 
parameters within the normal range. On ROTEM 
dabigatran induced a signifi cant increase in the 
clotting formation time for both INTEM and 
EXTEM tests, whereas rivaroxaban produced 
only a nonsignifi cant increase of CFT beyond 
the normal range on EXTEM CFT. Spiking the 
blood samples with therapeutic concentration of 
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 procoagulative agents, they observed prothrom-
bin complex concentrate (PCC), factor VII inhib-
itor bypassing activity (FEIBA), and to a 
lesser extent recombinant activated factor VII 
(rFVIIa) signifi cantly correcting all the abnormal 
parameters. 

 Kyriakou and associates focused on the com-
parison between the impact of dabigatran versus 
acenocoumarol using the nonactivated TEM test 
and thrombin generation assay [ 100 ]. Blood sam-
ples were drawn from patients undergoing active 
treatment, and Hemoclot assay was used to assess 
specifi c dabigatran concentration. They found that 
all the parameters of ROTEM were affected with 
greater effect of dabigatran as compared to aceno-
coumarol. Interestingly they noted a signifi cant 
reduction of the lysis index in samples of patients 
on dabigatran. At thrombin generation assay, it 
was acenocoumarol to show a larger impact on all 
the observed parameters. However, they were able 
to verify the strong association between dabiga-
tran concentration in plasma and the ETP param-
eters speculating that such a fi nding might account 
for a safer profi le of dabigatran [ 100 ]. 

 In conclusion, a wide range of clinical cases 
could require a rapid and sensitive assessment of 
NOACs anticoagulation activity or of the extent 
of its reversal. The most widely used point-of- 
care devices (TEG, ROTEM, and thrombin gen-
eration assay) seem to be sensitive enough to 
allow monitoring and help decision making. 
However, available research is still very limited 
and needs further deepening and investigation in 
order to clear the partially contradictory knowl-
edge obtained so far.   

    Conclusions 

 Bleeding is the most severe side effect of anti-
thrombotic drugs and one of the main causes 
of acquire hemorrhagic disorders. Strict con-
trol of dosages particularly in special popula-
tions by means of laboratory monitoring of 
plasma drug concentrations and/or anticoagu-
lant activity is one of the pillars in order to 
improve the management of anticoagulated 
patients and to reduce bleeding complications. 
To date, there is quite an agreement regarding 
the most adequate laboratory assay to monitor 

the anticoagulant effect of the different drugs, 
but consensus regarding the capability of 
point-of-care tests to assess the effect of anti-
thrombotic drugs is still lacking and remains a 
matter of debate, especially due to the fact that 
the current evidence is given only by small 
in vitro studies. Further clinical studies involv-
ing patients that really assume anticoagulants 
are necessary in order to create shared recom-
mendations between clinicians and 
pathologists.     
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      Practical Issues in POCT                     

     Vanessa     Agostini     

       Viscoelastic tests favor the detection of hemo-
static disorders and the implementation of a goal- 
directed strategy for the management of 
perioperative and traumatic bleeding [ 1 ]. 

 In hospitals using this kind of approach, mul-
tidisciplinarity is mandatory. In fact, anesthetists, 
traumatologists, intensive care specialists, hema-
tologists, and clinical pathologists have to coop-
erate in the management of critical bleeding. 

 Several issues merit a discussion before imple-
menting a multimodal and point-of-care test 
(POCT)-based approach. 

 This chapter approaches the best location for 
viscoelastic testing and how to guarantee quality 
assurance. 

13.1     The Best Location for Point-
of- Care Testing Devices 

 To date there are insuffi cient data to decide where 
is the best location for the POCT devices. This in 
fact depends on hospital factors such as local 
infrastructures and human resources. 

 The viscoelastic tests can be used either as 
point-of-care tests at the bedside or as central 

laboratory-based tests [ 2 ,  3 ]. Both models have 
advantages and disadvantages. 

 In any case, a hospital using POCT devices 
should guarantee a POCT testing service, led by 
an expert management team with a good training 
program. 

 The management team should include, at the 
bare minimum, a director and a coordinator in 
order to guarantee that POCT users receive the 
same information regarding the test to ensure the 
consistency of practice through the procedure 
manual. 

 The procedure manual should describe the 
scope, the principle of tests, the specimen require-
ments, reagent and kit storage conditions, proce-
dure for performing the test, safety precautions, 
test limitations and interferences, documentation 
of results, and procedure for performing quality 
controls. 

 In the manual it should be mentioned that a 
diagnostic test can be divided into three stages: 
pre-analytical, analytical, and post-analytical. 

 Each step is susceptible to errors that can 
affect the result. 

 The most common sources of errors in the 
pre-analytical stage are patient identifi cation, 
specimen collection, inadequate sample, speci-
men identifi cation, fasting versus nonfasting, 
wrong anticoagulant, contamination with intra-
venous fl uids, and hemolysis. 

 As for standard coagulation tests, incorrect 
blood collection techniques and sampling result 

        V.   Agostini ,  MD       
  Transfusion Medicine Cesena/Forlì and Blood 
Establishment ,  Clinical Pathology Department- 
Cesena Azienda U.S.L Romagna ,   Romagna ,  Italy   
 e-mail: vani.agostini@gmail.com  

  13

mailto:vani.agostini@gmail.com


194

in activation of coagulation leading to erroneous 
results. 

 Recently the International Society for 
Thrombosis and Haemostasis Working Party 
(ISTH-WP) on standardization of thromboelas-
tography tried [ 4 ] to determine the methodology 
for performing viscoelastic test in patients suffer-
ing from congenital bleeding disorders, such as 
hemophilia, at baseline and after treatment with 
coagulation factor concentrates. 

 During the analytical phase, sources of errors 
are inadequate mixing of samples with reagents, 
usage of expired reagents, and instrument 
failure. 

 In the post-analytical phase, the most common 
sources of errors are the incorrect reading of 
results and the nonrecognition of interferences. 

13.1.1     Point-of-Care Testing at 
the Bedside 

 The devices could be located in the emergency 
department, in the operating room, in the inten-
sive care unit, and in the delivery room or could 
be used in a mobile way, if the number of devices 
is limited. In these cases the turnaround time and 
the time to treatment can be very quick if coagu-
lation factor concentrates are immediately avail-
able at the bedside. 

 To support this kind of choice, an extensive 
staff education and training is essential together 
with a rigorous quality control management [ 5 ]. 
Good communication between clinicians who are 
in charge of the patients and a consultant in 
hematology or an expert in hemostasis to share 
specifi c algorithms to support coagulation during 
critical bleeding is also very important.  

13.1.2     Central Laboratory-Based 
Tests 

 If POCT is located in the central laboratory, an 
effective transportation system for blood samples 
is essential, as well as an immediate way to get 
results back to clinicians who are treating the 
patient. 

 For the fi rst issue, there are no data to support 
the use of pneumatic tube transportation for 
blood samples for coagulation tests, so to over-
come the problem, one possibility is to identify, 
in the standard operational procedure, the person 
in charge for the transport of blood samples in 
emergency situation. 

 Regarding the way to communicate the results 
to physicians who are in charge of the bleeding 
patient, an electronic connection could be the 
best option if a local multidisciplinary algorithm 
for the management of critical bleeding has been 
shared and coagulation factor concentrates are 
immediately available at the bedside. 

 Either in case of point-of-care testing at the 
bedside or in a central laboratory test model, a 
good communication with the blood bank or 
transfusion medicine specialists is important in 
order to reduce the time to receive blood compo-
nent therapy such as fresh frozen plasma, cryo-
precipitate, or platelet concentrates.   

13.2     Other Models 

 Depending on local factors and human resources, 
other possibilities can be adopted. 

 An interesting initiative was started at the 
Department of Pathology and Laboratory 
Medicine of the University of Texas-Houston 
where a coagulation-based hemotherapy (CBH) 
service was created to support coagulation in 
bleeding patients undergoing cardiopulmonary 
bypass (CPB) [ 6 ]. 

 The CBH service is managed by clinical 
pathologists and includes preoperative, intraop-
erative, and postoperative consultations through 
the monitoring of coagulation variables at defi ned 
times during surgery with either standard 
 coagulation tests or thromboelastography or 
platelet function testing. 

 The devices are located close to the operating 
room, samples are hand delivered to reduce the 
turnaround time, the tests are immediately 
started on arrival of blood samples, and blood 
products are delivered to the operation room 
from a satellite blood bank located inside the 
operating room. 
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13.2.1     An Italian Experience: 
The Cesena Model 

 Viscoelastic tests were initially introduced at the 
Bufalini Hospital in Cesena for the management 
of trauma-induced coagulopathy. 

 Three integrated trauma care systems (SIAT) 
are present in Emilia-Romagna, Italy (Figs.  13.1  
and  13.2 ).

    The SIAT works according to hub and spoke 
model: severe and resource-consuming patients 
are centralized in fi rst-level hubs to guarantee 

high-quality and effi cient care. Every SIAT has a 
trauma center (hub) connected with a net of 
peripheral hospitals (spokes). 

 The main goal of a SIAT is to organize and 
manage trauma care pathways, to enable quick 
and adequate treatments in the same way 
everywhere. 

 Bufalini Hospital in Cesena is the hub for the 
Area Vasta SIAT and serves a catchment area of 
about 1 million people doubling during summer-
time because of its geographical position on the 
Adriatic coast. 

 Moreover, at the Bufalini Hospital a hemo-
philia center and a thrombosis and hemostasis 
center inside the transfusion medicine ward are 
present in order to guarantee consultation on con-
genital and acquired bleeding disorders. 

 In 2001 the regional healthcare plan was pub-
lished, and for the accreditation of the emergency 
department, a specifi c protocol and standard 
operative procedure for the management of major 
blood loss were required. 

 A multidisciplinary team for the implementa-
tion of the transfusion policy was created involv-
ing traumatologists, emergency physicians, and 
transfusion medicine specialists with expertise in 
hemostasis. 

 A fi rst formula-driven protocol for the man-
agement of trauma-induced coagulopathy was 
adopted for the prompt release of the blood com-
ponent therapy. 

 In 2012 the protocol was implemented with 
the introduction of the thromboelastometry   Fig. 13.1    Emilia-Romagna, Italy       

Cesena

Parma

Bologna

  Fig. 13.2    Emilia-Romagna 
integrated trauma care system 
(SIAT)       
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(ROTEM) device. The instrument was located in 
the intensive care unit (ICU), and an intensive 
training course was started. All the anesthetists 
and transfusion medicine specialists were trained 
by classroom lessons with a ratio of one tutor to 
three students. Every lesson lasted 4 h: two hours 
of theory and two practical hours of hands-on 
ROTEM using blood samples from patients in the 
ICU. Every year a refresh course is organized. 

 Before introducing the device in the clinical 
practice, a verifi cation of ROTEM reference 
ranges was conducted performing assays on 
blood samples from 20 healthy blood donors 
with normal coagulation, and results were com-
pared with the reference ranges provided by the 
manufacturer. 

 A specifi c algorithm was defi ned for the coag-
ulation support to the trauma bleeding patients, 
and a laminated poster with the algorithm is pres-
ent in the ICU and in the blood bank. 

 In the emergency department are available 6 
units of zero negative red blood cells, 3,000 units 
of prothrombin complex concentrates, and 2 g of 
fi brinogen. 

 During the management of a major trauma 
patient with coagulopathy, in order to reduce the 
turnaround time and the time to treatment, a 
nurse or a porter is dedicated to the transportation 
of the blood sample to the ICU where the testing 
is immediately started. The ROTEM device is 
electronically connected to the blood bank moni-

tor, where a transfusion medicine specialist over-
sees the trace and orders the administration of 
coagulation factor concentrates stored in the 
emergency department near the patient and 
immediately releases blood component therapy 
(platelets or fresh frozen plasma if needed) 
(Fig.  13.3 ).

   In 2013 the Cesena Trauma Center adopted 
the ECS protocol [ 7 ,  8 ] from the Italian Trauma 
Update research group obtaining a statistically 
signifi cant reduction of the transfusion of blood 
products in the fi rst 24 h and during hospital stay 
(see Chap.   7    ). 

 After the positive experience in the setting of 
trauma, a second ROTEM instrument was intro-
duced for the management of postpartum hemor-
rhage and perioperative bleeding with the same 
organization showed in Fig.  13.3 . 

 The implementation of the goal-directed ther-
apy by using ROTEM device has been useful not 
only for the reduction of transfusion therapy dur-
ing critical bleeding but also to improve the mul-
tidisciplinary approach among different 
specialists.   

13.3     POCT and Quality Assurance 

 Quality assurance (QA) for POCT is not less 
important than for conventional laboratory-based 
analysis and should incorporate both internal 

ICU

Server
Blood bank
fixed monitor

Emergency room

Operating room

Interventional radiology

Blood components

Coagulation factor
concentrates

  Fig. 13.3    Cesena 
organization       
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quality control (IQC) and external quality assess-
ment (EQA) [ 3 ]. 

13.3.1     Internal Quality Control 

 IQC is used to establish whether the technique is 
performed consistently over a period of time and 
should be applied in order to obtain the immedi-
ate control of result generation [ 9 ]. 

 IQC is extremely important in ensuring that 
precise and accurate results are provided. 

 The IQC is infl uenced by sample collection and 
handling, selection of right reagents when there is 
the choice, constant application of standard opera-
tional procedures (SOPs), training, and motivation 
of personnel involved in performing tests. 

 The manufacturers of viscoelastic device pro-
vide specifi c indications on how to perform the 
IQC and on the frequency of IQC. 

 IQC material is generally purchased from the 
manufacturers, who supply a normal control and 
a pathological control and target range for the 
material. 

 For ICQ the date of test, batch of reagents, 
acceptable range and operator identity should be 
recorded. 

 If an IQC result is outside the range, a second 
sample should be run, and if also the second con-
trol is outside the stated range, patient sample 
examination should be stopped until the resolu-
tion of the problem.  

13.3.2     External Quality Assessment 

 Generally EQA exercises are distributed two to 
four times per year and measure the performance 
of the single center in comparison to that of other 
participants. 

 Whole-blood stable samples are not currently 
available to perform EQA exercises. 

 To date only the National External Quality 
Assessment Service (NEQAS) provides lyophi-
lized plasma as test material for TEG and ROTEM 
[ 10 ]. Samples from normal control, factor VIII 
and IX defi ciency plasma, and normal plasma 
spiked with heparin have been analyzed by TEG 

users and ROTEM users obtaining a wide range 
of coeffi cients of variance: 7.1–39.9 % for TEG 
and 7–83.6 % for ROTEM.   

    Conclusion 

 The last 10 years have seen an exponential 
increase in the utilization of viscoelastic tests 
such as rotational thromboelastometry and 
thromboelastography to support hemostasis 
during critical bleeding in different setting 
(perioperative bleeding, trauma-induced 
coagulopathy, postpartum hemorrhage). 

 Depending on local organization and 
human resources, POCT can be used at the 
bedside or in the central laboratory. 

 Different professional fi gures can perform 
the test: nurses, technicians, and physicians. 
This implies that in each hospital, a POCT 
team exists with the aim to disseminate the 
knowledge on coagulation monitoring during 
critical bleeding, to improve and maintain 
staff education, to organize the whole system 
from blood sample collection to the delivery 
of the results back to the clinicians, and fi nally 
to promote the quality assurance through the 
routine application of IQC and the participa-
tion to EQA.     
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14.1            Introduction 

 This chapter integrates six clinical cases in differ-
ent scenarios, where bleeding emergencies have 
been treated according to a coagulation point-of- 
care (POC) test-based strategy. All the cases 
come from the clinical experience of the authors 
of the present chapter.  

14.2     Case 1: Maternal Cardiac 
Arrest Complicated 
by Acquired Hemophilia: 
Good Outcome after One 
of the Most Scary Clinical 
Conditions 

 The aim of this case report is to stress that cardiac 
arrest in a pregnant woman may be successfully 
treated with full recovery for both the patient and 
the baby by a well-trained multidisciplinary 
team. On June 3, 2014, at 16.42 a previously 
healthy 44-year-old patient on initial labor had a 
sudden loss of consciousness associated with dif-
fuse cyanosis; congestion of the neck, the face, 
and the upper limbs; and tachypnea. She quickly 
developed severe hypotension with wide com-
plex tachycardia, which rapidly evolved in pulse-
less electrical activity in spite of immediate 
resuscitation support. The patients were moved 
to the delivery room for Caesarean section. 
Surgery was started at 16.49 giving birth to a 
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 living child at 16.52. The mother was submitted 
to advanced life support resuscitation algorithm 
(external cardiac massage and adrenaline every 
3–5 min) for over 40 min before obtaining a 
return of spontaneous circulation (ROSC). 
During the pulseless activity, no episodes of 
shockable rhythm were recorded. A transthoracic 
cardiac echography performed during cardiopul-
monary resuscitation showed a picture of “plus” 
which was interpreted as a “fl oating thrombus” in 
the right ventricle. This suggested that the cardiac 
arrest might be caused by a pulmonary embo-
lism. However, an angio-CT scan performed 
soon after hemodynamic stabilization could not 
confi rm this diagnosis, and the fi nding of a nor-
mal PaO 2 /FiO 2  (>500) was also not consistent 
with this hypothesis. Half an hour after ROSC, 
the patient showed a massive uncontrolled bleed-
ing. She was immediately submitted to rescue 
hysterectomy, but hemorrhage could not be con-
trolled. The massive transfusion protocol was 
started together with viscoelastic point-of-care 
monitoring (thromboelastometry – ROTEM). 
Data of the ROTEM suggested a severe coagu-
lopathy. During the following 12 h, the patient 
was transfused with 26 units of blood (RBCs). 
She also received fi brinogen concentrate (4 g), 
tranexamic acid, fresh frozen plasma (FFP) (26 
units), and platelet concentrates (12 units), but 
there was no way to stop the bleeding. At 5 AM, 
while the patients were still massively bleeding, 
the ROTEM showed a normal FIBTEM (suggest-
ing normal level of fi brinogen), a nearly normal 
CT in the EXTEM test (suggesting normal 
thrombin generation in the extrinsic pathway), 
and a severely prolonged CT in INTEM (530 s), 
a pattern that suggests an elective impairment of 
the intrinsic pathway. An acquired hemophilia 
was therefore suspected. Acquired hemophilia is 
a rare but potentially life-threatening bleeding 
disorder caused by the development of autoanti-
bodies directed against plasma coagulation fac-
tors, most frequently factor VIII. It has been 
described as a major complication of postpartum 
shock. The patient was therefore treated with 
activated recombinant Factor VII (rFVIIa) 
(100 μg/kg). Coagulation immediately normal-
ized and bleeding stopped. She was admitted to 
the intensive care unit (ICU). She required treat-

ment with vasoactive drugs and further volume 
loading with crystalloids. She also received sub-
sequent doses of rFVIIa and high-dose steroids 
as part of the treatment of acquired hemophilia. 
During the next days, her coagulation pattern 
normalized and she did not require further trans-
fusions. Factor VIII increased to 180 %. The 
patient was kept under deep sedation for several 
days and submitted to artifi cial ventilation 
through a percutaneous tracheostomy. 
Electroencephalography (EEG), magnetic 
nuclear resonance, and somatosensory evoked 
potentials were performed. Surprisingly these 
tests showed only little signs of brain damage. 
When sedation was discontinued, the patient pro-
gressively recovered. After 13 days since ICU 
admission, she was transferred to the ward. 
Although amnesic, she was fully awake and in 
good neurological condition. Her female baby 
was also doing well, and mother and child could 
fi nally join together. Investigations were made 
looking for the causes of cardiac arrest. At the 
beginning of her pregnancy, she performed an 
electrocardiogram and echocardiogram because 
of arrhythmias. Although the ECG showed a ven-
tricular bigeminy and cardiac echography dem-
onstrated a moderate mitral and tricuspid 
insuffi ciency, these fi ndings were not further 
investigated. Moreover during the ICU stay, the 
patient had several similar episodes of ventricular 
bigeminy. She was therefore submitted to a full 
set of cardiologic investigations including trans-
esophageal echocardiography and a coronary CT 
scan. The previous fi ndings were confi rmed, but 
these investigations were otherwise negative. 
Other investigations have been planned but not 
yet performed.  

14.3     Case 2: Monitoring 
of Replacement Therapy 
for Intracranial Meningioma 
Resection in an End-Stage 
Cirrhotic Patient: A Possible 
Role for Thromboelastometry 

 The patient was a 59-year-old woman affected 
by end-stage liver cirrhosis due to HBV-HDV 
infection on a waiting list for liver transplanta-
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tion. In August 2013 she was admitted to our 
hospital for slurred speech and slowed motility. 
A cerebral MRI showed a left frontal extra-axial 
expansive lesion of 3 cm in diameter, diffuse 
pachymeningeal thickening and enhancement, 
severe perilesional edema with distortion of 
anterior ventricular cavity, and right-sided shift 
of the median cerebral axis; the lesion was sug-
gestive for atypical meningioma. Surgical resec-
tion of the intracranial neoplasm was necessary 
to allow liver transplantation. Laboratory tests 
were  compatible with a severe coagulopathy 
(INR 2.18, aPTT 31 s, fi brinogen 1.10 g/L, 
platelet count 17 × 10 9 /L). In order to guide 
replacement therapy for the surgical interven-
tion, blood samples for ROTEM® and classical 
coagulation tests were planned before, during, 
and after the surgical intervention and then daily 
for 1 week. 

 ROTEM® performed the day before surgery 
(day 0) depicted a severe hypocoagulable profi le 
(Fig.  14.1a ) characterized by a prolongation of 
CT and CFT in INTEM (265 s and 832 s, respec-
tively; reference ranges: CT 100–240 s, CFT 
30–110 s) and EXTEM (142 s and 837 s, respec-
tively; reference ranges: CT 38–79 s, CFT 
34–159 s) and a reduction of MCF amplitude in 
INTEM (23 mm), EXTEM (22 mm), and 
FIBTEM (3 mm) (reference ranges: 50–72 mm 
in INTEM/EXTEM, 9–25 mm in FIBTEM). 
Platelet concentrates, FFP 10 ml/kg, fi brinogen 
concentrates 4 g (Haemocomplettan, CSL 
Behring GmbH, Marburg, Germany), prothrom-
bin complex concentrates (PCC) 20 U/kg (Uman 
Complex-Kedrion S.p.A, Lucca, Italy), and 
tranexamic acid 1000 mg were administered 
immediately before surgery. The patient under-
went surgical removal of the tumor through a 
standard craniotomy in general anesthesia. 
ROTEM® was performed during surgery and 
showed a stable profi le (Fig.  14.1b ) characterized 
by a prolongation of CT and CFT in INTEM 
(277 s and 1257 s, respectively), a normal CT and 
a prolonged CFT in EXTEM (52 s and 981 s, 
respectively), a stable reduction of MCF ampli-
tude in INTEM (21 mm) and EXTEM (23 mm), 
and an amelioration of MCF in FIBTEM (7 mm).

   After resection of tumor, an accurate hemo-
stasis was pursued. Coagulation tests were 

repeated the day after the surgery (day 1), and 
they remained hypocoagulable (INR 1.50, aPTT 
26 s, fi brinogen 1.10 g/L, platelet count 13 × 
10 9 /L). The corresponding ROTEM® profi le is 
shown in Fig.  14.1c . In particular, a prolonga-
tion of CT and CFT in INTEM (298 s and 850 s, 
respectively), a normal CT and a prolonged 
CFT in EXTEM (53 s and 705 s, respectively), 
and a stable reduction of MCF amplitude in 
INTEM (23 mm) and EXTEM (26 mm) were 
demonstrated. MCF in FIBTEM (7 mm) was 
higher compared to basal MCF before surgery 
(3 mm). We decided to administer platelet con-
centrates, FFP 10 ml/kg, fi brinogen concen-
trates 2 g, PCC 20 U/kg, and tranexamic acid 
1000 mg bid. 

 The coagulation monitoring was consecu-
tively repeated daily after surgery for 7 days 
(days 2–7). ROTEM® (Fig.  14.1d ) showed nor-
malization of the activation phase (CT in INTEM 
and EXTEM) and less prolongation of the coagu-
lation phase propagation (CFT in INTEM and 
EXTEM) associated with a lower reduction of 
MCF amplitude (6 mm in FIBTEM). Based on 
these fi ndings, we decided to daily administer 
platelet concentrates, FFP 10 ml/kg, and fi brino-
gen concentrates 2 g until day 7 after surgery. No 
hemorrhagic episodes were observed during the 
following days. Two CT scans performed 7 and 
30 days after surgery ruled out a cerebral hema-
toma occurrence. 

14.3.1     Comment 

 Prompt availability of coagulation test results 
during surgery is mandatory for appropriate 
bleeding management, in particular for patients 
with severe bleeding for whom delays in the 
treatment must be minimized. The current solu-
tion to avoid unacceptable turnaround times, as 
recommended in European guidelines, is to 
implement viscoelastic devices to improve the 
management of hemostatic therapy. 

 In our patient, platelets concentrates, FFP, 
and PCC were given in order to ameliorate the 
severe coagulopathy detected by ROTEM® 
assay. In addition to platelets defect, decreased 
synthesis of clotting factors and inhibitors, and 
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hyperfi brinolysis, it is worth noting that 
coagulopathy- related bleeding in liver cirrhosis 
is also due to an abnormal fi brinogen synthesis/
polymerization. This acquired dysfi brinogen-
emia is characterized by an increase in sialic 
acid content leading to an impaired fi brin mono-
mer polymerization. It can be functionally 
detected by a prolongation of the thrombin time, 
which correlates with the increase in fi brinogen 
sialic acid content. In our case, ROTEM analy-
sis was useful to demonstrate the presence of a 

dysfunctional fi brinogen through the measure-
ment of MCF in FIBTEM, which showed a 
reduced fi brin clot formation despite plasma 
levels of fi brinogen measured by Clauss assay 
which were greater than 1 g/L and thus enough 
for hemostasis. Importantly, since FIBTEM is 
designed to measure elasticity of the fi brin clot 
under platelet inhibition by cytochalasin D, 
FIBTEM MCF should not be considered as a 
measurement of fi brinogen concentration, but 
mainly a measurement of mechanical properties 

INTEM EXTEM FIBTEM

CT  265; CFT 832; MCF 23 CT 142; CFT 837; MCF 22 MCF 3 

Panel C

Panel B

Panel A

Panel D

CT  277; CFT 1257; MCF 22 CT  54; CFT 981; MCF 23 MCF 7 

CT  298; CFT 850; MCF 23 CT  53; CFT 850; MCF 26 MCF 7 

MCF 6 
CT  68; CFT 875; MCF 24CT  161; CFT 962; MCF 23 

  Fig. 14.1    ROTEM thromboelastometry profi le per-
formed before, during, and after the surgical intervention 
and then daily for 1 week. Reference values: INTEM CT 
100–240 s, CFT 30–110 s, MCF 50–72 mm, EXTEM CT 
38–79 s, CFT 34–159 s, MCF 50–72 mm, FIBTEM MCF 
9–25 mm. ( a ) Before surgery: severe hypocoagulable pro-
fi le characterized by a prolongation of CT and CFT in 
INTEM and EXTEM and severe reduction of MCF ampli-
tude in INTEM, EXTEM, and FIBTEM. ( b ) Amelioration 
of hypocoagulable profi le during neurosurgery after 
replacement therapy (FFP, platelets, and fi brinogen con-
centrates, PCC, tranexamic acid): stable prolongation of 
CT in INTEM, CFT in INTEM and EXTEM, and mild 
reduction of MCF amplitude in INTEM, EXTEM, and 

FIBTEM. ( c ) ROTEM profi le 1 day after surgery before 
replacement therapy (FFP, platelets, and fi brinogen con-
centrates, PCC, tranexamic acid): prolongation of CT in 
INTEM and of CFT in INTEM and EXTEM and reduc-
tion of MCF amplitude in INTEM, EXTEM, and 
FIBTEM. ( d ) Stable hypocoagulable ROTEM profi le on 
day 4 after neurosurgery: normalization of the activation 
phase (CT in INTEM and EXTEM) and less prolongation 
of the propagation phase (CFT in INTEM and EXTEM) 
associated with a lower reduction of MCF amplitude in 
FIBTEM. CT, clotting time; CFT, clot formation time; 
MCF, maximum clot fi rmness; FFP, fresh frozen plasma; 
PCC, prothrombin complex concentrates       
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of the fi brin clot which are only in part related to 
fi brinogen concentration. Low FIBTEM MCF 
may be interpreted as an indication for fi brino-
gen defi ciency or fi brin polymerization disor-
ders. Our fi ndings confi rm that the viscoelastic 
measure of the fi brinogen allows the evaluation 
of functional fi brinogen polymerization without 
platelet “noise” and may be a marker of a 
reduced fi brin polymerization and a bleeding 
tendency. These fi ndings guided replacement 
therapy by fi brinogen concentrates in our patient 
and the use of antifi brinolytic agents to stabilize 
fi brin clot. 

 Fibrinogen plays an important role in the 
coagulation process and clot stabilization binding 
of FXIII. In addition, it plays a central role in 
platelet activation and aggregation by binding to 
the platelet glycoprotein receptor GPIIb/IIIa. 
Interestingly, in experimental studies it has been 
shown that fi brinogen administration counteracts 
the effects of low platelet count and improves 
platelet aggregation. In our thromboelastometry 
whole blood analysis, the decrease in platelets 
could be offset by an increase in fi brinogen/fi brin 
polymerization, which results in the restoration 
of MCF in FIBTEM compared to baseline levels 
following administration of fi brinogen concen-
trate. It seems that the amelioration of fi brinogen 
concentration would improve clot formation and 
platelets aggregation and allows for a safe sur-
gery despite the low platelets count. 

 Our experience suggests that a ROTEM®-
based approach could be helpful in identify-
ing the blood components necessary to restore 
coagulation. In fact, no intracranial bleeding 
complications occurred either during the inter-
vention or in the whole postoperative course. 
Thromboelastometry is able to optimize the 
choice of replacement therapy with hemostatic 
products, thus preventing hemorrhagic com-
plications. Another considerable advantage is 
the short time required to use the algorithm 
approach, which makes it possible to obtain a 
rapid and focused intervention. Larger and pro-
spective studies are needed to validate the use of 
ROTEM “theragnostic” approach in the manage-
ment of neurosurgery or invasive procedures in 
coagulopathic population.   

14.4     Case 3: Postoperative 
Bleeding Management 
in a Liver Transplant Patient 

 A 63-year-old male underwent liver transplanta-
tion for HBV-related cirrhosis. The preoperative 
laboratory profi le is reported below:

•    Hemoglobin, 7.9 g/dL; hematocrit, 24 %; 
platelet count, 94 × 10 6 /L  

•   Bilirubin, 2.85 mg/dL; creatinine, 2.14 mg/
dL; albumin, 3.2 g/dL  

•   PT, 22 %; INR, 2.98; aPTT, 1.82; fi brinogen, 
119 mg/dL    

 During surgery, the following blood products 
and substitutes were administered: red blood cells 
(RBCs), 3876 mL; platelet concentrate, 1 U; and 
fi brinogen concentrate (Haemocomplettan® P, 
CSL Behring, Marburg, Germany), 4 g. Additionally, 
1 g of tranexamic acid was administered. 

 Post-surgery, a native thromboelastographic 
(TEG) test was done, without showing signifi cant 
alterations (Fig.  14.2 ). The corresponding stan-
dard laboratory data are reported below:

•     Hemoglobin, 10.1 g/dL; hematocrit, 29.2 %; 
platelet count, 52 × 10 6 /L  

•   Bilirubin, 4.36 mg/dL; creatinine, 1.84 mg/
dL; albumin, 1.2 g/dL  

•   PT, 16 %; INR, 3.96; aPTT, 3.64; fi brinogen, 
109 mg/dL    

 Two hours after extubation, a moderate bleed-
ing from the abdominal drains starts, without 
hemodynamic compromise. After one hour of 
ongoing bleeding, a moderate hypotension appears 
(systemic blood pressure 95/50 mmHg, heart rate 
100 beats/min). Lactated Ringer’s solution 
(500 mL) and 2 units of fresh frozen plasma (FFP) 
were infused. The surgeon in charge is alerted but 
did not judge that the patient merits further sur-
gery. A second TEG test is performed, highlight-
ing a worsened coagulation status (Fig.  14.3 ). The 
blood loss from the drains became more evident in 
the subsequent hours, and the patient developed 
signs of shock. The circulating volume is replaced 
with an additional 2 units of RBCs, 1100 mL of 
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FFP, 500 mL crystalloid, and 500 mL colloid fl u-
ids for a total of 2 l of hemo-derivatives and 1 l of 
colloids/crystalloids. A blood sample is taken for 
laboratory tests and TEG analysis. TEG with hep-
arinase is severely impaired (Fig.  14.4 ). The labo-
ratory data are as follows:

•      Hemoglobin, 7.2 g/dL; hematocrit, 20.9 %; 
platelet count, 33 × 10 6 /L  

•   Bilirubin, 3.0 mg/dL; creatinine, 2.0 mg/dL; 
albumin, 1.3 g/dL  

•   PT, 42 %; INR, 1.77; aPTT, 1.74; fi brinogen, 
100 mg/dL    

 The patient was then transferred to the operat-
ing room and treated with 1500 IU of prothrom-
bin complex concentrate (PCC, Uman Complex 
DI, Kedrion, Castelvecchio Pascoli, Italy), 4 g of 
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  Fig. 14.2    1st postoperative TEG       
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  Fig. 14.3    2nd postoperative TEG at the initial stage of bleeding       
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fi brinogen (Haemocomplettan® P, CSL Behring, 
Marburg, Germany), 1 g of tranexamic acid, and 
3 units of RBCs. 

 The improvement of hemostasis allows the 
surgeon to identify the source of bleeding. The 
TEG is now almost normalized (Fig.  14.5 ). The 
patient is then transferred to the intensive care 
unit where the laboratory data are as follows:

•     Hemoglobin, 10.2 g/dL; hematocrit, 30.2 %; 
platelet count, 34 × 10 6 /L  

•   Bilirubin, 3.0 mg/dL; creatinine, 1.89 mg/dL; 
albumin, 1.3 g/dL  

•   PT, 53 %; INR, 1.49; aPTT, 1.44; fi brinogen, 
231 mg/dL    

 The rest of the clinical course was uneventful. 

10 millimetri

LY30
%
0,0
0–8

R
min

132,2
12–26

K
min
34,4
3–13

Angle
deg
6,7

14–46

MA
mm
44,1

42–63

PMA

1,0

G
d/sc
3,9K

3, 2K–7,1K

EPL
%
0,0

0–15

A
mm
51,0

CI

-29,7
-3–3

  Fig. 14.4    Severe impairment of coagulation before hemostatic drug administration       

10 millimetri

LY30
%
0,5

R
min
22,3

K
min
10,5

Angle
deg
18,0

MA
mm
55,5

PMA G
d/sc
6,2K

EPL
%
0,5

A
mm
51,5

CI

  Fig. 14.5    Hemostasis improvement after pharmacological treatment of bleeding       

 

 

14 Clinical Cases



206

14.4.1     Comment 

 A case of coagulopathy triggered by surgical 
bleeding is resolved with substitution therapy 
based on PCC and fi brinogen concentrate.   

14.5     Case 4: ROTEM-Directed 
Therapy in Craniofacial 
Injury 

 A 68-year-old male cyclist sustained serious cra-
niofacial trauma through collision with a car at 
16:30. He was intubated by the on-call anesthesi-
ologist, and blood analyses and a full-body com-
puted tomography scan were performed. Multiple 
fractures were observed in the frontal, orbital, 
zygomatic, ethmoid, and nasal processes of the 
maxilla and the pterygoid process of the sphe-
noid, and the patient’s right leg was heavily con-
tused. The patient became severely anemic 

(hemoglobin [Hb] = 4.7 g/dL) with ongoing facial 
bleeding, and 4 U red blood cells (RBCs), 3 U 
FFP, and 3000 mL colloid (Amidolite, B. Braun, 
Italy) were transfused. Following posterior nasal 
and oral cavity packing, the patient was still 
bleeding with continued anemia (Hb = 6.4 g/dL). 

 At 20:30, signs of shock were still present 
(blood pressure = 85/55 mmHg, heart 
rate = 110 bpm, base excess = −10.4 mEq/L). 
These signs prompted the team leader to activate 
our massive hemorrhage protocol. The maxillo-
facial surgeon reported great diffi culty in achiev-
ing hemostasis. Multifocal bleeding from soft 
tissues was still present, and although packing of 
the oral cavity was repeated, bleeding continued, 
and the Hb level was 5.8 g/dL. RBCs (4 units) 
were transfused, and norepinephrine infusion 
was started at 0.1 mg/kg/min. 

 A blood sample was taken for ROTEM analy-
sis (Fig.  14.6 ). In the EXTEM assay both clotting 
time and clot formation time (CFT) were pro-

  Fig. 14.6    First ROTEM analysis for severe multifocal bleeding       
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  Fig. 14.7    ROTEM analysis after hemostatic treatment administration       

longed (167 s and 739 s, respectively), and maxi-
mum clot fi rmness (MCF) was below normal 
(29 mm). In addition, the amplitude 10 min after 
clotting time (A10) in the FIBTEM assay was 
only 2 mm, and a shorter clotting time was 
observed in the APTEM assay than in the 
EXTEM assay. These results indicated that the 
patient was severely coagulopathic. Tranexamic 
acid (2 g) was administered to correct fi brinoly-
sis. The patient was then treated with 1000 IU 
PCC (Uman Complex DI, Kedrion, Castelvecchio 
Pascoli, Italy), 5 g fi brinogen (Haemocomplettan® 
P, CSL Behring, Marburg, Germany), and 2 U 
platelet concentrate.

   A second ROTEM analysis was performed 2 h 
after administration of hemostatic therapy. This 
showed normalization of coagulation, in terms of 
clotting time in the EXTEM assay (62 s) and 
MCF in both the EXTEM (50 mm) and FIBTEM 
(10 mm) assays (Fig.  14.7 ). A further 3 units of 
RBCs were administered to correct anemia.

14.5.1       Comment 

 In this case, ROTEM-guided administration of 
PCC and fi brinogen concentrate was effective in 
correcting coagulopathy in a patient with cra-
niofacial trauma and massive hemorrhage. The 
fi rst ROTEM analysis revealed specifi c hemo-
static defects that were treated successfully 
using a targeted approach. We administered 
fi brinogen concentrate in response to a low 

FIBTEM MCF. This approach is supported by 
the fact that fi brinogen is the fi rst coagulation 
factor to reach a critically low level upon blood 
loss and that adequate fi brinogen levels are 
essential for hemostasis [ 1 ,  2 ]. Moreover, in a 
study of patients with severe traumatic brain 
injury, low FIBTEM MCF was associated with 
an increase in mortality and RBC transfusion 
[ 3 ]. Low EXTEM MCF was corrected by also 
administering platelet concentrate; fi brinogen, 
platelets, and activated factor XIII all contribute 
to clot strength in the EXTEM assay. MCF in 
the EXTEM, INTEM, and FIBTEM assays is 
predictive of increased risk of massive transfu-
sion [ 4 ,  5 ], demonstrating the importance of this 
parameter in the diagnosis of coagulopathy in 
massive bleeding. 

 Tranexamic acid was given because of a lon-
ger clotting time in the EXTEM assay than in 
the APTEM assay, suggesting the presence of 
hyperfi brinolysis. Such comparison of EXTEM 
and APTEM clotting times is used in a number 
of European trauma centers as a criterion for 
diagnosing hyperfi brinolysis, although there is 
currently little published data to support this 
practice. However, recent evidence from the 
CRASH-2 trial has shown that early treatment 
with tranexamic acid is benefi cial for survival 
[ 6 ]. Although we were unable to administer 
tranexamic acid until more than 3 h after the 
accident, we considered that the evidence of 
fi brinolysis in the bleeding patient warranted 
rapid, targeted treatment. PCC was admin-
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istered because clotting time was prolonged 
in the APTEM as well as the EXTEM assay. 
Coagulation factor concentrates appear to mini-
mize risks of complications such as transfusion- 
related acute lung injury or virus transmission. 
In addition, small volumes mean that concen-
trates are quick to administer, without causing 
hemodilution or volume overload. 

 Viscoelastic methods such as ROTEM or 
thromboelastography (TEG) allow drug ther-
apy to be tailored to the patient’s actual needs 
with a feedback loop to monitor and optimize 
treatment effectiveness and to minimize side 
effects.   

14.6     Case 5: A 79-Year-Old Lady 
Admitted to the ICU 
With a Hemorrhagic Shock 

 Medical history: atrial fi brillation (no oral antico-
agulants) and hypothyroidism. Previous hip 
replacement (2 years before). 

 Admitted to the ICU after elective surgery 
(removal of the infected hip prosthesis). During 
surgery, extensive blood loss (estimated at 
2000 mL) treated with 5000 mL of crystalloids, 

1500 mL of colloids, 5 units of red blood cells, 
and 3 units of fresh frozen plasma (FFP). The 
patient is hemodynamically unstable, with signs 
of hemorrhagic shock.

  Laboratory Assays Are as Follows 
•   Hemoglobin 8 g/dL, hematocrit 23 %  
•   Platelet count 45,000/μL  
•   INR 3.6, aPTT ratio 3.8, d-dimer 0,5  
•   ph 7.05  
•   Base Excess -11, lactates 10 mMol/L  
•   Body temperature: 34 °C    

 A thromboelastographic (TEG) test is run and 
reveals a severe coagulopathy with prolonged R 
time (12.8 min), decreased maximum amplitude 
(MA, 20.7 mm), and severe primary hyperfi bri-
nolysis (LY30 40.7 %) (Fig.  14.8 ).

   A goal-directed, TEG-based therapeutic treat-
ment is established, including 6 units of FFP. 

 8 units of cryoprecipitate, 2 units of platelet 
concentrates, and tranexamic acid (15 mg/kg 
bolus dose, followed by a continuous infusion of 
2 mg kg −1  h −1 ). 

 After this treatment, the bleeding stopped. The 
second TEG tests showed a complete recovery of 
the hemostatic process (Fig.  14.9 ).
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14.7        Case 6: Massive 
Postoperative Bleeding 
Refractory to Late 
Prohemostatic Treatment 

 A 42-year-old female presenting a thoracoab-
dominal aortic aneurysm was admitted to vascu-
lar surgery for reconstruction. Anamnestic data 
included hemoglobin C disease, Takayasu arteri-
tis with associated renovascular hypertension 
(obstruction of renal arteries), obstruction of the 
right carotid artery, and history of meningoen-
cephalitis. Coagulation values at admission were 
prothrombin time (PT) 77 %, international nor-
malized ratio (INR) 1.18, activated partial throm-
boplastin time (aPTT) 34.9 s, and platelets 
138,000 cells/μL. Surgery was carried out 
uneventfully with aortic clamp duration of 
42 min. However, intraoperative blood loss was 
considerable, and cell saver was extensively used. 

 At the intensive care unit, admission standard 
coagulation parameters were PT 43 %, INR 1.87, 
aPTT 46.4 s, fi brinogen 190 mg/dL, and platelets 
69,000 cells/μL. The fi rst postoperative 12 h was 
complicated by a cardiac arrest treated with resus-
citation maneuvers and inotropic drugs, acute 
renal failure, and massive bleeding (1250 ml) 
with no specifi c hemostatic treatment. At that 

point, coagulation was severely impaired: PT 
14 %, INR 5.86, aPTT >300 s, antithrombin III 
9 %, fi brinogen 60 mg/dL, and platelets 34,000 
cells/μL. Prohemostatic therapy included FFP, 
platelet concentrate, human fi brinogen concen-
trate, and PCC. TEG analysis showed no curve at 
kaolin alone and an R time 24.0 min and MA 
16.6 mm at kaolin with heparinase (Fig.  14.10 ). 
Protamine was administered, and kaolin curve 
was now present and almost  comparable with the 
heparinase one (Fig.  14.11 ). However, given that 
a very severe bleeding was still ongoing, a surgi-
cal re-exploration was settled. After surgical re-
exploration bleeding was almost ceased, but TEG 
analysis still presented signs of severe coagulopa-
thy – R time 26.2 min, MA 12.5 mm (Fig.  14.12 ), 
and the following coagulation parameters: PT 
21 %, INR 3.64, aPTT 111.0 s, and fi brinogen 
77 mg/dL. Fibrinogen and platelet concentrates, 
together with PCC, continued to be administered 
with almost no effect. Twelve hours after the pre-
vious TEG, the coagulopathy was not improved – 
kaolin and heparinase showing R time 27.7 min 
and MA 27.0 mm with no curve at kaolin channel 
(Fig.  14.13 ) associated to PT 19 %, INR 4.18, 
aPTT 80.8, and platelets 19,000 cells/μL. A few 
hours later, the clinical conditions further aggra-
vated and the patient died.
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14.7.1          Comment 

 Failure to treat the initial coagulopathy led to an 
irreversible hemorrhagic complication. 

 It is likely that the patient suffered from a 
combination of severe coagulation factors and 
platelet consumption, exacerbated by the exten-
sive use of the cell saver. An initial aggressive 
treatment based on TEG tests would have proba-
bly prevented the fi nal pattern of disseminated 
intravascular coagulopathy.      
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