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 The book I offer here is intended to be a comprehensive treatment of hemo-
stasis and anticoagulation issues that apply to neurosurgical and neurocritical 
care practice. I designed it so that in any clinical encounter where a practicing 
physician encountered a diffi cult situation, the answer could be found in this 
single reference. This meant that I had to review my own experience with 
such complex patients and design a table of contents that addressed any and 
all areas where the troublesome confl ict between need for anticoagulation 
and the otherwise best surgical care of the patient interfaced. This was not 
intended to be an easy read or an easy book. The information is detailed, 
complex, and involves many areas of physiology that neurosurgeons knew in 
medical school, reviewed assiduously for their written board examination, 
and have been most likely gradually losing touch with since then. 

 It should be no surprise that the chapters overlap in scope frequently, but 
I do not believe this is a detriment to the overall design or value of the book. 
As I reviewed the chapters to send them off to Springer, I resisted the tempta-
tion to add cross-references to other chapters, since any effort to do so would 
have been mostly incomplete. Realistically, few readers will probably go 
cover to cover in a book of this scope, so my purpose was to design the table 
of contents, and the global design, to be comprehensive but also to allow each 
chapter to stand alone as a reference for the majority of readers who are look-
ing for the one answer to their question. The best way to fi nd such an answer 
is in the Table of Contents itself, and the design of that is where the true effort 
in conceptualizing a book like this takes place. Any experienced editor will 
agree with this no doubt. 

 The fi eld of therapeutic anticoagulation is moving quickly, and improve-
ments come frequently. The arrival of the TSOAC agents changed our prac-
tices, with good evidence that they reduce stroke risk and complication risk 
for appropriate patients. As this book was in preparation, the fi rst DTI inhibi-
tor reversal agent, Praxbind (idarucizumab), was approved by the FDA for 
clinical release, and the appropriate chapters, by Jeske and Ardelt, have been 
amended to refl ect this late-breaking news. We suspect that Factor Xa inhibi-
tor reversal agents (also discussed eloquently by Jeske), such as andex-
anet alfa, may well be approved before the book is actually published. 

 The chapter contributions come from authors both within and without the 
neurosurgical world. I am appreciative of the outstanding work they submit-
ted, for the most part on time, and hope that the reader fi nds this book to be 
useful and informative, as was my intention from the beginning of the project. 

  Pref ace   



viii

We give special thanks to the hemostasis group at Loyola led by Dr. Jawed 
Fareed, who was instrumental in developing the framework of the book, and 
whose colleagues and faculty have made so many seminal contributions to the 
fi nal product. Finally, we must express our deepest gratitude to our Springer 
colleagues, Richard Hruska, Sverre Klemp, and Brian Halm, who shepherded 
the process effi ciently and elegantly. As always, I welcome any reader feed-
back or criticism that would allow us to refi ne and enhance future works.  

  Maywood, IL, USA     Christopher     M.     Loftus, MD, Dr. hc (Hon), FAANS        

Preface



ix

  Contents 

   Part I General Principles   

    1     Physiology of Hemostasis .............................................................  3   
    Jawed   Fareed     and     Omer   Iqbal    

     2     Laboratory Assessment of Physiologic and Pathologic 
Hemostasis .....................................................................................  17   
    Jeanine   M.   Walenga    

     3     Current Anticoagulation Drugs and Mechanisms of Action ....  33   
    Tarik   F.   Ibrahim    ,     Sean   Maxwell    , and     Omer   Iqbal    

     4     Reversal of Target-Specific Oral Anticoagulants .......................  47   
    Walter   Jeske    

     5     Overview, Measurement and Point-of-Care Testing 
of Platelet Function .......................................................................  55   
    Daphne   Li    ,     Wael   Hassaneen-Mostafa    , and     Asterios   Tsimpas     

    6     Role of Antiplatelet Therapy in Neurosurgery: 
Efficacy and Safety Profiles ..........................................................  65   
    Nicholas   Bowen     and     Shaker   A. Mousa     

   Part II Coagulation Issues Across All Patient Spectrums   

    7     Congenital Coagulation Disorders ..............................................  93   
    Danielle   Sterrenberg     and     Sucha   Nand    

     8     Acquired Coagulation Disorders .................................................  115   
    Kimberly   Kruczek    ,     Kathrine   Cooper    ,     Hanh   Mai    , 
and     Sucha   Nand    

     9     Regulation and Dysregulation of Fibrinolysis ............................  129   
    Omer   Iqbal    ,     Paul   O’Malley    , and     Nil   Guler     

    10     Risks Associated with Administration of Allogeneic 
Blood Components ........................................................................  139   
    Phillip   J.   DeChristopher     



x

    11     Common Coagulation Disorders That May Arise 
Intraoperatively: Specifically DIC...............................................  149   
    Srikanth   Nagalla     and     Geno   Merli    

     12     Evaluation and Management of Untoward 
Intraoperative Bleeding ................................................................  153   
    Michael   P.   Wemhoff     and     W.   Scott   Jellish    

     13     Treatment of Disseminated Intravascular 
Coagulation (DIC) .........................................................................  167   
    Marcel   Levi    

     14     Heparin-Induced Thrombocytopenia (HIT) ..............................  183   
    Jeanine   M.   Walenga     and     M.   Margaret   Prechel    

     15     Anticoagulation in Cardiovascular Diseases ..............................  195   
    Shermeen   B.   Memon    ,     Lara   Bakhos    , and     Mushabbar   A.   Syed    

     16     Workup and Treatment of Pulmonary Embolus........................  215   
    Agnieszka   A.   Ardelt     

   Part III Coagulation Issues Specifi c to Neurosurgery   

    17     Classes of Drugs and Blood Products for Acute Reversal 
of Anticoagulant Effect .................................................................  227   
    Christopher   D.   Witiw    ,     Laureen   D.   Hachem    , 
and     Michael   G.   Fehlings    

     18     Rescue Strategies to Facilitate Emergency Neurosurgery 
in Patients on Antiplatelet or Anticoagulant Agents .................  243   
    Erinç   Aktüre    ,     Andrew   Goodwin    , and     Bruce   Tranmer    

     19     Considerations for Coagulation in the Multi‐trauma 
Patient ............................................................................................  257   
    Craig   Rabb     and     Allison   Williams    

     20     Cerebral Venous Sinus Thrombosis ............................................  269   
    William   W.   Ashley Jr    

     21     Coagulation Studies in Preoperative Neurosurgery 
Patients ...........................................................................................  285   
    Hugh   J.  L.   Garton    

     22     Safe Strategies for Gradual Suspension and Reinstitution 
of Anticoagulation to Permit Elective Surgery ...........................  297   
    Christopher   Roark    

     23     Spontaneous Intracerebral Hemorrhage 
Due to Coagulation Disorders ......................................................  309   
    W.   Caleb   Rutledge    ,     S.   Andrew   Josephson    , 
and     Michael   T.   Lawton    

Contents



xi

     24     Prophylactic Screening for Venous Thromboembolism 
in Neurosurgical Patients .............................................................  317   
    Michael   J.   Schneck     

    25     Venous Thromboembolism Prophylaxis in Neurosurgery ........  327   
    Vikram   C.   Prabhu     

    26     Can Patients with Known Intracranial and Intraspinal 
Vascular Lesions Be Anticoagulated? .........................................  343   
    Christopher   P.   Robinson    ,     Michael   Star    , and     José   Biller    

     27     Intrathecal Access and Devices in Patients 
on Antiplatelet or Anticoagulant Therapy .................................  363   
    Kevin   N.   Swong    ,     Drew   A.   Spencer    , and     Christopher   M.   Loftus    

     28     Is It Safe to Shunt Anticoagulated NPH Patients? ....................  369   
    Eric   W.   Sankey    ,     C.   Rory   Goodwin    ,     Ignacio   Jusue- Torres    , 
and     Daniele   Rigamonti    

     29     Surgical Hemostasis in the Era of Anticoagulation: 
Guidelines and Recommendations Summary ............................  381   
    Drew   A.   Spencer    ,     Paul   D.   Ackerman    ,     Omer   Iqbal    , 
and     Christopher   M.   Loftus     

   Index .......................................................................................................  393    

Contents



   Part 1 

   General Principles        



3© Springer International Publishing Switzerland 2016 
C.M. Loftus (ed.), Anticoagulation and Hemostasis in Neurosurgery, 
DOI 10.1007/978-3-319-27327-3_1

      Physiology of Hemostasis                     

     Jawed     Fareed       and     Omer     Iqbal     

        J.   Fareed ,  Ph.D.      
  Departments of Pathology and Pharmacology ,  Loyola 
University Health System ,   Maywood ,  IL   60153 ,  USA   
 e-mail: jfareed@luc.edu   

    O.   Iqbal ,  M.D.      (*) 
  Departments of Pathology and Ophthalmology , 
 Loyola University Health System , 
  Maywood ,  IL   60153 ,  USA   
 e-mail: oiqbal@luc.edu  

  1

          The Hemostatic System 

    Overview 

 Cardiovascular disease, including intravascular 
clot formation, represents the primary cause of 
death in the Western world.  Blood coagulation   is 
essential to our health; however, when it proceeds 
abnormally, myocardial infarction (heart attack), 
stroke, or pulmonary embolism can result. 
Pharmacologic interventions to control and cor-
rect these thromboembolic disorders have 
recently made much progress as the mechanisms 
of blood clotting have become better understood. 
This chapter will review the components of the 
hemostatic system and the process of blood coag-
ulation. The  anticoagulant and antiplatelet drugs   
used to treat thrombotic conditions as well as 
research trends will be reviewed. 

 To maintain blood in a fl uid state is vital in 
order to deliver oxygen, nutrients, and physi-
ological messengers throughout the body. When 
vascular damage occurs the body reacts with an 
immediate response to preserve normal physi-
ology. The hemostatic system achieves this 
balance between the fl uid and solid states of 
blood. The components of the hemostatic system 
include blood fl ow, blood vessels, platelets, the 
coagulation system, and the fi brinolytic  system   
(Table  1.1 ) [ 1 ,  2 ].

   When the integrity of the vascular system has 
been compromised, the blood clots to preserve 
the continuity of the vasculature and the blood 
 supply   (Fig.  1.1 ). The initial response is the for-
mation of the platelet aggregate. Platelets in the 
fl owing blood rapidly adhere to the exposed sub-
endothelial vessel wall matrix and become acti-
vated at the site where the endothelial cells have 
been damaged. During this activation process, 
products from the platelets are released causing 
further platelet activation and platelet aggrega-
tion. The platelet plug initially arrests the loss of 
blood. This, however, is not a permanent block. 
Negatively charged phospholipids on the outer 
membrane of activated platelets create a proco-
agulant surface on which coagulation activa-
tion takes place. The formation of a  fi brin clot   
stabilizes the platelet plug. Subsequently, 
additional recruitment of other cellular compo-
nents of blood contributes to the composition of 
this lesion, resulting in a stable thrombus. 

mailto:jfareed@luc.edu
mailto:oiqbal@luc.edu
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Therefore, thrombosis is a multifactorial patho-
physiologic process. Various pharmacologic pro-
cesses can be used to target these sites.

   The coagulation system is a network of coagu-
lation factors, their activators and inhibitors that 
work together to ultimately form fi brin, the phys-
ical structure of the blood  clot   (Fig.  1.2 ). 
Traditionally coagulation has been viewed as 
having two distinct branches, the intrinsic and the 
extrinsic pathways depending on the initiating 
source of activation. However, interdependence 
of the different proteases is known to amplify the 
action of proteases which contribute to the even-
tual formation of thrombin.

   The extent to which each component of the 
hemostatic system contributes to the fi nal clot is 
dependent upon where in the circulation the clot 
is formed. In the venous circulation, where blood 
fl ow is relatively sluggish, clots contain a higher 
proportion of fi brin and fewer trapped blood 
cells. In the arterial  circulation  , where fl ow rates 

   Table 1.1    Components of the  hemostatic system     

 The function of the hemostatic system is to maintain 
blood fl ow throughout the body and to react 
immediately to repair vascular damage to avoid blood 
loss. This is accomplished by an integrated balance 
between several cellular and plasma-based 
components 

 • Cellular elements 

 – Blood vessel 

 – Endothelial cells 

 – Platelets 

 – Leukocytes 

 – Erythrocytes 

 • Plasma-based elements 

 – Coagulation system 

 Activators 

 Cofactors 

 Inhibitors 

 – Fibrinolytic system 

 Activators 

 Inhibitors 

 • Blood fl ow/viscosity 

  Fig. 1.1    The  coagulation network   represents a complex 
process in which proenzyme, enzymes, inhibitors and their 
activators contribute to the regulation of the hemostatic 
process. The intrinsic and extrinsic processes lead to the 
activation of factor X to Xa and subsequent processes result 
in the generation of thrombin eventually leading to the for-
mation of fi brin clot. The  fi brin clot   formation can take 

place in the hemostatic process to stop bleeding and in the 
thrombotic processes to generate endogenous fi brin which 
may include the vasculature. The fi brinolytic processes and 
independent proteolytic processes resulting in the forma-
tion of dissolved clots. Several inhibitors, mainly serine 
protease inhibitors such as antithrombin and antiplasmin 
regulate the proteolytic functions of thrombin and plasmin       
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are higher and the presence of a stenosis leading 
to areas of high shear stress is more likely, clots 
tend to be richer in platelets. When a blood clot is 
no longer needed, it is broken down (lysed) by 
activated components of the fi brinolytic system. 

 Both the coagulation system and the fi brino-
lytic system are composed of several activators 
and inhibitors that provide for effi cient physio-
logical checks and balances. If any one compo-
nent is over- or under-activated due to congenital 
or acquired abnormalities, pathologic blood clot-
ting (thrombosis) occurs. As the components of 
hemostasis are many, there are multiple targets 
for therapeutic intervention. Targeting the mech-
anism that initiated the cardiovascular disorder 
will enhance the effi cacy of the antithrombotic 
treatment. Bleeding complications can arise if the 
balance is pushed to the other extreme with drug 
treatment or due  to   physiologic abnormalities 
(Table  1.2 ).

  Fig. 1.2    Illustration of the cellular components of the 
hemostatic system:  endothelial cells   on the blood vessel 
wall, platelets (quiescent and activated), leukocytes and 
erythrocytes. These cells normally express surface media-
tors that regulate coagulation, fi brinolysis and platelet 
activation. Upon activation the cells express and/or 

release substances that modulate the physiological 
responses of cells and proteins in their environment and 
cause cell–cell interactions. These dynamic reactions take 
place under the physical conditions of fl owing blood with 
vasoconstriction and relaxation of the blood vessel wall       

   Table 1.2    Risk factors of thrombosis (partial list)      

 Congenital defi ciencies/abnormalities of the 
hemostatic components 

 (e.g., Factor V Leiden, prothrombin 20210, mutations 
of the AT molecule) 

 Antiphospholipid antibodies/Lupus anticoagulant 

 Hyper-homocysteinemia 

 Heparin-induced thrombocytopenia 

 Heart failure 

 Malignancy 

 Burn 

 Previous thrombosis 

 Smoking 

 Oral contraceptives 

 Obesity 

 Age 

 Surgery 

 Physical inactivity/Stasis/Immobilization 

  Usually two or more risk factors need to be present for 
thrombosis to occur.  

 

1 Physiology of Hemostasis



6

       Vascular Endothelium 

 The vascular endothelium plays an important 
role in hemostasis in that quiescent endothelial 
cells act as a barrier separating the fl owing blood 
from subendothelial components such as tissue 
factor (activation of coagulation) and  collagen   
(activation of platelets) (Fig.  1.1 ). More than just 
a passive barrier, the endothelium also produces a 
variety of substances that modulate platelet, 
coagulation, fi brinolytic, and vascular contrac-
tion processes (Figs.  1.1  and  1.2 ). Endothelial 
cells play a regulatory role to balance cellular and 
plasmatic reactions. The functional interactions 
of endothelial cells can be either procoagulant or 
anticoagulant in nature, as summarized in the fol-
lowing. These actions can lead to either mainte-
nance of normal hemostasis or to pathologic 
occlusive disorders (stenosis, thrombosis). 

  Antithrombotic actions   of endothelium:
    1.    Release of prostaglandin derivatives to control 

platelet activation   
   2.    Synthesis and release of TFPI to control coag-

ulation activation   
   3.    Regulation of thrombin function through 

thrombomodulin   
   4.    Release of fi brinolytic mediators to regulate 

the fi brinolytic system   
   5.    Release of nitric oxide to promote vascular 

dilatation   
   6.    Presence of antithrombotic glycosaminogly-

cans (heparin-like molecules)    

   Prothrombotic actions   of endothelium:
    1.    Release of tissue factor to initiate the clotting 

process   
   2.    Release of PAI-1 to inhibit the fi brinolytic 

response   
   3.    Generation of procoagulant proteins   
   4.    Expression of von Willebrand factor to pro-

mote platelet adhesion    

      Platelets 

 Platelets are disc-shaped, anuclear cells that con-
tain a contractile system, storage granules, and 

cell surface receptors. Platelets normally circu-
late in a non-activated state in the blood but are 
extremely reactive to changes in their environ-
ment. Platelet membranes contain receptors for a 
variety of  agonists   including ADP, thromboxane 
A 2 , platelet activating factor, immune complexes, 
and thrombin. Serotonin and epinephrine syner-
gistically promote aggregation induced by other 
agents. 

 Upon  activation  the expression of cell recep-
tors and procoagulant phospholipids on the plate-
let surface is upregulated (Figs.  1.1  and  1.2 ). A 
number of glycoproteins (GP) present on the 
membrane serve as receptors for collagen (GPIa/
IIa), fi brinogen (GPIIb/IIIa), and von Willebrand 
factor (GPIb). These receptors belong to the 
superfamily of adhesive protein receptors known 
as  integrins   as they integrate cell–cell and cell–
matrix interactions. Stimulation of these pro-
cesses allows for bidirectional signaling between 
the intracellular and extracellular compartments 
of the platelet. Of the platelet-associated integ-
rins, GPIIb/IIIa is the most abundant. Lack of 
GPIIb/IIIa receptors leads to the congenital 
bleeding disorder known as  Glanzmann’s throm-
basthenia     . Platelet GPIb binding to von 
Willebrand factor, which acts as a bridge to 
 collagen binding in the blood vessel, is important 
as it serves to anchor the platelets to the blood 
vessel. Lack of the GPIb receptor leads to the 
congenital bleeding disorder known as  Bernard–
Soulier syndrome  . 

  Platelet    aggregation    is another of the fun-
damental platelet functions. Fibrin(ogen) bind-
ing to platelet GPIIb/IIIa receptors is important 
as it serves as a bridge that links individual 
platelets together to form a large platelet aggre-
gate. During the activation process, there is a 
morphologic shape change in the overall plate-
let structure as pseudopods are formed. This 
facilitates the platelet aggregation process. 
Platelet aggregates serve to plug the damage to 
the vascular wall and their granule release 
products aid to vasoconstrict the blood vessel. 
In normal pathology, this decreases blood loss; 
in abnormal pathology, this causes stenosis of a 
blood vessel that can result in downstream tis-
sue ischemia. 

J. Fareed and O. Iqbal
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 An increase in cytosolic calcium levels leads 
to activation of internal platelet enzymes with the 
subsequent  release of platelet    granule contents .   
The α storage granules contain platelet factor 4 
(PF4), β-thromboglobulin, platelet-derived 
growth factor, fi brinogen, factor V, von 
Willebrand factor, and plasminogen activator 
inhibitor-1 (PAI-1). The dense or β-granules con-
tain ATP, ADP, and serotonin. The release of 
platelet granule contents leads to further platelet 
activation and aggregation as well as coagulation 
activation. 

 Platelet activation also leads to the formation 
of  platelet-derived    microparticles .   These are 
small fragments of the platelet membrane cleaved 
off from the platelet surface. Platelet microparti-
cles promote activation of the coagulation system 
and further platelet activation (Figs.  1.1  and  1.2 ). 
The role of platelets bound to leukocytes in coag-
ulation activation is under study. 

 Of particular interest in the study of thrombo-
sis and antithrombotic drugs is the acute coro-
nary syndrome ( ACS)      which encompasses 
unstable angina, non-ST segment myocardial 
infarction (MI), and acute ST elevation (transmu-
ral) myocardial infarction (AMI). ACS stems 
from rupture of atherosclerotic plaque, leading to 
intravascular thrombosis. Disruption of the pro-
tective cap exposes procoagulant materials (tis-
sue factor, thrombin) that activate platelets and 
coagulation (factor Xa and thrombin generation). 
The role of platelets in ACS, in addition to the 
role of thrombin and the coagulation system, has 
been the focus of extensive drug development.  

    The Coagulation System 

 The plasma proteins that comprise the coagula-
tion system are referred to as coagulation factors. 
Most coagulation proteins are  zymogens   (non- 
activated enzymes) that upon activation are con-
verted into active serine proteases. A schematic 
of the  coagulation cascade   is depicted in Fig.  1.2 . 
Several of the coagulation factors are dependent 
on vitamin K for structural formation required 
for activity. 

 In the  intrinsic pathway of the coagulation 
system ,  activation   occurs when the complex of 
factor XII, factor XI, prekallikrein, and high 
molecular weight kininogen come together on a 
negatively charged surface. This is referred to as 
 contact activation  . Factor XII is converted to its 
active form, factor XIIa, which in turn converts 
prekallikrein to kallikrein. Kallikrein can convert 
factor XII to its active form, thereby setting up a 
positive feedback loop that amplifi es the activa-
tion of the coagulation system. 

 Factor XIIa converts factor XI to factor XIa, 
which, in turn, activates factor IX. Factor IXa 
bound to the negatively charged phospholipid (on 
activated platelet membranes) along with its 
cofactor factor VIIIa and calcium ions form the 
“tenase” complex. Through this complex, factor 
X is converted to factor Xa initiating activation of 
the common pathway of the coagulation system. 

 The  extrinsic pathway of coagulation   is   acti-
vated when circulating factor VII comes into 
contact with tissue factor. Tissue factor is a trans-
membrane glycoprotein that is expressed by sub-
endothelial cells that surround the blood vessel. 
Tissue factor expression can also be induced on 
activated monocytes and activated endothelial 
cells. 

 Factor VII exhibits a weak procoagulant activ-
ity on its own, typically accounting for about 
1–2 % of the total factor VII/VIIa activity. Upon 
binding to  tissue factor  , a 10,000,000-fold 
increase in factor VIIa enzymatic activity occurs. 
Both factor VII and factor VIIa bind to tissue fac-
tor with equal affi nity. The factor VIIa–tissue 
factor complex can then activate factor X. The 
tissue factor–factor VIIa complex also activates 
factor IX to factor IXa. 

 The small amounts of factor Xa initially 
generated are suffi cient to cleave prothrombin 
and generate a small amount of  thrombin  . In a 
feedback loop, thrombin activates factors V, 
VIII, and possibly XI, thereby sustaining con-
tinued activation of the coagulation cascade. 
Factors V and VIII are activated through direct 
proteolytic cleavage by factor Xa or thrombin; 
they are not active proteases as are the other 
coagulation factors. 

1 Physiology of Hemostasis
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 The majority of factor Xa joins with its cofac-
tor factor Va, calcium ions and phospholipid (on 
surface membranes of activated platelets) to form 
the  “prothrombinase” complex  . The prothrombi-
nase complex acts to convert prothrombin (factor 
II) into the active enzyme thrombin ( the com-
mon pathway of coagulation ). Thrombin (fac-
tor IIa) serves many functions in coagulation as 
well as in various physiological processes. In the 
coagulation cascade, thrombin holds the key 
position in that it cleaves soluble fi brinogen to 
generate an insoluble fi brin clot (thrombus). 

  Fibrinogen   circulates as a disulfi de-linked 
dimer containing two A-α chains, two B-β 
chains and two γ chains. Cleavage of fi brinogen 
by thrombin results in the release of fi brinopep-
tides A and B and the exposure of charged 
domains at opposite ends of the molecule. 
Exposure of these charged domains leads to 
polymerization of the fi brin monomers. These 
monomers are cross- linked by the transaminase 
factor XIIIa and calcium to form the physical 
meshwork of the fi brin clot. 

 Thrombin augments its own generation 
through several feedback loops in the coagulation 
cascade activating factors XII, XI, VIII, and 
V. Thrombin also activates platelets, it activates 
the coagulation inhibitor protein C through bind-
ing with thrombomodulin, and it stimulates acti-
vated endothelial cells to release the 
profi brinolytic enzyme tissue plasminogen acti-
vator (see Figs.  1.1  and  1.2 ). 

 The outcome of activation of the various fac-
tors that comprise the coagulation system is to 
generate thrombin. Excessive  thrombin gener-
ation  (a  hypercoagulable state ) results in 
unwanted blood clots that cause tissue ischemia. 
Depending on the location of the thrombus, 
skeletal muscle, heart, lung, brain, or other 
organs are affected. There are several anticoagu-
lant drugs that target one or another of the coag-
ulation factors to reduce  thrombin generation  . 
Inhibition of one or more of the coagulation fac-
tors that excessively reduces thrombin genera-
tion, such as by a congenital factor defi ciency or 
overdose of anticoagulant treatment, may result 
in bleeding.  

    Natural Inhibitors of Coagulation 

   Antithrombin  (AT)      is a single chain glycopro-
tein with a molecular weight of approximately 
58,000 Da. Normal plasma levels of AT are 
approximately 2–3 μM. AT is the primary inhib-
itor of coagulation and targets most coagulation 
factors as well as trypsin, plasmin, and kalli-
krein (Fig.  1.2 ). Inhibition takes place when a 
stoichiometric complex between the active site 
serine of the enzyme and the Arg393–Ser394 
bond of AT forms. 

 The effi cient inhibition of proteases by AT 
requires heparin as a cofactor. In the presence of 
heparin, the inhibition rate constants for throm-
bin and factor Xa have been estimated to be 
accelerated 1000-fold to 3 × 10 7  and 4 × 10 6  L/
mol s −1 , respectively. Defi ciency of AT due to low 
protein levels or to functionally abnormal mole-
cules predisposes an individual to thrombotic 
complications. 

   Heparin cofactor II  (HCII)      is another plasma 
inhibitor that resembles AT in that it is activatable 
by glycosaminoglycan binding. HCII has a 
molecular weight of about 68,000 Da. The nor-
mal plasma level of HCII is approximately 1.0–
1.4 μM. Two patients to date have been described 
as having HCII defi ciency related to thrombosis. 

 HCII has a higher protease specifi city than 
AT. Of the coagulation enzymes, it only inhibits 
thrombin (Fig.  1.2 ). However, it has also been 
shown to inhibit chymotrypsin and leukocyte 
cathepsin G. Like AT, HCII inhibits proteases 
by forming a 1:1 stoichiometric complex with 
the enzyme. Whereas AT contains an Arg–Ser 
bond as its active site, HCII is unique in con-
taining a Leu–Ser bond, suggesting that another 
portion of the HCII molecule may be required 
for protease binding. 

 Although the inhibition of protease activity by 
HCII is promoted by glycosaminoglycan bind-
ing, it can be activated by a wide variety of agents 
unlike AT which is dependent on the presence of 
a specifi c heparin chain sequence. Heparins, hep-
arans, and dermatan sulfate all bind to HCII and 
promote thrombin inhibition. Agents with rela-
tively little sulfation such as chondroitin 4-O- or 

J. Fareed and O. Iqbal
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6-O-sulfate, keratan sulfate, or hyaluronic acid 
do not activate HCII. 

   Tissue factor pathway inhibitor  (TFPI)      is a 
42 kDa inhibitor that contains three Kunitz 
domains tandemly linked between a negatively 
charged amino terminus and a positively charged 
carboxy-terminus. It serves an important func-
tion to control coagulation activation. The active 
site of the fi rst Kunitz domain binds to the active 
site of the VIIa-tissue factor complex; the active 
site of the second Kunitz domain binds to the 
active site of factor Xa. The second domain 
appears to facilitate the inhibitory action of the 
fi rst domain, and the carboxy-terminus appears to 
facilitate the action of the second domain. The 
third Kunitz domain has been shown to contain a 
heparin-binding site. Mutation of the active site 
of the third Kunitz domain has no effect on the 
inhibition of either factor VIIa or factor Xa. 

 TFPI is produced by megakaryocytes and the 
endothelium (Fig.  1.1 ). Small amounts of TFPI 
are stored in platelets (less than 2.5 %) and can be 
released upon platelet activation. Plasma TFPI 
accounts for 10–50 % of the total pool. Most 
plasma TFPI is bound to lipoproteins, only about 
5 % of the plasma pool of TFPI circulates in the 
free form. Lipoprotein bound TFPI is of rela-
tively low inhibitory activity. The largest pool of 
TFPI is bound to the endothelial surface. TFPI 
bound to the endothelium  can   be released into the 
plasma by heparin and low molecular weight 
heparin treatment. 

   Protein C       is another important natural antico-
agulant. Circulating thrombin can bind to a high 
affi nity receptor on the endothelium known as 
thrombomodulin (Fig.  1.1 ). The complex of 
thrombin bound to thrombomodulin is a 20,000 
fold better activator of protein C than is free 
thrombin. Thrombomodulin-bound thrombin no 
longer cleaves fi brinogen, is not able to activate 
other coagulation proteases such as factors V and 
VIII and does not activate platelets. 

 Protein C is a vitamin K-dependent zymo-
gen. It is made up of disulfi de linked heavy and 
light chains and has a molecular weight of 
approximately 62,000 Da. Protein C derives its 
anticoagulant properties from its ability to 

cleave and inactivate membrane bound forms of 
factors Va and VIIIa. Protein C requires two 
cofactors to express its anticoagulant activity, 
protein S and factor V.  

    The Fibrinolytic System 

 The fi brinolytic system keeps the formation of 
blood clots in check. Like the  coagulation cas-
cade  , this system consists of a number of serine 
protease activators and inhibitors (Fig.  1.2 ). The 
zymogen  plasminogen  normally circulates in the 
blood in micromolar concentrations. 

 Two endogenous activators of plasminogen, 
  tissue-type plasminogen activator  (tPA)   and 
  urokinase-type plasminogen activator  (uPA)     , 
are produced primarily by the endothelium and 
circulate in sub-picomolar amounts. tPA and uPA 
convert plasminogen to the active fi brinolytic 
enzyme  plasmin . Plasmin ultimately cleaves 
fi brin into smaller fi brin degradation products. 

 Regulation of the fi brinolytic pathway occurs 
at the level of several inhibitors.   Plasminogen 
activator inhibitor-1  (PAI-1)      inhibits the enzy-
matic activity of the activators tPA and uPA. PAI-1 
covalently binds to the active site of these plas-
minogen activators, thereby preventing the gen-
eration of plasmin. Activated platelets are an 
important source of PAI-1. Secondly, plasmin 
can be directly inhibited by the serine  protease 
  inhibitor   α   2   -antiplasmin   . 

   Thrombin activatable fi brinolytic inhibitor  
(TAFI)      is a third recently identifi ed inhibitor that 
has a different type of inhibitory function. TAFI 
is a procarboxypeptidase that is activated by the 
thrombin–thrombomodulin complex. Activated 
TAFI (TAFIa) catalyzes the cleavage of carboxy- 
terminal basic amino acids (such as arginine and 
lysine) from fi brin, plasmin, and other proteins. 
Without these end structures plasmin loses it 
ability to digest fi brin. Thus, fi brinolytic activity 
is suppressed leaving procoagulant activity to 
proceed unopposed. New studies have revealed 
that certain antithrombotic drugs in addition have 
a pro-fi brinolytic effect mediated by the drug’s 
interaction with and blockade of TAFI.  
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     Leukocytes   

 Recent studies suggest more and more that the 
line between coagulation and infl ammation is 
less distinct [ 3 ]. Studies have indicated that leu-
kocytes, alone or bound to platelets, play a role in 
coagulation activation (Fig.  1.1 ). Cytokines elicit 
the expression of tissue factor (extrinsic coagula-
tion system activator) on mononuclear cells, and 
procoagulant activity associated with leukocytes 
is not limited to the expression of tissue factor 
(Fig.  1.2 ). Several monocyte/macrophage derived 
procoagulant activities have been characterized 
including factor VII, factor XIII, factor V/Va, and 
binding sites for factor X and for the factor IXa–
VIII complex. Prothrombin can be activated on 
the cell surface of monocytes and lymphocytes. 
Monocyte procoagulant activity is also induced 
by endotoxin, complement and prostaglandins. 

 Coagulation that takes place on the surface of 
endothelial cells is affected by infl ammatory pro-
cess. Cytokines released from activated leuko-
cytes, such as interleukin-1 (IL-1), IL-6, and 
tumor necrosis factor (TNF), upregulate the pro-
coagulant and downregulate the fi brinolytic 
nature of endothelial cells. 

 In addition, products of the coagulation  pro-
cess   such as thrombin, fi brinopeptides, and fi brin 
degradation products have chemotactic and mito-
genic properties.  

     Autonomic Nervous System   

 Although limited research has been undertaken 
in this area, there is supportive evidence that the 
autonomic nervous system may impart control on 
the regulation of hemostasis and activation mech-
anisms leading to thrombogenesis. Circadian 
variations with peak incidences of coronary 
events in the morning hours have been known. 
This has been shown to be associated with an 
increase in blood pressure, heart rate, platelet 
aggregability, and a decrease in fi brinolytic activ-
ity. These physiological responses refl ect sympa-
thetic activity largely induced by increased levels 
of plasma noradrenaline [ 4 ,  5 ]. In combination 
with an increase in sympathetic mediated vaso-
constriction, these factors can lead to atheroscle-

rotic plaque rupture. During hemorrhage the 
hemostatic mechanisms controlling hemostasis 
are also partly controlled by the autonomic ner-
vous system [ 6 ,  7 ].  

    Theories of Blood Coagulation 

  Hemostasis   is a dynamic equilibrium between 
coagulation and fi brinolysis. It serves as a host 
defense mechanism to stop the blood loss after 
an injury. This is regulated by vascular wall, 
platelets and the coagulation cascade. 
Historically, the coagulation process was famil-
iar to Hippocrates, Aristotle, Celsius, and Galen 
who knew that freshly drawn blood clots within 
minutes. Jean- Louis Petit, a French surgeon in 
1720s noted that hemostasis after amputation of 
the limb was caused by clots which were formed 
in the blood vessels. A Swiss Physician, Fredrich 
Hopf in 1820 noted that the familial bleeding 
tendency later recognized as  hemophilia   was 
associated with prolonged hypocoagulability 
[ 8 ]. Later, Rudolph Virchow in 1860 described 
clots and their tendency to embolize [ 8 ]. Based 
on these developments, Paul Morawitz in 1905 
proposed the classic theory of coagulation in 
which prothrombin by calcium activation caused 
the generation of thrombin which transformed 
fi brinogen to fi brin [ 9 ].
    1.     The Coagulation/Waterfall Cascade 

Hypothesis :    The modern concept of coagula-
tion started in 1940s, when Paul Owen in 1947 
noted that a bleeding diathesis in a young 
woman could not be explained by the four fac-
tor hypothesis proposed by Morawitz [ 10 ]. By 
1957, several factors such as von Willebrand 
Factor (vWF), Factor V, FVII, FVIII, FIX, FXI, 
and FX were described [ 10 – 19 ]. Although sev-
eral coagulation factors were discovered, how 
they interacted to convert fi brinogen to fi brin 
was not clearly understood. In 1964, Macfarlane 
proposed the  “cascade” model      [ 20 ] and Davie 
and Ratnoff proposed the  “waterfall” model      
[ 21 ] that described each clotting factor as a pro-
enzyme which could be converted to an active 
enzyme, and activation of each clotting factor 
led to the activation of another resulting in 
thrombin generation. Thus, coagulation was 
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understood to be initiated by the “intrinsic 
pathway” (so named because all the compo-
nents were present in the blood), or by an 
“extrinsic pathway,” in which the subendothe-
lial tissue factor was required in addition to the 
components present in the blood. The initiation 
of the intrinsic and extrinsic pathways resulted 
in the activation of Factor X which transformed 
the fi brinogen to fi brin via the common path-
way [ 22 ] (Figs.  1.1  and  1.2 ).   

   2.     Cell Based Model of Coagulation :    The con-
cept that evolved over the last two decades is 
that the exposure of blood to cells that 
expressed tissue factor on their surface is 
both necessary and suffi cient to initiate blood 
coagulation in vivo. It is believed that the 
contact pathway or the intrinsic pathway does 
not have a true physiological role in hemosta-
sis [ 23 ] and that although FXII defi ciency 
does not result in bleeding problems, the 
absence of FXII does not protect against 
pathological thrombosis [ 24 ]. Based on this 
model it is believed that hemostasis requires 
the formation of a platelet and fi brin plug at 
the site of vessel injury and that the procoag-
ulant substances activated in this process 
remain localized to the site of injury. The 
blood coagulation is initiated by exposure of 
blood to tissue factor present on circulating 
cellular microparticles derived from white 
blood cells, endothelium, and platelets, 
resulting in pathological hemostasis or throm-
bosis [ 25 ]. The coagulation process in this 
system is described in phases rather than in 
pathways. The various phases include, a 
phase of initiation, amplifi cation, propaga-
tion, and termination.    

    Initiation Phase :   The initiation phase, localized 
to the cells that express tissue factor, involves the 
interaction of plasma-derived FVIIa with tissue 
factor following perturbation of the vascular 
endothelium and circulating blood cells. 

   Amplifi cation Phase :   The thrombin generated 
on the tissue factor-bearing cells serves to acti-
vate the platelets exposing receptors and bind-
ing sites for activated clotting factors releasing 
partially activated forms of FV onto their sur-

faces. Thrombin also serves to activate FV and 
FVIII on the platelet surface, dissociating 
FVIII–vWF complex and allowing vWF to 
mediate more platelet adhesion and aggregation 
at the site of injury. 

   Propagation Phase :   The propagation phase 
occurring on the surface of activated platelets 
generates more thrombin and forming a more 
stable platelet plug to stop the blood loss. 

   Termination Phase :   The termination phase lim-
its the clotting process to avoid thrombotic occlu-
sion in surrounding normal areas. 

 While in the cell based model of coagulation 
the intrinsic pathway may only serve as an ampli-
fi cation loop initiated by the extrinsic tissue fac-
tor pathway, recent studies provide a reappraisal 
of the intrinsic coagulation pathway and indicate 
that it is activated more or less in parallel with the 
extrinsic pathway. Three physiological triggers 
of activation of the  intrinsic pathway   include col-
lagen [ 26 ], the  linear phosphate polymers  , termed 
polyphosphates [ 27 ], and  neutrophil extracellular 
traps (NETs)   [ 28 ]. The intrinsic pathway is acti-
vated by cell- and platelet-derived polyphos-
phates binding to and activating FXII leading to 
downstream activation of plasma kallikrein, FIX, 
and other coagulation factors [ 29 ]. However, 
FXII defi ciency does not affect hemostasis in 
vivo [ 30 ]. The platelet- derived polyphosphates 
play a role in clot stability as platelets are abun-
dantly present at the site of injury [ 20 ,  31 ]. This 
explains why increased levels of FXII are associ-
ated with thrombosis but FXII defi ciency leads to 
an unstable clot that promotes embolization [ 32 ]. 
 Polyphosphates   have recently been shown to act 
as a cofactor for thrombin-mediated activation of 
FV and FXI [ 33 ] and that it inhibits clot fi brino-
lysis through activation of thrombin activatable 
fi brinolytic inhibitor (TAFI) [ 34 ]. While the 
shorter chain polyphosphates secreted by plate-
lets are known to be more active in FV conver-
sion, the longer chain polyphosphates cause FXII 
activation [ 34 ]. Extracellular DNA is another 
phosphate source which has been recently shown 
to stimulate activation of FXII and FXI during 
thrombosis, rather than in hemostasis [ 35 ]. NETs 
also lead to activation of FXII [ 28 ].   
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    Polyphosphates and Activation 
of Contact Pathway 

  Inorganic polyphosphate (PolyP)  , linear nega-
tively charged polymer of phosphates held 
together by high-energy phosphoanhydride 
bonds, is present in many infectious organisms 
and is secreted by mast cells and platelets. Polyp 
has recently been shown to accelerate blood clot-
ting and slow fi brinolysis in a manner which is 
very much dependent on polymer length [ 36 ]. 
Very long chain polyphosphates activate the 
intrinsic or contact pathway, enhance the proin-
fl ammatory properties of histones and may par-
ticipate in host responses to pathogens [ 36 ]. 
Furthermore, polyphosphate inhibit complement 
and may have a role in infl ammation and innate 
immunity [ 36 ]. Shorter polyphosphate acceler-
ates factor V activation, opposes anticoagulant 
properties of TFPI, modulates fi brin clot struc-
ture and promote FXI activation, may have a role 
in controlling bleeding and may act as an antico-
agulant [ 36 ]. PolyP containing approximately 
60–100 phosphate units at high concentrations 
are stored in dense granules of platelets and are 
released upon platelet activation [ 37 ,  38 ]. PolyP 
containing 70 and 700 units can elicit proinfl am-
matory responses to vascular endothelial cells 
[ 39 ] by interacting with the receptor for advanced 
glycation end  products   (RAGE) and purinergic 
receptor (P2Y1) [ 40 ], thereby activating NF-κB, 
promoting expression of cell adhesion molecules 
and inducing barrier-disruptive effects in endo-
thelial cells [ 39 ]. Recently, PolyP has been shown 
to elicit proinfl ammatory responses through acti-
vation of mammalian target of rapamycin com-
plexes 1 and 2 in vascular endothelial cells [ 41 ].  

    Role of Extracellular DNA 
and Histones in Activation 
of Contact Pathway 

 In response to bacterial products, neutrophils 
release NETs which comprise DNA, histones, 
neutrophil granule enzymes, and bactericidal 
molecules [ 42 ]. NETs promote thrombus forma-
tion through the activation of platelets and clot-

ting factors.  Cell free DNA (cfDNA)      and histones 
are key components of NETs and aid in the host 
response to infection and infl ammation [ 43 ]. 
Cell-free DNA and histones may trigger coagula-
tion, infl ammation and cell death by impairing 
fi brinolysis [ 43 ]. cfDNA and histones may have a 
role in macrovascular and microvascular throm-
bosis, including venous thromboembolism, can-
cer, sepsis, and trauma [ 43 ]. cfDNA and histones, 
released into the circulation through NETosis, a 
newly described form of active cell death [ 44 ]. 
 NETosis   can be triggered by microorganisms as 
well as lipopolysaccharides (LPS), infl ammatory 
cytokines such as TNF-α, IL-8, high-mobility 
group protein B1 (HMGB1), monosodium urate 
crystals, immune complexes, and autoantibodies 
[ 44 – 49 ]. The cfDNA trigger the contact pathway 
of coagulation by catalyzing the autoactivation of 
FXII to FXIIa [ 43 ]. The histones bind to protein 
C and impair thrombomodulin-dependent protein 
C activation [ 43 ]. Furthermore, histones activate 
infl ammation and cell death pathways by direct 
interaction with the cell membrane or indirectly 
via TLR2, TLR-4, and TLR-9 signaling path-
ways [ 43 ]. Histones either alone or as a complex 
with DNA activate platelets, causing aggregation 
and increased cell surface expression of phospha-
tidyl serine (PS), P-selectin, and FV/FVa [ 43 ]. 
Activated platelets through release of polyphos-
phates could further potentiate coagulation by 
activating FXII, accelerating FXI activation by 
thrombin and enhancing FV activation [ 43 ]. 
Intercalating into fi brin clots NETs suppress 
fi brinolysis and make thicker fi bers which are 
more stable and resistant to shear forces [ 43 ]. 
 Fibrinolysis   is also suppressed by DNA through 
inactivation of tPA by PAI1 and through compet-
ing with fi brin for plasmin [ 43 ]. While DNA can 
be degraded by DNase 1 or neutralized by 
 synthetic nucleic acid-binding polymers, his-
tones are inhibited by activated protein C, 
C-reactive protein, and heparin [ 43 ]. 

   Innate Immunity and Coagulation :   During evo-
lution coagulation was an integral part of the innate 
immune response [ 50 ]. The immune responses 
which fi ght infection are also known to initiate 
coagulation. To check excessive coagulation due to 
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infection the natural anticoagulant system in the 
body helps to limit the host damage initiated by 
the innate immune response. The natural antico-
agulant systems include thrombomodulin, the 
protein C system, antithrombin, and heparin-like 
proteoglycans on the vascular surface and tissue 
factor pathway inhibitor (TFPI) that inhibits 
 factor Va and VIIIa, the serine proteases, factor 
IXa, Xa and thrombin and the TF–FVIIa com-
plexes [ 51 ]. Thrombomodulin, which lines the 
blood vessels, binds with thrombin when formed 
and then activates the protein C into activated 
protein C, a natural anticoagulant that in the pres-
ence of protein S degrades factors Va and VIIa 
[ 52 ,  53 ].  Thrombomodulin   downregulates 
HMGB1 released from dead cells [ 54 ] that can 
increase cytokine levels [ 55 – 57 ]. Furthermore 
thrombomodulin inhibits complement through 
accelerating the inactivation of complement C3b 
[ 58 ] and through activation of TAFI [ 59 ]. 
Activated TAFI is known to potently remove the 
C terminal Arg residues from complement C5a 
and C3a resulting in inactivation of these ana-
phylatoxins [ 60 – 62 ].  Toll-like receptors   are 
known to play a role in innate immune response 
[ 63 ]. The toll-like receptor 4 (TLR-4) on platelet 
surface can enhance the expression of NETs [ 64 ]. 
The NETs generated can then trigger platelet 
activation, red cell accumulation, and thrombosis 
[ 65 ,  66 ]. Immunothrombosis, if unregulated, may 
lead to thrombotic disorders including deep vein 
thrombosis (DVT) [ 43 ].  

    Role of Hemostasis in  Wound Repair 
and Endothelial Barrier Function   

 Proteases of the coagulation cascade cleave and 
activate the family of protease activated receptors 
(PARs). Each of the four isomers of PARs is spe-
cifi c for a particular coagulation protease. PAR 1 
is primarily activated by thrombin [ 67 ]. PAR 2 is 
not activated by thrombin but by FXa, TF/VIIa, 
trypsin, and mast cell tryptase [ 68 – 70 ]. Activation 
of PAR2 by TF/FVIIa or FIXa is currently 
thought to play an important role in wound  heal-
ing     , angiogenesis, and tissue remodeling as a 
result of proliferation and migration of epithelial 

cells into wound [ 71 ]. TF/FVIIa signaling via 
PAR2 may also play a role in cutaneous wound 
healing since PAR2 are abundant in squamous 
epithelial cells [ 72 ]. However, the APC is known 
to promote endothelial barrier function via sig-
naling pathways dependent on Rac activation and 
cortical actin rearrangements [ 73 ]. 

 Newer concepts are constantly evolving to 
enable better understanding of Hemostasis that 
helps close off damaged blood vessels, keep blood 
in a fl uid state, and dissolve blood clots following 
restoration of vascular integrity. Hemostasis is 
now known to be involved in wound healing and 
 endothelial barrier protection     . NETs are now 
known to have a role in fi brinolysis. DNA and his-
tones that are  components   of NETs are released at 
the site of infection and intravascular thrombi. 
Combinations of DNA and histones play an 
important role in delaying fi brinolysis [ 74 ]. Large 
fi brin degradation products (FDP) bound to DNA 
and histones may stabilize lysing clots and hence 
there is a rationale for using DNAse as adjuncts to 
thrombolytic therapy [ 75 ].  

    Current Understanding 
of the  Molecular Mechanisms   
Involved in the Regulation 
of Hemostasis 

 Traditionally, a coagulation process focusing 
on the formation of fi brin through the action of 
thrombin was considered to be the foundation 
of hemostatic process. This process is primar-
ily regulated by plasma proteins acting as 
 proenzymes, activators, and inhibitors regulat-
ing the complex protease network. The prote-
ase cleavage products during the conversion of 
proenzyme to enzyme and other proteolytic 
fragments are also known to contribute to the 
activation and inhibition of hemostasis. 
Additionally endothelial regulators including 
Von Willebrand factor also contribute to the 
hemostatic process. The role of blood cellular 
components and endothelial cells is  continually 
being elucidated in the regulation of  hemostasis 
in both health and disease states. Other molecular 
mechanisms including protein polymorphism 
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also contribute to the i ndividual hemostatic 
responses. Similarly surgical intervention 
resulting in the generation of tissue factor, 
microparticles, and other mediators also play 
an important  role  . More recently, the role of 
infl ammation in the regulation of hemostasis 
and pathophysiologic transitions leading to 
thrombogenesis and hemorrhagic complica-
tions has also been elucidated.     
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          Introduction 

 Hemostasis is a complex physiologic process 
that involves the interaction of blood vessels, 
vascular endothelium, platelets, coagulation 
enzyme activation, and control systems through-
out these pathway [ 1 ]. 

 Tests performed in the  coagulation laboratory   
are used to investigate a hemostasis disorder 
indicated by either patient history or physical 
examination (Table  2.1 ).  Screening tests   are used 
to place the defect in one of several broad catego-
ries with defi nitive diagnosis subsequently estab-
lished using more specialized testing [ 2 – 11 ]. For 
thrombotic disorders, because there is no screen-
ing test available a panel of various tests is typi-
cally performed. However, due to the cost of 
these a stepwise testing approach based on 

patient medical history and population frequency 
of the known disorders is prudent.

   The high volume testing performed in a hemo-
stasis laboratory centers on assays that use clot 
formation as the assay  endpoint   (Table  2.2 ). 
These  clot-based tests  include the prothrombin 
time (PT), partial thromboplastin time (PTT), 
fi brinogen test, factor assays and other tests. All 
 clot-based tests   need special considerations when 
interpreting results. There are many pre- 
analytical variables and interfering substances in 
patient specimens that affect coagulation func-
tion, plus the integrity of the entire coagulation 
cascade is relevant to the fi nal test result. Thus, 
these assays are not highly specifi c.

   Many of the newer tests that quantitate spe-
cifi c enzymes and inhibitors such as antithrom-
bin and plasminogen are   chromogenic 
substrate based tests .   The advantage of this 
type of assay is the better specifi city as they do 
not rely on the cascade but rather are single ana-
lyte specifi c; they have the ability to measure 
proteins that do not clot; and they are less 
affected by the many interfering substances that 
affect clotting assays. 

 There are two categories of tests in the hemo-
stasis laboratory,   functional  and  non-functional . 
Assays   that measure the function of an analyte 
are the clot-based and chromogenic assays, as 
well as platelet function assays.   Immunoassays  
  measure the presence of a protein but do not eval-
uate its function. Both types of assays provide 
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information that is useful for the diagnosis of 
bleeding or thrombotic disorders. 

 The results of all hemostatic tests results are 
highly dependent on the   appropriateness and 

integrity of the specimen .   Proper specimen col-
lection, transport, storage, and centrifugation 
ensure a valid test result.  

    Hemostasis Specimens 

 Integrity of the patient’s blood specimen for 
hemostasis testing is critical for obtaining accu-
rate laboratory  results   (Table  2.3 ). Protocols for 
specimen collection and management must be 
followed to avoid pre-analytical variables that 
affect coagulation test results invalidating the 
results. More than for any other clinical labora-
tory testing, coagulation test results are highly 
dependent on how specimens are collected and 
handled. Certain special hemostasis tests require 
even more detailed special handling procedures. 
What may seem trivial to a non-laboratorian can 
have a profound effect on test results.

      Hemostasis  Specimen Collection   

 For hemostasis blood sample collection, patients 
need not fast but should avoid vigorous activities 
and should rest quietly 30 min prior to collec-
tion. There are numerous drugs that affect the 
outcome of coagulation tests. Aspirin suppresses 
most platelet function, anticoagulants prolong 
all clot- based tests (PT, PTT, factor assays, etc.), 
antibiotics and other drugs also can affect hemo-
static parameters. Patients should be instructed 
to discontinue drugs that may interfere with 
coagulation test results before specimen 
collection. 

 Most hemostasis laboratory tests are per-
formed on venous whole blood. The bore of the 
needle should be suffi cient to prevent hemolysis 
and activation of platelets and plasma procoagu-
lants. Blood is collected in plastic blue-capped 
sterile evacuated blood collection tubes contain-
ing a specifi ed volume of 3.2 % sodium citrate 
anticoagulant. Tubes of uncoated glass are 
unsuitable because their negative surface charge 
activates platelets and plasma procoagulants. 
Special hemostasis assays may require syringe 
collection and initial “discard tubes.” 

   Table 2.1    Available hemostatic tests   

 Assays  Comment 

 Platelet function tests  Bleeding time, aggregation, 
PFA-100 

 Von Willebrand 
disease testing 

 VWD is diagnosed and 
monitored through selected 
platelet-based tests 

 Platelet assays relevant 
to bleeding 

 Antiplatelet antibodies 

 Platelet assays relevant 
to thrombosis 

 HIT antibodies, platelet 
release proteins, thromboxane 
metabolites, sticky platelets 

 Screening tests for 
coagulation 
defi ciencies 

 Clot-based tests include the 
PT, PTT, TCT, TEG/ROTEM 

 Specifi c tests for 
coagulation 
defi ciencies 

 Fibrinogen, factor assays, 
factor inhibitors, FXIII 

 Mixing study  Differentiates between factor 
defi ciencies and lupus 
anticoagulant/factor inhibitors 

 Tests for a 
hypercoagulable state 

 See Table  2.4 , TEG/ROTEM 

 Tests for fi brinolysis  D-dimer, plasminogen, tPA, 
PAI-1, TAFI 

   Table 2.2    Types of  assay principles   used in the hemosta-
sis laboratory   

 Functional hemostatic assays 

 Clot-based assays  Results are dependent on 
normal levels of factors and 
fi brinogen; results affected by 
numerous pre-analytical 
variables (see Table  2.3 ) 

 Chromogenic assays  More specifi c and less affected 
by pre-analytical variables than 
clot-based assays; results not 
dependent on normal 
coagulation cascade; able to 
measure proteins that do not 
clot 

 Platelet aggregation, 
platelet-based assays 

 Requires special blood 
collection procedure and 
handling 

 Non-functional hemostatic assays 

 Immunoassays  Measure protein levels; useful 
to identify type of defi ciency 
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 Blood specimens may be drawn from heparin 
or saline locks, ports in intravenous lines, periph-
erally inserted central catheters (PICC lines) or 
central venous catheters. Before blood is col-
lected, the line must be fl ushed with 5 mL of 
saline and the fi rst 5 mL of blood, or six times the 
volume of the tube, must be collected and dis-
carded. The  line   is not to be fl ushed with heparin. 
Blood is collected into a syringe and transferred 
to a blue-top collection tube. 

 Less commonly other anticoagulants are 
used for hemostasis specimens, and certain 
tests require further handling precautions. The 
laboratory will provide guidance for proper 
 collection to assure that validated specimens 
are used.  

    Hemostasis  Specimen Management   

 The citrated specimen once collected is main-
tained as well-mixed, whole blood, sealed and 
at 18–24 °C. Storage at 1–6 °C activates factor 
VII, destroys platelet activity and causes 
 cryoprecipitation of large VWF multimers. 
Specimens should never be stored at tempera-
tures >24 °C because heat causes deterioration 
of coagulation factors V and VIII. Typically, 
specimens are to be tested within 4 h of the 
time of collection.   

    Platelet Function Tests 

 Platelet function tests are designed to detect qual-
itative (functional) platelet abnormalities. 

 Qualitative platelet abnormalities are sus-
pected when bleeding symptoms are present and 
the platelet count exceeds 50,000/μL. Hereditary 
platelet function disorders are rare, but acquired 
defects are common being associated with liver 
disease, renal disease, myeloproliferative neo-
plasms, myelodysplastic syndromes, myeloma, 
uremia, autoimmune disorders, anemias, and 
drug therapy. Platelet morphology can provide 
useful information. The presence of large plate-
lets on the blood fi lm associated with elevated 

     Table 2.3    Pre-analytical variables in hemostasis testing: 
the need for specimen  integrity     

 Issue  Comment 

 Short draw  Blood volume less than the 
required volume in the blue top 
tube will cause false 
prolongation of all clot-based 
assays 

 Blood collection  Specifi c instructions must be 
followed to avoid mishandling 
of blood; instructions vary by 
test 

 Clot in specimen  Even a small clot in the 
specimen invalidates the result 
of all assays 

 Visible hemolysis  Hemolysis indicates activation 
of platelets and coagulation 
leading to unreliable results 

 Lipemia or icterus  Certain instruments cannot 
measure clot formation on these 
samples 

 Prolonged 
tourniquet 
application 

 Stasis elevates the concentration 
of von Willebrand factor and 
factor VIII; falsely decreases 
fi brinolytic parameters; and 
falsely shortens clot-based test 
results 

 Specimen storage 
at 1–6 °C 

 refrigerator temperature 
precipitates large von 
Willebrand factor multimers, 
activates factor VII, destroys 
platelet integrity 

 Specimen storage 
at >25 °C 

 Storage above room 
temperature causes deterioration 
of factors V and VIII 

 Specimen age  Specimens must be tested 
within 4 h of collection 

 Interfering 
substances 

 Clot-based assays are affected 
by fi brin degradation products, 
high factor VIII, high 
fi brinogen, lupus anticoagulant 

 Activated platelets  Invalidates heparin levels; 
affects functional hemostatic 
assays 

 Lupus 
anticoagulant 

 PT result is invalid; use 
chromogenic factor X assay 
instead of PT 

 Anticoagulant 
therapy 

 Presence of an anticoagulant 
will inhibit the coagulation test 
reaction and falsify the result 

 Aspirin, antiplatelet 
drugs 

 For platelet function tests these 
drugs must be discontinued 
7–10 days prior to testing 
(unless testing is being used to 
monitor therapy) 
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mean platelet volume often indicates rapid 
platelet turnover, such as in immune thrombo-
cytopenic purpura. 

    Bleeding Time Test for  Platelet 
Function   

 The bleeding time test is the original test of plate-
let function. Using a blood pressure cuff infl ated 
to 40 mmHg, a controlled puncture wound is 
made with a calibrated spring-loaded lancet trig-
gered on the volar surface of the forearm, and the 
resulting wound is blotted every 30 s until bleed-
ing stops. 

 A prolonged bleeding time signals a func-
tional platelet disorder such as von Willebrand 
disease (VWD), a vascular disorder such as vas-
culitis, or therapy with aspirin and other nonste-
roidal anti-infl ammatory drugs (NSAIDs). 

 Because the bleeding time test is affected by 
non-platelet variables (intra-capillary pressure, 
skin thickness, size and depth of the wound), 
and it has inadequate predictive value, it has been 
largely discontinued. Although not exactly the 
same, some institutions have replaced the bleeding 
time test with the PFA-100 (Siemens, Deerfi eld, 
IL), the Multiplate (DiaPharma, West Chester, 
OH) platelet aggregometer or the ROTEM.  

    Platelet Aggregometry 

 Functional platelets  adhere  to subendothelial 
 collagen,  aggregate  with each other, and  secrete  
the contents of their alpha- and dense-granules. 
Normal adhesion requires intact platelet mem-
branes and functional plasma von Willebrand 
factor (VWF). Normal aggregation requires that 
platelet membranes and platelet activation path-
ways are intact, that the plasma fi brinogen con-
centration is normal, and that normal secretions 
are released from platelet granules. Platelet adhe-
sion, aggregation, and  secretion   are assessed 
using platelet aggregometry, a complex test 
requiring a skilled, experienced operator. Also 
special blood collection and handling procedures 

are required and testing must be completed 
within 4 h of specimen collection. 

 To test for abnormalities of membrane binding 
sites and the eicosanoid pathway, the agonists 
used to activate platelets are thrombin or syn-
thetic thrombin receptor-activating peptide 
(TRAP), adenosine diphosphate (ADP), epineph-
rine, collagen, arachidonic acid, and ristocetin. 
Antiplatelet and other drugs that affect platelet 
function must be discontinued at least 1 week 
before blood is collected for aggregometry, 
unless aggregometry is ordered to monitor the 
effects of these drugs. 

   TRAP    cleaves two platelet membrane protease- 
activatable receptors (PARs), PAR-1 and PAR-2, 
both members of the seven- transmembrane repeat 
platelet receptor family. TRAP also cleaves glyco-
protein (GP) 1bα and GP V. Internal platelet activa-
tion is effected by membrane-associated G proteins 
and both the eicosanoid and the diacylglycerol 
pathways. Thrombin-induced activation results in 
full secretion and aggregation. Secretion is absent 
in storage pool defi ciency. 

   ADP  binds   platelet membrane receptors 
P2Y 1  and P2Y 12 , also members of the seven- 
transmembrane repeat receptor family. ADP- 
induced platelet activation relies on the response 
of membrane-associated G protein and the eico-
sanoid synthesis pathway. The end product of 
eicosanoid synthesis, thromboxane A 2 , raises 
cytosolic free calcium, which mediates platelet 
activation and induces secretion of ADP stored 
in dense-granules. The secreted ADP activates 
neighboring platelets. 

 The ADP concentration can be adjusted to 
detect platelet granule release. At ADP concen-
trations near 1 μmol/L, platelets achieve only pri-
mary aggregation, followed by disaggregation in 
1–2 min. Primary aggregation involves shape 
change with formation of microaggregates, both 
reversible. Secondary aggregation is the forma-
tion of full platelet aggregates after release of 
platelet dense granule ADP. At agonist ADP con-
centrations near 10 μmol/L, there is simultaneous 
irreversible shape change, secretion, and forma-
tion of aggregates. Secretion in response to ADP 
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at 5 μmol/L is diminished in platelet membrane 
disorders, eicosanoid synthesis pathway enzyme 
defi ciencies, or aspirin, NSAID or clopidogrel 
therapy. Secretion is absent in storage pool 
defi ciency. 

   Epinephrine    binds platelet α-adrenergic 
receptors and activates the platelet through the 
same metabolic pathways as reagent ADP. The 
results of epinephrine-induced aggregation match 
those of ADP except that epinephrine cannot 
induce aggregation in storage pool disorder or 
eicosanoid synthesis pathway defects no matter 
how high its concentration. 

   Collagen    binds GP Ia/IIa and GP VI, but 
induces no primary aggregation. Aggregation 
induced by collagen at 5 μg/mL requires intact 
membrane receptors, functional membrane G pro-
teins and normal eicosanoid pathway function. 
Loss of collagen-induced aggregation may indicate 
a membrane abnormality, storage pool disorder, 
release defect, or the presence of aspirin. 

   Arachidonic acid    assesses the viability of 
the eicosanoid synthesis pathway. Aggregation is 
independent of membrane integrity. Defi ciencies 
in eicosanoid pathway enzymes, including defi -
cient or aspirin-suppressed cyclooxygenase result 
in reduced aggregation and secretion. 

 Platelets may become either dysfunctional or 
hyperactive in  acquired disorders . These disor-
ders should be considered where aggregation is 
abnormal and no other explanation is available. 
Platelet aggregometry results may predict the 
risk of bleeding or thrombosis in the patient with 
acquired platelet functional disorders.  

     Platelet Function Analyzer   

 The  PFA-100 Platelet Function Analyzer   
(Siemens, Deerfi eld, IL) is an automated instru-
ment that detects quantitative and qualitative 
platelet abnormalities. Test cartridges contain 
membranes coated with collagen/epinephrine or 
collagen/ADP to stimulate platelet adhesion/
aggregation. Whole blood is aspirated under con-
trolled fl ow conditions through a microscopic 

aperture in the membrane. The time required for 
a platelet plug to occlude the aperture is an indi-
cation of platelet function. The PFA-100 system 
is sensitive to VWD and aspirin therapy.  

    Tests for  von Willebrand Disease   

 The   ristocetin-induced platelet aggregation 
(RIPA) test       uses platelet aggregation to detect 
platelet agglutination induced by the ristocetin 
reagent. A normal RIPA result may imply that 
normal concentrations of functional VWF are 
present and that the platelets possess a functional 
VWF receptor, GP Ib/IX/V. Specimens from 
patients with VWD, except for subtype 2B VWD, 
produce a reduced or absent reaction, although 
all other agonists (above) generate normal trac-
ings. Addition of VWF to the test system restores 
a normal RIPA reaction, confi rming the diagno-
sis. In patients with Bernard-Soulier syndrome, a 
congenital abnormality of the GP Ib or IX portion 
of the GP Ib/IX/V receptor results in a dimin-
ished RIPA reaction that is not corrected by the 
addition of VWF. 

 In VWD subtype 2B, a VWF gain-of-function 
mutation, aggregation occurs even when reduced 
ristocetin concentrations (1 mg/mL) are added. 
This illustrates the increased affi nity of large 
VWF multimers for the platelet receptors. 

 The RIPA test is qualitative, diagnostic in 
only about 70 % of cases, and has poor predictive 
value with considerable variation in results. 
Comprehensive testing must include the ristocetin 
cofactor test,  the VWF antigen immunoassay  
and the  coagulation factor VIII activity assay . 
Many laboratories also offer the VWF activity 
immunoassay and the VWF collagen- binding 
assay. Ultimate confi rmation and characterization 
of VWD is based on  gel immunoelectrophoresis  
to characterize VWF monomers. 

   Ristocetin Cofactor Assay  for   VWF activity 
substitutes formalin-fi xed or lyophilized normal 
“reagent” platelets for the patient’s platelets. 
Patient’s platelet-poor plasma is mixed with 
reagent platelets and ristocetin induced aggrega-
tion is determined. Comparison of patient results 
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against standard dilutions of normal plasma 
 permits a quantitative expression of the VWF 
activity level. This test suffers from poor 
precision. 

 The   VWF activity immunoassay    employs a 
monoclonal antibody specifi c for an  active  VWF 
epitope and the  VWF collagen binding assay  
mimics the collagen adhesion  property   of VWF. 
Both refl ect VWF activity rather than concentra-
tion and offer improved precision when com-
pared to the ristocetin cofactor assay.  

    Tests for  Antiplatelet Antibodies      

  Antiplatelet antibodies  are numerous and can 
be assessed by fl ow cytometric assays using 
 specifi c monoclonal antibodies. These tests are 
performed by experts in reference laboratories. 

 Another antibody mediated platelet function 
defect is   heparin-induced thrombocytopenia  
(HIT)  . An immunoassay, which detects antibod-
ies to the PF4–heparin complex, is the fi rst line of 
testing. If positive, a platelet function assay is 
performed to confi rm that the antibodies produce 
a heparin-dependent activation of platelets. 
Platelet function tests include the serotonin 
release assay ( 14 C-SRA) and platelet aggregation 
based assays.  

    Other Platelet Activation Assays 

 Upon activation platelets secrete   β-thrombo-
globulin  (β-TG)   and   platelet factor 4  (PF4)     . The 
plasma levels of these two platelet specifi c 
 proteins are elevated in thrombotic stroke and 
coronary thrombosis. Both proteins can be mea-
sured, but special blood collection techniques 
are necessary and assays are performed by a ref-
erence lab. 

   Thromboxane B   2    ,    a stable metabolite of the 
platelet eicosanoid pathway, can be measured by 
immunoassay.   Urine 11-dehydrothromboxane 
B   2        levels can also be used to characterize platelet 

activation, monitor aspirin therapy and identify 
aspirin therapy failure. 

 A less commonly used assay, but one that has 
shown relevance to a hypercoagulable state, is 
the test for ‘  sticky platelets ’.   This test uses plate-
let aggregation and low concentrations of ADP 
and epinephrine agonists to determine if platelets 
are hyperactivated. 

 There are several applications of platelet 
 specifi c activation markers using   fl ow cytome-
try ; however  , these are research use only at this 
time.   

    Clot-Based Coagulation Tests 

 The result endpoint of the clot-based coagulation 
screening tests, prothrombin time (PT), partial 
thromboplastin time (PTT) and fi brinogen assay 
use the principle where a prolonged time to form 
a standard clot indicates a coagulation defi ciency. 
Specialized tests, such as coagulation factor 
assays, inhibitor assays, and lupus anticoagulant 
testing also use this same assay principle. Patient 
citrated plasma (centrifuged to remove all cells) 
is used. Clots formed in the test system are 
detected by optical or electromechanical  sensors  . 

    Clot-Based Assay  Limitations   

 Great care should be taken to minimize pre- 
analytical variables of the patient specimen 
(Table  2.3 ). Proper blood collection and handling 
as discussed above is essential. Clotted, hemo-
lyzed, icteric, or lipemic specimens are rejected 
because they give unreliable results. The anti-
thrombotic effects of heparin and other therapeu-
tic anticoagulants, FDP levels >100 μg/mL, 
presence of a lupus anticoagulant, high fi brino-
gen and high factor VIII levels prolong the time 
to clot formation leading to false results. Factor 
VII activation occurs during refrigeration of 
plasma at 4–10 °C. The specifi city of any assay 
that uses a clotting endpoint is compromised 
 when   factor defi ciencies, low fi brinogen levels, 
or any of the above is present.  
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    Prothrombin  Time      

 PT reagents are prepared from recombinant or 
affi nity-purifi ed tissue factor suspended in phos-
pholipids. Reagents from different manufacturers 
have differing sensitivities to various factors, 
warfarin, heparin, and the lupus anticoagulant. 
When mixed with citrated plasma, the PT reagent 
plus calcium triggers fi brin polymerization by 
activating factor VII. The test is most sensitive to 
factor VII defi ciencies, moderately sensitive to 
factor V and X defi ciencies, sensitive to severe 
fi brinogen and prothrombin defi ciencies, and 
insensitive to defi ciencies of factors VIII and 
IX. Any suspected single-factor defi ciency is 
confi rmed with a factor assay. 

 No clinical data support the use of the PT as a 
general screening test for individuals at low risk 
of bleeding. Preoperative PT screening of asymp-
tomatic surgical patients to predict intra- operative 
hemorrhage is not supported by prevalence stud-
ies, unless the patient known to be at high-risk for 
bleeding. 

 Acquired multiple defi ciencies such as dis-
seminated intravascular coagulation (DIC) and 
vitamin K defi ciency affect factor VII activity and 
are detected through prolonged PT results. The 
PT is particularly sensitive to liver disease, which 
causes factor VII levels to become rapidly dimin-
ished. Vitamin K defi ciency is seen in severe mal-
nutrition, during use of broad- spectrum antibiotics 
that destroy gut fl ora, with parenteral nutrition, 
and in malabsorption syndromes. Vitamin K lev-
els are low in newborns as bacterial colonization 
of the gut has not begun. Both factor V and factor 
VII are reduced in liver disease; only factor VII is 
reduced in vitamin K defi ciency.  

    Partial Thromboplastin  Time      

 The PTT (also called the activated partial 
thromboplastin time,  APTT  ) is prolonged in all 
congenital and acquired procoagulant defi cien-
cies except for defi ciencies of factors VII and 
XIII. Most PTT reagents are designed so that 
the test is prolonged when the plasma has 
<30 % of factors VIII, IX, or XI. The PTT is 

also performed to detect lupus anticoagulants, 
specifi c factor inhibitors (e.g., anti-factor VIII 
antibodies) and to monitor heparin therapy. 
DIC prolongs the PTT but vitamin K defi ciency 
does not. 

 No clinical data support the use of the PTT as 
a general screening test for individuals at low risk 
of bleeding. 

 The PTT reagent contains  phospholipid      and 
a negatively charged particulate activator such 
as silica, kaolin or celite in suspension. The 
activator provides a surface that mediates a 
 conformational change in factor XII that results 
in its activation. Factor XIIa initiates clot for-
mation through the intrinsic pathway. Calcium 
and phospholipid supplied in the reagent cata-
lyze the conversion of factor X to Xa and pro-
thrombin to thrombin. Thrombin catalyzes the 
polymerization of fi brinogen and the formation 
of the fi brin clot endpoint of the assay.  

    Thrombin Clotting  Time      

 Commercially prepared bovine thrombin cleaves 
fi brinopeptides A and B from fi brinogen to form 
a detectable fi brin polymer in patient plasma. 
The thrombin clotting time (TCT) is prolonged 
when the fi brinogen level is <100 mg/dL 
 (hypofi brinogenemia) or in the presence of anti-
thrombotic substances such as FDPs, parapro-
teins or heparin. Afi brinogenemia (absence of 
fi brinogen) and dysfi brinogenemia (biochemi-
cally abnormal and nonfunctional fi brinogen) 
also prolonged the TCT.  

    Global Coagulation Assays 

 The   thromboelastograph (TEG)    (Haemonetics, 
Braintree, MA) and the   ROTEM    (Tem, Durham, 
NC) analyzers assess the entire (global) process of 
the evolving clot formation in whole blood. The 
aspects of the dynamic process reveal the interac-
tion between platelets, plasma proteins, inhibitors, 
cofactors, and antithrombotic drugs if present. The 
generation of thrombin that initiates the blood clot 
formation, initial fi brin formation induced by 
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thrombin-activated platelets, speed of full fi brin 
formation and polymerization, strength and stabil-
ity of the clot from the combined effects of platelet 
function, fi brinogen concentration, fi brin–platelet 
interactions and factor XIII, as well as the fi brino-
lytic clot breakdown activity are demonstrated in 
this assay and can be quantitated. 

 Bleeding or thrombotic risk in hepatic dis-
ease, liver transplant surgery, cardiac surgery, 
obstetrics, and trauma has been shown. This 
assay aids in determining the need for clotting 
factor administration, platelet transfusion, fi bri-
nolytic therapy, and/or antiplatelet therapy.   

    Specifi c Tests Using Clot-Based 
Assays 

     Fibrinogen Assay      

 A modifi cation of the TCT using known calibra-
tors is the procedure for quantitating a functional 
fi brinogen level.  

     Single-Factor Assays   

 If the PTT is prolonged and the PT and TCT are 
normal, and heparin therapy, lupus anticoagulant or 
a factor-specifi c inhibitor are not present, a con-
genital single-factor defi ciency such as factor VIII, 
IX, and XI defi ciency may be suspected. A specifi c 
factor level can also be used to monitor supportive 
therapy during bleeding episodes or invasive pro-
cedures in patients with a known factor defi ciency. 

 If, on the other hand, the PTT and the PT are 
both prolonged, the TCT is normal, and liver dis-
ease, vitamin K defi ciency, DIC, or warfarin ther-
apy are not present, a congenital single-factor 
defi ciency of the common pathway such as 
 prothrombin, factor V or X defi ciency may be 
suspected. 

 If the PT is prolonged and all other test results 
are normal, factor VII defi ciency is suspected. 

 To diagnose a congenital single-factor defi -
ciency a factor assay is performed. A modifi -
cation of the PT or PTT is used, incorporating 
commercial plasma depleted of the factor in 

question (but with normal activity of all other 
coagulation factors)   . Results of various dilutions 
of patient’s plasma compared to a calibration 
curve allow quantitating the level of the coagula-
tion factor in the patient’s plasma.  

    Coagulation Factor  Inhibitors   

 Acquired inhibitors are IgG immunoglobulins 
directed against individual coagulation factors. 
Anti-factor VIII, the most common, and anti- 
factor IX inhibitors develop during factor con-
centrate treatment. Autoantibodies to factor VIII 
may occasionally arise in individuals without 
hemophilia, usually in young women where they 
are associated with a postpartum bleeding or 
in older patients with autoimmune disorders. 
Mixing studies, factor assays, and Bethesda titers 
to confi rm the presence of and quantitate the 
inhibitor can be performed.   

    Other Coagulation Tests 

     Factor XIII Assay      

 Coagulation factor XIII is a transglutaminase that 
catalyzes covalent cross-links between α and γ 
chains of the fi brin polymer, strengthening the 
fi brin clot and rendering it resistant to proteases. 
This is essential for normal hemostasis and 
wound healing. Slowly resolving hematomas, 
recurrent spontaneous abortion and posttraumatic 
hemorrhage are associated with factor XIII defi -
ciency. Inherited factor XIII defi ciency (rare) and 
acquired factor XIII inhibitors from certain drugs 
have been described. Factor XIII activity is deter-
mined by a functional assay. Immunoassays for 
factor XIII are also available.   

     Thrombophilia Tests      

 Laboratory screening for thrombophilia, or a 
hypercoagulable state, is appropriate for individ-
uals whose medical or family history suggests 
the presence of an underlying predisposition to 
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clot development. There is no global assay avail-
able to evaluate for thrombophilia. For this rea-
son panels of assays must be performed 
(Table  2.4 ). It is preferable to use functional 
assays in the fi rst line assessment of hypercoagu-
lability. Current anticoagulant therapy and ongo-
ing or recent thrombotic events interfere with the 
interpretation of many of these tests.

      Lupus Anticoagu lant Testing   

  Lupus anticoagulants (LA)   are immunoglobulins 
with affi nity for phospholipid-bound proteins. 
Because they have a variety of target antigens 
LAs are nonspecifi c inhibitors. LA testing is part 
of every thrombophilia profi le. An unexpectedly 
prolonged screening PTT may also trigger an LA 
investigation. Rarely the PT assay is unexpect-
edly prolonged. 

 The fi rst step to identify a LA is to perform a 
 mixing study  to distinguish inhibitors from fac-
tor defi ciencies. To work-up a prolonged screen-
ing PTT, patient plasma (1 part) is mixed with 
normal plasma (1 part) and the PTT is repeated. 
If the mixture corrects the PTT to within 10 % of 
the normal control PTT a factor defi ciency is pre-
sumed. If the mixture PTT fails to correct, LA is 
suspected. Some LAs are time- and temperature- 
dependent, requiring incubation for detection. 

 Due to the variety of LA characteristics, two 
test systems are required to confi rm a LA. The 
two most commonly recommended test systems 
are the   dilute Russell viper venom time  
(DRVVT)   and the   silica-based partial throm-
boplastin time  (PTT)  , both formulated with low 
phospholipid concentrations to be LA sensitive.  

    Antiphospholipid  Antibodies   

  Antiphospholipid (APL)   antibodies are a fam-
ily of immunoglobulins that bind protein– 
phospholipid complexes. APL antibodies include 
LAs, detected by clot-based assays,  anticardio-
lipin  (ACL) antibodies and  anti-β   2   -glycoprotein 
I  (anti-β 2 -GPI) antibodies detected by immuno-
assay for IgM and IgG isotypes. Any APL 
assay yielding positive results is repeated on a 
new specimen collected after 12 weeks to distin-
guish a transient alloantibody from a chronic 
autoantibody. 

 For cases in which an  APL   antibody is 
 suspected but the LA, ACL, and anti-β 2 -GPI 
assay results are negative, the immunoassay for 

    Table 2.4    Panel of hemostatic tests ordered to test for a 
 hypercoagulable state     

 Hypercoagulable panel  Comment 

 Antiphospholipid 
antibodies: lupus 
anticoagulant, 
anticardiolipin antibodies, 
anti-β2GPI antibodies 

 Free Protein S antigen  Prefer the antigen as the 
fi rst line test since it is 
less susceptible to 
pre-analytical variables 

 Protein C activity 

 Antithrombin activity 

 FV Leiden (gene mutation)  Other option is to 
screen with the 
clot-based activated 
protein C resistance test 
then, if positive, refl ex 
to the gene mutation 
test 

 Prothrombin gene mutation 

 Homocysteine  Refl ex to methylene 
tetrahydrofolate 
reductase mutation 
testing if homocysteine 
level very high 

 C-reactive protein 

 Lipoprotein (a) 

 The following are second line tests: 

 FVIII clotting activity 

 Fibrinogen clotting activity 

 Plasminogen activity 

 Plasminogen activator 
inhibitor (PAI-1) antigen 

 Tissue plasminogen 
activator (tPA) antigen 

  Functional activity assays are typically the preferred fi rst 
line test 
 For all tests, avoid testing during the acute phase of 
thrombosis or anticoagulant therapy for accurate results  
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 anti- phosphatidylserine  antibodies can be 
tested. Annexin V and prothrombin have also 
been implicated as targets.  

    Activated Protein C Resistance 
and  Factor V Leiden Mutation      

 The  activated protein C (APC)   in complex with 
protein S inactivates activated factors V and VIII. 
A mutation in the factor V gene substitutes gluta-
mine for arginine at position 506 of the factor V 
molecule (FV R506Q; FV Leiden). The arginine 
molecule is a normal cleavage site for APC; 
the substitution slows or resists APC hydrolysis. 
The resistant factor Va remains active and raises 
the production of thrombin, leading to thrombosis. 

 The  APC resistance clot-based assay  is used 
to screen for FV Leiden. This is a PTT-based 
assay that incorporates factor V-depleted plasma 
and APC. A ratio of PTT results between an ali-
quot with or without APC determines if there is 
abnormal factor V activity (APC resistance). LA 
affects the test system adversely; if present, the 
molecular test for FV Leiden is indicated. 

 The APC resistance diagnosis is confi rmed 
using the  molecular FV Leiden mutation test . 
The determination of zygosity is important to 
predict the risk for thrombosis and establish a 
treatment regimen.  

     Prothrombin G20210A      

 A guanine-to-adenine mutation at base 20210 of 
the 3′ untranslated region of the prothrombin 
(factor II) gene has been identifi ed. The increased 
risk of thrombosis in those with the mutation 
seems to be related to mildly elevated prothrom-
bin  activity   (levels averaging 130 %). There is a 
molecular test for this mutation.  

     Methylene Tetrahydrofolate 
Reductase      

 Although elevated homocysteine levels contrib-
ute to the risk of cardiovascular disease and 
thrombosis, a direct link has not been established. 

MTHFR mutations, detected by a polymerase 
chain reaction molecular assay, are associated 
with elevated plasma levels of homocysteine. 
Typically this test is only ordered as a follow-up 
in patients with known elevated levels of 
homocysteine.  

     Antithrombin   

  Antithrombin (AT)   is a serine protease inhibitor 
(SERPIN) that neutralizes factors IIa (throm-
bin), IXa, Xa, XIa, and XIIa. Antithrombin 
activity is enhanced by binding to heparin. 
About 90 % of cases of antithrombin defi ciency 
are quantitative (reduced production; type I); 
the remainder is caused by mutations creating 
structural abnormalities in the antithrombin 
 protease binding site or the heparin binding 
site. The latter type II mutations do not reduce 
antithrombin production but the molecules are 
nonfunctional. 

 The chromogenic substrate test for plasma 
antithrombin activity is quantitative and detects 
mutations affecting the proteolytic site, but not 
the heparin binding site. A clot-based assay is 
also available but less commonly used because of 
stability and reproducibility issues. However, the 
clot-based antithrombin assay detects mutations 
in both the proteolytic and heparin binding 
sites. AT concentration can also be measured by 
immunoassay.  

    Protein C and  Protein S         

 When thrombin binds endothelial cell membrane 
thrombomodulin it becomes an anticoagulant. 
The thrombin–thrombomodulin complex acti-
vates plasma protein C, and activated protein C 
(APC) binds free plasma protein S. The stabi-
lized APC–protein S complex hydrolyzes factors 
Va and VIIIa to slow thrombin generation and 
fi brin formation. Protein S circulates either free 
or covalently bound to the complement binding 
protein C4bBP. Bound protein S cannot partici-
pate in the protein C anticoagulant pathway; only 
free plasma protein S is available to serve as the 
APC cofactor. 
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 Functional assays detect both quantitative and 
qualitative protein C defi ciencies. Chromogenic 
and clot-based protein C activity assays are avail-
able. The chromogenic assay detects abnorma-
lities that affect the molecule’s proteolytic 
proper ties (active serine protease site), but misses 
those that affect protein C’s phospholipid binding 
site or protein S binding site. A clot-based protein 
C assay will detect abnormalities at these addi-
tional sites on the molecule. 

 Enzyme immunoassay is used to measure 
 protein C antigen when the functional activity is 
low. The protein C antigen assay detects most 
defi ciencies but it does not detect qualitative 
abnormalities, which is why it is used only in 
response to an abnormally reduced protein C 
functional assay result. 

 For protein S defi ciency testing by a func-
tional assay, a clot-based assay is performed 
(no chromogenic assay is available).  When         there 
is a low protein S activity level, an enzyme 
immunoassay is performed. Assays are available 
to measure either free or total protein S. The con-
centration of plasma C4bBP, measured with an 
immunoassay, is available for research use only. 

 For screening purposes, recommended assays 
are the chromogenic protein C functional and 
free protein S antigen to avoid as many pre- 
analytical variables as possible.  

    Other Assays 

 The   fi brinogen  level   has often been included in 
risk assessment profi les for a hypercoagulable 
state/thrombosis; however, no clinical trial has 
yet confi rmed its role. Elevated fi brinogen 
 supports coagulation and activates platelets by 
binding to their GP IIb/IIIa membrane receptors, 
and becomes integrated into atherothrombotic 
lesions. Statin therapy, smoking cessation, and 
exercise lower fi brinogen levels. 

   Dysfi brinogenemia       and elevated levels of 
 factor VIII, IX, and XI  activity contribute to 
thrombin generation and may increase the risk of 
thrombosis. 

   Tissue factor pathway inhibitor  (TFPI)      is an 
important control protein against tissue factor 
(TF) activation. It inhibits the factor VIIa–TF 
complex and factor Xa. Assays are available for 
research use only at this time.   

    Tests of Fibrinolysis 

     D-Dimer      

 During coagulation, fi brin polymers become 
cross-linked by factor XIIIa and simultaneously 
bind plasma plasminogen and tissue plasminogen 
activator (tPA). Over several hours, bound tPA 
activates nearby plasminogen to form plasmin. 
The bound plasmin cleaves fi brin and yields the 
fi brin degradation products (FDP) D, E, X, and Y 
and D-dimer. The FDPs represent fi brinogen 
domains; D-dimers are covalently linked fi brin D 
domains refl ecting the cross-linking effect of 
 factor XIIIa and thrombosis. 

 Assays for FDPs and D-dimer detect active 
fi brinolysis. There are numerous plasma D-dimer 
immunoassays. Sensitivity varies depending on 
the avidity of the monoclonal anti-D-dimer and 
the detection method. 

 The quantitative D-dimer assay is used to rule- 
out ischemic stroke, acute myocardial infarction, 
or venous thromboembolic disease in patients 
with low pretest probability, and is required for 
detecting and monitoring DIC. D-dimer assays 
have negative predictive values of 90–95 %. 
Chronic or acute infl ammation is accompanied by 
elevated D-dimer concentrations.  

     Plasminogen      

 Plasminogen is the precursor to plasmin, the 
active enzyme of the fi brinolytic system. 
Excessive increase in circulating plasmin has the 
potential to cause hemorrhage. On the other 
hand, a defi ciency of plasminogen activity 
(although rare) can cause thrombosis. Plas mi-
nogen rises in infl ammation and during pregnancy. 
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Chromogenic assays are available to determine 
plasma plasminogen levels.  

    Tissue Plasminogen  Activator   
and Plasminogen Activator 
Inhibitor- 1      

 The two physiologic plasminogen activators are 
tPA and urokinase. tPA is the primary mediator 
of fi brinolysis. PAI-1, secreted from endothelial 
cells, covalently binds to and inactivates both 
activators. 

 tPA activity exhibits diurnal variation and 
rises upon exercise. Special blood specimen col-
lection and handling is required because tPA is 
unstable and it rapidly binds PAI-1. Plasma con-
centration of tPA can be determined by enzyme 
immunoassay and activity is measured by a chro-
mogenic assay; kits are for research use only. 

 Elevated PAI-1 is associated with venous 
thrombosis and may be a cardiovascular risk 
 factor. A few cases of PAI-1 defi ciency have 
been reported; however, hemorrhage apparently 
occurs only in the complete absence of PAI-1. 
Special blood specimen collection and handling 
is required. Several immunoassays and chromo-
genic substrate methods are available for PAI-1, 
which are for research use only.  

    Thrombin Activatable Fibrinolytic 
 Inhibitor      

 Activated TAFI functions as an antifi brinolytic 
enzyme by preventing the binding of tPA 
and plasminogen to fi brin, thus blocking the 
 formation of plasmin. Thrombin is required for 
activation of TAFI. Decreased levels of TAFIa 
result in increased fi brinolysis and bleeding. 
Conversely, increased levels of TAFIa result in 
decreased fi brinolysis and  thrombosis  . Assays 
for TAFIa are available for research use only at 
this time.   

    Antithrombotic Drug Monitoring 

 Table  2.5  summarizes the assays available for 
assessing the activity of antiplatelet and antico-
agulant drugs.

       Antiplatelet Drugs      

 Antiplatelet drugs such as the nonsteroidal 
 anti- infl ammatory drugs (NSAIDs) aspirin, 
 ibuprofen, indomethacin, and sulfi npyrazone 
permanently inactivate or temporarily inhibit 

   Table 2.5    Assays to monitor or assess the effi cacy and 
safety of antiplatelet and antithrombotic  drugs        

 Drug 
 Assay for monitoring or 
simple assessment 

 Antiplatelet drugs 

 Aspirin  Platelet aggregation, Verify 
Now 

 P2Y 12  receptor 
inhibitors 

 Platelet aggregation, Verify 
Now 

 GP IIb/IIIa receptor 
inhibitors 

 Platelet aggregation, Verify 
Now 

 Heparins 

 Unfractionated heparin  PTT, anti-FXa; ACT for 
high doses 

 LMW heparins  Anti-FXa 

 Fondaparinux  Anti-FXa 

 Thrombin inhibitors (intravenous) 

 Argatroban  PTT; ACT for high doses 

 Bivalirudin  PTT; ACT for high doses 

 Warfarin 

 Coumadin, others  PT/INR; chromogenic FX if 
lupus anticoagulant present 

 New oral anticoagulants 

 Dabigatran  TCT, PTT; diluted TCT with 
calibrators is preferred 

 Rivaroxaban  PT; anti-FXa with 
calibrators is preferred 

 Apixaban  Anti-FXa with calibrators 

 Edoxaban  Anti-FXa with calibrators 

 Thrombolytic therapy 

 Reteplase, alteplase, 
tenecteplase 

 Fibrinogen levels 
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cyclooxygenase. The thienopyridine antiplatelet 
drugs clopidogrel and prasugrel, and the nucleo-
side ticagrelor irreversibly occupy the ADP 
receptor P2Y 12 .  Platelet aggregometry  can be 
employed to monitor response to these drugs. 
The NSAIDs limit or eliminate the aggregation 
and secretion responses to arachidonic acid and 
collagen. Thienopyridines suppress aggregation 
and secretion responses to ADP. 

 The Accumetrics  VerifyNow System  (San 
Diego, CA) measures platelet activity by agglu-
tination of fi brinogen-coated microbeads. Res-
ponse to aspirin therapy is determined using 
arachidonic acid as the test reagent; response to 
P2Y 12  inhibitor treatment is determined using 
ADP as the test reagent; and response to GP IIb/
IIIa inhibitor treatment (abciximab, tirofi ban, 
eptifi batide) is determined using TRAP as the 
test reagent.  

     Heparins      

 The  PTT  has long been the standard method for 
monitoring heparin therapy. It is important that 
platelets in the blood specimen are not activated 
since released PF4 will inactivate heparin. A hep-
arin therapeutic range is established by the local 
laboratory. The newer  chromogenic anti-factor 
Xa assay  determines the inhibition of activated 
factor X (Xa) by heparin bound to AT. Since it is 
not affected by variables that affect clot-based 
tests such as high factor VIII and fi brinogen, 
lupus anticoagulant or any coagulation factor 
defi ciency/inhibitor, the anti-factor Xa assay pro-
vides a more reliable determination of heparin 
levels and has become the recommended method 
over the PTT. 

 LMW heparins (enoxaparin, dalteparin, tin-
za parin) selectively catalyze the neutralization 
of factor Xa more so than the neutralization of 
thrombin, and fondaparinux only inhibits factor 
Xa. The effect of these drugs cannot be mea-
sured by the PTT, but the chromogenic anti-
factor Xa heparin assay can be used. 

 Appropriate sample  handling   is critical for 
accurate results of heparin levels. In particular, 
in mishandled specimens platelets release PF4 

(a heparin-neutralizing protein), which falsely 
decreases the heparin level. 

  The    activated clotting time (ACT)    utilizes a 
particulate clot activator such as celite or kaolin 
in a prefi lled test tube to which patient whole 
blood is added. The ACT is widely used as a 
point-of-care assay to monitor high dosage hepa-
rin as used in percutaneous intervention (cardiac 
catheterization) and coronary artery bypass graft 
surgery.  

     Argatroban   and  Bivalirudin      

 These thrombin inhibitors used for patients 
with heparin-induced thrombocytopenia can be 
monitored with the same PTT assay as used 
for monitoring heparin. The target therapeutic 
range is 1.5–3.0 fold higher than the laboratory 
normal, but not more than 90 s. The ACT is 
employed during cardiac catheterization or car-
diac surgery; drug dosing and ACT assessment 
protocols from the manufacturers should be 
followed.  

     Warfarin      

 The PT with  international normalized ratio (INR)   
calculation effectively monitors warfarin therapy 
because it is sensitive to reductions of factors II, 
VII, and X. The PT begins to prolong within 
6–8 h of treatment due to decreasing factor VII 
activity levels; however, anticoagulation becomes 
therapeutic only when the activities of factors II 
and X decrease to less than 50 % of normal, in 
approximately 5 days. The activity of the antico-
agulant protein C also reduces during the initial 
phase of warfarin treatment so the patient actu-
ally incurs the risk of thrombosis (not detected by 
the PT assay). For this reason, warfarin is cov-
ered by heparin therapy for at least 5 days and the 
patient is monitored by both PT/INR and PTT. 

 The INR is used to compensate for the inher-
ent variations among thromboplastin reagents 
and allows all laboratories to report nearly the 
same results for patients who have reached a 
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 stable response to warfarin therapy. During the 
fi rst week of warfarin therapy, however, the PT 
results in seconds should be used to monitor ther-
apy. The INR is  only  validated for stable phase 
 warfarin monitoring and should not be used when 
evaluating a patient for coagulopathies. 

 The chromogenic factor X  assay   (not to be 
confused with the chromogenic anti-factor Xa 
heparin assay) can be useful when the PT is 
 compromised by lupus anticoagulant, a factor 
inhibitor, or a coagulation factor defi ciency. The 
warfarin therapeutic range is typically close to 
20–40 % of normal factor X activity. 

 The intravenously administered thrombin 
inhibitors argatroban and bivalirudin prolong the 
PT/INR. In switching to warfarin therapy, the 
combination of a thrombin inhibitor and warfarin 
can nearly double the PT. The chromogenic factor 
X assay is one means for monitoring warfarin dos-
age during the cross-over period if the thrombin 
inhibitor anticoagulant effect is excessively high.  

    New  Oral Anticoagulants   

 Four new oral anticoagulants have been FDA 
approved. These include dabigatran (thrombin 
inhibitor), rivaroxaban, apixaban, and edoxaban 
(factor Xa inhibitors). At the time of their release, 
no laboratory assay was recommended to assess 
drug levels. Clinical practice, however, has clari-
fi ed the importance for drug assessment in certain 
clinical settings. FDA approved assays and associ-
ated therapeutic ranges for each drug are not yet 
defi nitive. 

 The thrombin clotting time is very sensitive to 
  dabigatran .   A normal TCT indicates no dabiga-
tran is present; a prolonged TCT indicates that 
dabigatran is present but does not indicate the 
plasma concentration. The PTT response to dabi-
gatran is unreliable and there is considerable 
variability in sensitivity to dabigatran among 
PTT reagents. A modifi cation of the TCT, the 
plasma-diluted TCT (Hemoclot Direct Thrombin 
Inhibitor Assay, Aniara Hyphen, West Chester, 
OH), provides a quantitative measure of dabiga-
tran when used with  calibrators   but is currently 
restricted to research use only. 

   Rivaroxaban    slightly prolongs the PT, but to 
a lesser extent than warfarin and this effect is 
highly reagent dependent.     Apixaban and    edoxa-
ban    have no effect on the PT or PTT. The new 
factor Xa inhibitor drugs are better assessed 
using the chromogenic anti-factor Xa assay mod-
ifi ed with specifi c calibrators for rivaroxaban, 
apixaban, or edoxaban. The use of the anti-factor 
Xa assay for this purpose is currently restricted to 
research use only.  

     Thrombolytic Therapy      

 Thrombolytic therapy, which employs recom-
binant forms of tPA (reteplase, alteplase, ten ec-
teplase), raises the risk of hemorrhage, 
particularly intracranial hemorrhage. Treatment 
is typically not measured by laboratory tests; 
however, fi brinogen levels can be used to assure 
effective hemostatic levels are present.   

    Conclusion 

 This chapter describes all the commonly used 
and the newly developed hemostasis tests avail-
able for the clinical laboratory. There are other 
known analytes of the hemostatic system and 
biomarkers of activation but laboratory tests are 
not FDA approved for clinical use. As research 
continues into the mechanisms of hemostasis and 
thrombosis, and clinical trials prove the validity 
of the clinical assessment of the newly identifi ed 
analytes, improved clinical laboratory testing 
will be developed.     
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          Introduction 

 The era of advanced medical treatment has 
resulted in an increasingly elderly population 
that is  faced   with multiple, complex disease pro-
cesses. Many neurosurgical patients are therefore 
on anticoagulation at the time of both elective 
and emergent presentation. It is an issue with 
which all neurosurgical practitioners should be 
well versed as anticoagulants are increasingly 
being used in the patient population seen both in 
the clinic and the emergency department. These 
medications can make an already dangerous neu-

rologic condition such  as   intracranial hemor-
rhage (ICH) even more precarious. 

 While vitamin K antagonists like warfarin 
have been used for many years, its use is limited 
by genetic polymorphisms, drug–drug interac-
tions, and food–drug interactions [ 1 ,  2 ]. It is 
because of these lifestyle and pharmacologic 
limitations that target specifi c oral anticoagulants 
(TSOACs) were developed. 

 It is important to know the mechanisms of 
action, pharmacology, and methods of reversal of 
VKAs, heparin and low-molecular weight hepa-
rin (LMWH), and TSOACs such as direct throm-
bin inhibitors (DTIs) and factor X inhibitors 
(FTIs)    (Fig.  3.1 ).

       Vitamin K Antagonists 

   Drugs :   Warfarin (   Coumadin, Jantoven), 
Acenocoumarol (Sintrom), Phenprocoumon 
(Marcoumar), Fluindione (Previscan) 

     Mechanism of Action   

 The most commonly used VKA is warfarin 
(Figs.  3.2  and  3.3 ). These drugs exert their effect 
 by   antagonizing vitamin K in the synthesis of clot-
ting factors II, VII, IX, X as well as the regulatory 
factors protein C, protein S, and protein Z [ 3 ]. 
These members of the clotting cascade require 
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carboxylation of their glutamic acid residues to 
bind to the phospholipid surface of the vascular 
endothelium. The enzyme that carries out the car-
boxylation, gamma-glutamyl carboxylase (GGC), 
can only function if it can concurrently convert 
vitamin K hydroquinone to vitamin K epoxide. 
The vitamin K epoxide is in turn recycled back to 
vitamin K and vitamin K hydroquinone by vita-
min K epoxide reductase (VKOR) and vitamin k 
Reductase (VKR) respectively [ 4 ]. Warfarin is a 
racemic mixture of S and R enantiomers; the for-
mer inhibits VKOR thereby much more signifi -
cantly than the latter inhibits VKR. This diminishes 

the availability of vitamin K to be used by GGC 
and effectively halting the synthesis of biologi-
cally active molecules.

    The blood-thinning effect of VKAs takes 
days to realize; however, due to the long half-
lives of already circulating clotting factors, 
patients may in fact become slightly hypercoag-
uable during that time as proteins C and S 
become depleted fi rst [ 5 ]. As such, it is common 
practice to use either intravenous (IV) heparin or 
low molecular weight heparin (LMWH) as 
bridge  therapy   until the patient is therapeutic on 
 their   Coumadin.  

  Fig. 3.1     Coagulation cascade.   The physiologic clotting 
cascade consists of the intrinsic and extrinsic pathways 

that eventually converge on the common pathway of 
blood coagulation       
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  Fig. 3.2    Warfarin effect.    Clotting factors II, VII, IX, and 
X are all affected by ingestion of warfarin. By inhibiting 

the liver’s ability to carboxylate the inactive proteins, 
there are fewer active proteins available for coagulation       

Warfarin Vitamin K

Vitamin K Reductase

Vitamin K-Epoxide
Reductase Vitamin K-

Epoxide

Vitamin K-
Hydroquinone

Gamma Glutamyl
Carboxylase

Inactive Clotting
Factors II, VII, IX, X

Active Clotting
Factors II, VII, IX, X

  Fig. 3.3    Warfarin  mechanism of action.   Warfarin inhibits 
VKOR and VKR (the former much more signifi cantly 
than the latter). This decreases the amount of reduced 

vitamin K (Vitamin K hydroquinone) available to be 
simultaneously recycled by GGC in the carboxylation 
process of clotting factors II, VII, IX, and X       
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       Pharmacology and Surveillance 

•     Half-life: 1–2 days for warfarin [ 6 ]  
•   Metabolism: CYP2C9 is the most important 

liver enzyme in metabolizing warfarin [ 7 ,  8 ]. 
There is signifi cant inter-patient variability 
that is partly responsible for the diffi culty in 
achieving the desired steady-state at times.  

•   Clearance: Renal  
•   Monitoring: Prothrombin time (PT) and the 

international normalized ratio (INR)     

     Adverse Effects   

 It is estimated that more than 65,000 patients are 
treated in US Emergency Departments every year 
with a warfarin-associated hemorrhage [ 9 ]. The 
most notable complication is  spontaneous   ICH 
that occurs secondary to hypoprothrombinemia. 
Other side-effects include ecchymosis, purpura, 
and hematuria. Patients can also experience skin 
necrosis secondary to the depletion of protein C 
and S mentioned earlier; this leads to thrombosis 
of vessels supplying the skin in the extremities. 

 Long-term users of VKAs have an annual 
major hemorrhage rate of 1.5–5.2 % [ 10 ] accord-
ing to a recent meta-analysis with an annual inci-
dence of all major bleeding events estimated at 
3.36 % [ 11 ]. Mortality from all major hemor-
rhagic events while on VKAs is 13 % [ 12 ];  ICH 
  accounts for 8.7 % of these events [ 10 ].    When 
patients present with ICH while on VKAs, the 
mortality rate is estimated to reach 46–55 % [ 13 , 
 14 ] with signifi cant long-term disability in those 
that do survive [ 15 ,  16 ].  

    Reversal 

 There are several methods to reverse warfarin; 
some take time for their effects while others are 
much more rapid. These are detailed below in the 
order of increasing rate of reversal.

    1.       Vitamin K
    (a)    Promotes synthesis of factors II, VII, IX, 

and X. Reversal takes time as clotting 

ability is dependent on synthesis of 
enzymes by the liver. This is often given 
in conjunction with other reversal agents 
listed below to prevent a rebound of 
anticoagulation.   

   (b)     Route : Oral or IV administration (the lat-
ter is more effective)   

   (c)     Time to maximum effect : New synthesis 
begins in 1–3 h and maximum effect is 
reached after 24–36 h.   

   (d)     Half-life : Effect lasts until INR within 
therapeutic range again   

   (e)     Benefi ts :    Relatively safe   
   (f)     Risks : Reversal is slow hence utility in 

emergent situations is very limited    
      2.       Fresh frozen plasma (FFP)

    (a)    Contains factors II, VII, IX, and X as well 
as fi brinogen, von Willebrand factor, and 
antithrombin   

   (b)     Route : IV administration   
   (c)     Time to maximum effect : Requires thaw-

ing and full reversal is variable; one 
study evaluating time to full INR rever-
sal in PCC and FFP found the latter was 
11.8 h [ 17 ].   

   (d)     Half-life : 1.5–2 days [ 6 ]   
   (e)     Benefi ts : If the patient is hypovolemic, 

FFP  can   augment the intravascular 
compartment.   

   (f)     Risks : Infection/transfusion related acute 
lung injury (TRALI) [ 18 ], volume over-
load, time consuming    

      3.       Prothrombin complex concentrate (PCC)
    (a)    Contains activated factors II, VII, IX, X 

and protein C and S in a concentration 
approximately 25 times that of FFP   

   (b)     Route : IV administration   
   (c)     Time to maximum effect : The same study as 

above revealed full reversal with PCC in 
5.7 h. This is partly due to the fact that PCC 
does not require thawing and has a higher 
concentration of factors [ 17 ,  19 ,  20 ].   

   (d)     Half-life : 6–8 h [ 6 ]   
   (e)     Benefi ts : Rapid and more effi cient rever-

sal [ 6 ],    limited volume, virus inactivated   
   (f)     Risks : Thromboembolic risk may be over-

estimated in small case series but there is 
a risk. It is possibly related to  preparations 

T.F. Ibrahim et al.



37

of PCC with higher concentrations of fac-
tors and those that include procoagulants 
(factors C and S) [ 19 ].    

      4.       Recombinant Factor VIIa
    (a)    Contains factor VIIa   
   (b)     Route : IV administration   
   (c)     Time to maximum effect : Less than 10 min   
   (d)     Half-life : Less than 60 min   
   (e)     Benefi ts : Rapid reversal   
   (f)     Risks :    Thromboembolic complications [ 21 ]    

           Heparin and  LMWH   

  Drugs : Unfractionated heparin (UFH).    LMWHs: 
Dalteparin (Fragmin), Tinzaparin (Innohep), 
Enoxaparin (Lovenox), Ardeparin (Normifl o), 
Danaparoid (Orgaran), Nadroparin (Fraxiparine), 
Certoparin (Embolex) (Fig.  3.4 )

      Mechanism of Action 

  Antithrombin   (AT, previously known as anti-
thrombin III), is a serine-protease inhibitor that 
regulates many of the enzymes activated during 
coagulation, particularly Xa and IIa (thrombin) 
[ 22 ,  23 ]. AT preferentially targets free enzymes 
over those that are part of prothrombinase com-
plex. AT’s role is to limit the coagulation cascade 
to areas of vascular injury and thus protect the 
remainder of the circulation from undesired 
thrombotic events [ 22 ]. AT is an ineffi cient 
inhibitor but UFH and LMWH signifi cantly 
potentiate its effect by binding and inducing a 
conformational change in the shape of the AT 
molecule that increases by over a 100-fold the 
rate at which each proteinase can be inhibited 
[ 24 ]. UFH binding to AT causes a decrease in Xa 
and IIa activity in a 1:1 ratio [ 23 ]. LMWH ulti-

  Fig. 3.4    Heparin and LMWH effect.    AT is a natural, but 
ineffi cient inhibitor of factors Xa and IIa. Heparin and 
LMWH both increase the ability of AT to bind and inacti-

vate these proteins. Heparin causes AT to affect Xa and IIa 
in an even fashion ratio while LMWH ultimately has a 
more signifi cant impact on Xa       
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mately has the same effect as UFH but affects Xa 
and IIa in a 3:1 or 2:1 ratio [ 23 ,  25 ]. 

 UFH is a heterogeneous anticoagulant com-
posed of heparin molecules with different lengths—
all of which have at least 18 saccharide units [ 26 ]. 
Larger saccharide chains are cleared more quickly 
than smaller ones making heparin molecules with 
smaller chains more bioavailable [ 27 ]. Due to its 
 multiple   amino acid chains, not all of which are 
involved in anticoagulation, UFH also binds other 
plasma proteins and cells thus further complicating 
attempts to predict the anticoagulant response. The 
anticoagulant effect is nonlinear and increases dis-
proportionately as the dose increases [ 27 ]. This 
variability is one of the reasons that UFH requires 
monitoring and dose adjustment based on the acti-
vated partial thromboplastin time (aPTT). 

 LMWH is derived from UFH  to   produce mol-
ecules that are one-third the molecular weight of 
UFH [ 27 ]. LMWHs and their smaller chains do 
not bind other plasma proteins as signifi cantly as 
UFH thus making  their   pharmacokinetics much 
more predictable and thereby eliminating the 
need for routine monitoring in most situations 
[ 27 ]. The decreased binding of non-AT mole-
cules also confers less risk of heparin-induced 
thrombocytopenia (HIT) and less bone loss. It is 
also associated with an increased ratio of Xa to 
IIa inhibition (see Table  3.1 ) that confers upon 
LMWH the ability to inhibit thrombosis without 
producing signifi cant anticoagulant activity [ 27 –
 29 ]. This has been correlated with lower levels of 
bleeding [ 30 ].

    Ultra-LMWH (ULMWH)   a newer class of 
drugs structurally similar, but smaller version of 
LMWHs that is currently in development. They 
are sparsely used compared to LMWH and none 
are approved for use within the USA. The hope 
for ULMWHs is that because they have an even 
larger Xa to IIa inhibitory ratio that they will be 
associated with lower risk of bleeding and HIT.  

     Pharmacology and Surveillance   

 See Table  3.1  for details.  

     Adverse Effects   

 UFH is responsible for non-hemorrhagic side- 
effects as well as signifi cant bleeding complica-
tions. HIT and osteoporosis are the main 
non-hemorrhagic side effects. HIT occurs when 
platelet-activating IgG antibodies bind to the epit-
ope platelet factor 4 (PF4) while it is bound to hep-
arin. The PF4-heparin complex normally occurs as 
a manner of heparin inactivation but clearly does 
not always lead to HIT. This causes activation of 
platelets that leads to arterial or venous thrombosis 
(venous is more common [ 31 ]) as well as thrombo-
cytopenia. HIT is defi ned as a platelet count 
<150 × 10 9 /L and occurs in 85–90 % of HIT patients 
[ 32 ]. Some clinicians also use a broader defi nition 
in which the platelet count falls 30–50 %; this is 
seen in 90–95 % of HIT cases [ 32 ]. HIT type I 

    Table 3.1    Heparins  pharmacology   and  surveillance     

 Agent (class) 
 Anti-Xa to 
anti-IIa ratio  Elimination half-life (h) 

 Time to peak 
activity  Laboratory monitoring 

 Heparin (UFH)  1.1:1  0.5–2.5; dose-dependent  Varies with dose 
and route 

 aPTT 

 Enoxaparin (LMWH)  2.8:1  4.5  ~3–5 h  None 

 Dalteparin (LMWH)  2.3:1  2.0–2.3  ~3–5 h  None 

 Tinzaparin (LMWH)  2.8:1  3.4  ~3–5 h  None 

 Nadroparin (LMWH)  3.5:1  3.5  ~3–5 h  None 

 Certoparin (LMWH)     2.0–2.2:1  4.6–4.7  ~3–5 h  None 

 Semuloparin (ULMWH)  80:1  16–20  ~1–2 h  None 

 Bemiparin (ULMWH)  8: 1    5.3  ~2–3 h  None 

  The different drugs and their pharmacology are depicted here [ 26 ,  27 ]. Heparin has a 1:1 ratio of Xa to IIa inhibition 
while LMWH inhibits Xa more strongly than IIa  
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(HIT1)    is mild and occurs in the fi rst 4 days of hep-
arin administration [ 33 ]. The platelet count is often 
between 100 and 150 × 10 9 /L. HIT1 is not associ-
ated with bleeding or thrombosis [ 33 ]. It is often 
diffi cult to distinguish HIT1 from postoperative 
hemodilution in patients who recently had surgery. 
The typical onset for HIT type II (HIT2) is 5–10 
days after initiation of heparin [ 34 ]. “Rapid-onset 
HIT” can occur in patients who have circulating 
HIT antibodies due to exposure to heparin usually 
within the last month although exposure could be 
as long as 100 days prior [ 32 ]. HIT2 is more pro-
nounced with a median nadir of 60 × 10 9 /L [ 33 ]. 
HIT2 is associated with potential bleeding and 
thrombosis. Osteoporosis occurs secondary to hep-
arin binding to osteoblasts that then release factors 
to activate osteoclasts [ 32 ]. 

 HIT occurs three times less  with   LMWH as 
compared to UFH [ 35 ]. While LMWH can form 
complexes with PF4, the interaction is chain 
length-dependent and thus occurs with much less 
frequency. There is still a risk for osteoporosis/
osteopenia with LMWHs although it is not as sig-
nifi cant as with UFH due to a lesser affi nity for 
osteoblast/osteoclast activation [ 27 ].  

     Reversal   

 If there is excessive anticoagulant  action   of hepa-
rin, initial treatment is immediate discontinuation 
of the drug. If bleeding is present, administration 
of protamine sulfate can neutralize heparin [ 36 ]. 
Administration of 1  mg   Protamine Sulfate per 
100 units UFH will neutralize the anticoagulant 
effect. This same effect does not hold true with 
LMWH. Administration of protamine sulfate is 
only partially effective at reversing LMWH. For 
example, 1 mg protamine sulfate may be used to 
partially reverse 1 mg of enoxaparin [ 36 ,  37 ].   

    Direct Thrombin  Inhibitors   

   Drugs :   Bivalirudin (Angiomax), Argatroban 
(Acova), Dabigatran (Pradaxa), Desirudin (Iprivask), 
Lepirudin (Refl udan), Hirudin (Thrombexx), 
Melagatran (Ximelagatran) (Fig.  3.5 )

       Mechanism of Action   

 As opposed to UFH and LMWH that indirectly 
antagonize thrombin by catalyzing AT, DTIs 
directly bind to thrombin and block its enzymatic 
activity. Thrombin is essential to the clotting pro-
cess as it serves several roles. Thrombin converts 
fi brinogen to fi brin, activates clotting factors V, 
VIII, and IX, thus generating more thrombin and 
stimulates platelets. Thrombin is also responsible 
for activation of factor XIII that cross-links fi brin 
bonds and stabilizes clots (Fig.  3.6 ).

    Thrombin   possesses one active (catalytic) site 
and two exosites. DTIs can bind to any of these 
domains to block thrombin action. Univalent 
DTIs (Argatroban, Melagatran, Dabigatran) only 
bind the thrombin active site whereas bivalent 
DTIs (Hirudin, Bivalirudin, Lepirudin, 
Desirudin) bind exosite 1 and the active site. 
Heparin binds exosite 2. 

 One advantage of this direct thrombin antago-
nism over UFH and LMWH is that DTIs can 
inhibit thrombin already bound to fi brin or fi brin 
degradation products to prevent further fi brin 
deposition and cross-linking [ 38 – 40 ]. The 
AT-UFH/LMWH complex is not able to bind 
thrombin that is already bound to fi brin, which 
can be problematic as bound thrombin continues 
to have enzymatic activity that causes thrombus 
growth. Other advantages of thrombin over UFH 
are its lack of binding to other plasma proteins 
and the fact that it is not inactivated by PF4. This 
results in a more predictable response than UFH 
and likely LMWH [ 41 ]. Additionally, by directly 
inhibiting thrombin, DTIs slow the positive 
 feedback loop that activates more thrombin and 
also prevents  platelet   activation.  

     Pharmacology and Surveillance   

 The diffi culty in monitoring TSOACs is one of 
their drawbacks. PT/INR are not affected by 
DTIs. There is a nonlinear relationship between 
the DTI dose and rise of aPTT. This means that 
 aPTT   can confi rm that a patient is indeed antico-
agulated but cannot assess how coagulopathic the 
patient is [ 42 ]. Thrombin time (TT) and ecarin 
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clotting time (ECT) are more quantitative for 
DTI activity but the former is oversensitive and 
the latter is not often available in many hospitals 
in the USA [ 42 ]. See Table  3.2  for further details.

          Adverse Effects 

 As with other forms of anticoagulation, major 
bleeding is the most serious side-effect of DTIs. 
The RE-LY study [ 11 ] evaluated over 18,000 
patients to assess the effects of Dabigatran com-
pared to warfarin in patients with atrial fi brilla-
tion (AF) with the authors assessing stroke, 
systemic embolism, and hemorrhage rates at an 
average follow-up of 2 years. The rate  of   ICH 

was statistically less in the Dabigatran group 
(0.23 % and 0.3 % per year for the 110 mg and 
150 mg groups, respectively) compared to 
warfarin.  

     Reversal   

 There is no specifi c reversal agent for DTIs and 
evidence-based recommendations for other 
methods are lacking. Discontinuation of the 
drug is the fi rst step and patients who have taken 
a DTI dose in the 1–2 h prior to presentation can 
also be given oral activated charcoal to remove 
the drug.    PCC may attenuate bleeding, but this 
is based on low quality evidence and can be 

  Fig. 3.5    Direct thrombin inhibitor effect.    Both soluble and bound thrombins are inactivated by DTIs.  These   drugs 
directly bind to thrombin without AT and block its subsequent effects       
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  Fig. 3.6    Direct thrombin  inhibitor   mechanism of action. Used with permission from NEJM       

   Table 3.2    Direct thrombin  inhibitors   pharmacology  and   surveillance [ 36 ,  37 ,  41 ]   

 Drug  Half-life (h)  Time to peak activity (h)  Clearance (primary) 
 Laboratory 
monitoring 

 Dabigatran  Oral: 12  1–2  Renal  TT or ECT 

 Ximelagatran/ Melagatran    IV/SQ: 2–3 
 Oral: 3–5 

 2–3  Renal  TT or ECT 

 Recombinant Hirudins 
(desirudin, lepirudin)    

 IV: 1 
 SQ: 2 

 4–5  Renal  TT or ECT 

 Bivalirudin  IV: 0.25  Immediate  Renal, hepatic  TT or ECT 

 Argatroban  IV: 0.75  1–3  Hepatic  TT or ECT 
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associated  with   thrombotic complications [ 43 –
 47 ]. If PCC is used, aPTT, ECT, and TT are not 
necessarily expected to normalize [ 48 ]. In  emer-
gent   situations, dialysis can be used to remove 
DTIs [ 49 ]. Other agents that have been consid-
ered are antifi brinolytic agents (tranexamic 
acid, ε-aminocaproic acid).    Patients who have 
taken a DTI dose in the 1–2 h prior to presenta-
tion can also be given oral activated charcoal to 
remove the drug.   

     Factor Xa Inhibitors   

  Drugs :  Indirect —Fondaparinux (Arixtra)    (Fig.  3.7 )
    Direct —Rivaroxaban (Xarelto), Apixaban 

(Eliquis), Edoxaban (Savaysa) 

     Mechanism of Action   

 Factor Xa inhibitors are another class of TSOACs 
that affect the common coagulation pathway. 
Whereas DTIs bind and inhibit thrombin, all 
FTIs except for Fondaparinux directly inhibit 
factor Xa, the enzyme responsible for activation 
of thrombin. FTIs competitively bind the active 
site Xa in its soluble form and while it is con-
tained within a clot [ 50 ]. One theorized  advan-
tage   of targeting factor Xa as opposed to thrombin 
directly is that it prevents thrombin amplifi cation 
thereby necessitation smaller doses of FTI [ 1 ,  51 ] 
(Fig.  3.8 ).

   Fondaparinux is the only FTI that inactivates 
factor Xa indirectly. It binds AT and causes a 
conformational change at the active site that 
increases its reactivity with Xa; once AT and Xa 
are bound together, Fondaparinux dissociates 
and can bind other AT molecules [ 52 ].  

     Pharmacology and Surveillance   

 Similar to DTIs, agents that inhibit factor Xa do 
not have a designated test to monitor degree of 
 anticoagulation.   There is a FTI assay but it is nei-
ther readily available at many hospitals nor is it 

rapid in providing a result. The PT can be used to 
confi rm a patient has been taking Rivaroxaban 
but not how much. A modifi ed aPTT may pro-
vide the same information about apixaban that 
PT does for rivaroxaban [ 53 ]. See Table  3.3  for 
further details.

        Adverse Effects   

 The ROCKET AF trial [ 54 ] randomized patients 
to rivaroxaban or warfarin and also found signifi -
cantly less  ICH   in the former group (0.5 % and 
0.7 % per year respectively) [ 54 ,  55 ]. The 
ARISTOTLE trial [ 56 ] compared apixaban and 
warfarin and found signifi cantly less major 
bleeding episodes including ICH.    Interestingly, a 
meta-analysis of all RCTs of TSOACs (DTI and 
FTI) found them to have a lower rate of fatal 
hemorrhage  than   VKAs even though no antidote 
was available in these clinic trials [ 10 ].  

       Reversal 

 As with DTIs, there is no specifi c antidote in 
reversing factor Xa inhibitors nor is there a gold 
standard in management. Immediate discontinua-
tion of the drug is the fi rst step in management. 
As with DTIs, activated charcoal can be given if 
the patient has taken a dose just prior to presenta-
tion. Unlike DTIs,    FTIs are largely bound to 
plasma proteins and therefore dialysis is ineffec-
tive in removing the anticoagulant [ 53 ]. PCC has 
been found to completely restore normal levels 
of PTT in healthy patients who were given rivar-
oxaban, but it has not been evaluated in human 
subjects taking apixaban.   

    Conclusion 

 The topic of whether to use VKAs, LMWH, 
DTIs, or FTIs is one that is currently being heav-
ily studied in the literature. All anticoagulants 
possess a risk–benefi t profi le and some offer 
advantages  over   the others in one area while 
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being more problematic in others. As an exam-
ple, TSOACs such as DTIs and FTIs are more 
predictable pharmacologically, easier to use and 
cause less ICH than warfarin in multiple random-
ized controlled trials (RCT). However, when an 
ICH occurs, TSOACs do not have an easy method 
of reversal like warfarin does. 

 Chai-Adisaksopha et al. found in their meta- 
analysis that TSOACs were associated with less 
major bleeding, fatal bleeding, intracranial bleed-
ing, clinically relevant non-major bleeding, and 
total bleeding when compared to VKAs with an 
INR target of 2.0–3.0 [ 10 ]. 

 In the event of ICH, rapid reversal is often 
necessary to slow bleeding and facilitate surgery 
if needed.    The neurosurgical team should be 
familiar with how to reverse different anticoag-
ulants to expedite treatment. In less emergent 
situations where it is still necessary to reverse  or 
  halt anticoagulation, it is often prudent to 
involve the prescribing service or physician to 
assess patient risk while off the offending medi-
cation. These practitioners’ input will also be 
needed when resuming anticoagulation once it 
is safe to do so from a neurosurgical perspective 
(Fig.  3.9 ).

  Fig. 3.7       Factor Xa inhibitor effect.    Fondaparinux is the only indirect Xa inhibitor that binds and uses AT to actually 
cause Xa to be nonfunctional. The other drugs directly bind factor Xa       
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  Fig. 3.8    Fondaparinux  inhibitor   mechanism of action. As the only indirect Factor Xa Inhibitor, Fondaparinux binds AT 
to inhibit the activation of clotting factor IIa       

   Table 3.3    Factor Xa  inhibitor   pharmacology  and   surveillance [ 51 – 53 ]   

 Drug  Half-life (h) 
 Time to peak 
activity (h)  Clearance (primary)  Laboratory monitoring 

 Apixaban  12  3–4  Hepatobiliary  Anti-factor Xa 

 Edoxaban  10–14  1–2  Renal  Anti-factor Xa 

 Fondaparinux  17–20  2  Renal  Anti-factor Xa 

  Rivaroxaban    7–11  1–4  Renal  Anti-factor Xa 

  Fig. 3.9    Summary  of   current anticoagulants. All the different classes and their effect on the clotting cascade are depicted       

 

 



45

         References 

     1.    Eriksson BI, Borris LC, Friedman RJ, et al. 
Rivaroxaban versus enoxaparin for thromboprophy-
laxis after hip arthroplasty. N Engl J Med. 
2008;358(26):2765–75.  

    2.    Aguilar MI, Hart RG, Kase CS, et al. Treatment of 
warfarin-associated intracerebral hemorrhage: litera-
ture review and expert opinion. Mayo Clin Proc. 
2007;82(1):82–92.  

    3.    Choi Q, Kim JE, Hyun J, Han KS, Kim HK. Contributions 
of procoagulants and anticoagulants to the international 
normalized ratio and thrombin generation assay in 
patients treated with warfarin: potential role of protein Z 
as a powerful determinant of coagulation assays. 
Thromb Res. 2013;132(1):e70–5.  

    4.    Li T, Chang CY, Jin DY, Lin PJ, Khvorova A, Stafford 
DW. Identifi cation of the gene for vitamin K epoxide 
reductase. Nature. 2004;427(6974):541–4.  

    5.    Guyatt GH, Eikelboom JW, Gould MK, et al. 
Approach to outcome measurement in the prevention 
of thrombosis in surgical and medical patients: 
Antithrombotic therapy and prevention of thrombo-
sis, 9th ed: American College of Chest Physicians 
Evidence-Based Clinical Practice Guidelines. Chest. 
2012;141(2 Suppl):e185S–94.  

       6.    Vang ML, Hvas AM, Ravn HB. Urgent reversal of 
vitamin K antagonist therapy. Acta Anaesthesiol 
Scand. 2011;55(5):507–16.  

    7.    Wadelius M, Chen LY, Eriksson N, et al. Association 
of warfarin dose with genes involved in its action and 
metabolism. Hum Genet. 2007;121(1):23–34.  

    8.    Takahashi H, Echizen H. Pharmacogenetics of warfa-
rin elimination and its clinical implications. Clin 
Pharmacokinet. 2001;40(8):587–603.  

    9.    Shehab N, Sperling LS, Kegler SR, Budnitz 
DS. National estimates of emergency department vis-
its for hemorrhage-related adverse events from clopi-
dogrel plus aspirin and from warfarin. Arch Intern 
Med. 2010;170(21):1926–33.  

       10.    Chai-Adisaksopha C, Crowther M, Isayama T, Lim 
W. The impact of bleeding complications in patients 
receiving target-specifi c oral anticoagulants: a sys-
tematic review and meta-analysis. Blood. 2014;
124(15):2450–8.  

     11.    Connolly SJ, Ezekowitz MD, Yusuf S, et al. 
Dabigatran versus warfarin in patients with atrial 
fi brillation. N Engl J Med. 2009;361(12):1139–51.  

    12.    Pisters R, Lane DA, Nieuwlaat R, de Vos CB, Crijns 
HJ, Lip GY. A novel user-friendly score (HAS- 
BLED) to assess 1-year risk of major bleeding in 
patients with atrial fi brillation: the Euro Heart Survey. 
Chest. 2010;138(5):1093–100.  

    13.    Linkins LA, Choi PT, Douketis JD. Clinical impact of 
bleeding in patients taking oral anticoagulant therapy 
for venous thromboembolism: a meta-analysis. Ann 
Intern Med. 2003;139(11):893–900.  

    14.    Fang MC, Go AS, Chang Y, et al. Death and disability 
from warfarin-associated intracranial and extracranial 
hemorrhages. Am J Med. 2007;120(8):700–5.  

    15.    Alonso A, Bengtson LG, MacLehose RF, Lutsey PL, 
Chen LY, Lakshminarayan K. Intracranial hemor-
rhage mortality in atrial fi brillation patients treated 
with dabigatran or warfarin. Stroke. 2014;45(8):
2286–91.  

    16.    Sacco S, Marini C, Toni D, Olivieri L, Carolei 
A. Incidence and 10-year survival of intracerebral 
hemorrhage in a population-based registry. Stroke. 
2009;40(2):394–9.  

     17.    Hickey M, Gatien M, Taljaard M, Aujnarain A, 
Giulivi A, Perry JJ. Outcomes of urgent warfarin 
reversal with frozen plasma versus prothrombin com-
plex concentrate in the emergency department. 
Circulation. 2013;128(4):360–4.  

    18.    Benson AB, Moss M, Silliman CC. Transfusion- 
related acute lung injury (TRALI): a clinical review 
with emphasis on the critically ill. Br J Haematol. 
2009;147(4):431–43.  

     19.    Bershad EM, Suarez JI. Prothrombin complex con-
centrates for oral anticoagulant therapy-related intra-
cranial hemorrhage: a review of the literature. 
Neurocrit Care. 2010;12(3):403–13.  

    20.    Ansell J, Hirsh J, Hylek E, et al. Pharmacology and 
management of the vitamin K antagonists: American 
College of Chest Physicians evidence-based clinical 
practice guidelines (8th Edition). Chest. 2008;133(6 
Suppl):160S–98.  

    21.    Diringer MN, Skolnick BE, Mayer SA, et al. 
Thromboembolic events with recombinant activated 
factor VII in spontaneous intracerebral hemorrhage: 
results from the Factor Seven for Acute Hemorrhagic 
Stroke (FAST) trial. Stroke. 2010;41(1):48–53.  

     22.    Dahlback B. Blood coagulation. Lancet. 
2000;355(9215):1627–32.  

      23.    Weitz JI. Blood coagulation and anticoagulant, fi bri-
nolytic, and antiplatelet drugs. In: Brunton LL, editor. 
Goodman & Gilman’s the pharmacological basis of 
therapeutics, vol. 211. 12th ed. New York: McGraw 
Hill Medical; 2011. p. 848–76.  

    24.    Olson ST, Richard B, Izaguirre G, Schedin-Weiss S, 
Gettins PG. Molecular mechanisms of antithrombin- 
heparin regulation of blood clotting proteinases. A 
paradigm for understanding proteinase regulation by 
serpin family protein proteinase inhibitors. Biochimie. 
2010;92(11):1587–96.  

    25.    Gresham C, Levine M, Ruha AM. Case fi les of the 
Medical Toxicology Fellowship at Banner Good 
Samaritan Medical Center in Phoenix, AZ: a non- 
warfarin anticoagulant overdose. J Med Toxicol. 
2009;5(4):242–9.  

     26.    Walenga JM, Lyman GH. Evolution of heparin anti-
coagulants to ultra-low-molecular-weight heparins: a 
review of pharmacologic and clinical differences and 
applications in patients with cancer. Crit Rev Oncol 
Hematol. 2013;88(1):1–18.  

3 Current Anticoagulation Drugs and Mechanisms of Action



46

          27.    Garcia DA, Baglin TP, Weitz JI, Samama MM, 
American College of Chest Physicians. Parenteral 
anticoagulants: Antithrombotic therapy and preven-
tion of thrombosis, 9th ed: American College of Chest 
Physicians evidence-based clinical practice guide-
lines. Chest. 2012;141(2 Suppl):e24S–43.  

   28.    Young E, Wells P, Holloway S, Weitz J, Hirsh 
J. Ex-vivo and in-vitro evidence that low molecular 
weight heparins exhibit less binding to plasma pro-
teins than unfractionated heparin. Thromb Haemost. 
1994;71(3):300–4.  

    29.    Holmer E, Kurachi K, Soderstrom G. The molecular- 
weight dependence of the rate-enhancing effect of 
heparin on the inhibition of thrombin, factor Xa, fac-
tor IXa, factor XIa, factor XIIa and kallikrein by anti-
thrombin. Biochem J. 1981;193(2):395–400.  

    30.    Carter CJ, Kelton JG, Hirsh J, Cerskus A, Santos AV, 
Gent M. The relationship between the hemorrhagic 
and antithrombotic properties of low molecular weight 
heparin in rabbits. Blood. 1982;59(6):1239–45.  

    31.    Warkentin TE, Kelton JG. A 14-year study of heparin- 
induced thrombocytopenia. Am J Med. 1996;101(5):
502–7.  

       32.    Linkins LA, Dans AL, Moores LK, et al. Treatment 
and prevention of heparin-induced thrombocytopenia: 
Antithrombotic therapy and prevention of thrombo-
sis, 9th ed: American College of Chest Physicians 
evidence-based clinical practice guidelines. Chest. 
2012;141(2 Suppl):e495S–530.  

      33.    Michelson AD. Platelets. 3rd ed. Oxford: Elsevier; 
2013.  

    34.    Warkentin TE, Kelton JG. Temporal aspects of 
heparin- induced thrombocytopenia. N Engl J Med. 
2001;344(17):1286–92.  

    35.    Warkentin TE, Levine MN, Hirsh J, et al. Heparin- 
induced thrombocytopenia in patients treated with 
low-molecular-weight heparin or unfractionated hep-
arin. N Engl J Med. 1995;332(20):1330–5.  

      36.    Katzung B, Masters S, Revor A, editors. Basic and 
clinical pharmacology 12/E. New York: McGraw- Hill 
Professional; 2012.  

     37.    Harter K, Levine M, Henderson SO. Anticoagulation 
drug therapy: a review. West J Emerg Med. 2015;
16(1):11–7.  

    38.    Bates SM, Weitz JI. The mechanism of action of 
thrombin inhibitors. J Invasive Cardiol. 2000;12(Suppl 
F):27F–32.  

   39.    Weitz JI, Hudoba M, Massel D, Maraganore J, Hirsh 
J. Clot-bound thrombin is protected from inhibition 
by heparin-antithrombin III but is susceptible to inac-
tivation by antithrombin III-independent inhibitors. 
J Clin Invest. 1990;86(2):385–91.  

    40.    Weitz JI, Leslie B, Hudoba M. Thrombin binds to sol-
uble fi brin degradation products where it is protected 
from inhibition by heparin-antithrombin but suscepti-
ble to inactivation by antithrombin- independent inhib-
itors. Circulation. 1998;97(6):544–52.  

     41.    Di Nisio M, Middeldorp S, Buller HR. Direct throm-
bin inhibitors. N Engl J Med. 2005;353(10):1028–40.  

     42.    Eriksson BI, Quinlan DJ, Weitz JI. Comparative phar-
macodynamics and pharmacokinetics of oral direct 
thrombin and factor Xa inhibitors in development. 
Clin Pharmacokinet. 2009;48(1):1–22.  

    43.    Marlu R, Hodaj E, Paris A, Albaladejo P, Cracowski 
JL, Pernod G. Effect of non-specifi c reversal agents 
on anticoagulant activity of dabigatran and rivaroxa-
ban: a randomised crossover ex vivo study in healthy 
volunteers. Thromb Haemost. 2012;108(2):217–24.  

   44.    Wong H, Keeling D. Activated prothrombin complex 
concentrate for the prevention of dabigatran- associated 
bleeding. Br J Haematol. 2014;166(1):152–3.  

   45.    Ross B, Miller MA, Ditch K, Tran M. Clinical experi-
ence of life-threatening dabigatran-related bleeding at 
a large, tertiary care, academic medical center: a case 
series. J Med Toxicol. 2014;10(2):223–8.  

   46.    Dager WE, Gosselin RC, Roberts AJ. Reversing dabi-
gatran in life-threatening bleeding occurring during 
cardiac ablation with factor eight inhibitor bypassing 
activity. Crit Care Med. 2013;41(5):e42–6.  

    47.    Dumkow LE, Voss JR, Peters M, Jennings DL. Reversal 
of dabigatran-induced bleeding with a prothrombin 
complex concentrate and fresh frozen plasma. Am 
J Health Syst Pharm. 2012;69(19):1646–50.  

    48.    Eerenberg ES, Kamphuisen PW, Sijpkens MK, Meijers 
JC, Buller HR, Levi M. Reversal of rivaroxaban and 
dabigatran by prothrombin complex concentrate: a ran-
domized, placebo-controlled, crossover study in 
healthy subjects. Circulation. 2011;124(14):1573–9.  

    49.    Chang DN, Dager WE, Chin AI. Removal of dabigatran 
by hemodialysis. Am J Kidney Dis. 2013;61(3):487–9.  

    50.    Cabral KP, Ansell JE. The role of factor Xa inhibitors 
in venous thromboembolism treatment. Vasc Health 
Risk Manag. 2015;11:117–23.  

     51.    Alexander JH, Singh KP. Inhibition of factor Xa: a 
potential target for the development of new anticoag-
ulants. Am J Cardiovasc Drugs. 2005;5(5):279–90.  

    52.    Boneu B, Necciari J, Cariou R, et al. Pharmacokinetics 
and tolerance of the natural pentasaccharide (SR90107/
Org31540) with high affi nity to antithrombin III in 
man. Thromb Haemost. 1995;74(6):1468–73.  

      53.    Fawole A, Daw HA, Crowther MA. Practical man-
agement of bleeding due to the anticoagulants dabiga-
tran, rivaroxaban, and apixaban. Cleve Clin J Med. 
2013;80(7):443–51.  

     54.    Patel MR, Mahaffey KW, Garg J, et al. Rivaroxaban 
versus warfarin in nonvalvular atrial fi brillation. N 
Engl J Med. 2011;365(10):883–91.  

    55.    Piccini JP, Garg J, Patel MR, et al. Management of 
major bleeding events in patients treated with rivar-
oxaban vs. warfarin: results from the ROCKET AF 
trial. Eur Heart J. 2014;35(28):1873–80.  

    56.    Granger CB, Alexander JH, McMurray JJ, et al. 
Apixaban versus warfarin in patients with atrial fi bril-
lation. N Engl J Med. 2011;365(11):981–92.      

T.F. Ibrahim et al.



47© Springer International Publishing Switzerland 2016 
C.M. Loftus (ed.), Anticoagulation and Hemostasis in Neurosurgery, 
DOI 10.1007/978-3-319-27327-3_4

      Reversal of Target-Specifi c Oral 
Anticoagulants                     

     Walter     Jeske     

        W.   Jeske ,  Ph.D.      (*) 
  Cardiovascular Institute ,  Loyola University Chicago 
Health Sciences Division , 
  2160 S First Ave ,  Maywood ,  IL   60153 ,  USA   
 e-mail: wjeske@luc.edu  

  4

          Introduction 

 Anticoagulation is used to prevent  thromboembo-
lism   following orthopedic surgery, in patients with 
atrial fi brillation and to treat acute venous throm-
boembolism. Short-term anticoagulation has tradi-
tionally been provided by the administration of 
heparin (or low molecular weight heparin), while 
long-term anticoagulation has been achieved 
through the administration of a vitamin K antago-
nist such as warfarin. Both heparin and warfarin 
produce their anticoagulant effects through the 
inhibition of multiple  coagulation    factors. Heparin, 
by binding to antithrombin, inhibits thrombin, fac-
tor Xa, factor IXa and, to a lesser extent, other 
intrinsic pathway factors while warfarin, by antag-
onizing vitamin K, prevents the formation of active 
forms of coagulation factors II, VII, IX, and X. 

 In recent years, several  target-specifi c oral 
anticoagulants (TSOAC)   have been introduced 
to clinical practice as alternatives to the use of 
warfarin. These drugs include the factor Xa 
inhibitors apixaban (Eliquis, Bristol-Myers 
Squibb, Princeton, NJ-Pfi zer, New York, NY), 
rivaroxaban (Xarelto, Bayer Healthcare, 

Leverkusen, Germany), and edoxaban (Savaysa, 
Daiichi Sankyo, Tokyo, Japan) and the thrombin 
inhibitor dabigatran etexilate mesylate (Pradaxa, 
Boehringer- Ingelheim, Ridgefi eld, CT). Another 
factor Xa inhibitor, betrixaban (Portola, South 
San Francisco, CA), is in development. These 
target- specifi c oral anticoagulants offer advan-
tages over warfarin in that their onset of action is 
much faster, typically ranging from 1 to 4 h post-
dose, the half-life of drug action is shorter, rang-
ing from 5 to 9 h for  rivaroxaban   to approximately 
13 h for dabigatran and no food or drug interac-
tions have been reported. These properties trans-
late clinically into more reliable plasma drug 
concentrations that do not need to be routinely 
monitored. These agents have shown favorable 
effi cacy profi les in comparison to standard war-
farin therapy in a variety of clinical conditions 
including the prevention of stroke in patients 
with non-valvular atrial fi brillation. 

 The major side-effect associated with the use 
of anticoagulation is an increase in the occur-
rence or intensity of bleeding that can range from 
nuisance value to life threatening. Such enhanced 
bleeding can occur in response to injury or 
trauma; or when anticoagulation is  suprathera-
peutic bleeding   can occur spontaneously. 
Although clinical trials have shown that the 
safety of these new drugs in terms of the inci-
dence of major hemorrhage is similar or better 
than that observed with conventional therapies, 
major hemorrhage can still occur. 
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 Increased levels of anticoagulation with war-
farin, as measured by an  International Normalized 
Ratio (INR)   greater than 4.0, are associated with 
an increased risk of developing an  intracerebral 
hemorrhage (ICH)   [ 1 ] and warfarinized patients 
have an increased risk of hematoma expansion 
compared to patients with ICH who are not anti-
coagulated [ 2 ]. It is estimated that approximately 
50 % of warfarin-treated ICH patients will expe-
rience hematoma expansion and of these, nearly 
half will experience a fatal outcome. 

 Each of the target-specifi c oral anticoagulants 
has been tested versus warfarin for their ability to 
prevent stroke and/or systemic embolism in 
patients with atrial fi brillation. In each study, the 
tested dose of TSOAC was associated with a 
lower rate of ICH compared to warfarin. In the 
RE-LY study, intracranial hemorrhage was 
observed in 0.32 %/year of patients treated with 
dabigatran compared to 0.76 %/year in warfarin- 
treated patients [ 3 ]. In the ROCKET-AF study, 
the rates of ICH were 0.8 and 1.2 %/year, respec-
tively, for rivaroxaban and warfarin-treated 
patients [ 4 ]. In the ARISTOTLE study, the rates 
of ICH were 0.33 and 0.8 %/year, respectively, 
for apixaban and warfarin-treated patients [ 5 ]. In 
the ENGAGE-AF study, the rates of ICH were 
0.39 and 0.85 %/year, respectively, for edoxaban 
and warfarin-treated patients [ 6 ]. 

 To minimize the chances of  hematoma expan-
sion  , it is necessary to reverse the anticoagula-
tion. Lowering the INR to ≤1.3 within 2 h has 
been shown to have benefi cial preventative 
effects on hematoma expansion. While anticoag-
ulation due to warfarin can be reversed by the 
administration of vitamin K, this effect takes 
some time as new coagulation factors are being 
synthesized. In cases where emergent reversal is 
necessary, the administration of prothrombin 
complex concentrates to replace active coagula-
tion factors can be used. 

  Agent-specifi c   or mechanism-specifi c rever-
sal agents are not currently available for the 
target- specifi c oral anticoagulants leading to con-
cern about what can be done in cases of overdose 
or in medical emergencies. A variety of 
approaches to reverse anticoagulant activity or 

hemorrhage have been tested using in vitro sys-
tems, ex vivo using blood samples from antico-
agulated subjects, and in vivo using animal 
models and healthy individuals.  

    Activated  Charcoal   

 In cases of purposeful or accidental overdose, or 
when an adverse event occurs shortly after 
TSOAC administration, it may be desirable to 
prevent the anticoagulant from reaching the 
circulation. In an in vitro study, addition of 
 activated charcoal  to solutions of dabigatran 
resulted in a reduction in the concentration of 
free dabigatran in solution [ 7 ], suggesting that 
administration of activated charcoal may be 
effective in preventing dabigatran absorption in 
the case of overdose. Although reports of its 
effectiveness in patients are not available, the 
administration of activated charcoal has been 
recommended for treatment of TSOAC overdose, 
if the anticoagulant was administered within the 
previous 2–3 h.  

    Hemodialysis 

 Dialysis can be used to remove excess concen-
trations of some drugs from the circulation. 
While this would be ineffective for reducing cir-
culating plasma concentrations of rivaroxaban 
and apixaban, owing to their high levels of pro-
tein binding (95 and 87 %, respectively), there is 
some evidence to suggest its benefi t  for   remov-
ing dabigatran, which exhibits a much lower 
level of protein binding. In patients with ESRD 
given a single 50 mg dose of dabigatran, hemo-
dialysis was shown to reduce plasma dabigatran 
concentrations by 60–70 % after 2–4 h of dialy-
sis [ 8 ]. Similar reductions was observed follow-
ing high- fl ux intermittent dialysis in a series of 
patients receiving the standard twice daily 
150 mg dose of dabigatran who were admitted to 
hospital due to life-threatening bleeding [ 9 ]. 
Mean clearance of dabigatran  by   veno-venous 
hemodiafi ltration in a patient presenting with 
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dabigatran overdose was estimated to be 
32–58 ml/h [ 10 ]. A concern with using dialysis 
to remove dabigatran is the  potential for dabiga-
tran levels to rebound after completion of dialy-
sis as drug redistributes to the plasma 
compartment. This has led to a recommendation 
to use prolonged intermittent dialysis or inter-
mittent dialysis followed by continuous renal 
replacement therapy.  

     Nonspecifi c Reversal Agents   

 Since the TSOACs do not yet have specifi c rever-
sal agents, reversal of their activity has focused 
on the off-label use of  prothrombin complex con-
centrates ( PCC )   as factor replacement therapy 
and the use of pro-hemostatic agents such as 
rFVIIa in a variety of experimental paradigms. 
PCCs are a family of human plasma-derived 
products that have been used to treat hemophilia 
and more recently for warfarin reversal. PCCs 
contain varying amounts of coagulation factors 
and are divided into the categories of three factor 
products (containing factors II, IX and X), four 
factor products (containing factors II, VII, IX, 
and X) and activated PCC (containing factors II, 
VIIa, IX and X). In addition to having varying 
relative levels of these factors, some products 
may also contain anticoagulant substances such 
as Protein C, Protein S, Protein Z, antithrombin, 
or added heparin.  Recombinant    FVIIa    
(NovoSeven, Novo Nordisk, Bagsvaerd, 
Denmark) is used clinically to treat and prevent 
bleeding in hemophilic patients and has also been 
tested as a potential reversing agent for target- 
specifi c oral anticoagulants. 

 Evidence to demonstrate that nonspecifi c 
reversal agents can reverse anticoagulation pro-
duced by TSOACs exists on several levels. In the 
simplest system, addition of activated PCC to 
dabigatran- and rivaroxaban-supplemented plas-
mas has been shown to reverse the inhibition of 
thrombin generation.     Supplementation   of acti-
vated PCC was also shown to be more effective 
than PCC or rFVIIa at reversing apixaban- 
induced alterations in thrombin generation and 
fi brin clot structure [ 11 ]. 

    Animal Studies 

 Animal models that are utilized to assess the rela-
tive hemorrhagic potential of anticoagulant drugs 
involve making a standardized wound in treated 
animals and measuring the bleeding time or 
quantitating the amount of blood lost. Such mod-
els have been applied to the question of how to 
reverse TSOAC-induced bleeding. In a mouse 
tail transection model, aPCC or a combination of 
PCC + rFVIIa shortened the dabigatran-induced 
prolongation of bleeding time, but did not reduce 
the total amount of blood lost [ 12 ]. Similarly, in 
rats, dabigatran etexilate resulted in a prolonga-
tion of bleeding time that was reversed by the 
subsequent administration of three factor PCCs, 
four factor PCCs, activated PCC and rFVIIa [ 13 , 
 14 ]. FVIIa effectively reduced rivaroxaban- 
induced bleeding time but not blood loss in a rab-
bit model [ 15 ]. Four-factor PCC has been shown 
to be effective in reducing bleeding following 
liver laceration in dabigatran-treated animals and 
following kidney laceration in rivaroxaban- 
treated animals [ 16 ]. Animal studies have also 
pointed out that stoppage of bleeding following 
administration of PCC  or   rFVIIa did not neces-
sarily correlate with a complete reversal of 
plasma clotting time prolongation. 

 Intracerebral hemorrhage has been modeled in 
mice by intrastriatal injection of collagenase. In 
this model, anticoagulation with either rivaroxa-
ban or dabigatran increased the hematoma vol-
ume compared to that seen in non-anticoagulated 
mice [ 17 ,  18 ]. In rivaroxaban-treated mice, PCC, 
rFVIIa, and fresh frozen plasma administered 
30 min after collagenase treatment prevented 
excess intracerebral hematoma formation. In 
dabigatran-treated animals, PCC was more effec-
tive than fresh frozen plasma and rFVIIa was 
observed to be ineffective at preventing hema-
toma expansion.  

    Humans: Healthy Volunteers 

 Several studies using  healthy human volunteers   
have been carried out which demonstrate the 
ability of PCCs or rFVIIa to reverse  anticoagulant 
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effects of dabigatran and rivaroxaban. In one 
study, blood samples were drawn from volun-
teers 2 h after they had received a single dose 
of either rivaroxaban or dabigatran [ 19 ]. 
Rivaroxaban was observed to prolong the time 
until initiation of thrombin generation and reduce 
the total amount of thrombin formed while dabi-
gatran only prolonged the time until thrombin 
generation began. Supplementation of activated 
PCC or rFVIIa to the plasma samples normalized 
the lag time to thrombin generation initiation. 
Supplementation of either four-factor or acti-
vated PCC normalized the amount of thrombin 
generated. 

 In a randomized double-blind placebo con-
trolled study in 12 healthy volunteers, repeated 
dosing of rivaroxaban or dabigatran prolonged 
clotting time and inhibited thrombin generation 
[ 20 ]. Following the fi fth dose of anticoagulant, a 
single bolus dose (50 IU/kg) of a four-factor 
PCC was infused over 15 min. Serial blood sam-
ples were collected to measure a variety of 
coagulation parameters. Rivaroxaban signifi -
cantly prolonged the prothrombin time and 
inhibited thrombin generation. Both effects 
were rapidly reversed upon administration of 
PCC. The anticoagulant effect of dabigatran was 
observed as prolongations of the aPTT, throm-
bin time and ecarin clotting time. Administration 
of four- factor PCC did not reverse any of the 
prolongations of clotting time. Administration 
of a lower dose of PCC (37.4 IU/kg) was subse-
quently shown to signifi cantly increase throm-
bin generation in healthy volunteers treated with 
rivaroxaban [ 21 ]. 

 One study has been carried out in healthy vol-
unteers using bleeding as an endpoint [ 22 ]. In 
this randomized, double-blind, placebo con-
trolled phase I study, volunteers were anticoagu-
lated with a single oral dose of the factor Xa 
inhibitor edoxaban followed 2 h later by an infu-
sion of one of three doses of four-factor PCC. 
   Thirty minutes after completion of PCC infu-
sion, a punch biopsy was performed. Four-factor 
PCC dose-dependently reversed the effects of 

edoxaban on bleeding duration, bleeding vol-
ume, thrombin generation and prothrombin time 
with a complete reversal of the prolongation of 
bleeding duration, the increase in bleeding vol-
ume, and the inhibition of thrombin generation 
observed at the highest dose of PCC tested 
(50 IU/kg).  

    Humans: Case Reports 

 Currently lacking in the literature are clinical 
studies to demonstrate the effectiveness of 
PCCs or rFVIIa to reverse hemorrhagic effects 
in patients treated with TSOACs. A variety of 
case studies, however, have been reported, 
which demonstrate variable effectiveness of the 
reversal therapies. The usefulness of aPCC 
(administered at doses ranging from 42 to 
100 IU/kg) or PCC (2000 IU) to treat patients 
with potentially life-threatening bleeding 
brought about by dabigatran administration has 
been suggested [ 23 ,  24 ].  

     Guidelines   

 With a lack of clinical trial data to guide the 
usage of nonspecifi c reversal agents, a number 
of authors and professional societies have 
developed algorithms for dealing with bleeding 
brought on by the use of TSOACs [ 25 – 28 ]. 
Each of these strategies incorporates risk strati-
fi cation to target the appropriate intervention. 
For minor to moderate bleeding, these guide-
lines suggest stopping anticoagulation if the 
perceived benefi t of stopping outweighs the risk 
of continuing and using local compression and 
transfusion of blood components as necessary. 
Treatment with nonspecifi c prohemostatic 
agents (PCCs and rFVIIa) or removal of the 
drug by the administration of activated charcoal 
or the use of hemodialysis should be reserved 
for those patients with severe  or   life-threatening 
bleeding.   
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    Future Agents 

 Efforts are being made to develop agents that will 
prevent TSOACs from expressing anticoagulant 
activity rather than trying to overcome the anti-
coagulation as is done with the PCCs and rFVIIa. 
Several more specifi c antagonists are currently 
under development. One of these is a modifi ed 
form of factor Xa (PRT064445;  Andexanet alfa ; 
Portola Pharmaceuticals) which is catalytically 
inactive due to a mutation of the serine residue at 
the active site and also lacks a membrane- binding 
γ-carboxyglutamic acid domain [ 29 ]. This factor 
Xa variant retains its ability to bind to factor Xa 
inhibitors and acts as a decoy by binding direct 
Factor Xa inhibitors or heparin-activated anti-
thrombin and allowing native factor Xa to express 
its hemostatic function. 

    Andexanet alfa 

 In in vitro assays, supplementation of andex-
anet alfa was shown to inhibit anti-factor Xa 
activity induced by a variety of direct factor Xa 
inhibitors. Administration of  andexanet alfa   to 
animals anticoagulated with direct factor Xa 
inhibitors (betrixaban, rivaroxaban, apixaban) or 
antithrombin-dependent factor Xa inhibitors 
(enoxaparin, fondaparinux) was shown to 
reverse the anticoagulant effects measured 
ex vivo, and to reduce blood loss caused by stan-
dardized wounds. 

 Phase III, randomized, double-blind, placebo 
controlled trials are being conducted to assess 
the ability of andexanet alfa to reverse antico-
agulation with rivaroxaban (ANNEXA-R study) 
or apixaban (ANNEXA-A study). The primary 
outcome for these studies is the reversal of anti-
coagulation as assessed by the percent change in 
anti-Factor Xa activity from baseline to nadir, 
with secondary endpoints being plasma levels of 
unbound rivaroxaban or apixaban and the change 
in thrombin generation. Both  studies    have 
shown the effectiveness of a single bolus of 
andexanet alfa to rapidly and signifi cantly 

reverse anticoagulant activity. An additional arm 
in each study to evaluate bolus plus infusion 
dosing of andexanet alfa are ongoing. A phase 4 
open-label study in patients anticoagulated with 
apixaban, rivaroxaban or enoxaparin who pres-
ent with an acute major bleed is being initiated.  

    Idarucizumab 

  Idarucizumab  (BI655075, Boehringer Ingelheim) 
is a humanized antibody fragment that is being 
developed as an antidote for dabigatran. This anti-
body fragment has been shown to reverse dabiga-
tran-induced anticoagulant  activity   when added 
in vitro to dabigatran- supplemented plasma and 
when infused to dabigatran anticoagulated rats 
[ 30 ]. Correlating with this decrease in anticoagu-
lant activity was a decrease in rat tail bleeding 
time. Similarly in a porcine model of blunt hepatic 
trauma, anti- dabigatran Fab was shown to reverse 
dabigatran anticoagulation [ 31 ]. 

 A number of human studies using idaruci-
zumab to reverse dabigatran have been carried 
out or are ongoing. A phase 1 study has indicated 
that onset of action of idarucizumab can be 
detected immediately following a 5 min infusion. 
Administration of idarucizumab to dabigatran- 
treated healthy volunteers restores wound site 
fi brin formation. Safety, tolerability and PK/PD 
of idarucizumab has been investigated in a ran-
domized double-blind, placebo-controlled cross 
over study in healthy subjects and patients with 
mild/moderate renal impairment who were 
treated with dabigatran (220 mg bid or 150 mg 
bid, respectively) for 4 days to achieve steady- 
state anticoagulation. Complete reversal of anti-
coagulation was observed at the end of the 
infusion period. The RE-VERSE AD trial (NCT 
02104947), a Phase 3 case series clinical study, 
will determine the effectiveness of idarucizumab 
to reverse anticoagulation in dabigatran-treated 
patients who present with uncontrolled bleeding 
or who require emergency surgery or procedures. 
The primary endpoint is the maximum reversal 
of anticoagulant effect measured by dilute 
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 thrombin time or ecarin clotting time within 4 h 
of infusion. Secondary endpoints include reversal 
of other anticoagulant parameters, the occur-
rence of intraoperative or 24 h postoperative 
major bleeding in patients undergoing surgery 
 and   the time to cessation of bleeding in patients 
presenting with overt hemorrhage. The study is 
expected to be completed in early 2017. 1   

    Per977 

  Per977  (aripazine, Perosphere, Danbury, CT) is 
a synthetic, positively charged, small molecule 
that has been shown to bind with heparins and a 
wide variety of direct oral anticoagulants includ-
ing rivaroxaban, apixaban, dabigatran and edoxa-
ban via hydrogen bonding or charge-based 
interactions. When administered to animals anti-
coagulated with enoxaparin, dabigatran, rivarox-
aban or apixaban, PER977 was observed to 
inhibit anticoagulant activity as measured by a 
variety of assays (thromboelastography, aPTT, 
anti-Xa) and also reduce the amount of blood lost 
from standardized wounds. The ability of 
 PER977   to reverse the anticoagulant effect of 
edoxaban was tested in a phase I clinical study 
involving 80 healthy volunteers [ 32 ]. When 
PER977 (100 or 300 mg) was administered 3 h 
after edoxaban (60 mg), whole blood clotting 
time was reduced to within 10 % of baseline 
within 10 min. A phase 2 study to evaluate the 
impact of PER977 treatment on re- anticoagulation 
with edoxaban is ongoing.   

    Summary 

 The TSOACs provide interesting alternatives to 
the use of the conventional anticoagulants hepa-
rin and warfarin. While clinical studies have 
shown TSOACs to be at least comparable, and 
sometimes better, in effi cacy, they achieve this 
with some practical benefi ts including fi xed dos-

1   Editor’s note—Subsequent to the initial preparation of 
this chapter, Praxbind® (idarucizumab), was approved by 
the FDA in October 2015 for reversal of dabigatran effect. 

ing and no need for routine monitoring of drug 
levels. Although meta-analyses suggest a lower 
risk for bleeding with TSOAC therapy and simi-
lar levels of total bleeding, there will be times 
when it is desirable or necessary to reverse the 
anticoagulation produced by TSOACs such as 
with overdose, traumatic emergencies, or the 
need for urgent surgery. 

 Heparin and warfarin target multiple sites in 
the hemostatic cascade and offer the benefi t of 
specifi c antagonists—protamine for heparins and 
vitamin K for warfarin. For the time being, the 
pendulum has swung in the opposite direction in 
that while the newer oral anticoagulants are sin-
gle targeting, the means of reversing their activ-
ity has largely encompassed the off-label use of 
nonspecifi c pro-hemostatic agents such as PCCs 
and rFVIIa. 

 The usefulness of PCCs and rFVIIa at revers-
ing the anticoagulant and/or hemorrhagic effects 
of TSOAC treatment has been shown on a num-
ber of levels. Addition of PCCs to plasma that has 
been supplemented in vitro with TSOACs 
reverses the anticoagulant activity. Similar rever-
sals in anticoagulant activity have been observed 
when blood from animals or healthy humans, 
who have been anticoagulated with TSOACs, is 
supplemented ex vivo with PCCs or rFVIIa. The 
ability of nonspecifi c reversal agents to reduce 
hemorrhage has been shown in a variety of ani-
mal models that incorporate standardized wounds 
and in specifi c models of ICH. One important 
point to take away from these studies is that rever-
sal of the hemorrhagic effects does not necessar-
ily correlate with reversal of ex vivo anticoagulant 
activity. In that regard, the mechanism behind the 
PCC effect is not clear. Several possibilities have 
been suggested including an enhancement of pro-
thrombinase complex on the platelet surface and 
an increase in the velocity of thrombin generation 
[ 33 ]. A recent study has demonstrated differential 
effects of PCC, aPCC, and rFVIIa on clot struc-
ture and the rate of fi brin polymerization [ 11 ] 
which may explain some of the differences in the 
effectiveness of TSOAC reversal that have been 
observed in earlier studies. 

 Much less is known about the effectiveness of 
PCCs and rFVIIa in stopping bleeding in patients 
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treated with TSOACs. Here, the evidence is cur-
rently limited to case reports describing experi-
ence with a single patient or a small series of 
patients. Although guidelines have been devel-
oped recommending the usage of PCCs and 
rFVIIa to maintain hemostasis in TSOAC-treated 
patients presenting with serious or life- threatening 
bleeding, the variability in outcomes reported in 
the literature preclude identifying an optimal 
dosing regimen in terms of which product to use 
or the dose to treat with. In the reported case 
studies, the patients described present with differ-
ent levels of anticoagulation, different comorbid 
conditions and adjunctive medications and differ-
ent dosing regimens for the reversal agent(s) used. 

 The use of the nonspecifi c reversal agents is 
also complicated by the need to not tip the hemo-
static balance too far in the opposite direction and 
place the patient in a prothrombotic state, particu-
larly with the use of rFVIIa. Data from animal 
studies suggests the possibility of “over- correcting” 
thrombin generation beyond baseline with the use 
of high doses of PCC, though the impact of such an 
over-correction on patients has not been defi ned. 

 The urgent need for effective TSOAC antago-
nists is highlighted by the FDA’s designation of 
idarucizumab and andexanet alfa as Breakthrough 
Therapies. Such a designation is intended to 
expedite the development and review of drugs 
for serious or life-threatening conditions. 
Promising therapies such as these coupled with 
an enhanced understanding of how PCCs reverse 
TSOAC-induced anticoagulation are expected to 
allow for effective treatment of TSOAC-induced 
hemorrhagic episodes.     
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         Overview of Platelet Function 

 Platelets are small cells without a nucleus that 
have an average life span of 5–9 days. They play 
a crucial role in monitoring the integrity of the 
 vascular endothelium  . Vascular injury initiates a 
series of events that result in rapid protection 
against bleeding, as well as formation of stable 
blood clots via the coagulation cascade. These 
events are: platelet adherence, activation and 
secretion, aggregation, and interaction with coag-
ulation factors. 

 Under normal circumstances, the  vascular 
endothelium   provides a non-adhesive surface for 
platelets via secretion of prostaglandin I 2  and 
nitric oxide. Disruption of the endothelium 
exposes highly thrombogenic, subendothelial 
collagen fi bers. These fi bers bind glycoprotein 
(GP) Ib-IX-V and GP VI receptors on the platelet 
surface via von Willebrand factor ( vWF  ) at sites 
of vascular injury. Platelet interaction with these 
collagen fi bers serves as a surface for platelet 

adhesion, as well as a stimulus for platelet 
 activation. Endothelial disruption also exposes 
tissue factor (TF), which interacts with activated 
factor VIIa to promote local coagulation and 
generate thrombin. 

 At the site of vascular injury, activated 
 platelets produce local platelet activating 
factors (PAF), such as adenosine diphosphate 
(ADP), thromboxane A2 (TXA2), serotonin, and 
 thrombin. TXA2 is produced via conversion of 
arachidonic acid by cyclooxygenase-1 (COX-1) 
and thromboxane synthase. Its release promotes 
vasoconstriction and platelet aggregation. Sero-
tonin, which is released by platelet dense gran-
ules, typically causes vasodilation, but will 
induce vasoconstriction in the setting of dys-
functional endothelium. The effects of ADP are 
mediated through binding of P2Y1 and P2Y12 
platelet surface receptors. Release of ADP from 
activated platelets contributes to platelet recruit-
ment, platelet conformation change via calcium 
ion infl ux leading to increased surface area, 
increased expression of pro-infl ammatory mole-
cules, and activation of GP IIb/IIIa receptors. 
 GP IIb/IIIa receptors   are the most abundant 
receptor on the platelet surface. Upon activation, 
GP IIb/IIIa receptors mediate platelet aggrega-
tion by binding to  vWF   and fi brinogen. Fibrinogen 
is released from platelet alpha granules and forms 
bridges between activated platelets, leading to 
thrombus stabilization and formation of a “white 
clot” [ 1 – 3 ]. 

      Overview, Measurement and 
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  Thrombin   (activated factor IIa) is arguably the 
most potent activator of platelets. It activates 
platelets by binding to PAR-1 receptors and 
forms fi brin through cleavage of fi brinogen. 
Activation of PAR-1 receptors leads to platelet 
shape change, aggregation, and granule secre-
tion. Progression through the coagulation cas-
cade leads to formation of a fi brin-rich red clot 
superimposed on the initial white thrombus.  

    Measuring Platelet Function 

 The assessment of platelet function in patients on 
or off antiplatelet therapy provides physicians 
with an idea of hemostatic effectiveness. It can 
help determine whether or not emergent reversal 
may be required in the setting of hemorrhage or 
emergent surgery. Early means of assessing 
platelet function were limited to a small number 
of unreliable tests with diffi culties in simulating 
hemostasis in vitro. However, since the late 
1980s, advances in laboratory platelet analysis 
have created newer and more reliable methods of 
evaluating platelet function. 

     Bleeding Time   

 Bleeding time, fi rst proposed by Duke in 1910, is 
the fi rst in vivo test of platelet function [ 4 ]. It can 
be used to detect qualitative defects in platelets, 
vascular defects, von Willebrand’s disease, or 
thrombocytopenia. This test has limited clinical 
application due to poor sensitivity and its inva-
sive nature [ 5 – 7 ]. As well, it is impractical to use 
serially and requires experienced operators to 
judge the subjective endpoint of the test. Thus, it 
is rarely used in preoperative assessments of 
platelet function [ 8 ].  

    Platelet  Count   

 Although Platelet count does not provide a direct 
assessment of platelet function, it is still used 
as a fi rst line assessment of a patient’s risk for 
hemorrhagic complications. A goal of at least 

80–100,000/μL is used a threshold to proceed 
with a safe intervention [ 9 ]. Although several 
automated methods have been developed to 
count platelets, the manual count, using phase 
contrast microscopy, is still recognized as the 
gold standard. However, the manual count is 
imprecise, with coeffi cients of variation (CV) in 
the range of 15–25 % [ 10 ]. 

 Automated  cell   counters, although more rapid, 
precise, and reproducible, do have their fl aws. 
These cell counters tend to overestimate the 
platelet count in samples containing cellular 
debris. As well, they tend to underestimate plate-
let count in patients with large platelets, such as 
in immune thrombocytopenia [ 11 ]. The develop-
ment of optical and fl ow cytometric methods 
have greatly improved the accuracy of counting 
methods. Optical cell counters identify platelets 
based on their light scattering properties or via 
fl uorescence following addition of a suitable dye. 
Flow cytometry counters derive the platelet count 
by labeling platelets with a fl uorescent monoclo-
nal antibody, dividing that number with the num-
ber of red blood cell events and multiplying this 
ratio by the red blood cell count. These derived 
platelet counts are much more accurate, with 
CVs of less than 5 % [ 10 ].  

    Platelet  Aggregometry   

  Light transmission aggregometry  (LTA), devel-
oped in the 1960s, is the classic aggregometry 
platelet function test [ 12 ]. This test involves shin-
ing a light through platelet-rich plasma while 
platelet agonists are added. The platelet agonists, 
such as ADP, increase light transmission second-
ary to decreased turbidity of the plasma due to 
induced platelet aggregation. Various platelet 
agonists may be  introduced   at various concentra-
tions and paired with the appropriate antiplatelet 
agents in order to test resistance (i.e., aspirin 
  correlates   with ADP/arachidonic acid/collagen, 
clopidogrel correlates with ADP, GP IIb/IIIa 
inhibitors correlate with ADP/thrombin receptor 
agonists). Although this test is the gold standard, 
it is a labor-intensive, requires technical exper-
tise, its performance is not standardized and it is 
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not widely available. The test itself often 
 underestimates the degree of GP IIb/IIIa inhibi-
tors [ 13 ] and is not sensitive to test microag-
gregates [ 14 ]. This  translates   into relative 
insensitivity for detecting preexisting aggregates 
or monitoring of the early phases of aggregation, 
which may be essential in  studying   patients with 
hyperfunctioning platelets. 

   Whole blood aggregometry    is less labor- 
intensive than LTA. The  Multiplate analyzer  
( Roche Diagnostics International, Rotkreuz, 
Switzerland ) allows platelet aggregation to be 
measured after addition of commonly used ago-
nists. The assay involves stirring whole blood 
samples, anticoagulated with hirudin, between 
two platinum electrodes. This will cause platelets 
to adhere to the electrodes upon the addition of 
agonists, resulting in changes in impedance of 
the circuit. This method is widely used in Europe 
for diagnosing platelet defects, and monitoring 
aspirin and clopidogrel. Unfortunately, this assay 
has poor sensitivity to microaggregates [ 15 ]. 

   Flow cytometry    can be used, not only to count 
platelets, but also to assess platelet function via 
particle size analysis. Using this method, the 
 formation of aggregates of all sizes, including 
micro-aggregates, during the early platelet aggre-
gation phase can be detected with high accuracy. 
Unfortunately, this method is expensive and 
requires some expertise, since disaggregation 
may occur during dilution procedures, if the sam-
ples are not appropriately handled [ 6 ]. 

   Laser platelet aggregometry    is a highly accu-
rate method of detecting small microaggregates, 
involving light scattering. This method can detect 
aggregates as small as two to three platelets, and 
is capable of continuously monitoring aggregate 
formation [ 16 ,  17 ]. Unfortunately, there is little 
widespread experience with the use of this 
method [ 6 ].  

    Point-of-Care (POC) Function  Assays   

 Therapies inhibiting platelet function are com-
monly used to  prevent thrombotic complications   
in patients, such as stent occlusion and/or stroke. 
Three classes of potent antiplatelet agents, which 

will be addressed in another chapter, include 
P2Y12 inhibitors, GP IIb/IIIa inhibitors and 
salicylates. Variation in an individual’s response 
to therapy may be due to genetic variation, drug- 
to- drug interactions, poor general health status 
or noncompliance. Due to this variability in 
response, as well as a need to achieve adequate 
inhibition of normal platelet function in certain 
clinical settings, POC function assays have been 
developed. The goal of POC assays is to assess a 
patient’s response to antiplatelet therapy with 
the potential for guiding dosing or choice of 
 therapeutic agent in the setting of lower or 
nonresponsiveness. 

     Platelet Counting   
  ICHOR Point of Care Hematology Counter, or 
Plateletworks  ( Helena Laboratories, Beaumont, 
TX ) (Fig.  5.1 ), functions as an indirect measure-
ment of platelet function. The assay stimulates 
platelets within anticoagulated whole blood sam-
ples using platelet agonists to induce aggrega-
tion. The ratio between platelet counts in the 
control versus  activated sample is calculated as a 
measure of platelet functionality. This assay is 
easy to use, requiring no sample preparation, and 
has wide availability in clinical laboratories, 
since the only equipment needed is a cell counter 
[ 6 ]. Although clinical experience is limited, 
Plateletworks has been shown to correlate with 

  Fig. 5.1    ICHOR Point of Care Hematology Counter, or 
Plateletworks (Helena Laboratories, Beaumont, Texas)       
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adverse cardiovascular events in patients requir-
ing dual antiplatelet therapy with aspirin and 
clopidogrel [ 18 ].  

    Aggregometry 
  VerifyNow  ( Accumetrics, San Diego, CA ), previ-
ously known as the Ultegra Rapid Platelet 
Function assay, is an assay that provides rapid 
measurement of platelet responsiveness of anti-
platelet therapies (Fig.  5.2 ). It measures increases 
in light transmittance in platelet containing whole 
blood or plasma secondary to platelet aggrega-
tion, much like the LTA. In fact, results of 
 VerifyNow   have been shown to correlate well 
with LTA results [ 19 ]. Different platelet agonists 
are employed depending on which agent is being 
tested. Arachidonic acid is the agonist for aspirin, 
clopidogrel is tested with an ADP activator, and 
GP IIb/IIIa inhibitors are tested with thrombin 
receptor activating peptides (iso-TRAP). Admini-
stration of these agonists induces platelet aggre-
gation on fi brinogen-coated polystyrene beads, 
leading to increased light transmittance. Results 
of these assays indicate what percentage of plate-
let receptors are successfully inhibited by anti-
platelet therapy, with the premise that in order 
to achieve signifi cant clinical effi cacy with anti-
platelet agents, greater than or equal to 80 % 
platelet receptors need to be blocked [ 20 ].

   The aspirin test measures platelet aggregation in 
aspirin reaction units ( ARUs     ). ARU values less than 

550 are consistent with aspirin-induced inhibition 
of platelet function, while values greater than 550 
are inconsistent. The PRU test is a whole blood 
test used to measure P2Y12 receptor blockade. 
Not only does this test employ an ADP agonist to 
activate platelets, but it also uses prostaglandin E1 
(PGE1) to increase intraplatelet cyclo-adenosine 
monophosphate (cAMP) and decrease the activation 
of P2Y1 receptors, making the test more specifi c. 
PRUs less than 194, the lower limit of the reference 
rage (194–418), are highly specifi c for a P2Y12 
inhibitor effect. Documentation of at least a 30 % 
change in reactivity is often recommended prior to 
intracranial stent placement. Very low levels of 
P2Y12  reaction units (PRUs) may be associated 
with increased risk of bleeding. 

 It should be noted that GPIIb/IIIa inhibitors 
might interfere with the aspirin and the PRU test, 
because the activation of GPIIb/IIIa receptors is 
required for fi brinogen-coated microparticles to 
bind platelets and form aggregates. Therefore, 
investigators should wait for platelet function to be 
restored prior to measuring platelet function inhi-
bition using the aspirin or PRU test (Accumetrics, 
San Diego, CA). Of note, the FDA has recalled the 
IIb/IIIa test in 2014 due to concerns in reporting of 
erroneous platelet aggregation unit results [ 9 ]. 
Regardless, VerifyNow can provide useful clinical 
information with its use prior to initiation of anti-
platelet therapy and immediately prior to a planned 
endovascular procedure.  

  Fig. 5.2    Verify Now  
System (Accumetrics, 
San Diego, California)       
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    Simulating Platelet Function In Vitro 
 The  Platelet Function Analyzer  ( PFA-   100    ; 
Siemens Healthcare Diagnostics, Deerfi eld, IL ) 
simulates hemostasis in a blood vessel by expos-
ing platelets, in whole blood, to shear stress 
while in a platelet-agonist coated capillary 
(Fig.  5.3 ). Epinephrine is used as the platelet 
agonist for aspirin therapy and ADP is used as 
the agonist for monitoring P2Y12 receptor inhi-
bition. As platelets are activated and adhere/
aggregate on the capillary walls, time to closure 
of the central aperture (diameter 100 μm) is mea-
sured and reported as a parameter called closing 
time (CT). These assays serve as simulations of 
in vivo platelet physiology, with many of them 
mimicking vessel wall damage and focusing on 
shear- induced platelet activation. The  PFA-100   
has almost completely replaced in vivo bleeding 
time as a global assessment of hemostasis [ 21 ] 
(Fig.  5.3 ).

    This global test of platelet function is simple, 
fast and does not require specialist training. The 
CT may be affected by absolute platelet count, 
levels of von Willebrand factor ( vWF     ) and hema-
tocrit. In fact, PFA-100 has also been used as a 

screening tool for  vWD   and verifying the effects 
of desmopressin in presurgical patients [ 22 ]. 
It has numerous clinical applications, in addition 
to screening for vWD, including identifi cation of 
inherited and acquired platelet defects, moni-
toring antiplatelet therapy, assessing surgical 
bleeding risk and assessing thrombotic risk [ 23 ]. 
The PFA-100 has a high negative predictive 
value. However, due to its lack of specifi city, any 
platelet function defects detected by prolonged 
CT will need to be confi rmed by more specifi c test. 

 The   Clot Signature Analyzer       ( Xylum, 
Scarsdale, NY ) assesses the ability of fl owing, 
non-anticoagulated blood to form hemostatic 
plugs via fi brin formation. The device, a hemo-
statometer, is a closed pressurized tubing system 
through which blood is perfused under physiologic 
conditions. Two holes are punched in the tube to 
initiate the coagulation cascade while the pres-
sure is closely monitored. A measure of bleeding 
time equivalent is the time it takes for a platelet 
and fi brin clot to plug the holes and recover ini-
tial pressure. The activated-clotting time equiva-
lent is the time it takes for the clot to occlude 
the tube, resulting in a drop in distal pressure. 
The whole blood is passed through another tube 
containing collagen fi brils with a time measured 
for collagen-induced thrombus formation suffi -
cient to occlude the tube or result in a 50 % drop 
in pressure [ 24 ]. This assay is not sensitive 
enough to discriminate platelet function under 
conditions of GP IIa/IIIb inhibition. However, it 
is able to detect abnormalities in primary hemo-
stasis and coagulation. 

 The  thrombotic status analyzer  (  TSA      ) test 
involves drawing a whole blood sample through a 
capillary tube, which induces platelet activation 
 and      capillary tube occlusion. This assay allows 
measurement of thrombotic and thrombolytic 
activities in non-anticoagulated blood [ 25 ]. It can 
assess defective or excessive platelet function and 
monitor antiplatelet and thrombolytic therapy. 

  Impact  ( Diamed, Cressier, Switzerland ) 
involves rotation of a cone fi lled with whole 
blood in order to create a high shear stress mim-
icking the intra-arterial environment. Platelet 
adhesion and aggregation on an extracellular 
matrix are then analyzed. This can be used to 

  Fig. 5.3     Platelet   Function Analyzer (PFA-100; Siemens 
Healthcare Diagnostics,    Deerfi eld, Illinois)       

 

5 Overview, Measurement and Point-of-Care Testing of Platelet Function



60

assess platelet function in patients with diabetes, 
thrombocytopenia,  vWD   and thrombotic throm-
bocytopenic purpura [ 26 ].   Impact-R  ( Diamed )   
involves the incubation of a platelet agonist with 
the whole blood sample prior to addition of anti-
platelet agents in order to measure changes in 
surface coverage (Fig.  5.4 ). There was modest 
correlation found between this method and 
LTA. This assay is dependent on hematocrit and 
platelet levels [ 27 ], and clinical experience with 
device is limited.

       Platelet Mediated Thrombin 
Generation 
 Activated clotting time ( ACT     ) is a parameter 
of global platelet function that has been used 
to monitor heparin anticoagulation. Various sys-
tems and tests have been developed, including 
the   HMS Plus Hemostasis Management System    
( Medtronic USA, Minneapolis, MN ) (Fig.  5.5 ), 
the  Hemochron series  ( Keller medical, Bad 
Sodenam Taunus, Germany ) (Fig.  5.6 )  and 
i-STAT Kaolin ACT  ( Abbott Point of Care, Abbott 
Park, IL ) (Fig.  5.7 ). These tests generally operate 
based on the mixing of a whole blood sample 
with a particulate activator, such as kaolin, silica, 
glass or celite. Complete activation is indicated 
when clots form as activated thrombin converts 
fi brinogen to fi brin. The type of activator used 
and the  dose   of heparin given will affect the 
degree of ACT prolongation [ 21 ]. ACT is also 
infl uenced by thrombocytopenia, impaired platelet 

function, hemodilution, low fi brinogen, coagula-
tion factor defi ciencies, and temperature [ 21 ].

      HemoSTATUS  is a test that exploits the ability 
of PAF to accelerate the clot formation of the 
kaolin-ACT [ 28 ]. This test is performed on the 
 HMS plus  system with various cartridges pre-
loaded with increasing concentrations of PAF. A 
clot ratio (CR) is determined for each individual 
patient based on the PAF-accelerated ACT com-
pared to the standard ACT. The patient’s CR is 
compared to the maximal CR, determined from a 
group of normal volunteers, to provide a relative 
measure of platelet function. In the setting of 
platelet dysfunction, higher concentrations of 

  Fig. 5.4    Impact-R (Diamed, Cressier, Switzerland)       

  Fig. 5.5    HMS  Plus   Hemostasis Management System 
(Medtronic USA, Minneapolis, MN)       

 

 

D. Li et al.



61

PAF are required to achieve a comparable 
PAF- accelerated ACT. As well, the maximal CR 
improved after desmopressin and platelet admin-
istration. This test is insensitive to aspirin and GP 
Ib function, but may be useful for monitoring GP 
IIb/IIIa inhibitors [ 29 ]. 

  Thromboelastography  (  TEG      ) (Fig.  5.8 )  or  
  rota tional thromboelastometry  ( ROTEM )   (Fig.  5.9 ) 
are another set of tests measuring the effi ciency 
of blood coagulation (platelet function, clot 
strength and fi brinolysis) by triggering clot for-
mation, followed by computerized  coagulation 
analysis [ 30 ]. As  blood    clots   in an oscillating 
cup, the torque of the cup is transmitted to the 
immersed pin. The computer produces a tracing 
in which the reaction time represents the rate of 

initial fi brin formation, and the maximal ampli-
tude correlates with the absolute strength of the 
clot (Fig.  5.10a, b ). TEG and ROTEM are less- 
specifi c platelet function tests, generally used to 
determine the risk of bleeding and to guide trans-
fusion requirements [ 31 ]. It has been used in 

  Fig. 5.6    Hemochron Signature Elite—whole blood 
microcoagulation system (Keller medical, Bad Sodenam 
Tannus, Germany)       

  Fig. 5.7    i-STAT Kaolin ACT (Abbott Point of Care, 
Abbott Park, IL)       

  Fig. 5.8    TEG ®  5000 Thrombelastograph ®  Hemostasis 
Analyzer system (Haemonetics Corporation, Braintree, 
MA)       

  Fig. 5.9    Rotational )   thromboelastometry (ROTEM) 
point-of-care diagnostics system (Tem International 
GmbH, Munich, Germany)       
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  Fig. 5.10    ( a ) Thromboelastogram interpretation (TEG ® 5000 user manual). ( b ) Thromboelastogram qualitative analysis 
(TEG ® 5000 user manual)       
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various clinical settings, such as surgery and 
anesthesia, but rarely in neuro-interventional 
procedures [ 32 ]. Of note, TEG may be insensi-
tive to samples from patients who have taken 
aspirin [ 33 ].

       Hemodyne    ( Hemodyne Inc, Midlothian, VA ) 
assesses platelet contractile forces (PCF) and clot 
rigidity. It is a simple test that detects the ability of 
platelets to interact with a fi brin network. PCF is 
decreased in thrombocytopenia, various acquired 
and genetic platelet abnormalities, and GP IIb/IIIa 
inhibitors. Overall, this is a nonspecifi c test in 
which low PCF values may predict bleeding 
risk, while higher values predict thrombotic 
 tendencies [ 34 ].  

     Platelet Activation   
 Several tests have been developed to measure 
levels of platelet release products in plasma or 
blood to give an estimate of platelet activation 
in vivo. In particular, measurement of TXA2 may 
be useful in evaluating the effi cacy of drugs 
inhibiting the COX pathway, such as aspirin. 
TXA2 is synthesized by platelets from arachi-
donic acid and is released on activation to amplify 
further platelet activation and recruit additional 
platelets to the site of injury. Although TXA2 has 
a very short half-life, its stable metabolites, 
thromboxane B2 (TXB2) and 11-dehydroxy- 
TXB2, can be measured in blood and urine via 
immunoassays or mass spectroscopy. Measure-
ment of these  metabolites   may be altered by 
platelet activation during sampling.       
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          Review of Aspirin and Clopidogrel 

 It is vital to understand the pharmacokinetic pro-
fi le of antiplatelet agents and the reason why 
patients take the agents. Knowing the reason for 
antiplatelet therapy helps to determine the risks 
of its discontinuation. A patient using antiplatelet 
therapy for primary or secondary prevention of 
 vascular events   will have a lower risk of vascular 
events than a patient who is using antiplatelet 
therapy to prevent stent thrombosis. Depending 
on how long it has been since stent placement, 
the risk of stent thrombosis may outweigh the 
risk of increased bleeding. Knowing the half-life 
of the drug and its metabolite(s) and the time 
required for platelet homeostasis to return after 
antiplatelet discontinuation is important. This 
information determines how far in advance to 
discontinue a drug prior to surgery. If there is still 
delayed platelet inhibition or pharmacologically 
active drug in a patient, they could still be at 
increased risk of bleeding despite having stopped 
the medication. Other studies have been dedi-
cated solely to the pharmacokinetics of aspirin 
and clopidogrel and are widely available, and 

thus the intent of this chapter is to cover the 
important details that relate to the current surgery 
recommendations. 

    Aspirin 

 The antiplatelet effect of aspirin results from  t  he 
irreversible acetylation of an important serine 
moiety of  cyclooxygenase (COX-1)   on the plate-
let. This acetylation impairs the COX-1 medi-
ated synthesis of thromboxane A 2 , which is 
responsible for platelet aggregation and vaso-
constriction [ 1 ]. Figure  6.1  depicts the mecha-
nism of action of antiplatelet agents [ 2 ,  3 ]. 
Despite aspirin having a short terminal half-life 
of 0.4 h before being metabolized to salicylate, 
platelets are rapidly rendered unable to regener-
ate COX-1 and subsequently thromboxane A 2  [ 4 ,  5 ]. 
Although salicylate has a longer half-life than 
aspirin (2.1 h), it does not possess any inhibitory 
effects on platelet COX-1 [ 5 ,  6 ]. No antidote is 
available for aspirin because it binds irrevers-
ibly. Fresh platelets that have not been exposed 
to aspirin must be created to have functioning 
COX-1 and thromboxane A 2  activity. Although a 
platelet’s life span is 7–10 days, some authors 
have claimed it may take 12–14 days for normal 
levels of platelet COX-1 and thromboxane A 2  to 
return [ 7 ,  8 ]. The  mechanism   proposed for the 
extended delay in normalization was that the 
freshly produced platelets were created from 
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megakaryocytes with impaired COX-1 activity 
from prior aspirin exposure [ 7 ]. However, plate-
let aggregation recovers fully in 50 % of patients 
by day 3 and in 80 % of patients by day 4 [ 9 ]. 
Complete platelet function is achieved after 
approximately 7 days [ 8 ]. Recovery may have 
some variability between patients due to the dose 
ingested, bone marrow turnover, and the poten-
tial size of the platelet pool, determined by plate-
let count and patient size [ 10 ].

       Clopidogrel 

  Clopidogrel   is an oral, P2Y 12  receptor inhibitor. 
By irreversibly binding to the P2Y 12  receptor and 
modifying the adenosine diphosphate (ADP) 
receptor site, ADP is unable to bind, which pre-
vents induction of platelet aggregation [ 11 ,  12 ]. 
Clopidogrel is a prodrug and requires hepatic 
activation to produce pharmacological activ-
ity. The antiplatelet effi cacy is variable due to 
genetic variations in genes that are responsible 
for absorption and bio-activation of clopidogrel 

[ 13 ]. Maximum platelet aggregation inhibition 
of 40–60 % is achieved in 3–5 days [ 1 ]. Loading 
doses are often given to achieve therapeutic lev-
els more rapidly [ 14 ]. Maximum platelet inhi-
bition can be achieved within 6 h of a 300 mg 
loading dose [ 15 ]. Platelet inhibition can be 
seen within 2 h of ingestion [ 11 ]. Clopidogrel 
is concerning in surgery because some studies 
have reported carbon 14-labeled clopidogrel to 
have a half-life of >300 h at steady state [ 16 ]. 
However, the half-life of clopidogrel is roughly 
6 h, and the active metabolite has a half- life 
of about 30 min [ 17 ]. Despite the concerning 
half-life of >300 h, normal platelet function 
returns after 7 days of discontinuation [ 18 ]. 
Similar to aspirin, there is no antidote for clopi-
dogrel, which also binds irreversibly. A new 
pool of platelets must be created to replenish 
the platelets that have been irreversibly inhib-
ited by clopidogrel. The week-long inhibition of 
platelet function can be problematic in patients 
who experience trauma or  intracranial hemor-
rhage (ICH)   because increased bleeding could 
 potentially occur. Replenishing the  platelet pool 
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with uninhibited platelets via  platelet transfu-
sions may be the only way to reduce excessive 
bleeding in emergency situations such as trauma 
or ICH.  

    Utility of Aspirin and Clopidogrel 

 Aspirin is used in both primary and secondary 
prevention of atherothrombotic vascular events, 
 myocardial infarction (MI)  , stroke, and vascular 
death. However, the utility of aspirin in primary 
prevention has been questioned [ 19 ]. Clopidogrel 
is often used in conjunction with aspirin in 
patients at high risk for ischemic events [ 20 ]. 
Clopidogrel may also be used for patients with 
allergies or intolerances to aspirin. Aspirin and 
clopidogrel are also used for  dual antiplatelet 
therapy (DAPT)   after stent placement. The dif-
fering mechanisms of platelet inhibition provide 
synergy in helping to prevent stent thrombosis. 
The challenge in prescribing these medications 
lies in balancing their risks and benefi ts. 

 The vascular protection provided by anti-
platelet therapy was clearly demonstrated in a 
2002 meta-analysis of 287 studies  in patients 
( n  = 135,000) at high risk for occlusive  vascular 
events   [ 21 ]. Antiplatelet therapy reduced serious 
vascular events by 22 %, nonfatal MIs by 34 %, 
nonfatal stroke by 28 %, and vascular mortality 
by 15 %. Aspirin was the most commonly inves-
tigated drug in the meta-analysis. The authors 
concluded that aspirin in daily doses of 
75–150 mg appeared to be as effective as larger 
doses of aspirin for long-term treatment. In addi-
tion, clopidogrel could be used as an effective 
alternative for patients who were unable to take 
aspirin. 

 Despite vascular protection benefi ts, anti-
platelet therapy comes with risks. The increased 
risk of bleeding is worrisome with these agents, 
especially in the setting of  neurosurgery   where 
proper hemostasis is essential. One of the pri-
mary diffi culties in determining the bleeding 
risk associated with low dose aspirin is the vari-
able defi nition of “low dose” aspirin therapy. It 
has been defi ned as 75–162 mg daily in the 
CHARISMA trial [ 22 ], 50–325 mg daily by 

Berger et al. [ 23 ], 75–325 mg daily by Mills 
et al. [ 24 ], 75–150 mg daily by Rodríguez et al. 
[ 25 ], 75–100 mg daily by the American College 
of Chest Physicians [ 26 ], and 75 mg daily in the 
SALT trial [ 27 ]. Thus, great attention to detail 
must be used when assessing the risk-reducing 
benefi ts and bleeding risks associated with low 
dose aspirin. 

 A meta-analysis by Serebruany et al. [ 28 ] 
included 51 randomized, controlled trials of 
338,191 patients and divided antiplatelet therapy 
into 6 groups based on drug and dose. The data 
showed there was no difference in  Thrombolysis 
in Myocardial Infarction (TIMI)   major bleeds 
between the aspirin <100 mg daily group (1.7 %, 
95 % CI [1.4–1.9 %]) and the aspirin 100–325 mg 
daily group (1.7 %, 95 % CI [1.5–1.85 %]). There 
was an increase in TIMI major bleeds in the aspi-
rin >325 mg daily group (2.5 %, 95 % CI [1.7–
3.3 %]) vs. the aspirin 100–325 mg daily group 
(1.7 %, 95 % CI [1.5–1.85 %]), but no  P  value 
was calculated. When looking at total bleeds 
(both major and minor), aspirin <100 mg daily 
was the safest option (3.6 %, 95 % CI [3.3–
3.9 %]). Aspirin 100–325 mg daily and aspirin 
>325 mg were much more problematic in regard 
to total bleeds (9.1 %, 95 % CI [8.7–9.4 %] and 
9.9 %, 95 % CI [8.4–11.4 %], respectively). It 
appears there is no difference in major bleeding 
between aspirin <100 mg daily and aspirin 100–
325 mg daily, while doses >325 mg daily may 
lead to increased bleeding. For all bleeds, aspirin 
<100 mg daily was the safest while 100–325 mg 
daily and >325 mg daily were similar for total 
bleeds. For  neurosurgery   patients who need to be 
on aspirin, less than 100 mg daily is likely the 
safest option. 

 The rates of bleeding for clopidogrel use 
were less clear in the Serebruany et al. meta-
analysis. Major bleeds were recorded in patients 
taking thienopyridines—a major bleeding rate 
of 2.1 % (95 % CI [1.9–2.3 %]). For total 
bleeds, the rate of bleeding was 8.5 % (95 % CI 
[8.1–8.8 %]) [ 28 ]. No  P  values were reported 
between aspirin and clopidogrel. However, 
given the increase in both major and total 
bleeds, it appears reasonable to use aspirin over 
clopidogrel whenever possible especially when 
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one antiplatelet agent must be used for preven-
tion of stent thrombosis during surgery.   

    Perioperative Use of Antiplatelet 
Agents 

 There are two primary concerns with antiplatelet 
therapy in the perioperative setting: continued 
use of antiplatelet agents during surgery could 
lead to increased bleeding during surgery and 
discontinuation of antiplatelet agents could result 
in the occurrence of vascular complications. A 
review by Korte et al. [ 29 ] reported that several 
studies showed an increase of bleeding and trans-
fusion of blood products with the perioperative 
use of aspirin. However, there is a lack of studies 
that have investigated the use of aspirin in  neuro-
surgery  . A meta-analysis by Burger et al. [ 30 ] 
reported that aspirin at relatively higher doses 
possibly increased the risk of bleeding-related 
fatalities, and relatively “low-dose aspirin neither 
increases the level of the severity of bleeding 
complications nor the perioperative mortality 
because of bleeding complications.” Palmer and 
colleagues reported that aspirin was not associ-
ated with any bleeding fatalities [ 31 ]. But they 
reported that the combination of such agents with 
certain pathologies may lead to an increased risk 
of postoperative hematomas. It is unclear if age, 
reason for fi rst surgery, or other patient charac-
teristics contributed to postoperative hematomas. 
Also, anticoagulants were not excluded, and it is 
unclear how many patients may have been on 
both  anticoag  ulants and aspirin. 

 Suddenly discontinuing antiplatelet therapy 
can result in a  rebou  nd effect. There is a tempo-
rary period of increased thromboxane A 2  produc-
tion and decreased fi brinolysis, which leads to 
increased prothrombotic activity [ 32 – 34 ]. A pro-
spective study reported that patients who had 
recently discontinued aspirin, primarily for elec-
tive surgery, were responsible for 5.4 % of all 
patients admitted for  acute coronary syndrome 
(ACS)   [ 35 ]. The average time for ACS onset after 
aspirin withdrawal was 12 days. Recent aspirin 
withdrawers (patients who discontinued aspirin 
within 3 weeks prior to ACS) had signifi cantly 

higher rates of death or myocardial infarction 
(21.9 % vs. 12.4 %,  P  = 0.04) and bleeding com-
plication (13.7 % vs. 5.9 %,  P  = 0.03) than 
patients who discontinued aspirin earlier than 3 
weeks prior to ACS. Retrospective studies have 
also seen increases in number of cardio vascular 
events   ranging from 2.3 to 6.1 %. The timing 
from aspirin withdrawal and incidence of cardio-
vascular events was on average 8.5 days for ACS, 
14.3 days for stroke, and 25.8 days for peripheral 
vascular events [ 36 – 38 ]. 

 A meta-analysis of 50,279 patients taking 
aspirin for secondary prevention reported a three-
fold increase (OR = 3.14) in major cardio vascular 
events   in aspirin withdrawers compared to those 
who remained on aspirin therapy [ 39 ]. The risk 
was even greater in patients with coronary stents 
(OR = 89.78). The average time from aspirin dis-
continuation to a thrombotic cardiovascular event 
was 10.7 days. The authors concluded that aspi-
rin withdrawal in patients with ischemic heart 
disease or other apparent cardiovascular disease 
was associated with obvious, prognostically 
adverse consequences. They recommended only 
discontinuing aspirin therapy if the risk of bleed-
ing far surpassed the risk of atherothrombotic 
consequences. 

 Clearly, there are risks associated with both the 
continued use of antiplatelet agents during sur-
gery and the discontinuation of antiplatelets prior 
to surgery. Although it is likely that aspirin and 
other antiplatelet agents may lead to increased 
bleeding in  neurosurgery  , the real risk has not 
been determined. The high risk and consequences 
associated with excessive bleeding in a closed 
system have led researchers to rely on the results 
of continued aspirin use in other surgical studies. 
Guidelines for antiplatelet use in  neurosurgery   
are also scarce. The guidelines for the periop-
erative use of antiplatelet agents typically come 
from The American College of Chest Physicians 
(CHEST), The American College of Cardiology 
(ACC), The American Heart Association (AHA), 
and The American Stroke Association (ASA), 
although they do not specifi cally address neuro-
surgery. The guidelines are clearer for patients 
who are on antiplatelet therapy and have planned 
surgery than for patients on antiplatelet therapy 
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who require  immediate surgery due to trauma or 
spontaneous ICH. 

 Patients who require antiplatelet therapy for 
prevention of stent thrombosis pose a challenging 
dilemma because the risk of stent thrombosis may 
outweigh the risk of  bl  eeding even during  neuro-
surgery  . The type of stent used is also important. 
Bare metal stents are fully endothelialized in 4–6 
weeks, however, drug-eluting stents require up to 
a year. The highest risk of thrombosis occurs dur-
ing the endothelialization, and the risk is further 
increased when antiplatelet therapy is abruptly 
discontinued [ 40 ]. The 2014 ACC/AHA guide-
lines are very specifi c to patients with a previous 
percutaneous coronary intervention (PCI) and 
stent placement because they include both timing 
to surgery and antiplatelet use [ 41 ]. For timing of 
elective non- cardiac surgery in patients with pre-
vious PCI, the ACC and AHA made the following 
recommendations [ 41 ]: 

   Class I 
   1.    “Elective non-cardiac surgery should be delayed 

14 days after balloon angioplasty ( Level of 
Evidence:  C) and 30 days after  bare metal stent 
(BMS)   implantation. ( Level of Evidence:  B)”   

   2.    “Elective non-cardiac surgery should be opti-
mally delayed 365 days after  drug-eluting stent 
(DES)   implantation. ( Level of Evidence:  B)”    

  Class IIa 
   1.    “In patients in whom non-cardiac surgery is 

required, a consensus decision among treating 
clinicians as to the relative risks of surgery 
and discontinuation or continuation of anti-
platelet therapy can be useful. ( Level of 
Evidence : C)”    

  Class IIb 
   1.    “Elective non-cardiac surgery after DES 

implantation may be considered after 180 
days if the risk of further delay is greater than 
the expected risks of ischemia and stent 
thrombosis. ( Level of Evidence : B)”    

  Class III: HARM 
   1.    “Elective non-cardiac surgery should not be per-

formed within 30 days after BMS implantation 
or within 12 months after DES implantation in 

patients in whom  dual antiplatelet therapy 
(DAPT)   will need to be discontinued periopera-
tively. ( Level of Evidence : B)”   

   2.    “Elective non-cardiac surgery should not be 
performed within 14 days of balloon angio-
plasty in patients in whom aspirin will need to 
be discontinued perioperatively. ( Level of 
Evidence : C)”    

  In addition to timing, the agent used can also 
infl uence the risk of bleeding. As stated before, 
clopidogrel may be associated with higher rates 
of bleeding and reversal of platelet inhibition 
occurs at a slower rate than with aspirin [ 9 ,  18 , 
 28 ]. It is not surprising that the guidelines devel-
oped by the ACC and the AHA favor aspirin over 
clopidogrel. For the antiplatelet agent used in the 
perioperative setting, they made the following 
recommendations [ 41 ].

  Class I 
   1.    “In patients undergoing urgent non-cardiac 

surgery during the fi rst 4–6 weeks after BMS 
or DES implantation, DAPT should be contin-
ued unless the relative risk of bleeding out-
weighs the benefi t of the prevention of stent 
thrombosis. (Level of Evidence: C)”   

   2.    “In patients who have received coronary stents 
and must undergo surgical procedures that 
mandate the discontinuation of P2Y 12  platelet 
receptor-inhibitor therapy, it is recommended 
that aspirin be continued if possible and the 
P2y 12  platelet receptor be restarted as soon as 
possible after surgery. (Level of Evidence: C)”   

   3.    “Management of the perioperative antiplatelet 
therapy should be determined by a consensus 
of the surgeon, anesthesiologist, cardiologist, 
and patients, who should weigh the relative 
risk of bleeding with that  of   stent thrombosis. 
(Level of Evidence: C)”    

  Class IIb 
   1.    “In patients undergoing nonemergency/non- 

urgent non-cardiac surgery who have not had 
previous coronary stenting, it may be reason-
able to continue aspirin when the risk of 
potential increased cardiac events outweigh 
the risk of increased bleeding. (Level of 
Evidence: B)”    
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  Class III: No Benefi t 
   1.    “Initiation or continuation of aspirin is not 

benefi cial in patients undergoing elective non- 
carotid surgery who have not had previous 
coronary stenting (Level of Evidence: B), 
unless the risk of ischemic events outweighs 
the risk of surgical bleeding. (Level of 
Evidence: C)”    

  These recommendations could apply for 
patients taking aspirin for primary and secondary 
prevention of cardiovascular events because their 
recommendations rely on the risk vs. benefi t of 
antiplatelet therapy. In neurosurgery, it is unlikely 
that the risk of cardiac events will outweigh the 
risk of bleeding, especially in patients without 
stents. In the 2012 CHEST supplement to The 
Antithrombotic Therapy and Prevention of 
Thrombosis Evidence-Based Clinical Practice 
Guidelines [ 26 ], a review of primary stoke preven-
tion with aspirin, there was no signifi cant reduc-
tion in number of strokes including nonfatal 
ischemic and hemorrhagic strokes in low, moder-
ate, or high cardiovascular risk patients. The 
CHEST guidelines were similar to the ACC/AHA 
guidelines, however, they specifi cally mentioned 
secondary prevention: “For patients with estab-
lished CAD including patients after the fi rst year 
post-ACS and/or with prior CABG surgery: We 
recommend long-term single antiplatelet therapy 
with aspirin 75–100 mg daily or clopidogrel 75 mg 
daily over no antiplatelet therapy (Grade 1A). We 
suggest single over dual antiplatelet therapy with 
aspirin plus clopidogrel (Grade 2B)” [ 26 ]. 

 Once again, risk vs. benefi t applies to these 
recommendations.  In the setting of    neurosurgery    , 
discontinuation is likely the right decision nearly 
every time . The risk of increased bleeding is more 
dangerous than the risk of a cardiovascular event 
while on the short discontinuation from antiplate-
let therapy during surgery. The patients who 
experienced increased  vascular events   had dis-
continued aspirin and had remained off therapy. 
Patients who must take a short antiplatelet ther-
apy hiatus for surgery may not see an increase in 
vascular events because resuming therapy may 
counteract the time of increased prothrombotic 
activity. The average time to  vascular events   after 

discontinuing antiplatelet therapy ranged from 
8.5 to 25.8 days [ 35 – 39 ]. Patients would likely 
discontinue antiplatelet therapy for only 5–7 
days, depending on the agent, prior to surgery 
and resume therapy shortly after surgery. 
Initiation of antiplatelet therapy would likely 
occur before the average time of increased  vascu-
lar events  . Quickly reinitiating antiplatelet ther-
apy after surgery may prevent the occurrence of 
these vascular events. 

 As the guidelines recommend, timing of elec-
tive surgeries in patients with stents is important. 
In patients at high risk for surgical bleeding, 
P2Y 12  platelet receptor inhibitors should be dis-
continued, however, aspirin should be continued 
throughout surgery. The P2Y 12  platelet receptor 
inhibitor should be resumed as soon as possible 
after surgery. The management of the patient’s 
antiplatelet therapy should be carefully discussed 
between the cardiologist, neurosurgeon, anesthe-
siologist, patient, and pharmacist. Pharmacists 
can provide a wealth of knowledge about mecha-
nism of action, half-life, time form discontinua-
tion to platelet normalization, and possible 
alternative options in the perioperative setting. 
Aspirin is the drug of choice when the patient 
must remain on one antiplatelet agent during sur-
gery. Any antiplatelet medications discontinued 
prior to surgery should immediately be restarted 
once the patient is out of surgery and stabilized.  

    Does Antiplatelet Therapy Increase 
the Risk of Hematoma Expansion? 

  Thrombocytopenia and coagulopathy are com-
mo  n after traumatic brain injury and the occur-
rence of these abnormalities increases as severity 
of injury increases [ 42 ]. Potentially exacerbating 
hematoma expansion is the use of antiplatelet 
agents prior to head injury. The limited number 
of platelets remaining in the thrombocytopenic 
patient could potentially be irreversibly inacti-
vated by aspirin or clopidogrel, leading to a fur-
ther inability to prevent excessive bleeding. 

 The primary concern with  hematoma   expan-
sion is its direct link to increased morbid-
ity and mortality [ 42 – 47 ]. Some studies have 

N. Bowen and S.A. Mousa



71

 associated anticoagulants, specifi cally warfa-
rin, with increased hematoma expansion and 
mortality [ 43 – 45 ,  47 ,  48 – 50 ,  51 ]. It is reason-
able to question if antiplatelet therapy would 
also have a similar association. Unfortunately, 
the data is less clear. The 2010 AHA and ASA 
guidelines developed for patients suffering ICH 
recommended warfarin reversal in INR-elevated 
patients [ 52 ]. They also  re  commended replace-
ment therapy for severe coagulation factor defi -
ciency patients. However, no recommendations 
regarding the reversal of antiplatelet therapy 
were provided because of limited and confl ict-
ing studies. When closely inspected, there is 
no surprise why there are no guidelines writ-
ten based on the studies that have investigated 
the effect of antiplatelet therapy on hematoma 
expansion. There were large variations between 
studies as far as the defi nition of hematoma 
expansion, the inclusion window from symp-
tom onset to hospital admission, and time from 
symptom onset until fi rst computed tomography 
(CT) scan. Several studies contained signifi cant 
fl aws in data recording, lack of patient demo-
graphics, and poor study design. In the defense 
of some of these studies, the researchers were 
assessing other factors or agents besides anti-
platelets on hematoma expansion and decided 
to include an analysis of their patients on anti-
platelet therapy. Another common issue was that 
several studies failed to exclude patients who 
were on prior anticoagulants. Failing to exclude 
these from the study contaminates the results 
because anticoagulants are known to contribute 
to hematoma expansion and increase mortality. 
It would have been prudent to exclude warfarin 
from the studies because warfarin is well known 
to increase bleeding. Exclusion is particularly 
important in the studies that are directly investi-
gating the effect of antiplatelet agents on hema-
toma expansion. Table  6.1  is a summary of some 
of the most substantial and relevant studies on 
the impact of antiplatelet therapy on hematoma 
expansion.

   Flibotte and colleagues [ 53 ] were primarily 
assessing the risk of hematoma expansion and 
mortality in patients on  warfarin  , and determined 
that 40 % of the study population was on 

 antiplatelets (more than were on warfarin). 
Although  this   study supports that antiplatelet 
therapy does not increase hematoma expansion, 
its limitations were a small sample size, contami-
nation of results with data from patients on war-
farin, and a lack of patient demographics. It was 
also unclear how many patients on antiplatelet 
therapy were also on warfarin. 

 Saloheimo and colleagues [ 54 ] did not report 
the exact time to fi rst CT scan after symptom 
onset in their study. The fi rst CT imaging was 
done in 73 % (32/44) of aspirin users and 70 % 
(97/138) of non-aspirin or warfarin users on day 
one of symptom onset. However, large variations 
can occur between groups because hematoma 
expansion occurs early and rapidly. Thus it is 
prudent to include time to fi rst CT scan because 
most expansion occurs within 6 h of symptom 
onset. Although aspirin users had the smallest 
median volume of ICH (16 mL) compared with 
non- aspirin and warfarin users (20 mL), there 
was no signifi cant difference in median volume 
between nonusers and aspirin users. The study 
did not fi nd an association between aspirin and 
hematoma enlargement. However, the exclusion 
of numerous deaths and emergent surgeries in a 
small population may have accounted for lack of 
signifi cance because these patients did not have a 
second CT. Only 56.5 % (78/138) of nonusers of 
aspirin or warfarin and 47.7 % (21/44) of aspirin 
users received a second CT scan. Age and comor-
bid conditions may also have impacted the results 
of the study because aspirin users were older than 
non-aspirin or warfarin users. 

 Toyoda and colleagues [ 55 ] recorded both the 
agent and dose of the antiplatelet for the three 
agents used at various doses  and   combinations. 
Of the 57 patients on antiplatelet therapy, 33 were 
included in calculating the infl uence of antiplate-
let therapy on hematoma enlargement. Patients 
who were excluded from the analysis had died 
( n  = 4) or required surgery ( n  = 20); the study may 
have been underpowered. A greater percentage of 
the patients in the antiplatelet group were over 70 
years of age, had suffered more symptomatic 
ischemic strokes, and had higher rates of diabetes 
mellitus and heart disease than those patients not 
on antiplatelet agents. 
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   Table 6.1    Studies on the role of  antiplatelet therapy (APT)   on hematoma expansion   

 Study  Population 

 APT agents + 
daily dose (mg) a  + 
no. of patients (n) 

 ACT excluded? 
If not, no. of 
patients on ACT  Results 

 Flibotte 2004  183 patients 
 <72 h of symptom 
onset prior to hospital 
admission and CT 
scan evidence of 
non-traumatic ICH 

 None specifi ed  No; study 
designed to 
determine risk 
of hematoma 
expansion in 
W patients 

 APT not associated with increased 
initial hematoma volume, APT use 
34.8 mL ± 40.5 mL vs. non-APT use 
35.4 mL ± 38.7 mL,  P  = 0.92 
 APT not associated with hematoma 
expansion OR 0.42, 95 % CI 
[0.12–1.46] 

 Saloheimo 
2005 

 44 ASA patients 
 CT evidence of ICH 
or death record 
confi rming ICH 
 Control group = 138 
patients not on ASA 
or W with CT 
evidence of ICH or 
death record 
confi rming ICH 

 ASA median 
dose 250 (range 
50–500) 

 No 
 W users had 
their own 
group ( n  = 26) 

 No difference in hematoma 
expansion between non-ASA users 
(8 % [6/78]) and ASA users (19 % 
[4/21], no  P  value provided 
 Signifi cant increase in mean 
enlargement of hematomas by 
percentage in ASA users 
(12.8 % ± 22.6) vs. non-ASA users 
(4.8 % ± 16.1),  P  = 0.006 

 Toyoda 2005  57 patients 
 on APT with 
non-traumatic ICH 
hospitalized within 
24 h of stroke onset 
 Control group = 194 
patients not on APT 
with non-traumatic 
ICH hospitalized 
within 24 h of stroke 
onset 

 ASA 81 ( n  = 15) 
 ASA 100 ( n  = 16) 
 ASA 162 ( n  = 1) 
 ASA 200 ( n  = 1) 
 T 100 ( n  = 2) 
 T 200 ( n  = 9) 
 T 300 ( n  = 1) 
 Cilostazol 100 
( n  = 3) 
 ASA 100 + T 
100 ( n  = 2) 
 ASA 81 + T 200 
( n  = 5) 
 ASA 100 + 
cilostazol 100 
( n  = 1) 
 T 200 + 
cilostazol 200 
( n  = 1) 

 Yes  Hematoma enlargement >40 % 
within 2 hospital days was greater in 
patients on APT (27 % [9/33]) vs. 
patients not on APT therapy (8 % 
[12/147]),  P  < 0.005 
 On multivariate analysis, APT was 
associated with hematoma 
enlargement OR 7.67, 95 % CI 
[1.62–36.4],  P  = <0.01 
 Multivariate analysis of the 31 
patients on ASA 81–100 mg and the 
194 patients not on APT showed 
that ASA was an independent 
predictor of hematoma enlargement, 
OR 5.81, 95 % CI [1.01–33.3], no  P  
value provided 

 Sorimachi 
2007 

 8 patients 
 hematoma 
enlargement ≥20 % 
 180 patients 
 no hematoma 
enlargement ≥20 % 

 Hematoma 
enlargement 
group ASA 80 or 
100 ( n  = 5, 1 also 
on W) 
 No hematoma 
enlargement no 
ASA dose 
specifi ed, 
( n  = 14) 

 No 
 Hematoma 
enlargement 
group ( n  = 1 on 
W alone,  n  = 1 
on ASA + W) 
 No hematoma 
enlargement 
group ( n  = 14) 

 Hematoma expansion ≥20 %, 
observed in 26.3 % (5/19) of 
patients on ASA therapy 

(continued)
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Table 6.1 (continued)

 Study  Population 

 APT agents + 
daily dose (mg) a  + 
no. of patients (n) 

 ACT excluded? 
If not, no. of 
patients on ACT  Results 

 Toyoda 2008  180 patients on APT 
 hospitalized within 
24 h of non-traumatic 
ICH 
 Control group=738 
patients not on APT or 
ACT hospitalized 
within 24 h of 
non-traumatic ICH 

 ASA 81 ( n  = 62) 
 ASA 100 ( n  = 41) 
 ASA other doses 
( n  = 5) 
 T 100 ( n  = 9) 
 T 200 ( n  = 29) 
 T 300 ( n  = 3) 
 Cilostazol 100 
( n  = 3) 
 Cilostazol 200 
( n  = 3) 
 Various other 
single agents 
( n  = 6) 
 DAPT (mainly 
ASA 81 and T 
100) ( n  = 19) 

 No 
 W users were 
in a separate 
study group 

 APT associated with increase in 
hematoma expansion, OR adjusted 
for age and sex: 1.71, 95 % CI 
[1.04–2.81],  P  = 0.036 
 APT associated with increase in 
hematoma expansion, multivariate 
adjusted odds ratio: 1.92, 95 % CI 
[1.10–3.34],  P  = 0.022 
 Multivariate analysis showed APT 
did not increase the risk of large 
hematomas 
 ASA alone associated with increase 
in hematoma expansion, OR 
adjusted for age and sex: 1.80, 95 % 
CI [1.02–3.17],  P  = 0.044 
 ASA alone associated with increase 
in hematoma expansion, 
multivariate adjusted OR: 1.99, 
95 % CI [1.05–3.79],  P  = 0.035 

 Moussouttas 
2009 

 17 patients on APT 
with a spontaneous 
supratentorial ICH 
diagnosed within 6 h 
of onset and a 
follow-up CT ~48 h 
later 
 Control group = 53 
patients not on APT 
with a spontaneous 
supratentorial ICH 
diagnosed within 6 h 
of symptom onset and 
a follow-up CT ~48 h 
later 

 ASA ( n  = 15) 
 C ( n  = 2) 
 No doses 
specifi ed 

 Yes  Antiplatelet therapy not a predictor 
of ICH expansion >25 %, >33 % or 
>50 %,  P  = 0.81, 0.93, 0.64, 
respectively 
 No difference in initial CT scan 
volume (mL) between APT patients 
(13.8 ± 11.4) vs. non-APT patients 
(19.2 ± 15.4),  P  = 0.25 
 No difference in second CT scan 
volume (mL) between APT patients 
(21.5 ± 24.6) vs. non-APT patients 
(24.6 ±25.1),  P  = 0.50 
 No difference in hematoma 
expansion (mL) between APT users 
(7.7 ± 22.7) vs. non-APT users 
(5.5 ± 14.3),  P  = 0.94 
 No difference in hematoma 
expansion (%) between APT users 
(110.4 ± 363.4) vs. non-APT users 
(20.8 ± 47.9),  P  = 1.0. 

 Sansing 2009  70 patients on APT 
with CT diagnosis of 
ICH within 6 h of 
symptom onset 
 Control group = 212 
patients not on APT 
with CT diagnosis of 
ICH within 6 h of 
symptom onset 

 ASA ( n  = 56) 
 C ( n  = 5) 
 D ( n  = 1) 
 ASA + C ( n  = 3) 
 ASA + D ( n  = 2) 
 Trifl usal ( n  = 2) 
 Indobufen ( n  = 1) 
 No doses 
specifi ed 

 Yes  The relative risk with any hematoma 
expansion in APT patients was 0.85, 
UCI = 1.03,  P  = 0.16 
 No difference in initial ICH volume 
in patients on APT (median [IQR]: 
13.1 [7.9–27.3]) vs. patients not on 
APT (median [IQR]: 15.7 [7.9–
31.4]),  P  = 0.037 
 No difference in percentage of 
patients with ICH growth >33 % in 
APT patients (24.2 %) vs. non-APT 
patients (26.2 %),  P  = 0.75 
 No difference in percentage of 
patients with any ICH growth in 
APT patients (59.1 %) vs. non-APT 
patients (67.3 %),  P  = 0.18 
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Table 6.1 (continued)

 Study  Population 

 APT agents + 
daily dose (mg) a  + 
no. of patients (n) 

 ACT excluded? 
If not, no. of 
patients on ACT  Results 

 Yildiz 2011  52 patients on APT 
with CT diagnosis of 
ICH within 12 h of 
symptom onset and a 
follow up CT 72 h 
later 
 Control group = 101 
patients not on APT 
with diagnosis of ICH 
and a CT within 12 h 
of symptoms and a 
follow-up CT 72 h 
later 

 ASA ( n  = 49) 
 C ( n  = 1) 
 ASA + C ( n  = 2) 
 No doses 
specifi ed 

 Yes  APT patients had hematoma 
expansion 42.9 % (15/35) vs. 
non-APT patients 17.5 % (10/57), 
 P  < 0.01 
 More APT patients had hematoma 
expansion (42.9 % [15/35]) vs. 
non-APT patients (17.5 % [10/57]), 
 P  < 0.01 
 APT patients had more increase 
between baseline and follow-up 
hematoma volume (3.6 mL [median 
IQR: 0.3–14.3]) vs. non-APT 
patients (0.0 mL [median IQR: 
0.0–5.7]),  P  < 0.01 

 Fabbri 2013  201 patients with 
mild, moderate or 
severe head trauma 
that worsened on 
 follow-up head CTs 
 Control group = 1357 
patients with mild, 
moderate, or severe 
head trauma with 
stable or improved 
follow-up head CTs 

 Study 
group = 106 on 
APT 
 Control 
group = 431 on 
APT 
 ASA = 439 
 (usual dose 
100 mg daily) 
 T ( n  = 69) 
 C ( n  = 28) 
 No doses 
specifi ed for T 
and C 

 No  APT patients at increased risk of 
worsening CT vs. those not treated, 
RR 2.09, 95 % CI [1.63–2.71] 
 In mild head trauma, APT increased 
risk of worsening CT in patients 
with ≤2 lesions vs. no APT, RR 
1.86, 95 % CI (1.06–3.30),  P  = 0.032 
 In mild head trauma, APT increased 
risk of worsening CT in patients 
with ≥3 lesions vs. no APT, RR 
3.34, 95 % CI (1.74–6.40),  P  = 0.003 
 In moderate-severe head trauma, 
APT increased risk of worsening CT 
in patients with ≤2 lesions vs. no 
APT, RR 1.72, 95 % CI (1.21–2.45), 
 P  = 0.002 
 In moderate-severe head trauma, 
APT increased risk of worsening CT 
in patients with ≥3 lesions vs. no 
APT, 33 %, [13/39] vs. 22.7 % 
[15/66], no RR or P calculated 
 Neurosurgical intervention was 
required more often in APT patients 
(21.2 %) vs. non-APT patients 
(11.2 %), RR 1.90, 95 % CI 
(1.35–2.66),  P  < 0.001 

   a Daily dose 
  ACT  anticoagulant therapy,  APT  antiplatelet therapy,  ASA  aspirin,  C  clopidogrel,  CT  computed tomography,  D  dipyri-
damole,  DAPT  dual antiplatelet therapy,  ICH  intracerebral hemorrhage,  IQR , interquartile range  OR  odds ratio,  T  ticlop-

idine,  UCI  upper limit of confi dence interval,  W  warfarin  

 Despite using a smaller increase in percentage 
(≥20 %) to defi ne increase in hematoma expan-
sion compared to other studies, Sorimachi and 
colleagues [ 56 ] found eight patients who experi-
enced hematoma expansion. They found that 
hematoma expansion occurred in 26.3 % of the 

patients on antiplatelet agents prior to the ICH, 
which might be due to warfarin. 

 An excellent 2008 study by Toyoda and col-
leagues [ 57 ] investigated the role of antiplatelet 
therapy on hematoma expansion. They included 
a very specifi c defi nition of hematoma expansion 
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and included the specifi c dose of each agent used. 
There were detailed patient demographics and a 
multivariant adjustment based on risk factors and 
comorbidities. The authors prevented contamina-
tion of the data with warfarin by creating separate 
categories for  ant  iplatelet agents, warfarin, and 
for patients on both antiplatelet agents and warfa-
rin. The authors also recorded time from symp-
tom onset to fi rst CT scan, in which there was no 
difference between the control group and the 
antiplatelet group. One of the best aspects of the 
study was that the antiplatelet groups were dif-
ferentiated into three groups: aspirin alone, anti-
platelet agent other than aspirin, and dual 
antiplatelet agents. Multivariate- adjusted analy-
sis was done on these groups to provide the best 
analysis on this highly controversial topic. The 
study limitations were reported as the study being 
retrospective and that hematoma expansion was 
not assessed in every patient because some 
patients died or received surgery before a second 
CT scan. This likely reduced the reported number 
of patients experiencing hematoma expansion. 
Despite these limitations, this study was one of 
the most carefully designed and well reported 
studies to date in analyzing the effect of anti-
platelet therapy on hematoma expansion. One 
possible disadvantage is that the study population 
may be homogenous because the study was con-
ducted in Japan. 

 Moussouttas and colleagues [ 58 ] recorded 
time to fi rst CT scan, time between initial and 
second CT, as well as hematoma volumes and 
changes. Patient demographics were included, 
however, hypertension was the only comorbidity 
included. It is impossible to determine if any fac-
tors besides age and hypertension may have con-
tributed to the results of the study. The main 
disadvantage of the study is that it was likely 
unpowered because the study consisted of 70 
patients, of which only 17 were on antiplatelet 
therapy. 

 Data from the prospective, placebo arm of the 
Cerebral  He  morrhage and NXY-059 Treatment 
(CHANT)    trial was analyzed by Sansing and col-
leagues [ 59 ]. This is one of the larger and more 

properly designed studies with attention to imag-
ing timing, baseline demographics, and exclusion 
of anticoagulants. The authors differentiated the 
antiplatelet agents, however, no doses were 
recorded. This study was one of the few studies 
to conduct a power analysis. They reported an 
80 % power to detect a 6.5 mL difference in 
hematoma expansion between study groups, 
using an alpha of 0.05 and a standard deviation of 
16 mL. The majority  o  f the studies reviewed up 
to this point lacked a power analysis. The authors 
concluded that aspirin, compared to the other 
antiplatelet agents, had comparable hemorrhage 
volumes and rates of hematoma expansion, 
although no analysis was shown. The population 
size was still not large enough to confi dently 
make a generalized determination that antiplate-
lets do not contribute to hematoma expansion. 

 Yildiz and colleagues [ 60 ] provided excellent 
patient demographics, which included timing to 
fi rst CT scan and an analysis of the agents used. 
However, no doses were recorded, even though 
94 % of the antiplatelet patients were on aspirin 
monotherapy alone. Patients on aspirin had larger 
admission hematoma volumes, which would 
have required larger growth to qualify as expan-
sions. The defi nition of expansion in this study 
was growth >12.5 mL or >33 % from baseline 
ICH volumes. Antiplatelet agents were deter-
mined to cause hematoma expansion, however, a 
large portion (33 %) of patients did not have a 
second CT scan. It is diffi cult to make a strong 
conclusion regarding the remaining patients 
because small changes have much more dramatic 
changes in percentages and  P  values. The study 
was likely underpowered, and a large portion of 
patients not being included in analysis only fur-
ther eroded the ability to detect differences 
between the groups. The lack of a substantial 
population in this study makes it diffi cult to make 
a determination if antiplatelet therapy contributes 
to hematoma expansion. 

 Fabbri and colleagues [ 61 ] had a substan-
tially sized study, with a primary interest in 
determining the short-term and long-term out-
comes in subjects with head injuries. Their study 
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included data about worsening lesions, however, 
they did not defi ne what constituted a hematoma 
expansion. Worsening was defi ned as a “change 
of at least one point in Marshall Category 
between initial and follow up CT scan per-
formed during serial controls within 24 h and 
the need for neurosurgical intervention because 
of clinical and/or radiological deterioration dur-
ing the observation period (fi rst 7 days after 
diagnosis).” No patient demographics were 
included comparing patients on antiplatelet ther-
apy and those not on antiplatelet therapy. It is 
unclear if there were any signifi cant differences 
between patients on antiplatelet therapy who 
had favorable outcomes vs. those who had unfa-
vorable outcomes because no demographics of 
these groups were disclosed. It is unclear if 
patients on antiplatelets were older and/or sus-
tained more severe injuries. These factors could 
have infl uenced the results of the study. The 
only demographics provided compared patients 
with worsening or stable/improved conditions 
between initial and follow up CT. Of the 201 
patients who had worsening outcomes, 106 were 
on antiplatelet therapy. Patients in the worsening 
category had signifi cantly lower  Glasgow Coma 
Scale (GCS)   scores (65.2 %) than those in the 
stable/improved group (22.7 %,  P  < 0.001). 
Patients in the worsening group also had signifi -
cantly more basal skull fractures (13.9 %) than 
those in the stable/improved group (8.6 %, 
 P  = 0.019). Throughout this paper there were 
some inconsistencies in numbers reported when 
referring to the same value. 

 Several factors can determine if a researcher 
will conclude if hematoma expansion occurred. 
These factors include the defi nition of hema-
toma expansion and time to fi rst CT scan. 
Several of the studies had differing defi nitions of 
hematoma expansion, as listed in Table  6.2 , thus 
it may be diffi cult to directly compare the stud-
ies’ results. An exaggeration of hematoma 
expansion may exist if a signifi cant number of 
small hematomas enlarged slightly but due to 
increasing >33 %, qualifi ed as an expanded 
hematoma. Substantial hematoma expansions of 
this nature could misrepresent the true risk. 
Future studies investigating hematoma expan-

sion should adopt a uniform defi nition that pre-
vents over-representation of small hematoma 
expansions. A more specifi c defi nition should 
include two qualifi ers such as an increase >33 % 
and >12.5 mL. This defi nition was used in two 
of the studies reviewed. A double qualifi er defi -
nition would exclude small hematomas that 
expanded only slightly but still surpassed the 
33 % benchmark.

   Data regarding hematoma growth indicates 
that most growth occurs within 6 h of symptom 
onset [ 62 ]. Studies that had extended time 
between onset of symptoms and fi rst CT scan 
may have missed the opportune time to accu-
rately determine hematoma expansion. Table  6.3  
lists the inclusion criteria window that the studies 
discussed above allowed from symptom onset to 
admission. The lack of consistency in timing of 
the fi rst CT could be a potential reason for the 
unknown role of antiplatelet therapy on hema-
toma expansion. Only three studies required 
patients to be diagnosed with ICH by CT scan 
within 6 h of onset.  Int  erestingly, none of these 
studies showed an increase in hematoma growth 
with antiplatelet therapy.

   One major event that cannot be overlooked in 
the role of antiplatelets (or any drug) in hema-
toma expansion is that patients may not receive a 

   Table 6.2    Different trials’ defi nitions of  hematoma 
expansion     

 Author, year  Defi nition of hematoma expansion 

 Fabbri 2013  No clear defi nition. Head CTs were 
retrospectively reviewed by a 
blinded, independent, expert 
neurologist. No percentage or 
volume requirements given. 

 Flibotte 2004  ≥33 % 

 Moussouttas 
2009 

 No specifi c defi nition. Directly 
compared APT patients’ hematomas 
vs. non-APT patients’ hematomas 
volume. 

 Saloheimo 2005  ≥33 % 

 Sansing 2009  >33 % 

 Sorimachi 2007  ≥20 % 

 Toyoda 2005  >40 % 

 Toyoda 2008  >33 % or >12.5 mL 

 Yildiz 2011  ≥33 % 

   APT  Antiplatelet therapy  
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second CT scan due to their prognosis. If a 
patient presents with a substantial hematoma and 
the decision by the medical staff and family is to 
withdraw care or proceed with surgery, a second 
CT may not be performed. In cases of surgery or 
death, it is likely that hematoma expansion 
occurred because the patient required surgery to 
prevent further expansion or died from the sever-
ity of the expanding hemorrhage. The amount of 
data that goes unrecorded by this mechanism 
may prevent detection of hematoma expansion 
in certain patient populations. An analysis of 
patients with a second CT scan should be con-
ducted as well as a separate analysis that assumes 
that patients who required surgery or died also 
qualifi ed as having hematoma expansion. In 
these studies, it may be clearer to determine the 
true risk of hematoma expansion in patients on 
antiplatelet therapy prior to traumatic brain 
injury or ICH. 

 Clearly, larger, multicenter studies need to be 
performed to determine the actual risk of hema-
toma expansion with prior antiplatelet use. Too 
many studies have been unpowered and were 
unable to determine the true risk. If several large 
hospitals agreed to prospectively follow patients 
and combine their data, the true risk may fi nally 
be determined. In order for such a trial to work, 
there needs to be an established defi nition of 
hematoma expansion. A consensus should be 

established on how long the inclusion window 
should be from symptom onset to fi rst CT scan. 
With windows that extend up to 24 h, the hema-
toma may have already experienced its primary 
growth before a CT could be obtained. As several 
studies have shown, the most expansion occurs in 
the fi rst 6 h after symptom onset [ 62 ]; limiting 
the inclusion window to patients having a CT 
scan within 6 h of symptom onset may be best. To 
ensure a large population for the study, anticoag-
ulants may not necessarily have to be excluded 
from the analysis if they have their own study 
group. Patients who are on both anticoagulants 
and antiplatelet therapy should also be their own 
study group and not grouped into either the anti-
coagulant or antiplatelet groups. Names and 
doses of each antiplatelet therapy should also be 
recorded to potentially determine the safest anti-
platelet agent.  

    Do Platelet Transfusions Reduce 
Mortality in Patients 
with Spontaneous or Traumatic 
 Intracranial Hemorrhage  ? 

 Patients with inhibited platelet function may 
experience excessive bleeding. Correcting for 
platelet inhibition may reduce hematoma expan-
sion in trauma and ICH patients. As previously 
discussed, platelets are irreversibly inhibited by 
aspirin and clopidogrel for the life of the plate-
let. The only way to reverse platelet inhibition 
would be to create new platelets. However, in a 
trauma situation, patients do not have a week to 
replenish platelets. Quick replenishment with 
new platelets appears to be a reasonable option 
to reverse the platelet inhibition. However, 
platelet transfusions are not a procedure to be 
taken lightly because they are associated with 
inherent risk. These risks prevent platelet trans-
fusions from being performed in every patient 
who has been on antiplatelet therapy prior to an 
ICH or who has suffered severe trauma. 

 One of the most feared complications of plate-
let transfusions is transfusion-related acute lung 
injury (TRALI). Globally, TRALI is the primary 

   Table 6.3    Inclusion window from time of fi rst symptom 
onset until admission   

 Study 
 Inclusion window from symptom 
onset to admission (h) 

 Fabbri 2013  24 

 Flibotte 2004  72 

 Moussouttas 
2009 

 6 

 Saloheimo 2005  No time period (any patient with 
documented ICH included) 

 Sansing 2009  6 

 Sorimachi 2007  24 

 Toyoda 2005  24 

 Toyoda 2008  24 

 Yildiz 2011  12 

   ICH  intracerebral hemorrhage  

6 Role of Antiplatelet Therapy in Neurosurgery: Effi cacy and Safety Profi les



78

mechanism for transfusion-related morbidity and 
mortality [ 63 ]. In the FDA’s fatality summary 
 re  port investigating blood collection and transfu-
sions, TRALI was responsible for 47 % of all 
transfusion-related fatalities disclosed to the 
 Center for Biologics Evaluation and Research 
(CBER)   [ 64 ]. The incidence of TRALI is fre-
quently reported as 1 in every 5000 recipients of 
blood products, although several recent studies 
have proposed that the true incidence may be 
closer to 1 in every 1000 recipients [ 65 ,  66 ]. 
Although the defi nition of TRALI has changed 
several times, it is characterized by acute onset of 
severe dyspnea, tachypnea, fever, new or worsen-
ing hypoxemia, occasional hypotension, cyano-
sis, and bilateral infi ltrates on frontal chest 
radiographs that occur within 6 h of transfused 
blood products [ 63 ]. 

 Due to the inherent risks associated with plate-
let transfusions, it is important to establish the use-
fulness of such a procedure. Currently, there are no 
guidelines recommending a platelet transfusion to 
a patient suffering an ICH who had previously 
been on antiplatelet therapy. Platelet transfusions 
are regarded as investigational and their useful-
ness is unknown in patients on antiplatelet therapy 
prior to an ICH [ 52 ]. One of the reasons for the 
lack of recommendations is the confl icting results 
from studies that have investigated the role of 
platelet transfusions in patients taking antiplatelet 
therapy prior to an ICH or head trauma. 
Additionally, many of the studies were plagued by 
poor design and lacked substantial study popula-
tions. Table  6.4  summarizes the results from the 
most substantial, relevant, and commonly refer-
enced studies on the impact of platelet transfusion 
reducing mortality in patients on antiplatelet ther-
apy prior to an ICH or head trauma.

   Ohm and colleagues [ 67 ] designed a study to 
investigate the role of antiplatelet agents in 
 mortality in the elderly, and the paper contained 
some information on platelet transfusions. 
Demographics were not given for patients on 
antiplatelet therapy who received a platelet trans-
fusion vs. those on antiplatelet therapy who did 
not receive a platelet transfusion or for the anti-
platelet therapy patients who received a platelet 
transfusion and the control patients. Patients on 

antiplatelet therapy had signifi cantly more 
comorbid conditions. It is not known if the 
patients on antiplatelet therapy who received the 
platelet transfusions were older, had more comor-
bid conditions, or sustained more severe injuries 
vs. the control patients who received platelet 
transfusions. Without a comparison between 
groups it is hard to determine the actual relation-
ship between platelet transfusions and mortality 
in this study. 

 Ivascu and colleagues [ 68 ] clearly differenti-
ated which antiplatelet agents the study popula-
tion was taking. However there were no 
demographics given for the patients on anti-
platelet therapy who received or did not receive 
a platelet transfusion, or between the antiplate-
let therapy patients who received a platelet 
transfusion and the control patients who 
received a platelet transfusion. It is hard to 
establish if there were any factors that may have 
contributed to increased mortality such as age, 
GCS scores, and injury severity score. Given 
the small number of patients who received 
platelet transfusions ( n  = 40) in this study and 
the uncertainty of how many of these patients 
were on antiplatelet therapy, it is impossible to 
make any general recommendations on platelet 
transfusions based on this study. 

 In the study by Fortuna and colleagues [ 69 ] 
platelet transfusions were determined on a case- 
by- case basis. Platelet transfusion patients were 
signifi cantly older (73 ± 2 years vs. 69 ± 1, 
 P  = 0.02), were injured more severely (injury 
severity scale (ISS) 28 ± 1 vs. 24 ± 1,  P  = 0.001) 
and had a lower GCS (11 ± 1 vs. 13 ± 0.2, 
 P  = 0.007). Although this study was somewhat 
larger than the previous studies, the information 
is contaminated by anticoagulant data and lacks a 
strong platelet transfusion analysis. These rea-
sons make it diffi cult to confi dently make any 
recommendation about platelet transfusions and 
mortality based on this study. 

 Extensive demographics were provided by 
Creutzfeldt and colleagues [ 70 ] about patients in 
their study as to receiving antiplatelet therapy or 
not and whether receiving a platelet transfusion or 
not. Antiplatelet therapy patients had signifi cantly 
more comorbid conditions in comparison to the 
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    Table 6.4    The role of  platelet transfusions   (PT) on mortality in patients on antiplatelet therapy (APT)   

 Study 
 Class of 
ICH 

 No. patients on 
APT, in control 
group 

 No. of patients 
transfused 

 ACT excluded? If 
not, no. of patients 
on ACT  Results 

 Ohm 2005  TR  APT ( n  = 90) 
 ASA ( n  = 50), 
C ( n  = 12), 
ASA + C 
( n  = 20) 
 Control 
( n  = 89) 

 APT ( n  = 24) 
 Control ( n  = 5) 

 No 
 W + ASA ( n  = 6) 
 W + C ( n  = 2) 
 W + ASA + C 
( n  = 2) 
 6/10 W + APT 
patients had 
normal INRs 
 No patients in 
control group on 
ACT 

 Increased mortality in PT group 
(47.6 %, 10/21) vs. the non-PT 
group (25 %, 2/8), no  P  value 
calculated 

 Ivascu 
2008 

 TR  ASA ( n  = 61) 
 C ( n  = 17) 
 ASA + C 
( n  = 31) 
 Control 
( n  = 42) 

  n  = 40, unclear 
how many 
patients from 
each ACT group 
were transfused 

 Unclear, no 
exclusion 
criteria listed 
and INR was 
recorded 

 No difference in mortality 
between PT patients and non-PT 
patients, 28 % [11/40] vs. 13 % 
[9/69], respectively,  P  = 0.064 

 Fortuna 
2008 

 TR  APT ( n  = 126) 
 ASA ( n  = 91), 
C ( n  = 17), 
ASA + C 
( n  = 18) 
 Control 
( n  = 250) 

 66/166 CAW  No 
 W ( n  = 29) 
 W + ASA 
( n  = 10) 
 H ( n  = 1) 

 Increased mortality in patients on 
CAW who received PT (30 %) 
vs. those on CAW who did not 
receive PT (16 %),  P  = 0.01 
 Multivariate analysis suggested 
that mortality was impacted by 
age (OR 1.07, 95 % CI [1.03–
1.10]) and ISS (OR 1.04, 95 % 
CI [1.01–1.08]) but not CAW use 
(OR 0.56, 95 % CI [0.28–1.14]) 
or PT, P not calculated 

 Creutzfeldt 
2009 

 SP  All ( n  = 368) 
 APT ( n  = 121) 
 ASA ( n  = 105) 
 ASA + C 
( n  = 11) 
 ASA + D 
( n  = 2) 

 53/121 APT  No, only 
patients with 
INR <1.5 
excluded 

 No difference in mortality in APT 
patients who received PT (26 %, 
14/53) vs. APT patients who did 
not receive PT (38 %, 26/68), 
 P  = 0.17 
 PT likely associated with hospital 
death (OR 1.25, 95 % CI 
0.28–5.54) and APT likely 
associated with hospital death 
(OR 2.44, 95 % CI 1.07–5.56) 
when adjusted for prognostic and 
propensity score 
 Unadjusted data showed APT 
likely associated with a favorable 
outcome (OR 2.01, 95 % CI 
0.97–4.17) and unlikely to result 
in hospital death (OR 0.58, 95 % 
CI 0.27–1.27) 
 Unadjusted data showed APT 
likely associated with favorable 
outcomes (OR 1.20, 85 % CI 
0.78–1.86) and APT unlikely to 
be associated with hospital death 
(OR 2.44, 95 % CI 1.07–5.56). 

(continued)
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Table 6.4 (continued)

 Study 
 Class of 
ICH 

 No. patients on 
APT, in control 
group 

 No. of patients 
transfused 

 ACT excluded? If 
not, no. of patients 
on ACT  Results 

 Downey 
2009 

 TR  All ( n  = 328)   n  = 166: ASA 
( n  = 92), ASA + 
C ( n  = 74) 
 No PT ( n  = 162): 
ASA ( n  = 139), 
ASA + C ( n  = 23) 

 No 
 PT: W ( n  = 147) 
 non-PT: W 
( n  = 130) 

 No difference in mortality 
between PT (17.5 % [29/166]) 
and non-PT (16.7 % [27/162], 
 P  = 0.85) 

 Bachelani 
2011 

 TR  All ( n  = 84) 
 ASA ( n  = 36) 
 No ASA 
( n  = 48) 

 45 with an initial 
ART of <550 

 Yes  No difference in mortality 
between PT 11 % (4/36) vs. those 
non-PT 6.4 % (3/48),  P  = 0.442 
 Trend toward increased mortality 
in non-responders to PT,  P  = 0.09 

 Washington 
2011 

 TR  All ( n  = 108) 
on APT 
 APT: ASA, C, 
or both 

 44  Yes  No difference in mortality rates 
between PT (5 %, 2/44) vs. 
non-PT (0 %, 0/64) 

 Suzuki 
2014 

 SP  All ( n  = 432) 
 APT ( n  = 66) 
 ASA ( n  = 50), 
ASA + C 
( n  = 12), C 
( n  = 2), T 
( n  = 2) 
 non-APT 
( n  = 366) 

 APT = 6/66 
 non- 
APT = 10/366 

 No  Increased mortality at 7 days in 
APT patients who did not receive 
PT (50 %, 30/60) vs. APT 
patients who received PT 
(0 %, 0/6),  P  = 0.03 
 Increased mortality at 90 days in 
APT patients who did not receive 
PT (77.5 %, 31/60) vs. APT 
patients who received PT 
(0 %, 0/6),  P  not calculated 

   ACT  anticoagulant therapy,  APT  antiplatelet therapy,  ART  The Aspirin Response Test (ART;VerifyNow),  ASA  aspirin, 
 C  clopidogrel,  CAW  clopidogrel, aspirin and warfarin,  D  dipyridamole,  H  heparin,  ICH  intracranial hemorrhage,  MTBI  
mild traumatic brain injury,  PT  Platelet transfusion,  SP  spontaneous,  T  ticlopidine,  TR  traumatic,  W  warfarin  

control group and higher GCS score than the con-
trol patients. There were no signifi cant differ-
ences between patients on antiplatelet therapy 
who received platelet transfusions and patients on 
antiplatelet therapy who did not receive platelet 
transfusions. However, there were signifi cantly 
more women in the platelet transfusion group. 
Knowing that the groups were similar makes 
determining the benefi t of platelet transfusions 
easier. Platelet transfusions were associated with 
likely favorable outcomes in every category 
(unadjusted, adjusted for prognostic score, 
adjusted for propensity score, and adjusted for 
both prognostic and propensity score). Platelet 
transfusions were likely associated with hospital 
death when adjusted for prognostic score and 
prognostic and propensity score combined, while 
hospital death was unlikely when the data was 
unadjusted and adjusted for propensity. The 

 unadjusted data suggested that platelet transfu-
sions were benefi cial because of the unlikelihood 
of hospital death according to their odds ratio 
(Table  6.4 ), yet the authors did not report a benefi t 
from platelet transfusions. All the patients in the 
platelet transfusion group who died, died after life 
support was withdrawn. However, six patients in 
the non-platelet transfusion group died from 
causes other than the removal of life support. 

 Downey et al. [ 71 ] provide demographics 
between the transfused and non-transfused 
patients that showed that patients in the platelet 
transfusion group were signifi cantly older 
(77 ± 10.4 years) than non-platelet transfusion 
patients (73.0 ± 10.8 years,  P  < 0.001). There 
were signifi cantly more patients on warfarin in 
the platelet transfusion group (147 [89 %]) than 
patients in the non-platelet transfusion group 
(130 [80 %]). Warfarin may have affected the 
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results of the study because mortality rates of 
patients on warfarin were higher (27.5 % 
[42/277]) than those not on warfarin (15.2 % 
[14/51]). The higher percentage of patients on 
 warfarin   should have put the platelet-transfused 
group at a disadvantage, however mortality rates 
were similar. The authors stated that there was no 
standardization of timing of platelet transfusion. 
Platelets took an average of 34 min to arrive once 
ordered, and more time was required to perform 
laboratory tests for abnormal platelet function. 
Transfusions performed earlier, possibly upon 
admission to the hospital, may have limited hem-
orrhage expansion and may have prevented mor-
tality. The utility of this study is that it included a 
large number of patients and included many who 
were on warfarin, but this latter fact makes it dif-
fi cult to confi dently make a decision regarding 
platelet transfusions. 

 Excellent patient demographics were provided 
by Bachelani et al. [ 72 ]. Patients with platelet 
inhibition were signifi cantly older (81 years, 
interquartile range (IQR) [74-86]) compared to 
patients without platelet inhibition (76 years, IQR 
[59-85];  P  = 0.010). All other factors were similar 
between groups including comorbid conditions, 
injury severity, and admission GCS. There was 
no signifi cant difference in mortality between 
transfused and non-transfused patients. Because 
all factors besides age were similar, this is one 
of the few studies in which transfused patients 
were not worse off than non-transfused patients. 
However, the small size of the study made it dif-
fi cult to fi nd signifi cant changes between  groups  . 
The authors conducted some additional analysis 
of platelet transfusions. Repeat  Aspirin Response 
Tests (ARTs)   were conducted after each platelet 
transfusion. In patients who received a platelet 
transfusion, 29 of 45 had a correction of their 
platelet inhibition, as evidenced by an ART 
of ≥550 aspirin response units. Of the 16 non-
responders to the fi rst platelet transfusion, nine 
were transfused again. Of the nine patients, six 
had reversal of their platelet inhibition. An addi-
tional patient was able to reverse platelet inhi-
bition after a third transfusion. The  remaining 
two patients were unable to correct their platelet 

inhibition with >3 transfusions. A trend toward 
increased mortality in patients who were non-
responders to platelet transfusions was observed. 
Patients who did respond to platelet transfusion 
were given larger quantities/volumes (median, 
6 [IQR 5–10] vs. 8 [IQR 6–10];  P  = 0.13). This 
likely represented a dose–response relationship 
for platelet transfusions. The authors reported an 
average increase of 70 ± 50 aspirin response units 
per 6-pack of platelets. The data showed that not 
every patient will respond to a single platelet 
transfusion. 

 The benefi t of platelet transfusions in mild 
traumatic brain injury was investigated by 
Washington and colleagues [ 73 ]. The attending 
neurosurgeon made the decision to transfuse 
because there was no protocol for the initiation of 
transfusion. It appeared that platelet transfusions 
were reserved for worse-off or declining patients. 
The demographics showed that the patients who 
received platelet transfusions were more likely to 
be on clopidogrel (52 % [23/44] vs. 20 % [13/64]; 
 P  = 0.0005), have a Marshall class VI hemor-
rhage (32 % [14/44] vs. 11 % [7/64];  P  = 0.043), 
and have larger ICH volumes (20.6 mL ± 26.5 vs. 
8.2 mL ± 13.7;  P  = 0.02) than patients who did not 
receive a platelet transfusion. Interestingly, there 
was no difference in any of the other outcome 
results (neurological decline, surgical interven-
tion, cardiac event, respiratory event, Glasgow 
outcomes, or hematoma expansion) between 
groups. Patients who received platelet transfu-
sions did experience more medical decline (14 % 
[6/44]) than those who did not receive a platelet 
transfusion (3 % [2/6]), however, this did not 
reach statistical signifi cance ( P  = 0.06). The med-
ical decline may have been related to the fact that 
the patients who received platelet transfusions 
were in worse medical condition. There were no 
deaths in the non-transfused group and two 
deaths in the platelet transfusion group; both 
deaths occurred after platelet transfusions, one 
from a myocardial infarction and the other from a 
congestive heart failure exacerbation. It is unclear 
if these were directly related to platelet transfu-
sions because the authors did not elaborate on the 
deaths. 
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 Detailed demographics were also given in 
the study by Suzuki and colleagues [ 74 ]. They 
provided several excellent multivariate analyses 
investigating the role of antiplatelet therapy on 
mortality, as well as platelet transfusions on 
mortality. However, the study only included 
data on platelet transfusions in six patients on 
previous antiplatelet therapy prior to ICH. It 
would be impossible to discover any meaning-
ful,  signifi cant differences between groups with 
such a small population. 

 A Dutch study, the  Platelet Transfusion 
Intracerebral Hemorrhage (PATCH)   trial [ 75 ], 
was designed to investigate the role of platelet 
transfusion in improving outcomes in patients 
previously on antiplatelet therapy who have a 
spontaneous ICH. This trial would be one of the 
largest studies to date, planned to have a sample 
size of 95 patients in the study group. Study 
patients would receive a platelet transfusion 
within 6 h of onset of intracerebral hemorrhage 
and within 1.5 h of CT scan, and 95 patients in 
the control group would receive the standard of 
care. Patients would be excluded if they are on 
vitamin K antagonists, if surgery was planned 
within 24 h after admission, or if death was 
imminent. These important exclusion criteria 
eliminate the infl uence of warfarin on results and 
try to ensure data outcomes for as many patients 
as possible. Many prior studies lacked substantial 
populations because patients who received sur-
gery or died were not included in result outcomes. 
No information regarding the study results has 
been published yet. 

 It is clear that more extensive studies with 
larger populations need to be conducted. 
With some confl icting results from the studies 
reviewed here and small sample sizes in some 
cases, it is obvious why the AHA and the ASA 
consider platelet transfusions in patients with 
a history of antiplatelet use to be investiga-
tional and their role unclear [ 52 ]. One of the 
primary reasons why their benefi t is unknown 
is that most platelet transfusion studies do not 
compare similar groups. Frequently, platelet 
transfusion patients had worse injuries or were 
in poorer medical condition than the patients 
who did not receive platelet transfusion. These 

patients were more likely to die, which could 
skew the results toward platelet transfusions not 
being benefi cial in reducing mortality. When the 
decision to transfuse is left to the neurosurgeon, 
they may want to wait to transfuse patients who 
are in poorer health, declining, or more severely 
injured because platelet transfusions come with 
inherent risks. The concern with administering a 
platelet transfusion to a patient who is not criti-
cally ill or declining is the possibility of hav-
ing the patient suffer complications from the 
 transfusion. These complications could result in 
increased morbidity or death. A protocol sim-
ilar to the one in the Bachelani study [ 72 ], in 
which the patient’s condition did not affect the 
decision to transfuse, may be a good approach. 
Using a more objective test to determine when 
to initiate a platelet transfusion would help to 
reduce the tendency to only treat patients who 
are more likely to die. Using an aspirin response 
test in prior aspirin users may help determine 
which patients are initial responders and which 
require additional transfusions. The knowledge 
that all patients may not initially respond to 
the fi rst transfusion is an important key to help 
reduce mortality. Similar testing for clopidogrel 
can also be done using the fl ow cytometric vaso-
dilator-stimulated phosphoprotein phosphoryla-
tion (VASP)-assay and the VerifyNow P2Y 12  
assay. Better designed trials should investigate 
the true role of platelet transfusions in reducing 
mortality. This is an important area of research 
that needs to be addressed because of the many 
patients on antiplatelet therapy and the high rate 
of mortality associated with ICH.  

    Review of Novel Antiplatelet Agents 

 Several novel  antiplatelet agents   have been 
 deve  loped that have improved pharmacokinetic 
properties and potential clinical benefi ts over 
the traditional antiplatelet agents like aspirin 
and clopidogrel. Some of these new antiplatelet 
agents are reversible, have shorter half-lives, and 
have more consistent inhibition than clopidogrel. 
These characteristics may provide a safer option 
for patients who require antiplatelet therapy 
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 during  neurosurgery  . However, these medica-
tions have not been tested in neurosurgery and 
bleeding risks must be evaluated based on non- 
neurosurgery studies. 

    Prasugrel 

  Prasugrel   is an oral, third generation theinopyri-
dine  that   selectively and irreversibly inhibits the 
P2Y 12  receptor [ 76 ]. Prasugrel, like clopidogrel, 
is a prodrug, but it is more potent than  clopidogrel. 
In a study of a single oral dosing of prasugrel, 
there was a tenfold increase in the anti-aggrega-
tory ability of prasugrel compared to clopidogrel 
[ 77 ]. Prasugrel has a faster onset and a greater 
and more consistent platelet inhibition compared 
with clopidogrel at the approved dose and as 
compared to clopidogrel. 

 Several trials have compared prasugrel and 
clopidogrel for bleeding risk and cardiovascular 
outcomes. In the TRILOGY-ACS trial 
( n  = 9326), fewer cardiovascular deaths, myo-
cardial infarctions, or strokes were in the prasu-
grel arm than in patients who took clopidogrel 
based on angiographic analysis [ 78 ]. Prasugrel 
did not signifi cantly increase the risk of Global 
Use of Strategies to Open Occluded Arteries 
( GUSTO  ) severe or life-threatening bleeds or 
TIMI major bleeds [ 79 ]. 

 In another large study ( n  = 13,608), prasugrel 
was compared to clopidogrel for death and 
bleeding risk for patients with moderate-to-high 
risk for acute coronary syndrome with a sched-
uled percutaneous coronary intervention. 
Prasugrel signifi cantly reduced the number of 
nonfatal MIs (7.3 % vs. 9.5 %,  P  < 0.001), urgent 
target-vessel revascularizations (2.5 % vs. 
3.7 %,  P  < 0.001), and stent thrombosis (1.1 % 
vs. 2.4 %,  P  < 0.001) compared with clopido-
grel. However, prasugrel was associated with 
more non-CABG-related TIMI major bleeding 
(2.4 % vs. 1.8 %,  P  = 0.03), life-threatening 
bleeds (1.4 % vs. 0.9 %,  P  = 0.01), fatal bleeding 
(0.4 % vs. 0.1 %,  P  = 0.002), and CABG-related 
TIMI major bleeding (13.4 % vs. 3.2 %, 
 P  < 0.001) [ 80 ]. 

 Given the increased risk of bleeding and only 
minor improvements in protective effects, prasug-
rel is likely not a practical choice for  neurosurgery  .  

    Ticagrelor 

  Ticagrelor i  s an orally active adenosine triphos-
phate analog that reversibly binds the P2Y 12  recep-
tor. Interestingly, ticagrelor is not a prodrug and 
does not need metabolic activation to effectively 
inhibit the P2Y 12  receptor, but approximately 1/3 
of an  ad  ministered ticagrelor dose undergoes 
hepatic conversion into an active metabolite that is 
essentially equipotent to the parent compound 
[ 81 – 83 ]. When ticagrelor binds to the P2Y 12  recep-
tor, it almost completely inhibits platelet aggrega-
tion induced by adenosine diphosphate [ 81 ,  84 ]. A 
quicker and more extensive inhibition of platelet 
inhibition is achieved with ticagrelor compared 
with clopidogrel [ 81 ,  85 ]. However, there are simi-
lar concerns in the perioperative setting for ticagre-
lor as for prasugrel. First, the half-life of ticagrelor 
is 7 h (and 9 h for the active metabolite), which is 
similar to clopidogrel [ 86 ]. Second, the greater 
extent of platelet inhibition may also lead to 
increased bleeding. One large study investigated 
the role of cardio vascular events   and bleeding 
risks in patients admitted to the hospital with acute 
coronary syndrome. In the ticagrelor PLATO 
study ( n  = 18,624), ticagrelor reduced death vs. 
clopidogrel from vascular causes, MI, or stroke 
(9.8 % vs. 11.7 %,  P  < 0.001) and occurrence of 
defi nite stent thrombosis (1.3 % vs. 1.9 %, 
 P  = 0.009) [ 87 ]. There was no signifi cant differ-
ence in major bleeding between ticagrelor vs. 
clopidogrel by study criteria (11.6 % vs. 11.2 %, 
 P  = 0.43) or TIMI criteria (7.9 % vs. 7.7 %, 
 P  = 0.57), or life- threatening or fatal bleeding 
(5.8 % vs. 5.8 %,  P  = 0.70). There was a small 
increase in intracranial bleeding in the ticagrelor 
group compared to the clopidogrel group but it 
was not statistically signifi cant. Patients who did 
have an intracranial bleed were more likely to 
have a fatal bleed while on ticagrelor vs. on clopi-
dogrel (0.1 % vs. 0.001 %,  P  = 0.02). The increased 
risk of intracranial bleeding and fatality associated 

6 Role of Antiplatelet Therapy in Neurosurgery: Effi cacy and Safety Profi les



84

with intracranial bleeds is a major concern  w  ith 
ticagrelor. Ticagrelor also appears not to be a pos-
sible alternative to clopidogrel for patients requir-
ing neurosurgery.  

    Cangrelor 

  Cangrelor   is an intravenous, short-acting, potent, 
reversible, competitive inhibitor of the P2Y 12  
receptor. One of the most desirable characteristics 
of cangrelor is its short half-life of 3 min [ 76 ]. 
Platelet homeostasis can occur within 60 min of 
cangrelor discontinuation [ 88 ]. A shorter duration 
of platelet inhibition should allow for more man-
ageable episodes of bleeding and hopefully fewer 
bleeding fatalities. Cangrelor can achieve steady 
state in 30 min and inhibits platelet aggregation 
more than clopidogrel [ 85 ,  88 ]. Despite these 
advantages, two cangrelor studies (CHAMPION 
PLATFORM [ 89 ] and CHAMPION PHOENIX 
[ 90 ]) were terminated early because cangrelor 
failed to  achieve   effi cacy. In the CHAMPION 
PHOENIX study ( n  = 11,145), cangrelor use led to 
fewer primary endpoints: death from any cause, 
MI, ischemia- driven revascularization, or stent 
thrombosis vs. clopidogrel (4.7 vs. 5.9 %, 
 P  = 0.005). There was no difference in GUSTO-
defi ned severe or life threatening bleeding for can-
grelor vs. clopidogrel (0.2 % vs. 0.1 %,  P  = 0.44) 
or TIMI-defi ned major bleeding (0.1 % vs. 0.1 %, 
 P  > 0.999). However, there was an increase in 
GUSTO- defi ned severe or moderate bleeding in 
the cangrelor group vs. the clopidogrel group but 
without statistical signifi cance. Given the lack of 
effi cacy and the lack of reduction of bleeding risk 
associated with cangrelor, it also may not be the 
best alternative option to use in  neurosurgery   
unless future studies can show a clear benefi t. 

 Other novel agents are still in development and 
lack any substantial patient population studies. 
The data for prasugrel, ticagrelor, and  cangrelor a  s 
replacement agents for the typical antiplatelet 
agents, aspirin and clopidogrel, is weak at best 
right now. The best option now may be to rely on 
aspirin and clopidogrel because they have the 
most data and have been used the longest. Knowing 
more about the bleeding threat that exists with 

aspirin or clopidogrel may be better than the 
unknown bleeding risks associated with the novel 
agents, especially in the setting of neurosurgery.   

    Conclusion 

 There are still many questions left unanswered by 
this review chapter, because there is little data 
regarding the use of antiplatelets in  neurosurgery  . 
Better designed studies in the future may help to 
discover the role of antiplatelet therapy in hema-
toma expansion as well as the benefi t of platelet 
transfusions in patients with a prior history of 
antiplatelet therapy who experience an ICH or 
traumatic head injury. Although there is a lack of 
neurosurgical guidelines regarding the use of anti-
platelet therapy, The American College of Chest 
Physicians, The American Heart Association, and 
The American Stroke Association provide the 
best guidance on antiplatelet therapy in the peri-
operative setting. In neurosurgery, discontinua-
tion of all antiplatelet therapy agents is likely the 
best option unless the patient has recently had a 
stent placed. In these situations, discontinuation 
of all agents except aspirin appears to be the best 
recommendation at this time. More studies must 
be performed to determine the true benefi t of the 
novel antiplatelet agents prasugrel, ticagrelor, and 
cangrelor. Although some of the novel agents may 
not be inferior, they may be associated with higher 
bleeding risks. Until more data is available, it 
appears that aspirin is the antiplatelet agent of 
choice when antiplatelet therapy must be contin-
ued during neurosurgery because aspirin has been 
extensively studied and the risks are well known. 
Using aspirin at doses <100 mg per day may help 
reduce the risk of bleeding in patients who require 
antiplatelet therapy during neurosurgery.     
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       The congenital coagulation disorders encompass 
a wide variety of inherited diseases that can affect 
all aspects of coagulation including the disrup-
tion of both primary and secondary hemostasis. 
Most of these disorders are quite rare but some, 
   such as von Willebrand disease, can be seen 
rather frequently. Given the disruption of the 
coagulation pathways, they all have in common 
an enhanced predilection for hemorrhagic epi-
sodes both spontaneous and as a result of 
 hemostatic challenges like trauma or surgical 
procedures. As such, it is important to identify 
affected patients in order to prevent excessive 
bleeding in the perioperative period. Figure  7.1  is 
 a   summary of coagulation defects and their 
impact on either primary hemostasis, or forma-
tion of the platelet plug, and secondary hemo-
stasis, i.e.,    generation of thrombin and clot 
stabilization. Inherited collagen vascular disor-
ders are not discussed in this review. We review 
the inherited disorders of secondary hemostasis 
fi rst as these disorders are encountered much 
more frequently in clinical practice and then 
move on to discuss disorders of primary 
hemostasis.

      Inherited Disorders of Secondary 
Hemostasis 

    Von Willebrand Disease 

 Von Willebrand disease (VWD) is the  most   com-
mon inherited disorder of coagulation affecting 
nearly 1 % of the general population [ 1 ]. Some 
epidemiologic studies suggest that 1:100 people 
have some form of VWD but only about 1:1000 
are symptomatic [ 2 ,  3 ].  T  here are several forms 
of VWD, the most common of which are inher-
ited in an autosomal dominant fashion and affect 
male and females nearly equally (Table  7.1 ).

      Von Willebrand  Factor   
 The von Willebrand factor (VWF) gene is located 
on the short arm of chromosome 12 at 12p13.3 
and it encodes for the pro-coagulant adhesive 
protein, VWF. VWF is produced and stored as an 
ultralarge multimeric protein in endothelial cells 
and is also produced in megakaryocytes and 
stored in alpha granules of platelets. Endothelial 
cells release VWF constitutively into plasma 
whereas platelets release VWF into circulation 
only after their activation [ 4 ]. In the event of 
sheer stress, this ultralarge VWF binds collagen 
in exposed subendothelium and platelets forming 
a bridge. This exposes the A1 domain, a binding 
site for the cleavage protein, ADAMTS13. 
ADAMTS13 cleaves the ultralarge VWF into 

      Congenital Coagulation Disorders                     

     Danielle     Sterrenberg       and     Sucha     Nand     

        D.   Sterrenberg ,  M.D.      •    S.   Nand ,  M.D.     (*)  
  Loyola University Medical Center , 
  Maywood ,  IL ,  USA   
 e-mail: dsterrenberg@lumc.edu; snand@lumc.edu  

  7

mailto:dsterrenberg@lumc.edu
mailto:snand@lumc.edu


94

smaller multimers of various molecular weights, 
preventing the formation of platelet thrombi and 
enhancing the function of VWF [ 5 ]. 

 Von Willebrand factor (VWF) is  essential   to 
both primary and secondary hemostasis. It is a 
bridging molecule with binding sites for factor 
VIII, platelet glycoprotein Ib, exposed collagen 
on the vessel wall, and platelet glycoprotein IIb/

IIIa that allow for it to function at multiple steps 
in the hemostatic process [ 6 ]. VWF has 2 main 
roles in primary hemostasis; it  mediates   platelet 
adhesion to the sub endothelial surface through 
the GP1b/IX/V receptor and, in coordination 
with fi brinogen, allows for platelet aggregation 
via the GPIIb/IIIa receptor. Its role in secondary 
hemostasis is as a plasma stabilizer for the fragile 

Primary
Hemostasis

Secondary
Hemostasis

Platelet Function Disorders

Glanzmann Thrombasthenia
Bernard-Souiller Syndrome

Storage Pool Disorders
Wiskott Aldridge Syndrome

Hemophilia A and B
Factor XI deficiency

Rare Inherited Coagulation
Defects

Collagen Vascular Disorders
Ehlers Danlos

Osler Weber Rendu

von Willebrand disease
Type I (fibrinogen

deficiency)

  Fig. 7.1     Causes   of congenital coagulation disorders and their effect on primary hemostasis, secondary hemostasis, or both       

    Table 7.1    Laboratory  diagnosis of   VWD [ 71 ]   

 Diagnosis 
 *VWF:RCo 
(IU/dL) 

 *VWF:Ag 
(IU/dL)  *Factor VIII 

 *Ratio of 
VWF:RCo 
to VWF:Ag  **RIPA 

 **VWF 
multimers 

 Type  1    ↓ <30  ↓ <30  ↓ or normal  >0.6  Normal  Normal 

 Type 2A  ↓ <30  ↓ <30–200  ↓ or normal  <0.6  ↓  ↓HMW 
multimers 

 Type 2B  ↓ <30  ↓ <30–200  ↓ or normal  Usually 
 <0.6 

 ↑  ↓HMW 
multimers 

 Type 2M  ↓ <30  ↓ <30–200  ↓ or normal  <0.6  ↓  Normal 

 Type 2N  ↓ or normal; 
30–200 

 ↓ or normal; 
30–200 

 ↓↓  >0.6  Normal  Normal 

 Type 3  ↓↓ <3  ↓↓<3  ↓↓↓ (<10 IU/dL)  NA  Absent  NA 

 Normal  50–200  50–200  100 IU/dL  >0.6  Normal  Normal 
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factor VIII, carrying factor VIII and thereby 
 preventing its proteolytic degradation in plasma 
by activated protein C and delivering it to sites of 
vascular injury [ 7 ].  

       Diagnosis and  Classifi cation   
 There are 3 main types of VWD characterized by 
a quantitative defect in the VWF, either partial 
loss of VWF as in Type I or full loss of the  protein 
as is seen in Type 3, or by qualitative defects in 
the function of VWF as is seen in Type 2 VWD. 

 Initial laboratory evaluation for patients sus-
pected of having VWD includes a complete 
blood count (CBC), which is usually normal but 
in certain variants of VWD can reveal a con-
current thrombocytopenia. Coagulation studies 
show an abnormal bleeding time, a normal pro-
thrombin time (PT) and, depending on the variant 
of VWD, a normal or prolonged activated partial 
thromboplastin time (aPTT). Laboratory studies 
that are specifi c to VWD include the von 
Willebrand factor antigen (VWF:Ag) which 
measures circulating von Willebrand factor, von 
Willebrand Ristocetin cofactor assay (VWF:RCo) 
which measures the functional ability of VWF by 
mimicking the physiologic interaction between 
VWF and Gp1b on the platelet surface, and the 
factor VIII concentration (FVIII:C). The ratio of 
VWF:Ag to VWF:RCo can help to identify the 
subtype of VWD. For instance, in patients with 
quantitative defects in VWF, the ratio will be 
near 1 with the dysfunction of VWF related to the 
degree of defi ciency of the protein. However, in 
the case of qualitative defects, the ratio will be 
<0.6 as the circulating antigen levels are near 
normal but their function is impaired. Once the 
patient is confi rmed to have VWD with tests 
listed above, it  is   important to classify which type 
of VWD  they   have as the treatment, bleeding 
risk, and prognosis may vary. The two tests 
 utilized most often in classifying VWD are 
ristocetin- induced platelet aggregation (RIPA), 
used to identify Type 2B in particular, and the 
VWF multimer analysis, used to distinguish Type 
2A from Type 2M.  

     Type I   VWD 
 Type I VWD is the most common subtype rep-
resenting around 75–80 % of all cases. It is a 
quantitative defect in VWF leading to reduced, 
but not absent, levels in plasma. It is inherited 
in an autosomal dominant (AD) fashion, but has 
varying degrees of expression and penetrance 
making characterization of the responsible muta-
tions and mechanisms of disease as well as diag-
nosis diffi cult. Furthermore, varying VWF levels 
throughout the aging process and throughout 
blood groups have made this even more chal-
lenging. For instance, VWF levels are known to 
increase with age and during times of stress or 
infl ammation or pregnancy and to be higher in 
those individuals with AB blood types than in 
those with type O blood [ 8 ,  9 ]. However, recent 
studies have shown that the decreased VWF level 
seen in Type I VWD is likely due, in some 
instances, to enhanced clearance of VWF out of 
circulation or to intracellular retention of VWF 
[ 10 ]. Because the VWF function remains intact 
in Type I VWD, the use of desmopressin 
(DDAVP) may be useful.  

     Type 2   VWD 
 This subtype comprises a group of abnormalities 
in VWF that is further subdivided into four vari-
ants (2A, 2B, 2M, and 2N) all of which are char-
acterized by qualitative defi cits in VWF and 
collectively account for ~10–20 % of VWD. 
Essentially, the production and release of VWF is 
normal, but the protein itself is dysfunctional due 
to a variety of inherited mutations. 

 Type 2A: Most frequent form of Type 2 VWD, 
comprising 20–25 % of VWD. It is caused by 
genetic mutations that impair the multimerization 
of VWF or enhance its sensitivity to ADAMTS13 
cleavage causing loss of high molecular weight 
(HMW) and intermediate molecular weight 
(IMW) multimers and decreased activity of the 
binding domains for GPIB on the surface of 
platelets. The key laboratory fi ndings are both a 
reduced VWF:Ag and VWF:RCo level but with 
a disproportionate decrease in the functional 
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component such that their ratio is <0.6, in 
 addition to a VWF multimer profi le exhibiting a 
loss of IMW and HMW multimers. 

 Type 2B: Gain of function mutations in  the 
  Gp1Ba binding domain, inherited in an Auto-
somal Dominant fashion, enable the VWF to 
bind platelets more avidly leading to enhanced 
clearance of HMW multimers and platelets. The 
hemostatic fi ndings are identical to that seen in 
Type 2A, however, ristocetin induced platelet 
aggregation (RIPA) would show enhanced aggre-
gation to low dose ristocetin, distinguishing Type 
2A from 2B. In addition, Type 2B can be asso-
ciated with thrombocytopenia. DDAVP is con-
traindicated in this subtype due to the risk of 
exacerbating thrombocytopenia. 

 Type 2M: Caused by loss of function muta-
tions in the platelet or collagen binding domains 
that impair VWF dependent platelet adhesion. As 
with all Type 2 mutations, the ratio of VWF:Ag 
to VWF:RCo is <0.6 but VWF multimers remain 
normally distributed. 

 Type 2N (Normandy): This variant involves 
mutations inherited in an autosomal recessive 
(AR) fashion that interfere with the functional 
ability of VWF to bind and carry FVIII leading to 
enhanced proteolytic degradation of FVIII and a 
clinical syndrome that is similar to mild hemo-
philia A. Distinguishing hemophilia A from 
VWD Type 2N can be challenging as the 
VWF:Ag and VWF:RCo can be reduced or nor-
mal and factor VIII will be reduced. VWF multi-
mers are usually normal as well. Distinction may 
require assays of factor VIII–VWF binding [ 11 ].  

       Type 3 
 This type is the most rare form of VWD, affect-
ing only 1 in 1 million people and is the most 
severe [ 10 ]. It is caused by mutations,    inherited 
as an autosomal recessive trait, that result in near 
total absence of VWF. This results in extremely 
low VWF:Ag and VWF:RCo as well as very low 
factor VIII levels that are in the range of those 
with severe hemophilia A. The clinical presenta-
tion of patients with Type 3 is different from all 
other forms of VWD as patients usually experi-
ence sever bleeding episodes with spontaneous 
hemorrhage into synovial space and musculature 

similar to that seen in severe hemophilia A. Given 
these patients have virtually no VWF, they do not 
respond to DDAVP.  

     Clinical Presentation   
 Patients with von Willebrand disease experience 
mucocutaneous bleeding, epistaxis, menorrhagia 
as well as prolonged and at times severe bleeding 
after surgery or trauma. One of the most common 
sources of hemorrhage in VWD patients is men-
orrhagia, with 20 % of women with menorrhagia 
having VWD [ 12 ]. Life threatening central ner-
vous system (CNS) and gastrointestinal (GI) 
bleeding is rare but can occur in patients with 
Type 3 VWD or less frequently in type 2 VWD.  

     Treatment   
 There are 3 main therapeutic strategies for man-
aging VWD. The fi rst strategy involves enhanc-
ing the release of VWF from endogenous 
compartments into plasma through the use of 
DDAVP. The second strategy is to replace endog-
enous VWF with exogenous, virally inactivated 
plasma concentrates of VWF and factor VIII, and 
the third strategy is to enhance hemostatic con-
trol utilizing agents that are extraneous to the 
VWF/FVIII complex. 

 DDAVP is the treatment of choice for VWD. 
It is a synthetic derivative of vasopressin that 
facilitates the release of VWF from endothelial 
compartments via V2 receptors thereby increas-
ing VWF levels in circulation [ 13 ]. It also raises 
FVIII levels, although this mechanism is not as 
well understood. All patients with VWD, except 
those with Type 2B, should undergo a DDAVP 
infusion test near the time of diagnosis to see if 
they respond to DDAVP as this treatment can be 
given to correct acute bleeding episodes or given 
prophylactically prior to necessary surgeries. 
Even though patients with Type 3 VWD usually 
do not respond to DDAVP, an infusion study 
should still be performed, as there are small sub-
sets of patients who will respond to therapy [ 14 ]. 

 Combination VWF and factor VIII concen-
trates are indicated in Type 2B VWD and in 
patients who are actively bleeding, for the pre-
vention of excessive or delayed bleeding from 
trauma or surgical procedures with high risk of 
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hemorrhage, and those patients who fail to 
respond to DDAVP. Humate-P is a VWF/factor 
VIII concentrate that is most  commonly   used in 
this setting as it has been the most studied. Its 
ratio of VWF/RCo to factor VIII is very similar 
to that seen in normal plasma and has been shown 
to have effi cacy in restoring normal hemostasis. 
A new agent, BAX111, is a recombinant human 
VWF that has been shown to be effi cacious 
in controlling bleeding in patients with VWD in 
phase I and Phase III trials [ 15 ]. It is currently 
awaiting FDA approval. 

 Other agents can be used to halt or prevent 
bleeding events in patients with VWD. For 
instance, oral contraceptives or intrauterine 
devices can be given to prevent menstrual blood 
loss while fi brin clot stabilizers such as epsilon 
aminocaproic acid (EACA or Amicar) or trane-
xamic acid (Cyklokapron) are often used to arrest 
minor mucosal bleeding or menorrhagia both in 
combination with DDAVP or factor replacement 
or as sole agents [ 16 ]. Both are available in oral, 
intravenous, and topical formulations and exert 
their effect by binding plasminogen and prevent-
ing its activation to plasmin, thereby preventing 
fi brinolysis [ 17 ]. They are contraindicated in 
patients with hematuria given the risk of clot for-
mation in the renal collecting system leading to 
obstructive uropathy.  

     Perioperative Management   of VWD 
 Preoperative evaluation of a patient with VWD 
should include a detailed history of previous bleed-
ing episodes and surgical outcomes to fully assess 
the bleeding risk of the planned surgery or proce-
dure. If the patient has not previously had a desmo-
pressin infusion test performed, it should be done 
prior to surgery. Response patterns to DDAVP 
remain uniform throughout life, so if a patient has 
had a prior documented response to DDAVP, then 
this does not need to be repeated prior to surgery. 
Laboratory evaluations should include a CBC, PT, 
PTT, and factor VIII level as well as a VWF:Ag 
level and VWF:RCo assay. Clinical data suggest 
that the FVIII level is the best predictor of soft 
 tissue, surgical, and delayed bleeding in VWD 
patients while the VWF:RCo is the component 
responsible for mucosal bleeding [ 16 ]. 

 The ability to use DDAVP perioperatively to 
prevent bleeding depends on a variety of factors. 
Patient responsiveness is a main factor, but the 
extent of hemostatic challenge provided during 
the operation and the time needed to heal must be 
considered.    In general, major surgery requires 
hemostasis for 7–14 days while minor surgeries 
only require hemostasis for 1–5 days. Common 
major and minor surgical procedures are listed in 
Table  7.1 . If more than 3 days of hemostasis is 
necessary, then DDAVP is not the only agent 
needed to provide coverage given its propensity 
for tachyphylaxis after 3–4 doses. As such, factor 
replacement is necessary in these patients. 
Patients who are at very high risk of intraopera-
tive bleeding due to the nature of the surgery 
should be covered by factor replacement as well. 
If the procedure is of mild hemorrhagic risk, such 
as a dental procedure, and the patient has been 
shown to have a response to DDAVP infusion, 
then the patient can be treated with DDAVP prior 
to surgery and then repeated every 8–24 h as 
needed for ~3 doses. However, factor VIII level 
and VWF:RCo should be checked after every 
administration because of the occurrence of 
tachyphylaxis. Usually for mild procedures, 
DDAVP is administered in conjunction with anti-
fi brinolytics such as Amicar or tranexamic acid. 
The antifi brinolytics are usually continued for 
5–7 days after mild procedures. 

 Humate P and Alphanate are two commer-
cially available VWF factor replacements that 
are approved for the prophylactic prevention of 
bleeding in the surgical patient. However, Humate 
P is the most widely used and most studied in both 
the setting of reversing acute bleeding and in the 
prophylactic management of surgical patients. 
Several studies have shown that it achieves excel-
lent to good hemostasis in 91–100 % of surgical 
procedures [ 18 ,  19 ]. Humate P is usually given 
once daily with the exact dose based on the risk 
of intraoperative bleeding. For instance, during 
major surgical procedures Humate P is given once 
daily and dosed to raise the factor VIII and 
VWF:RCo levels to 80–100 IU/dL the day of sur-
gery and then maintained >50 IU/dL for 7–14 
days after surgery.    For minor procedures, FVIII 
and VWF:RCo target levels are >50 IU/dL on the 
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day of surgery and then continued for a target 
level of >30 IU/dl for 1–5 days after surgery. For 
dental extractions or minimally invasive proce-
dures, patients should receive a one-time dose of 
Humate P to raise their FVIII or VWF:RCo to 
>50 IU/dL [ 20 ]. 

 Patients with VWD, despite their coagulopa-
thy, can still develop thromboembolic disease. In 
fact, several studies have shown cases of deep 
venous thrombosis (DVT) or pulmonary embo-
lism (PE) after factor VIII and VWF replacement 
in VWD patients undergoing surgery [ 21 ]. 
A review of the patients who developed these 
venous thromboembolic events (VTE) shows 
that several of them had very high FVIII levels 
and additional risks for VTE such as advanced 
age, estrogen use, and recent surgical procedures. 
Thus, care should be taken to not overcorrect the 
factor VIII level by checking both a FVIII in 
addition to VWF:RCo during factor replacement 
and to consider anticoagulant prophylaxis in sur-
gical patients especially in those with other risk 
factors for VTE development [ 22 ].   

    Hemophilia 

 Hemophilia is a group  of   disorders resulting from 
genetic  mutations   in either factor VIII (hemo-
philia A) or factor IX (hemophilia B). Both genes 
are located on the long arm of the X chromosome 
at Xq28 and Xq27 respectively and thus are 
inherited in an X-linked fashion [ 23 ]. Most 
affected men display symptoms while carrier 
females are usually asymptomatic. With the use 
of molecular genetics, a wide spectrum of muta-
tions in the factor VIII and factor IX genes have 
been identifi ed and known to contribute to the 
respective clinical syndrome. In fact, according 
to an online database,   www.factorviii-db.org    , 
there are currently (as of February 2015) 2,015 
unique mutations identifi ed as causing hemo-
philia A. By far the most common mutations 
identifi ed are intron 22 inversions that affects 
more than 45 % of severe hemophilia A patients. 
Hemophilia B has a similar online database at 
  www.factorix.org     that has identifi ed 1095 unique 
variants of F9 mutations. Almost 70 % of patients 

with hemophilia B have causative missense 
mutations and inversions are in general not 
seen [ 24 ]. 

 Hemophilia A is more prevalent, affecting 
around 1:5000 males with approximately 13,000 
new cases identifi ed per year. Hemophilia B 
affects approximately 1:30,000 males with around 
3600 new cases of hemophilia B in the USA per 
year [ 25 ,  26 ]. 

    Hemophilia A 
 Hemophilia A is an X-linked recessive (XLR) 
genetic defi ciency of the functional plasma clot-
ting factor, factor VIII (FVIII)    resulting from 
mutations in the FVIII gene located on the long 
arm of the X chromosome. This results in low to 
absent factor VIII levels and a disruption in the 
intrinsic pathway of the coagulation cascade 
causing a lack of thrombin or fi brin generation 
and thus inability to stabilize the platelet plug 
formed during primary hemostasis resulting in 
excessive, often delayed, hemorrhage both in 
response to trauma or arising spontaneously. 
Over 70 % of cases are inherited in an XLR 
 pattern, but around 30 % of cases arise as sponta-
neous mutations in the FVIII gene. Given its X 
linked pattern of inheritance it is a disease seen 
almost exclusively in males. However, mild 
hemophilia A and, very rarely, even a severe 
hemophilia phenotype are known to occur in het-
erozygous females due to various degrees of 
chromosomal X inactivation [ 27 ]. Given this and 
the fact that female carriers, while asymptomatic, 
can also have reduced factor VIII levels, moni-
toring of factor VIII levels should be considered 
in female patients with a family history of hemo-
philia or evidence of exaggerated hemorrhage in 
response to trauma or spontaneous hemorrhage. 

 The clinical severity, or risk of bleeding, in 
patients with hemophilia A can be predicted by 
the coagulation factor activity level present in 
plasma. Table  7.2  shows  the   clinical classifi ca-
tion of patients with hemophilia A. In general, 
factor levels (<1 IU/dL) are considered severe 
with patients presenting, oftentimes in infancy, 
with episodes of spontaneous hemorrhage most 
commonly into their joints or muscles. Less 
severe phenotypes are associated with some 
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residual factor VIII levels and are characterized 
by excessive bleeding at sites of trauma. In gen-
eral, factor VIII levels >30 % to that of normal are 
enough to prevent spontaneous hemorrhage and to 
maintain a normal hemostatic system. An epide-
miologic survey conducted in the 1990s identifi ed 
about 43 % of hemophiliacs as severe [ 28 ].

   Both hemophilia A and B have identical inher-
itance patterns and clinical presentation but have 
different factor defi ciencies. However, there are 
some studies suggesting a higher  bleeding risk   in 
patients with hemophilia A for the same level of 
factor activity [ 29 ]. Also, with hemophilia A the 
factor levels generally remain constant through-
out a patients’ life but with hemophilia B there 
can be some increase in FIX levels after puberty 
such that a patient with a moderate form of hemo-
philia may become more mild due to a small but 
clinically signifi cant rise in FIX levels in response 
to androgen production during adolescence. Prior 
to modern factor replacement, the median overall 
survival for patients with severe hemophilia, A or 
B, was 11.3 years. However, more recent esti-
mates in patients treated with factor replacement 
and after appropriate viral eradication of blood 
products was possible in them show an average 
survival of 63 years for males with severe 
 phenotype and 73 years for males with mild to 
moderate hemophilia [ 30 ]. These numbers 
approach that seen with the normal population. 
As a consequence, more and more patients are 
developing additional medical comorbidities and 
are requiring surgical procedures for a number of 
common aging maladies such as heart disease 
and cancer.  

     FVIII Protein   and the Pathophysiology 
of Hemophilia A 
 FVIII circulates in plasma as an inactive precursor 
that is in a complex with von Willebrand  factor. 
It has no intrinsic enzymatic activity but rather 
functions as a cofactor for FIX in the activation of 
FX to its active form, FXa [ 31 ]. It is a highly 
unstable protein and requires the covalent binding 
of von Willebrand factor to prevent its proteolytic 
deg radation in plasma. This instability of FVIII in 
plasma is why, in some forms of von Willebrand 
disease, FVIII levels can be low [ 32 ]. Factor VIII 
and factor IX defi ciency results in the same coagu-
lation derangement: namely, the inability to gener-
ate thrombin and fi brin to secure the primary 
platelet plug formed during primary hemostasis.  

    Hemophilia B 
 The clinical  presentation   of hemophilia B is 
nearly identical to that of hemophilia A. In addi-
tion, Both the FVIII and the FIX genes are located 
on the X chromosome in close proximity to one 
another. Also as seen in hemophilia A, 70 % of 
mutations are inherited in an XLR pattern but 
30 % of mutations arise de novo. 

 FIX circulates in plasma as a serine protease 
zymogen that requires FVIII as a cofactor for its 
functional activity. Together with FVIII, a com-
plex is formed that cleaves FX into its active 
form, FXa. However, unlike FVIII, FIX is depen-
dent on posttranslational vitamin K-dependent 
processing by gamma carboxylase for full func-
tional activity. Clinical severity and management 
of hemophilia B is also dependent on the amount 
of factor IX functional activity retained [ 33 ].  

   Table 7.2    Suggested duration of VWF replacement  for   different surgical procedures [ 72 ]   

 Major surgery (7–14 days)  Minor surgery (1–5 days) 
 Other procedures, if uncomplicated, 
single VWF treatment 

 Cardiothoracic  Biopsy: breast, cervical  Cardiac catheterization 

 Cesarean Section  Complicated dental extractions  Cataract surgery 

 Craniotomy  Gingival surgery  Endoscopy (without biopsy) 

 Hysterectomy  Central line placement  Liver biopsy 

 Open cholecystectomy  Laparoscopic procedures  Lacerations 

 Prostatectomy  Simple dental extractions 
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     Clinical Manifestations   of Hemophilia 
A and B 
 Bleeding is the hallmark of hemophilia. However, 
clinical presentation and prognosis in hemophilia 
varies signifi cantly based on the residual factor 
levels. Patients with severe disease are often 
affl icted by recurrent non-traumatic bleeds. Birth 
represents the fi rst hemostatic challenge in the 
life of a hemophiliac and is when some patients 
present with symptoms. Common sites of bleed-
ing during the fi rst month of life for patients with 
hemophilia include post-circumcision bleeds 
(~48 %), followed by intracranial hemorrhage 
(ICH) seen in 19 % of cases [ 34 ]. Multiple stud-
ies have shown that the rate of ICH in hemo-
philia, regardless of disease severity, is around 
1–4 % with a 20 % mortality rate [ 34 ,  35 ]. After 
the neonatal period, patients tend to develop 
hemorrhage at alternative sites. 

 Hemarthrosis is the most common site of 
spontaneous hemorrhage. While any joint can be 
affected, this is seen most commonly in the knee, 
elbow and ankles usually starting after affected 
individuals begin to crawl or walk. Hemarthrosis 
results in chronic synovitis which can lead a 
patient to develop hemophilic arthropathy, which 
severely affects joint integrity and in cases of 
recurrent bleeds, can lead to a deformed and 
essentially dysfunctional joint [ 36 ]. 

 Intramuscular hematomas are the  second   most 
common site of hemorrhage in hemophiliacs. 
The hematoma can be large and in severe cases, 
depending on the location, can be associated with 
compartment syndrome, major blood loss in the 
setting of iliopsoas hematomas, and local muscle 
or tendon damage [ 37 ]. 

 Other common forms of hemorrhage include 
mucocutaneous, gastrointestinal and genitouri-
nary. Intracranial hemorrhage is one of the most 
worrisome sequelae of hemophilia and remains a 
risk throughout the patients’ life. In a case– 
control trial of hemophilia patients, high inhibi-
tor titers, severe hemophilia, and a prior history 
of ICH were all associated with higher rates of 
ICH [ 38 ].  

     Diagnosis   
 Approximately 50–70 % of newborns with 
hemophilia have a positive family history and 
in these patients the diagnosis is usually made 
around the time of birth by checking factor VIII 
or factor IX levels on cord blood. In the remain-
ing patients the disease is diagnosed when symp-
toms begin to manifest, which is usually very 
early in infancy for severe patients and later in 
childhood or in adulthood for mild cases. Workup 
consists of a detailed family history, a detailed 
bleeding history and surgical history, as well as 
appropriate laboratory testing. A CBC is neces-
sary in the evaluation of a potential patient and is 
usually normal but can have an associated micro-
cytic anemia depending on the amount of prior 
blood loss. The PT is normal but aPTT is pro-
longed. If performed, the bleeding time is usually 
normal. A mixing study will correct the aPTT 
to within normal range, but in patients with an 
inhibitor, the correction may be partial. Factor 
VIII or factor IX levels are reduced or absent in 
hemophilia A or B respectively. Because VWD, 
which is the most common congenital coagula-
tion disorder, can also present with reduced  factor 
VIII levels, it is important to rule this out via 
appropriate laboratory assessment prior to a for-
mal diagnosis of hemophilia A.  

     Treatment   
 Replacement of the defi cient factor with either 
plasma derived or recombinant factor VIII or fac-
tor IX concentrate is the hallmark of hemophilia 
therapy. Decisions regarding when to treat, what 
dose to use, and how often to administer depend 
on the severity of disease and whether or not 
there is active hemorrhage occurring or the 
patient is undergoing a surgical procedure. 

 The treatment of  hemophilia is   based on the 
clinical severity of the syndrome. Individuals 
with severe defi ciency, require regular prophy-
lactic administration of either plasma derived 
or recombinant factor VIII or factor IX to pre-
vent spontaneous hemorrhage and consequent 
joint damage that occurs with synovial bleeds. 
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Multiple studies have been performed showing 
that in severe cases, prophylactic administration 
of factor replacement reduces the annual  bleeding 
rates and subsequent joint damage seen in hemo-
philia patients versus on-demand replacement 
strategies [ 39 ]. Patients with mild to moderate 
forms can utilize on demand scheduling of factor 
replacement or alternative agents to reduce the 
bleeding risk. In cases of prophylactic adminis-
tration or minor mucosal bleeding, raising factor 
VIII level to 30 % (~0.3 IU/dL) is usually suffi -
cient for normal hemostasis.  

     Active Hemorrhage   
 During acute life threatening hemorrhage or 
major surgical procedures a normal factor VIII or 
factor IX level should be maintained at all times 
[ 40 ]. The half-life of both plasma derived and 
recombinant factor VIII is 8–12 h necessitating 
twice daily administration in the setting of active 
hemorrhage or major surgery, whereas the half- 
life of factor IX in serum is around 20 h allowing 
for daily dosing [ 41 ,  42 ]. The dose of concentrate 
to be administered is calculated based on the sub-
type of hemophilia, the baseline factor levels, 
and the target factor level. For mild/moderate 
bleeding, the target range for factor levels is 
around 0.3 IU/dL (30 % normal), however for 
acute severe hemorrhage, the goal is 1 IU/dL or 
near 100 % normal range [ 43 ]. Factor concen-
trates can be administered in bolus or continuous 
dosing, with some studies recommending a con-
tinuous infusion in cases of life threatening hem-
orrhage in order to prevent the peaks and troughs 
seen with bolus dosing.  

     Desmopressin (DDAVP)   
 Desmopressin, or DDAVP, can be used to treat 
patients with mild or moderate factor VIII defi -
ciency in which a prior rise of their factor VIII 
levels in response to therapy has been demon-
strated. DDAVP is a derivative of antidiuretic 
hormone and has been shown to increase plasma 
levels of factor VIII and von Willebrand factor 
through increasing the release of this complex 
from endothelial cells. It can therefore be used in 
cases of mild mucosal bleeding or periope-
ratively surrounding mild procedures, such as 

dental extractions, thereby decreasing or 
 eliminating the use of homologous factor replace-
ment in select patients [ 44 ]. Despite marked vari-
ability between patients, DDAVP can be seen to 
increase factor VIII levels three to fi vefold that of 
baseline in patients with mild hemophilia A or 
von Willebrand disease and this increase is often 
enough to terminate mild bleeding episodes and 
provide adequate coverage for low risk surgical 
procedures. Patients with severe factor VIII defi -
ciency or hemophilia B do not respond to DDAVP 
and this agent should not be considered. 

 The fi brin clot stabilizers Amicar and tran-
examic acid are seldom utilized in hemophilia. 
However, they can be considered for mild muco-
sal or uterine bleeding or after dental extractions 
again in an effort to enhance local control of 
minor bleeding without the use of blood prod-
ucts. As mentioned earlier, they are contraindi-
cated in patients with hematuria.  

     Inhibitors   
 Now that blood products used for replacement in 
hemophilia utilize adequate viral eradication 
strategies, the transmission of HIV and hepatitis 
that once plagued the hemophilia world and led 
to signifi cant morbidity and mortality is essen-
tially a concern of the past. However, the main 
concern now with the use of factor replacement is 
the development of inhibitors. These inhibitors 
are allo-antibodies to factor VIII and factor IX 
that decrease levels of endogenous factors and 
also neutralize the administration of exogenous 
factors during replacement strategies thus incre-
asing a patient’s risk of bleeding both spontane-
ously and in response to trauma and making the 
correction of their coagulopathy more diffi cult. 
In hemophilia A, about 30 % of patients with 
severe disease will develop inhibitors that can 
bind to factor VIII [ 45 ]. They are typically IgG4 
and can render factor replacement completely 
ineffective. For reasons not completely known, 
they occur more frequently in patients with 
severe disease and are more common in African 
Americans, young patients undergoing replace-
ment for the fi rst time, patients getting factor 
replacement in preparation for surgery, and in 
those with certain genetic mutations responsible 
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for hemophilia [ 46 – 48 ]. They occur less 
 frequently in hemophilia B, usually in about 3 % 
of affected patients [ 45 ]. Not only do inhibitors 
increase a patient’s bleeding risk but they also 
make the prophylaxis and treatment of hemo-
philia much more challenging. 

 The severity of  inhibitors   is based on the activ-
ity of the antibodies, which is measured in anti-
body titers. Patients with low-titer inhibitors, i.e., 
<5 BU/ml (Bethesda units), often have transient 
antibodies that can subside without therapy and 
can be treated with higher doses of factor VIII or 
factor IX alone. However, high-titer inhibitors 
(>5 BU/ml) often will not respond to increasing 
doses of factor replacement and require alterna-
tive forms of therapy. As in the patient without 
inhibitors, one can consider DDAVP, Amicar, and 
tranexamic acid to control or decrease the risk of 
bleeding. However, in patients with severe acute 
bleeding or at high risk of spontaneous hemor-
rhage, bypass agents are used.  

    Factor VIII Inhibitor Bypassing Agents 
( FEIBA)   
 FEIBA  is   an activated prothrombin complex 
 concentrate (aPCC) containing all the vitamin  K 
  dependent coagulation factors (FII, FVII, FIX, 
and FX) and factor VIII in both zymogen and 
active forms. The mechanism of action is com-
plex, but is thought to involve thrombin activa-
tion via prothrombin and factor X [ 49 ]. It has a 
half-life of 6–12 h and thus doses are usually 
repeated every 6–12 h depending of bleeding 
severity and clinical response.  

     Recombinant Factor VIIa (rVIIa)   
 rVIIa, also known as Novoseven, is a recombi-
nant factor VIIa that facilitates hemostasis by 
activating FXa directly on platelet surfaces, thus 
bypassing the factor VIII complex entirely. It has 
a short half-life of 2.3 h and thus must be admin-
istered frequently  in   the setting of active major 
hemorrhage [ 50 ].  

    Immune Tolerance Induction 
Therapy (ITI)  
 The long-term  treatment   of inhibitor develop-
ment in hemophilia is aimed at eliminating the 
causative antibodies.    ITI is the most studied and 

effi cacious therapy,    eradicating inhibitors in 
about 70 % of patients. However, it takes 9–12 
months of treatment to obtain this result. There-
fore, bypassing agents are often required in 
patients prior to or during ITI or in the event of 
relapse. Immune tolerance is achieved using fre-
quent and prolonged high doses of FVIII either 
with or without concurrent immunosuppressive 
therapy [ 51 ].  

     Perioperative Treatment of   Hemophilia 
 The risk of bleeding is high for patients with 
hemophilia who require surgery and all appropri-
ate preoperative measures should be taken. A 
detailed surgical and family history of all surgical 
patients should be recorded prior to their proce-
dure and if a potential female hemophilia carrier 
is identifi ed, then she would require a more in 
depth hematologic assessment, as her FVIII lev-
els can be variably reduced, predisposing her 
to excessive perioperative hemorrhage and pot-
entially requiring treatment prior to surgery. 
In anticipation of any elective surgical procedure, 
a multidisciplinary perioperative plan should be 
arranged. Care should to be taken to ensure that 
adequate factor replacement is available to 
administer to patients before, during, and after 
the procedure. A detailed presurgical workup 
should be performed a few weeks prior to surgery 
(in the case of elective procedures) and should 
include a repeat CBC, PT, aPTT, and factor lev-
els. Laboratory assessment for the development 
of inhibitors should also be performed. Adequate 
preoperative testing can take more than a week 
to obtain results and should be planned 
accordingly. 

 Dosing of clotting factors varies on the type of 
surgery performed. For major surgery, FVIII and 
FIX levels should be around 100 % of normal. 
This can be accomplished with perioperative and 
postoperative administration of factor concen-
trate provided the patient has not developed any 
inhibitors. Treatment should begin prior to sur-
gery and be continued for at least 10–14 days 
postoperatively and in some cases several weeks 
after major surgery depending on the ongoing 
bleeding risk. For moderate risk procedures, such 
as dental extractions, factor levels can be 
 maintained around 50 % normal value and do not 
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need to be continued weeks after the procedure. 
Factor replacement can be can be delivered in a 
bolus fashion (usually every 12 h for FVIII 
replacement and daily for FIX replacement) or as 
a continuous infusion. As in the setting of severe 
acute hemorrhage, some studies recommend con-
tinuous infusion perioperatively surrounding major 
surgical procedures with high bleeding risk. 

 In the event the hemophilic patient has devel-
oped either factor VIII or factor IX inhibitors, the 
perioperative management is more complicated. 
However, several treatment options are available, 
and the choice of treatment depends upon the 
severity of expected bleeding. It should be noted 
that patients with inhibitors have a higher risk of 
bleeding. 

 Novoseven (recombinant factor VII or rFVIIa) 
has  been   utilized in the perioperative manage-
ment of hemophiliacs who have acquired inhibi-
tors. Prothrombin factor concentrates (FEIBA, 
Autoplex) are also routinely used in this setting. 
However, the monitoring of their effi cacy is more 
diffi cult, as one cannot rely upon the usual 
increase in factor levels. As such, the monitoring 
of their effi cacy occurs largely by their ability to 
lower the aPTT level and clinically by the amount 
of hemostasis achieved in the patient. 

 Other agents such Amicar or tranexamic acid 
can be given after minor procedures such as den-
tal extractions to decrease the risk of bleeding but 
their use and benefi t in major neurologic proce-
dures is minimal, if any. However, they should 
not be used in conjunction with bypassing agents 
as this could increase the patients’ risk of throm-
boembolic phenomenon.  

    Factor XI Defi ciency 
  Factor XI (FXI) defi ciency,   sometimes referred 
to as hemophilia C, is a rare autosomal recessive 
inherited coagulation disorder caused by a muta-
tion in  the   F11 gene on the short arm of 
Chromosome 4. It affects about 1 in 100,000 
people. However, it is much more prevalent in 
Ashkenazi and Iraqi Jewish populations, with 
one in eight Ashkenazi Jews being heterozygous 
for the F11 gene mutation and one in 190 having 
a homozygous defi ciency [ 52 ]. 

 Unlike hemophilia A and B, patients with FXI 
defi ciencies usually do not develop spontaneous 
hemorrhage but rather have excessive  bleeding 
  due to surgery or trauma. Also unlike hemo-
philia, the plasma level of FXI does not correlate 
with bleeding risk of the patient. For example, 
homozygous patients with FXI levels <20 IU/dL 
can either have adequate hemostasis after trauma 
or surgery or experience signifi cant bleeding 
risks. Heterozygotes with a partial defi ciency 
and relatively high levels of FXI, around 
60–70 IU/dL can also experience signifi cant 
bleeding complications [ 53 ,  54 ]. As such, a 
detailed family history and prior bleeding  history 
is of utmost importance because the phenotype 
of the patient and their family is the best way to 
truly assess bleeding risk as one cannot currently 
predict risk based on factor levels or other labo-
ratory tests.  

     Diagnosis   
 As most FXI defi cient patients are asymptom-
atic, the diagnosis of FXI defi ciency is usually 
not made until late childhood or adulthood, gen-
erally after excessive bleeding is noted after 
 surgery or during a preoperative workup of a 
prolonged aPTT. Similar to hemophilia A and B, 
initial workup of suspected individuals should 
include a detailed history and laboratory exami-
nation. CBC will usually be normal as will a pro-
thrombin time but the aPTT will likely be 
prolonged. A workup for more common causes 
of excessive hemorrhage such as von Willebrand 
disease or hemophilia should be undertaken and 
ruled out. In certain patient populations such as 
Ashkenazi Jews, checking for factor XI defi -
ciency should be considered prior to a workup 
for hemophilia or VWD given its higher fre-
quency in this patient population.    The diagnosis 
is confi rmed after demonstration of low plasma 
factor XI levels. Of note, infants normally have 
low factor XI levels that then rise to normal lev-
els after 6 months of age with no additional age 
related variations thereafter and patients with 
synthetic liver dysfunction will have lower fac-
tor XI levels as the liver is the primary site of 
FXI production [ 55 ].  

7 Congenital Coagulation Disorders



104

    Treatment 
 There is some anecdotal evidence that DDAVP 
can be helpful at inducing hemostasis in mild 
cases of bleeding with FXI defi ciency due to an 
increase in FVIII levels and vWF levels follow-
ing its administration and may be considered in 
mild cases of FXI defi ciency [ 56 ]. However, its 
use is controversial. In general, the treatment 
includes either factor replacement or the use of 
antifi brinolytic agents. 

  Fresh Frozen Plasma (FFP),   which contains 
all factors of the soluble coagulation system, was 
the initial treatment of choice for FXI defi ciency 
and remains so in areas, such as the USA, where 
FXI concentrates (FXIC) are unavailable. Since 
the early 1990s, FXIC has overtaken FFP in cen-
ters where it is available, like the UK, as it has a 
longer half-life of around 45 h, infuses only fac-
tor XI and not additional pro-coagulant agents, 
and can be given in a much lower volume thereby 
reducing the risk of volume overload and other 
complications seen with  FFP.   For prophylactic 
treatment of major surgical procedures with high 
bleeding risk or in the treatment of severe acute 
bleeding, FXI concentrate, if available is the 
treatment of choice and is usually given every 
other day and continued for 10–14 days after 
major surgery and for 1 week postoperatively 
after minor procedures. In the USA, FFP given 
perioperatively for the same duration is the stan-
dard. There are a few risks that are unique to fac-
tor replacement for FXI defi ciency. That is, with 
both FFP and FXI concentrates there is a risk of 
severe anaphylaxis in patients with IgA defi -
ciency, a risk of inhibitor formation, and a risk of 
severe volume overload with the high volume of 
FFP needed to correct the defi ciency. With FXIC, 
there is a well-documented risk of thrombosis 
that must be considered. Given the risks associ-
ated with factor repletion, studies are underway 
to develop laboratory measures that would ade-
quately quantify bleeding risk in FXI defi ciency 
in order to identify patients in whom factor 
replacement can be avoided. A thrombin genera-
tion test (TGT) has shown promise in some stud-
ies, but further validation is necessary [ 57 ]. At 
present, the standard approach is to  give   prophy-
lactic therapy for all major surgical patients with 

 either   FFP or FXI depending on availability, 
assessing each patient for IgA levels, inhibitor 
formation, and comorbidities that may enhance 
their risk of volume overload with  FFP   prior to 
surgery in order to optimize factor replacement. 
Furthermore, given the risk of thrombotic events 
with both FFP and especially with FIXC, factor 
repletion aim for target levels around 60–70 IU/
dL and, if given in a prophylactic setting, should 
have prophylactic anticoagulation administered 
simultaneously if safe. 

 As is the case with most inherited defects 
of coagulation, antifi brinolytic agents, given in 
either an oral or topical or intravenous route, can 
be used to stop or prevent minor cases of bleed-
ing. However, their use in conjunction with FXI 
replacement should be avoided due to the risk of 
thrombotic events [ 58 ].  

    Factor XI Inhibitors 
 The development of  FXI   inhibitors after plasma 
infusion is rare, but can occur as frequently as 
33 % in specifi c gene mutations within FXI defi -
ciency [ 59 ]. In general, these inhibitors can be 
bypassed with rFVIIa [ 60 ].  

    Rare Inherited Coagulation Disorders 
 The Rare Inherited Coagulation disorders (RICD) 
comprise only 2–5 % of all inherited disorders of 
coagulation  and   include defi ciencies of factor I 
(afi brinogenemia, hypofi grinogemia, dysfi brino-
genemia), factor II (prothrombin), factor V, com-
bined defi ciency of factor V and factor VIII, 
factor VII defi ciency, factor X defi ciency, FXIII 
defi ciency and combined defi ciency of vitamin K 
dependent factors.    Inheritance patterns, epidemi-
ology, and treatment of these various defi ciencies 
is listed in Table  7.3 . These defi ciencies are a 
clinically heterogeneous group of disorders that 
arise from autosomal recessive inheritance of 
DNA mutations in genes encoding the corre-
sponding coagulation factors leading to decreased 
levels of the protein or, more rarely, dysfunction 
of the involved protein. The exceptions to this are 
in the combined FV and FVIII defi ciency in 
which there is a mutation in a protein regulating 
intracellular transport of the two factors [ 61 ]  and 
  in the defi ciency of vitamin K dependent Factors 

D. Sterrenberg and S. Nand



105

(VKDFD) whereby a defect in genes encoding 
enzymes involved in the vitamin K dependent 
posttranslational modifi cation of proteins lead to 
a defi ciency of FII, VII, IX, and X (as well as pro- 
coagulant factors protein C and S) and systemic 
issues related to deranged vitamin K metabolism 
[ 62 ]. Bleeding is more common in homozygotes 
with RICD but heterozygotes can also have an 
increased propensity for bleeding after episodes 
of hemostatic stress.

   The hallmark of RICD is excessive hemor-
rhage, the exception to this  being   FXII defi ciency 
that is not associated with an increased bleeding 
risk and thus will not be discussed in this chapter. 
The clinical presentation of the RICD is variable 
with patients being diagnosed anywhere from 
infancy to late adulthood. In general, their bleed-
ing risk is less than that seen with hemophilia A 
and B, but some of these syndromes are associ-
ated with serious bleeding complications and in 
the case of FXIII defi ciency with relatively high 
rates of spontaneous intracranial hemorrhage 
(34 % in severe patients) [ 63 ]. 

 In all forms of RICD, patients can  develop 
  menorrhagia, mucocutaneous bleeding and epi-
staxis and excessive bleeding following surgical 
procedures. In severe forms of the defi ciencies, 
spontaneous hemorrhage into synovial spaces or 
muscles can occur as well. With some syndromes 
there is a clear correlation with factor level and 
bleeding risk but in others this linear correlation 
is less clear.    Heterozygotes of these disorders can 
exhibit excessive bleeding but usually only after 
signifi cant hemostatic challenge. The diagnosis 
usually is made by characteristic abnormalities in 
laboratory analysis of coagulation in addition to 
corresponding factor defi ciencies.  

     Treatment   
 Treatment should be individualized to the patient 
and their specifi c defi ciency but common themes 
exist. Acute bleeding is managed by replacement 
of the defi cient factor via either recombinant 
forms or plasma concentrates, if such factors are 
available, or pooled plasma combination of fac-
tors listed below.

  Fresh Frozen Plasma    
  FFP is benefi cial for several disorders as it 

 contains all the factors of the coagulations 
system.  

  Prothrombin Complex Concentrates.  
  Prothrombin complexes are a combination of FII, 

VII, IX, and X and protein C and S prepared 
from fresh frozen human plasma.  

  Cryoprecipitated antihemophilic factor (cryopre-
cipitate).  

  Cryo is a frozen plasma product rich in fi brino-
gen and also containing factors VIII, VWF, 
and FXIII and is used most frequently in the 
treatment of factor I or fi brinogen defi ciency.    

 As with other coagulation disorders, the antifi -
brinolytic agents can be useful in the setting of an 
acute bleeding episode, as well as to prevent peri-
operative hemorrhage alone in the setting of 
minor defi ciencies and minor procedures or in 
combination with factor replacement. However, 
care should be given when using it with full dose 
rVII as this can potentiate thrombotic events. 
   Treatment strategies for all RICD are listed in 
Table  7.3 .  

    Table 7.3    The severity of  bleeding   manifestations in 
hemophilia A and B is correlated to residual clotting fac-
tor level   

 Severity 

 Clotting 
factor level % 
activity 
(IU/mL)  Bleeding episodes 

  Severe    1 % (<0.01)  Spontaneous bleeding, 
usually into joints or 
muscles. Prophylactic 
infusions of factor 
replacement is required. 

 Moderate  1–5 % 
(0.01–0.05) 

 Occasional spontaneous 
bleeding and severe 
bleeding with trauma or 
surgery. Prophylactic 
infusion of factor 
replacement is usually 
required. 

 Mild  4–40 % 
(0.05–0.40) 

 Severe bleeding with 
major trauma or surgery. 
Prophylaxis is not 
generally required. 
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    Inhibitors 
  Inhibitors    can   develop in RICD but at a lower 
frequency than that seen in hemophilia and is 
on the order of <5 %. This is usually managed 
with rVIIa similar to inhibitor development with 
hemophilia A, B, or C.    

    Inherited Disorders of Primary 
Hemostasis 

    Role of Platelets in Clot Formation 

 Platelets are the main actors in primary hemo-
stasis. They are small enucleate cells that are 
released from the megakaryocyte and circulate 
inactive in plasma with an average life span of 10 
days. However, after vessel wall damage, suben-
dothelial components such as collagen and VWF 
are exposed and bind to and activate platelets. 
Exposed collagen binds the GPVI receptor and 
VWF binds to platelets via the GPIb/IX/V recep-
tor anchoring them into place and recruiting other 
platelets to the site. Once there, the platelets are 
then activated by a variety of platelet agonists 
such  as   ADP and thromboxane that, through G 
protein receptor activation, cause a change in the 
platelet cytoskeleton that leads to alteration in the 
shape of platelets allowing them to spread and 
release the contents stored in their alpha and delta 
intracellular granules. This results in release of 
thromboxane A2 (TXA2) and production of a 
procoagulant surface whereby secondary hemo-
stasis can be conducted, and activation of GPIIb/
IIIa receptors resulting in platelet aggregation 
and the subsequent formation of a platelet 
plug limiting blood fl ow to the site of vascular 
damage [ 64 ].  

    Inherited Disorders of Platelets ( IDP)   

  Genetic mutations   causing alterations in any one 
of the steps involved in primary hemostasis can 
result in IDP. IDP are rare and very heteroge-
neous group of disorders, the true incidence of 
which is unknown [ 65 ]. They mostly result in 
mild to moderate mucocutaneous bleeding as 

well as an exaggerated hemorrhagic response 
 following surgical procedures. Given the risk 
of enhanced perioperative bleeding, a detailed 
workup for IDP should be conducted in the 
patient with normal coagulation screening tests 
and a history of unexplained or exaggerated 
bleeding [ 66 ]. Please see Figs.  7.2  and  7.3  for a 
list of platelet disorders and where they affect 
platelet function. Our discussion will be limited 
to the most commonly occurring and most severe 
inherited disorder.

        Glanzmann’s Thrombasthenia (GT) 

 GT is the most severe of the  IDP  , and according 
to some reports, affects around 33 % of IDP 
patients.    GT is a severe bleeding disorder with 
affected  individuals   presenting early in life with 
excessive bruising and bleeding in response to 
trauma but also with spontaneous hemorrhage 
including intracranial hemorrhage [ 67 ]. It is an 
autosomal recessive disorder that is caused by 
qualitative or quantitative defects in the GpIIb/
IIIa (fi brinogen) receptors on the platelet surface 
[ 68 ]. This prevents platelets from aggregating 
and thus from forming a hemostatic plug.  

       Bernard Soulier Syndrome ( BSS)   

 BSS can at times be a  severe   bleeding disorder. 
It is an autosomal recessive congenital bleeding 
disorder caused by quantitative or qualitative 
defects in the GPIb-IX-V VWF (VWF) receptor 
impairing normal adhesion of platelets to sites of 
vascular damage . It is characterized by thrombo-
cytopenia and large platelets and a prolonged 
bleeding time. Like GT, the bleeding diathesis 
can be severe at times.  

    Storage Pool Disorders (SBP) 

 The storage pool  disorders  , listed in Table  7.4  
and shown in Fig.  7.3 ,    are a heterogeneous group 
of diseases characterized by deregulated platelet 
aggregation from various genetic  mutations   
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 ultimately causing disordered release of platelet 
granular contents. The mutations involved in these 
disorders can extend beyond the megakaryocytic 
lineage causing a constellation of systemic fi nd-
ings that can include severe immunodefi ciency, 
albinism and neurologic defi cits [ 69 ].

       Clinical Presentation 

 Patients can present in infancy or into early adult-
hood with a bleeding diathesis caused by IDP. 
Usually the  bleeding manifestations   of affected 
individuals include unexplained bruising, epi-
staxis, menorrhagia, mucocutaneous bleeding, 
and excessive bleeding following surgical 
 procedures such as dental extractions or after 
traumatic events. Certain IPD can cause a severe 
bleeding diathesis that manifest as spontaneous 

mucocutaneous, gastrointestinal, genitourinary, 
or intracranial hemorrhage. Most of the defects 
are inherited in an autosomal recessive fashion, 
but there are rare X-linked and autosomal 
dominant.  

     Diagnosis   

 The diagnosis of IPD can be challenging. In gen-
eral patients in whom there is concern for an 
IDP should undergo simultaneously workup for 
acquired disorders that could lead to platelet dys-
function or medications that could interfere with 
the function of platelets. A detailed drug history 
is important as many common over-the-counter 
medications can interfere with platelet function, 
most notable being NSAIDS. However, occa-
sional herbal supplements can interfere with 

Glanzmann thrombasthenia:
no aggregation with
natural agonists

Reduced response to
collagen

Altered response to stimuli: ADP
(P2Y12), TXA2 (TPa), 5-HT
PAF, adrenaline... Platelet-type VWD:

spontaneous binding
of VWF to GP Iba

Bernard-Soulier
syndrome:
lack of adhesion to
VWF and abnormal
response to thrombin

Reduced response to collagen

Scott syndrome:
decreased
prothrombin conversion
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CD9VIIV
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  Fig. 7.2    Disorders that principally  affect   surface components of platelets [ 75 ]. Reprinted from Nurden and Nurden 
et al.  Congenital Disorders with Associated Platelet Dysfunction        
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platelet function too. Patients should also undergo 
screening for more common causes of coagulop-
athy such as VWD or hemophilia. In practicality 
this often occurs alongside the workup for a 
platelet function disorder [ 70 ]. 

 Laboratory examination should include a 
CBC with peripheral blood smear examination 
under the microscope looking primarily at the 
size and morphology of the platelets as well as 
any concurrent cellular changes in the leukocytes 
or red blood cells.    All patients should have coag-
ulation studies performed including a PT and 
aPTT, which are usually normal and a workup of 
VWD including a VWF:Ag and VWF:RCo. If a 
bleeding time is sent it can be normal, minimally 
prolonged, or severely prolonged depending on 
the disorder and its severity. The Platelet Function 
Analyzer-100 is a screening test measuring 
 platelet adhesion to a variety of surfaces and is 

abnormal in most IPD, especially in Glanzmann 
Thrombasthenia or Bernard-Soulier where the 
closure time can be especially prolonged. How-
ever, there have been false negatives recorded 
with PFA-100 especially with the various SPD 
and as such a normal PFA-100 should not stop a 
workup for IDP. Platelet aggregations studies are 
generally the next step in the diagnosis of a pos-
sible IDP. They measure the ability of platelets 
to aggregate in response to typical agonists to 
aggregation, ADP, adrenaline, collagen, arachi-
donic acid, ristocetin, and thromboxane. Res-
ponse curves are then generated for each agonist 
and compared to a reference range. However, this 
test can be inaccurate in the setting of NSAID use 
or thrombocytopenia. Once again a normal plate-
let aggregation study does not necessarily rule 
out a diagnosis of IDP, and if this remains a clini-
cal concern patients should undergo specialized 

a-GRANULES:
Gray platelet syndrome
Quebec platelet syndrome, a,d-SPD

DENSE GRANULES:
Hermansky-Pudlak, Chediak-Higashi
and Griscelli syndromes, d-SPD 

CYTOSKELETON:
MYH9 disorders and
giant platelet syndromes
Wiskott-Aldrich syndrome

SIGNALING PATHWAYS:
G-proteins (Ga9Ga11)
Phospholipases
Phosphorylations

METABOLISM:
Glycogen synthetase
Production of ATP

ENZYMES:
Cyclooxygenase
TXA2 synthetase
Lipoxygenase

V

IX

CD9VIIV

Ibα

Ibβ

α6β1

α2β1

αIIbβ3

α5β1

  Fig. 7.3     Disorders    affecting   intracellular organelles or cytosolic portions of proteins of platelets [ 75 ]. Reprinted from 
Nurden and Nurden et al.  Congenital Disorders with Associated Platelet Dysfunction        
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additional testing such as measurement of ATP/
ADP content release via a platelet nucleotide/
ATP release, platelet fl ow cytometry to  measure 
platelet activation or surface glycoproteins, or 
dense granule release or phospholipid expression 
(GPIB/IX/V and GPIIb/IIIa), or molecular analy-
sis can be considered [ 70 ]. These tests are 
only performed at a small number of specialized 
centers.  

    Treatment 

 Despite the clinical  heterogeneity   seen with IDPs 
their treatment is largely the same and involves 
the administration of donor platelets in order to 
achieve an adequate number of active platelets 
for normal hemostasis. Severe IDP such as 
Glanzmann Thrombasthenia or Bernard Soulier 
Syndrome may need prophylactic administration 
of platelets to prevent spontaneous hemorrhage. 

 The main concern with the use of platelets 
with these disorders is that patients may, and 
often will, become alloimmunized and thus 
refractory to platelet transfusions.    Alloimmunity 
is the development of antibodies against either 
HLA Antigen mismatch on the surface of donor 
platelets or the development of antibodies against 
the GpIIb/IIIa or GPIb/V/IX receptors on donor 
platelets that are lacking on platelets of patients 
with GT or BSS, respectively. Once the patient 
becomes alloimmunized they are refractory to 
subsequent platelet transfusions. For patients 
who are alloimmunized due to an HLA mis-
match, they can be given HLA matched single 
donor platelets if available. In all patients with a 
platelet function disorder, they should have 
 leukocyte reduced platelet transfusions in order 
to try and prevent this from occurring. In addi-
tion, platelet transfusions should be performed 
only if necessary. Unfortunately for GT and BSS, 
these patients often require prophylactic adminis-
tration of platelets in order to prevent spontane-
ous hemorrhage. 

 In milder  phenotypes   of IDP, patients can take 
antifi brinolytics or DDAVP perioperatively sur-
rounding mild procedures or dental extractions or 
acutely in the setting of mild bleeding episodes in 
order to prevent platelet transfusions. However, 

in the setting of major surgical procedures and 
acute severe hemorrhage, platelet transfusions 
are required but can be given in addition to 
Amicar, tranexamic acid, or DDAVP. For patients 

   Table 7.5     Classifi cation   of inherited disorders of platelet 
function [ 69 ]   

 1. Disorders of Adhesion: Defects in platelet–vessel 
wall interaction 

 (a) von Willebrand disease 

 (b) Bernard–Soulier syndrome (defi ciency or 
defect in GPIb) 

 2. Disorders of aggregation: Defects in platelet–
platelet interaction 

 (a) Congenital afi brinogenemia (defi ciency or 
dysfunctional plasma fi brinogen) 

 (b) Glanzmann’s thrombasthenia (defi ciency or 
defect in GPIIb-IIIa) 

 3. Disorders of platelet secretion and abnormalities of 
granules 

 (a) Storage pool defi ciency 

     • α-granule disorders 

      – Gray platelet syndrome 

      – Quebec platelet disorder 

     • Dense granule disorders 

      – Hemansky–Pudlak syndrome 

      – Chediak–Higashi syndrome 

      – Idiopathic dense granule disease 

 4. Disorders of platelet secretion and signal 
transduction 

 (a) Receptor defects: Defects in platelet–agonist 
interaction with thromboxane a2, collagen, 
ADP, epinephrine 

 (b) Defects in G-protein activation 

     • Gαq  defi ciency   

     • Gαs abnormalities 

     • Gαi1 defi ciency 

 (c) Defects in phosphatidylinositol metabolism: 
Phospholipase C-2 defi ciency 

 (d) Defects in calcium mobilization 

 (e) Defects in protein phosphorylation (pleckstrin) 
PKD-y defi ciency 

 (f) Abnormalities in arachidonic acid pathways 
and thromboxane A2 synthesis impaired 
liberation of arachidonic acid 

     • Cyclooxygenase defi ciency 

     • Thromboxane synthase defi ciency 

 5. Defects in cytoskeletal regulation 

 (a) Wiskott–Aldrich 

 6. Disorders of platelet–coagulant protein interaction 
(membrane phospholipid defects) 

 (a) Scott  Syndrome   

 7. Miscellaneous 
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that have developed allo-immunity, there have 
been studies reporting adequate hemostasis after 
rVIIa (Novoseven), particularly in patients with 
GT (Tables  7.5  and  7.6 ).
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          Introduction 

  Hemostasis   is a complex, regulated sequence of 
interactions involving platelets, the blood vessel 
endothelium, and coagulation factors. Primary 
hemostasis involves platelet activation and cul-
minates in the formation of the platelet plug. 
Secondary hemostasis follows with the activation 
of the coagulation cascade on the surface of 
platelets, leading to the formation of a stable 
fi brin clot. Under physiologic conditions, an 
equilibrium exists between the formation of a 
clot and its degradation.  Fibrinolysis   is a series of 
reactions that limit the extent of thrombosis. Our 
understanding of the normal coagulation cascade 
has changed substantially over the last two 
decades and is focused on thrombin generation, 
which is initiated by the activation of factor VII 

by tissue factor and is amplifi ed at multiple  steps 
  (Fig.  8.1 ) [ 1 ]. However, in a conceptual sense, 
one can still divide the cascade into the intrinsic 
and extrinsic pathways as it helps interpret the 
commonly used tests – prothrombin time (PT) 
and  activated partial thromboplastin time (aPTT)      
   (Fig.  8.2 ). The initiation of the intrinsic pathway 
involves activation of factor XII by the serine 
protease prekallikrein, which leads to the subse-
quent activation of factors XI and IX. The extrin-
sic pathway is activated when tissue factor is 
exposed and activates factor VII at the site of 
endothelial damage. Both  intrinsic and extrinsic 
pathways   converge onto the common pathway 
with the activation of factor X and factor V, cul-
minating in the generation of thrombin and sub-
sequent fi brin formation.

     Abnormal bleeding   can occur when the nor-
mal equilibrium no longer exists and can result 
from disorders of the coagulation system, plate-
lets, or blood vessels. Disorders of the coagula-
tion system can be acquired or hereditary, the 
former resulting from nutritional defi ciencies, 
systemic diseases, formation of factor inhibitors, 
and drugs [ 2 ]. This chapter will address the most 
common and clinically relevant acquired coagu-
lation disorders including vitamin K defi ciency, 
liver dysfunction, factor defi ciencies, and inhibi-
tors. We will conclude with a discussion of the 
 antiphospholipid antibody (APLA) syndrome     , 
which is primarily a prothrombotic state and 
rarely causes bleeding.  
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  Fig. 8.1    Modern view 
of  coagulation pathways  . 
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which a small amount of 
thrombin is generated. 
( b ) Amplifi cation phase 
in which thrombin 
generation is 
signifi cantly increased 
(Furie B, et al. New Eng 
J Med 2008)       
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    Vitamin K Disorders 

 Disorders of vitamin K can result from multiple 
etiologies including the use of vitamin K antago-
nists such as warfarin, inadequate dietary intake, 
malabsorption syndromes, or the chronic use of 
antibiotics. Vitamin K is a cofactor required for 
the activity of several key proteins containing car-
boxyglutamic acid residues important in the 
coagulation cascade.  Hepatocytes   contain car-
boxylase enzymes, which are necessary for the 
activation of coagulation factors II, VII, IX, and 
X. These residues facilitate the binding of coagu-
lation factors to calcium ions on the negatively 
charged phospholipids [ 3 ]. Therefore, vitamin K 
defi ciency can lead to decreased synthesis of 
these coagulation factors and render them ineffec-
tive, leading to coagulation abnormalities [ 4 ,  5 ]. 

 The term “vitamin K” was fi rst coined more 
than 50 years ago. Henrik Dam of Denmark 
reported the “anticlotting”  factor   that had the 
capability of reversing dietary-induced bleeding 
disorders in chicks. In fact, the name comes from 
the German/Danish word  koagulationsvitamin  

(clotting vitamin) [ 5 ]. Doisy and colleagues fi rst 
isolated vitamin K from alfalfa sprouts [ 4 ,  6 ]. 
There are multiple sources of vitamin K.  Dietary 
vitamin K1   (i.e., phylloquinone or phytonadi-
one), which is fat soluble, is mostly found in 
green leafy vegetables such as spinach and broc-
coli [ 7 ]. Its absorption requires intact pancreato-
biliary function and fat absorptive mechanisms. 
Vitamin K2 is synthesized by microfl ora coloniz-
ing the GI tract, i.e., colon and terminal ileum [ 8 ]. 
Vitamin K, a  lipophilic molecule  , is protein-bound 
in the bloodstream and therefore requires proteo-
lytic enzymes to liberate the active vitamin K 
component within the small intestines.  Bile salts   
then solubilize vitamin K into micelles, which 
are absorbed into enterocytes, incorporated into 
chylomicrons, and then absorbed into the intesti-
nal lymphatic system and portal circulation for 
transportation to the liver [ 9 ]. 

 The normal physiologic requirement of vita-
min K is 0.5 μg/kg/day [ 10 ]. Inadequate intake 
may deplete vitamin K stores in the body in as 
little as 7 days.  Clinical signs and symptoms   of 
vitamin K defi ciency are characterized by easy 
bruising and mucosal bleeding. A prolonged PT 
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  Fig. 8.2     Coagulation cascade         
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that corrects with mixing study is a characteristic 
of vitamin K defi ciency. When the defi ciency is 
mild, only the PT is prolonged, but in severe 
cases, both the PT and aPTT may be affected. 
Repletion of vitamin K can be provided by oral, 
subcutaneous, and intravenous routes. Intravenous 
vitamin K carries a small risk of anaphylaxis. The 
PT begins to improve within 12 h and should 
completely normalize in 24–48 h. 

     Antibiotic Use and Malabsorption   

 Acquired vitamin K defi ciency can occur second-
ary to the use of drugs such as antibiotics or in 
patients receiving total parenteral nutrition (TPN). 
Chronic antibiotic use can lead to alteration of the 
normal gut fl ora responsible for the synthesis of 
vitamin K2. In addition, antibiotics can directly 
affect the activation of vitamin K in the liver. 
Prolonged starvation or the fasting state can also 
decrease vitamin K levels. Since vitamin K is a 
fat-soluble vitamin, dysregulation in the fat 
absorption pathway can result in vitamin K defi -
ciency. Disorders of bile or pancreatic enzyme 
secretion, including cystic fi brosis, primary bili-
ary cirrhosis, primary sclerosing cholangitis, bili-
ary atresia, familial intrahepatic cholestasis, and 
inherited disorders associated with cholestasis, as 
well as intestinal diseases such as celiac disease, 
infl ammatory bowel disease, and short bowel syn-
drome, can result in vitamin K defi ciency. Any 
prior history of intestinal resection, especially at 
the terminal ileum which is responsible for fat 
absorption, can result in vitamin K defi ciency.  

     Liver Dysfunction   

 The liver produces most of the procoagulants, 
natural anticoagulants, and fi brinolytic proteins 
[ 11 ]. In fact, all coagulation factors are synthe-
sized in the liver, except von Willebrand factor 
and factor VIII. Thus, liver dysfunction can lead 
to coagulation abnormalities secondary to 
decreased synthesis of coagulation factors, 
decreased clearance of activated factors, dysregu-
lation of fi brinolysis, and production of abnormal 

fi brinogen [ 11 ]. Reduction of factor V distin-
guishes liver disease from vitamin K defi ciency 
[ 10 ]. The degree of coagulopathy is proportional 
to the extent of liver parenchymal cell damage. 
For instance, mild to moderate liver dysfunction 
is associated with slightly prolonged PT, which is 
caused by a decrease in factor VII since it has the 
shortest circulating half-life. More advanced liver 
disease is characterized by additional factor defi -
ciencies, including factors II, IX, and X, fi brino-
gen, and factor V. Factor VIII is often preserved in 
severe liver disease due to extrahepatic synthesis. 

 Acute liver injury is usually not associated 
with bleeding as loss of coagulation factors is 
compensated by a similar loss of anticoagulant 
proteins [ 12 ]. Even though disseminated intra-
vascular coagulation (DIC) is seen in a small 
number of patients with acute hepatic necrosis 
and shock liver, it is not clear that hepatic injury 
is directly responsible for disseminated intravas-
cular coagulopathy. Fulminant hepatic failure is 
characterized by activated fi brinolysis and 
impaired clot formation due to increasing levels 
of tissue plasminogen activator (t-PA) and uroki-
nase  plasminogen   activator [ 11 ]. In patients with 
chronic liver failure, the clinical picture is fre-
quently complicated by splenomegaly and throm-
bocytopenia. In both acute and chronic liver 
failure, patients have a risk of bleeding as well as 
thrombosis [ 13 ].  

    Vitamin K Antagonists 

 Vitamin K antagonists (VKAs) are often used on 
a long-term basis in patients with prosthetic heart 
valves, high-risk atrial fi brillation, venous throm-
boembolism, or others at high risk of thrombotic 
or embolic events including  stroke  . VKAs such as 
warfarin, which has a similar structure to vitamin 
K, block the synthesis of factors II, VII, IX, and X 
and anticoagulant proteins C, S, and Z (a cofactor 
for the inhibition of activated factor X). In partic-
ular, it interrupts the cycling of vitamin K between 
its oxidized and reduced state, thus preventing the 
gamma-carboxylation of glutamic acid residues 
on vitamin K-dependent proteins [ 11 ,  13 ]. 
 Treatment   with a VKA results in decreased 
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 synthesis and thus reduced activity of such 
 proteins. After ingestion, warfarin is rapidly 
absorbed from the GI tract and reaches maximal 
concentration in the blood in approximately 
90 min. It then accumulates in the  liver   where it is 
metabolized by P450 cytochromes CYP2C9, 
CYP1A2, and CYP3A4. Its half-life is roughly 
36–42 h. It has a narrow therapeutic index and 
thus can be challenging to monitor. In addition, 
there are multiple food-drug and drug-drug inter-
actions. Various patient factors affect the antico-
agulant response, including age, body weight, 
dietary habits, gender, ethnicity, and genetic poly-
morphisms [ 3 ]. Its  anticoagulant effect   is moni-
tored by the  international normalized ratio (INR)     . 
The annual incidence of any warfarin- associated 
major bleeding is 0–16 %, whereas the annual 
incidence of warfarin-associated fatal bleed is 
0–2.9 % [ 14 ]. A signifi cantly elevated INR pre-
dicts a high risk of major bleeding. For example, 
Hylek et al. prospectively reported that the risk of 
bleeding doubles for each single point of increase 
in the INR above 3.0, with major bleeding occur-
ring at a rate of 2.4–8 % per patient-year [ 15 ]. The 
most devastating bleeding complication is  intra-
cranial hemorrhage (ICH)     , which is estimated to 
occur at a rate of nearly 1 % per patient-year.  ICH   
carries an estimated mortality rate of 60 %. 
Published guidelines to date on management of 
ICH are largely based on expert opinion rather 
than randomized clinical trials [ 8 ].  

    Management of VKA-Associated 
Coagulopathy 

 Treatment of VKA-associated bleeding depends 
on the degree of anticoagulation, clinical mani-
festations, and urgency at which reversal is 
required. Reversal agents include vitamin K, 
 fresh frozen plasma (FFP)     ,    or  prothrombin com-
plex concentrate (PCC)     . Intravenous vitamin K 
carries a small risk of anaphylaxis, especially if 
formulations contain polyethoxylated castor oil, 
which is used to maintain vitamin K in solution 
[ 8 ]. The estimated risk of anaphylaxi s   accord-
ing to one study is approximately 3 per 10,000. 
Several randomized controlled trials have 

 demonstrated that low doses of oral vitamin K 
are effective in reducing an elevated INR in this 
setting. No studies have directly compared the 
effi cacy of different doses of oral vitamin K to 
reverse VKA-associated coagulopathy. 

 In the case of a  non-bleeding patient   with a 
moderately elevated INR (less than 5), a potential 
management strategy includes withholding the 
VKA and allowing the INR to drift down. It is 
also reasonable to withhold the VKA and admin-
ister low-dose oral vitamin K. It is not recom-
mended to administer FFP or coagulation factor 
concentrates in this setting. A number of studies 
have demonstrated that the incidence of 30-day 
major bleeding in patients with an INR greater 
than 9 was high (9.6 %) compared to only 1 % 
with INR over 5–6 [ 8 ]. If the  INR   is greater than 
9 without associated bleeding, it is generally 
accepted to hold warfarin and give oral vitamin K 
at a dose of 2–5 mg, which can reduce the INR 
within 24–48 h. If the INR is between 5 and 9 and 
the patient is not bleeding, warfarin should be 
held and the administration of low-dose vitamin 
K is optional. 

 The urgency of anticoagulation reversal in the 
setting of VKA-associated bleeding complica-
tions depends on the severity, bleeding site, and 
degree of INR elevation. The VKA should be 
withheld and intravenous vitamin K and/or coag-
ulation factor replacement administered in cases 
of VKA-associated major bleeding. With intact 
hepatic function, the INR generally starts to 
improve within 8–12 h of vitamin K administra-
tion and reaches the normal range within 24 h in 
most patients. The management of acute major 
life-threatening bleeding includes the administra-
tion of intravenous vitamin K, FFP, and PCC. 

  FFP   is obtained from either whole blood dona-
tions or automated plasmapheresis techniques. It 
is widely available but provides only partial rever-
sal of coagulopathy through replacement of fac-
tors II, VII, IX, and X. It contains all the natural 
pro- and anticoagulant factors at concentration of 
1 U/ml. Thus, it is administered at a dose of 15 ml/
kg, which usually requires infusion of volumes 
over 1 L. A lower dose of 5–8 ml/kg may be 
appropriate in cases of urgent reversal. There are 
advantages and disadvantages to its use [ 9 ,  14 ]. 
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 PCC s   are pooled human plasma-derived prod-
ucts containing factors II, IX, and X with variable 
amounts of factor VII, proteins C and S, and anti-
thrombin. It is supplied as a powder and diluent, 
which are reconstituted prior to administration. 
Products must be warmed to room temperature if 
previously refrigerated [ 3 ]. There are two types: a 
nonactivated and an activated form. Nonactivated 
PCCs can be classifi ed as three factor (3F-PCC) 
or four factor (4F-PCC). The former contains fac-
tors II, IX, and X with a small amount of VII con-
centrate. The latter contains suffi cient levels of all 
vitamin K-dependent factors. Thus, 3-F PCC and 
4-F PCC differ by amount of FVII. In the United 
States, 4F-PCC (Kcentra) was approved in April 
2013 for reversal of acquired coagulopathy due to 
vitamin K antagonists. However, this product has 
been used in Canada and Europe for many years 
[ 14 ]. PCC provides a rapid and effective method 
for replacing defi cient clotting factors and correct-
ing the INR. In a randomized clinical trial, 18 
over-anticoagulated patients were  randomized   to 
receive PCC or intravenous vitamin K [ 16 ]. The 
authors concluded that patients who received PCC 
had a more rapid INR correction compared those 
treated with vitamin K. In another study compar-
ing the use of PCC versus FFP, Makris et al. 
reported that complete correction of the INR 
occurred within 15 min in 28 out of 29 patients 
treated with PCC, compared to none of the 12 
patients treated with FFP [ 17 ]. The optimal dose 
of PCC is not established. The dose of PCC can be 
adjusted based on weight, initial INR, and target 
INR. The effect of PCC lasts only 12–24 h. Thus, 
vitamin K should be coadministered with PCC as 
the INR may rebound due to the persistent effects 
of warfarin. PCC therapy is generally safe. A sys-
tematic review of 14 studies involving 460 patients 
demonstrated only 7 total thrombotic complica-
tions (3 strokes, 2 myocardial infarctions, 2 deep 
vein thromboses) after the use of PCC [ 8 ]. 

    Fresh Frozen Plasma 
Versus Prothrombin Complex 
 Concentrates   
 PCCs do not require ABO compatibility or thaw-
ing. The volume of PCC necessary for reversal is 
smaller than FFP since PCCs contain 25 times 

the concentration of vitamin K-dependent factors 
relative to an equal volume of plasma. At present, 
it is recommended that PCCs should be given for 
reversal of VKA-associated major bleeding based 
on the ability of PCCs to rapidly correct a supra- 
therapeutic INR. However, it is unclear if rapid 
reversal of the INR translates to improved patient 
outcomes. A prospective, randomized controlled 
trial comparing the effi cacy and safety of 4F-PCC 
to FFP demonstrated the following conclusions: 
4F-PCC is non-inferior, achieves rapid reduction 
in INR (62.2 % vs. 9.6 %), requires a shorter 
infusion time, results in a lower incidence of fl uid 
overload (5 % vs. 13.2 %), and has a similar 
safety profi le [ 18 ]. Doses reported in the litera-
ture range from 8 to 50 U/kg. Risk of thrombotic 
complications and high cost are potential barriers 
to use of 4F-PCC by clinicians [ 9 ]. In contrast to 
the use of PCCs, FFP requires thawing for 
approximately 30 min at 30–37 °C and ABO typ-
ing prior to administration; in addition, it carries 
a small risk of transmissible infections and has 
the potential for causing volume overload [ 8 ,  9 , 
 14 ]. Although more costly, PCC can normalize 
INR faster (15 min vs. 1–2 h), reduces the need 
for PRBC transfusions, requires a smaller infu-
sion volume, and does not increase adverse 
events in comparison to FFP [ 3 ,  19 ]. In addition, 
PCCs undergo a viral inactivation process to 
reduce transmission of infective agents. 

 In cases of major or life-threatening bleeding 
associated with VKA use, intravenous vitamin K 
and coagulation factor replacement  are   recom-
mended [ 8 ].  

    Recombinant Factor VIIa 
  Recombinant factor VIIa (rFVIIa)   can reverse 
VKA-associated coagulopathy in patients with 
serious bleeding complications. It is currently 
approved for treatment of bleeding complications 
in patients with hemophilia who develop antibod-
ies to factor VIII or IX. Its primary mechanisms 
of action include activation of tissue factor at the 
site of endothelial injury to activate factor X and 
the reversal of platelet defects. There are a pau-
city of data to support its clinical effi cacy in 
patients with vitamin K defi ciency or antago-
nism. The use of rFVIIa is associated with the 
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development of arterial thrombosis. Since the 
therapeutic effect of rFVIIa lasts only about 
12–24 h, vitamin K must be administered as well. 

 US and European guidelines, including the 
American College of Chest Physicians, recom-
mend PCCs as primary treatment for anticoagu-
lation reversal in life-threatening bleeding and 
increased INR, with rFVIIa as a possible alterna-
tive. The VKA should be discontinued and 
 intravenous vitamin K should be concomitantly 
administered.  

     Perioperative Management   of Patients 
Receiving Vitamin K Antagonists 
 The management of patients receiving a VKA 
who require surgical procedures can be challeng-
ing. There is an increased risk of thromboembo-
lism when anticoagulation is interrupted for a 
surgical procedure. However, invasive surgeries 
are associated with inherent bleeding risk, which 
is magnifi ed in patients who are on anticoagula-
tion. Thus for each patient, a balance between 
reducing risk of thromboembolism and prevent-
ing excess bleeding must be reached at the time 
of surgery. One should take into account the esti-
mated thromboembolic risk, the bleeding risk 
inherent to the procedure, the timing of VKA 
interruption, and whether or not bridging antico-
agulation is indicated. Most published guidelines 
are based on expert opinion since data from ran-
domized clinical trials in this setting are lacking 
[ 3 ,  18 ,  20 – 22 ]. 

 For an elective procedure, the VKA should be 
discontinued about 6 days prior to planned sur-
gery. PT/INR should be obtained 1 day prior to 
surgery. If procedure is planned after 24 h, vita-
min K administration is reasonable. Subcutaneous 
vitamin K can be given if the INR remains greater 
than 1.5 despite receiving oral vitamin K. The 
INR should be in the normal range in patients 
undergoing procedures associated with a high 
bleeding risk, i.e., intracranial, spinal, or urologic 
surgeries, and/or any procedure requiring neuro- 
axial anesthesia. Discontinuation of the VKA for 
several days will result in subtherapeutic antico-
agulation. Bridging with a subcutaneous or intra-
venous short-acting agent, i.e., low molecular 
weight heparin or unfractionated heparin for 

approximately 2–3 days prior to surgery in 
patients deemed at high or very high risk of 
thromboembolism, may be indicated. For urgent 
procedures requiring rapid INR normalization, 
additional reversal agents can be utilized. The 
appropriate reversal agent for VKA-induced 
coagulopathy  depends   on the degree of 
 anticoagulation, urgency of the procedure, and 
bleeding risk. For semi-urgent reversal, which is 
often defi ned as within 1–2 days, the VKA should 
be withheld and vitamin K (either oral or IV) can 
be given. In contrast, when immediate reversal is 
desired (i.e., active major bleeding and/or emer-
gent surgery), PCC or FFP along with vitamin K 
is recommended [ 3 ,  18 ,  20 – 22 ].    

    Acquired Factor Defi ciencies 
and Inhibitors 

    Acquired Factor X Defi ciency 

 Factor X is a vitamin K-dependent coagulation 
factor which may be defi cient in a variety of clin-
ical scenarios, including patients with liver dis-
ease or vitamin K defi ciency. Acquired  factor X 
defi ciency   has been described in patients with 
certain malignancies, such as spindle cell thy-
moma, renal or adrenal carcinoma, gastric carci-
noma, and acute leukemia.   Mycoplasma 
pneumonia e   infection may cause a transient 
decrease in factor X levels [ 23 ]. Acquired factor 
X defi ciency is well-described in patients with 
AL amyloidosis. 

    Factor X Defi ciency in AL Amyloidosis 
  AL amyloidosis   is a plasma cell disorder in which 
abnormal protein fi brils deposit in tissues, result-
ing in organ failure. AL refers to the amyloid light 
chain-derived subtype of amyloidosis, which 
occurs in 8 per million people per year [ 24 ]. It is 
more common in men and occurs most commonly 
in the sixth or seventh decade of life. In most 
patients, a monoclonal protein will be detected by 
serum or urine immunofi xation and free light 
chain assays. Common sites of amyloid fi bril 
deposition include the liver, heart, soft tissues, 
kidneys, and nerves. This entity is diagnosed by 
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tissue biopsy of an involved organ or tissue with 
positivity by Congo red staining, showing apple-
green birefringence under polarized light. Patients 
may present with fatigue, weight loss, macroglos-
sia, neuropathy, heart failure symptoms, hepato-
megaly, or nephrotic range proteinuria. AL 
amyloid may occur in isolation or in association 
with another B-cell disorder, such as multiple 
myeloma or non-Hodgkin lymphoma. Other 
common subtypes of amyloidosis include AA 
amyloidosis, which is associated with chronic 
infl ammatory diseases, hereditary amyloidosis, 
and age-related “senile” systemic amyloidosis, 
the detailed discussion of which is outside the 
scope of this chapter. 

 Acquired defi ciency of factor X is the most 
common coagulation factor defi ciency seen in 
patients with AL amyloidosis [ 25 ]. However, less 
than 5 % of patients with AL amyloidosis present 
with factor X defi ciency [ 26 ]. The mechanism 
involves increased clearance of factor X from cir-
culation due to adherence to amyloid fi brils [ 27 ]. 
This is likely independent of proteinuria and liver 
dysfunction [ 25 ]. Bleeding in this scenario can be 
life-threatening and can present a therapeutic 
challenge. Factor X is rapidly removed from cir-
culation in this disease, and therefore factor 
replacement with products such as fresh frozen 
plasma or prothrombin complex concentrates is 
often ineffective [ 28 ]. Patients with amyloidosis 
can also have bleeding due to other mechanisms, 
including fragile blood vessels, hyperfi brinolysis, 
platelet dysfunction, and other less common fac-
tor defi ciencies (II, VII, IX, V) [ 25 ,  29 ,  30 ]. Severe 
bleeding is generally seen in patients with plasma 
factor X levels below 25 % of normal [ 25 ]. 
Moderate to severe bleeding can occur in patients 
with factor X levels 25–50 % of normal [ 25 ]. 
Patients with acquired  factor   X defi ciency may 
have a prolonged PT or PTT, with a mixing study 
which corrects with the addition of normal plasma. 

 Extensive binding of factor X to amyloid 
fi brils can occur in the spleen. If the patient has 
signifi cant splenic involvement by amyloidosis, 
splenectomy may improve the coagulopathy by 
removal of amyloid deposits [ 31 ]. RFVIIa has 
been used perioperatively for splenectomy or 
other surgical procedures to reduce bleeding risk 
[ 28 ,  32 ,  33 ]. However, the benefi ts of rFVIIa 

must be balanced with the risk of thrombosis. 
Ultimately, treatment of the underlying AL amy-
loidosis is necessary to reverse the coagulopathy. 
The preferred therapy is high-dose melphalan 
followed by autologous stem cell transplantation 
(ASCT). If not eligible for ASCT, patients may 
receive chemotherapy with agents such as bort-
ezomib, melphalan, alkylating, or immunomodu-
latory agents.   

     Acquired Factor XIII Defi ciency   

 Factor XIII is a tetramer which plays an impor-
tant role in the formation of the fi brin clot. It con-
sists of two active A subunits and two B subunits, 
which protect the A subunits in circulation. In 
addition to congenital factor XIII defi ciency (see 
Chap.   7    ), a variety of medical conditions can 
result in an acquired defi ciency of factor XIII, 
such as major surgery, sepsis, DIC, pulmonary 
embolism, malignancy, stroke, cirrhosis, or an 
autoimmune disorder. Severe factor XIII defi -
ciency is defi ned as a factor XIII level less than 
5 %, with moderate 5–10 %, and mild greater 
than 10 %. Patients with factor XIII defi ciency 
will have a normal PT, PTT, and thrombin time; 
the test of choice to evaluate for this condition is 
a factor XIII activity assay. In general, patients 
with acquired factor XIII defi ciency do not reach 
levels less than 30 % and therefore do not require 
replacement therapy. If necessary, factor XIII 
concentrate is the preferred treatment for this dis-
order, with fresh frozen plasma an alternative 
option. Patients with autoantibodies against fac-
tor XIII should be considered for plasma exchange 
and/or  immunosuppressive   medications [ 34 ].  

    Acquired von Willebrand Syndrome 
(Factor VIII Defi ciency) 

  Von Willebrand disease (VWD)         is an inherited 
bleeding disorder in which patients may experi-
ence mucosal or skin bleeding, as well as hemo-
static dysfunction perioperatively. This condition 
occurs when there is dysfunctional or defi cient 
von Willebrand factor (VWF), a plasma protein 
which facilitates the binding of platelets to each 
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other and to sites of tissue injury. VWF also acts 
as a carrier for coagulation factor VIII. Therefore, 
the bleeding diathesis seen in patients with VWD 
occurs due to a reduction in factor VIII levels and 
impaired adhesion of platelets to sites of tissue 
injury. See Chap.   7     for a detailed discussion of 
the evaluation and management of patients with 
inherited von Willebrand disease. 

  Acquired von Willebrand syndrome (AVWS)      
occurs when there is a defi ciency or defect in the 
function of von Willebrand factor as a conse-
quence of another medical condition. This disor-
der is relatively rare and is usually associated 
with an underlying lymphoproliferative or 
myeloproliferative disorder. It can also be seen in 
patients with other malignancies, cardiovascular 
conditions, those with autoimmune diseases, or 
as a result of certain medications. Its prevalence 
may be increasing due to a greater use of left ven-
tricular assist devices (LVADs). It is more com-
mon in elderly patients [ 35 ]. There are three 
mechanisms which lead to AVWS: destruction of 
VWF from shear stress, autoimmune destruction 
or inhibition of VWF, or increased binding of 
VWF to platelets or other surfaces [ 36 ]. Patients 
with this syndrome as a result of cardiac valvular 
disease or another vascular condition may have a 
decrease in VWF multimers due to destruction 
from shear stress. Patients may present with 
mucocutaneous bleeding and usually will not 
have a past or family history of bleeding. 
Diagnostic evaluation generally reveals a normal 
PT and a normal or prolonged PTT. Additional 
studies may show a decrease in factor VIII activ-
ity, VWF activity (ristocetin cofactor activity), 
and/or VWF antigen. 

 Treatment of AVWS is aimed at controlling 
acute bleeding, preventing perioperative bleed-
ing, and treating the underlying disorder if pos-
sible. This can include desmopressin, which 
causes release of VWF stores into circulation, 
although not all patients will respond to this ther-
apy. If possible, patients should have a therapeu-
tic trial of desmopressin with measurement of 
plasma VWF activity and factor VIII levels prior 
to and at intervals following administration to 
ensure adequate response. The typical dose used 
is 0.3 μg/kg over 30 min once daily. Patients 
should be monitored for the common adverse 

effects of hyponatremia and volume overload 
[ 35 ]. Tachyphylaxis can occur and therefore 
 desmopressin should not be used more than once 
per day for up to 3 days. If patients do not respond 
to desmopressin or if response is unknown, 
VWF/factor VIII concentrates can be effective, 
although these products can have a short half-life, 
especially in patients with inhibitors to VWF 
[ 35 ].  Intravenous immunoglobulin (IVIG)      is 
another therapy which may provide benefi t if 
patients do not respond to desmopressin  or    
   VWF/factor VIII concentrates [ 37 ]. In patients 
with immune- mediated AVWS, plasma exchange, 
steroids, or immunosuppression may be effec-
tive. Successful use of rFVIIa has been reported 
in patients  with   AVWS, although benefi ts must 
be balanced with the risk of thrombosis. 
Treatment of the underlying malignancy or surgi-
cal correction of the cardiac defect if possible 
may eliminate the coagulopathy. In patients with 
thrombocytosis and AVWS, correction of the 
thrombocytosis will often correct the coagulopa-
thy. Patients with hypothyroidism may develop 
AVWS, which is treated with thyroid hormone 
replacement [ 36 ].  

    Acquired Hemophilia A 
(Factor VIII Inhibitor) 

  Hemophilia A      is the congenital defi ciency of 
coagulation factor VIII, which is active in the 
intrinsic pathway of the coagulation cascade. The 
acquisition of an inhibitor to factor VIII, or 
acquired hemophilia A, can be idiopathic, or sec-
ondary to various medical conditions, including 
autoimmune disorders, malignancy, the postpar-
tum period, infections, or certain medications 
[ 38 ]. It occurs more commonly in elderly patients. 
Factor VIII inhibitors are rare, with an incidence 
of 1–4 per million people per year [ 38 ]. This con-
dition causes severe and often life-threatening 
bleeding, with a high mortality rate (8–22 %) 
[ 38 ]. In contrast to patients with congenital hemo-
philia A, who often experience hemarthrosis, 
patients with an acquired factor VIII inhibitor 
may present with mucosal or subcutaneous bleed-
ing, hematuria, or GI bleeding. Evaluation reveals 
a prolonged PTT which does not correct with the 
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addition of normal plasma by mixing study. 
 Additional      workup should include a factor VIII 
level and factor VIII inhibitor activity. 

 Treatment of a bleeding patient with a factor 
VIII inhibitor should include one of two strate-
gies: raising the factor VIII level (generally only 
if a low titer factor VIII inhibitor is present, less 
than 5 Bethesda units (BU)) or bypassing factor 
VIII. Patients with a low titer inhibitor can be 
treated with human factor VIII concentrates, 
20 IU/kg for each BU of inhibitor plus 40 IU/kg 
intravenously [ 38 ]. 

 If the titer is greater than or equal to 5 BU, a 
bypassing agent should be used. RFVIIa is fre-
quently used as a fi rst-line agent, with a recom-
mended dose of 90–120 μg/kg every 2–3 h, as the 
half-life is approximately 2.5 h [ 39 ,  40 ]. RFVIIa 
leads to the generation of thrombin. The benefi t 
of this agent must be balanced against the risk of 
thrombosis, particularly in elderly patients. 
Activated prothrombin complex concentrate 
(aPCC) is an alternative bypassing agent, which 
provides the vitamin K-dependent clotting fac-
tors. The recommended dose range of aPCC is 
50–100 IU/kg every 8–12 h [ 39 ,  40 ]. In order to 
eliminate the inhibitor, various immunosuppres-
sive agents have been employed. Steroids alone 
or in combination with cyclophosphamide are 
frequently used for this indication. Intravenous 
immunoglobulin may also be effective when 
combined with immunosuppressive agents. 
Plasma exchange, immune tolerance protocols, 
cyclosporine, and rituximab have been used to 
eradicate factor VIII inhibitors as well. In patients 
with a minor bleeding episode, desmopressin can 
be considered. There is a high risk of infectious 
complications from immunosuppressive therapy. 
These therapies should be administered after 
consultation with a hematologist.   

    Antiphospholipid Antibody 
Syndrome 

 The antiphospholipid antibody syndrome (APS) 
is an acquired condition resulting in a prothrom-
botic state. APS can be a primary condition or 
can be associated with an underlying disorder 

such as a rheumatologic disease or  malignancy  . 
The syndrome requires the presence of both labo-
ratory and clinical components for diagnosis, 
including an autoantibody in the plasma and 
either a venous or arterial thrombosis or recurrent 
obstetrical complications. In a surgical setting, it 
is important to identify a preexisting history of 
this syndrome as patients are prone to thrombosis 
and may require anticoagulant therapy. In some 
settings, preoperative workup may reveal a pro-
longed aPTT, which prompts further investiga-
tion with a mixing study and evaluation for 
circulating inhibitors. The APLAs implicated in 
this syndrome include anticardiolipin antibodies 
(aCL), anti-β 2 -glycoprotein I antibodies (aβ 2 GPI), 
and the lupus anticoagulant (LA).  Perioperative 
management   of patients with known APS 
includes holding warfarin prior to planned inter-
vention and reversing warfarin if urgent surgery 
is required. Prophylactic doses of anticoagulation 
should be started as soon as possible postopera-
tively, and therapeutic anticoagulation should be 
reinitiated as soon as safe from a surgical stand-
point. Here we will review the pathophysiology, 
laboratory diagnosis, clinical presentation, and 
treatment of APS. We will also include a brief 
discussion of  catastrophic APS (CAPS)     . 

     Pathophysiology   

 APS is an autoimmune process associated with cir-
culating autoantibodies to phospholipid protein 
complexes. Although these antibodies were fi rst 
detected in patients with systemic lupus erythema-
tosus (SLE), the disorder is not limited to those 
with SLE. Subtypes of the antiphospholipid anti-
bodies include aCL, aβ 2 GPI, and LA. Positivity for 
all three of these tests is associated with the highest 
risk for thrombosis and pregnancy loss. There are a 
number of proposed mechanisms for how the pres-
ence of these antibodies results in an increased risk 
of thrombosis, including the effects of antibodies 
on platelets, endothelial cells, monocytes, and 
 trophoblasts and interference with complement 
activation. Cell signaling pathways such as the 
phosphatidyl- inositol 3-kinase (PI3K)/AKT path-
way may also be involved in pathogenesis [ 41 ]. 
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 Antiphospholipid antibodies can be detected 
in a variety of clinical settings including healthy 
individuals, in the presence of autoimmune or 
rheumatologic diseases, with infections, medica-
tion related, or in the presence of malignancy. 
The most frequent rheumatologic condition asso-
ciated with APS is SLE, and approximately 31 % 
of patients with SLE will have a LA. Although 
LA is the most prevalent antibody in the setting 
of SLE, aCL or aβ 2 GPI antibody may also be 
identifi ed. Bacterial, viral, and parasitic infec-
tions can be associated with APLA. Such infec-
tions include HIV, mononucleosis, rubella, 
hepatitis, syphilis, Lyme disease, tuberculosis, 
malaria, and toxoplasmosis, among others. 
Common medications associated with the devel-
opment of APLA include procainamide, pheno-
thiazines, phenytoin, hydralazine, quinidine, 
quinine, ethosuximide, alpha interferon, amoxi-
cillin, chlorothiazide, oral contraceptives, and 
propranolol. Associations with malignancies 
including solid tumors, Hodgkin and non- 
Hodgkin lymphoma,    leukemias, and myelopro-
liferative disorders have been reported [ 42 ].  

     Diagnosis   

 Diagnosis of APS requires the presence of clinical 
and laboratory fi ndings. Diagnostic workup may 
be pursued in the setting of (1) more than one oth-
erwise unexplained thrombosis or thromboem-
bolic events, (2) more than one pregnancy- related 
complications, or (3) otherwise unexplained pro-
longation of the aPTT or thrombocytopenia. The 
following laboratory studies should be obtained: 
IgG and IgM aCL antibodies, IgG and IgM 
aβ 2 GPI antibodies, and LA testing. The aCL and 
aβ 2 GP I antibodies are evaluated by enzyme-
linked immunosorbent assay (ELISA). The LA is 
evaluated with an initial dilute Russell viper 
venom time (dRVVT), and if positive, a confi rma-
tory test should follow. If any of the initial labora-
tory tests are positive, they need to be repeated 
and confi rmed a second time, 12 weeks later. 

 The Sapporo criteria, now referred to as the 
revised Sapporo criteria or the Sydney criteria, 
are used to make a diagnosis of defi nite 

APS. According to these criteria, defi nite APS 
can be considered if at least one of the following 
clinical and one of the following laboratory crite-
ria are present. The clinical criteria include (1) 
vascular thrombosis or (2) pregnancy morbidity. 
Specifi cally the vascular thrombosis must be a 
venous, arterial, or small vessel thrombosis with 
unequivocal imaging or histologic evidence. This 
does not include the presence of superfi cial 
thrombosis. Pregnancy-related morbidity is 
defi ned as unexplained fetal death at ≥10 weeks 
gestation of a normal fetus or one or more prema-
ture births before 34 weeks because of eclampsia, 
preeclampsia, or placental insuffi ciency or three 
or more early (<10 weeks) pregnancy losses 
unexplained by other etiologies. 

 The laboratory fi ndings that are required for 
the diagnosis of APS include the presence of one 
or more of the following: (1) IgG and/or IgM 
anticardiolipin antibodies in moderate or high 
titer (>40 GPL or MPL units or greater than the 
99th percentile for the laboratory testing), (2) 
antibodies to beta2-glycoprotein I of IgG or IgM 
isotype at a titer greater than the 99th percentile 
for the testing laboratory when tested according 
to recommended procedures, or (3) lupus antico-
agulant activity detected according to published 
guidelines [ 43 ]. As previously stated, if any of 
the above tests are positive, the fi nding must be 
confi rmed a second time, 12 weeks later, to rule 
out a false-positive result. False-positive tests 
can be observed in the setting of oral anticoagu-
lants, older patients, or only mildly positive 
lupus anticoagulant results. False-negative 
results also occur and are usually related to labo-
ratory processing. Checking  for   APLA at the 
time of acute thrombosis is not recommended as 
they can decrease temporarily or may be tran-
siently positive.  

     Clinical Presentation   

 Clinical presentation of APS includes manifesta-
tions of venous or arterial thrombosis and/or 
pregnancy complications or loss. On physical 
exam, fi ndings may include livedo reticularis, 
digital ischemia, asymmetric lower extremity 
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edema from a deep venous thrombosis (DVT), or 
neurologic fi ndings from stroke. Additional clini-
cal manifestations may include thrombocytope-
nia, coronary artery disease, valvular heart 
disease, pulmonary hypertension, peripheral arte-
rial disease, retinal disease, adrenal failure, and 
gastrointestinal manifestations. Venous thrombo-
sis is more common than arterial thrombosis and 
the calf veins are the most common sites of DVT 
[ 44 ]. APS should be considered in young patients 
with history of stroke and no other risk factors for 
cerebrovascular disease or recurrent thrombotic 
events in the absence of other risk factors. 

 Additional hematologic manifestations may 
include thrombocytopenia, thrombotic microan-
giopathy, or bleeding. Thrombocytopenia is the 
most commonly seen hematologic manifestation 
and the usual platelet count ranges from 50,000 
to 140,000/μl [ 45 ]. Thrombocytopenia does not 
preclude the development of thrombosis and 
should not preclude the use of anticoagulant ther-
apy if the platelet count remains above 50,000.  

     Treatment   

 Once a diagnosis of APS has been reached and 
confi rmed, timely treatment should be initiated. 
Treatment may include the use of anticoagulants 
such as heparin or warfarin and possibly anti-
platelet agents such as aspirin. In the setting of an 
acute thrombosis associated with APS, the throm-
bosis should be treated in the same manner as 
thrombosis independent of APS. Heparin or low 
molecular weight heparin is frequently initiated 
with the simultaneous initiation of warfarin. The 
heparin product should be continued until the 
INR has been in the target therapeutic range for 
48–72 h. Unfractionated heparin may be preferred 
in the setting of hemorrhagic complications as it 
can be rapidly reversed. The use of unfractionated 
heparin requires additional consideration when 
the aPTT is elevated at baseline. In this setting, 
the aPTT may not be a reliable measure of hepa-
rin levels and instead monitoring with anti-factor 
Xa levels may be more appropriate. 

 There must be consideration for long-term, 
possibly lifelong anticoagulation in the setting of 

unprovoked, spontaneous thromboembolism in 
the context of APS. There are no prospective data 
to support higher intensity anticoagulation ther-
apy with an INR goal of 3.0–4.0 in APS. Clinical 
trials have demonstrated that there is no reduc-
tion in the rate of recurrent thrombosis with a 
higher INR goal as compared to a standard INR 
goal of 2.0–3.0 [ 46 ]. There are also no prospec-
tive data to support the use of direct factor Xa 
inhibitors or direct thrombin inhibitors in AP S  
and thus these agents are not recommended. 

 In patients with a prolonged PT/INR at base-
line, it may be necessary to confi rm a therapeutic 
level of anticoagulation by monitoring factor II 
activity level or measuring chromogenic factor X 
assay. Whole blood point of care testing may be 
unreliable in the setting of APLA and therefore it 
should be correlated with a plasma INR from a 
peripheral blood draw prior to accepting point of 
care testing as an accurate measurement. Patients 
should be counseled regarding the potential med-
ication and dietary interactions while on warfarin 
therapy. Home self-monitoring INR is a potential 
option in a carefully selected patient population. 

 The antiplatelet agents studied for therapeutic 
use in APS include aspirin and clopidogrel. There 
are some studies to suggest aspirin at a dose of 
81 mg/day may decrease the risk of thrombosis in 
patients with APS; however, the routine use of 
aspirin should be driven primarily by the cardio-
vascular risk factors of the patient [ 47 ]. There are 
no data from randomized studies to support the 
routine use of clopidogrel in treatment of APS 
and this is not recommended [ 48 ]. There have 
been studies investigating the use of prophylactic 
aspirin in patients with positive APLA, but no 
history of thrombosis. However, these trials have 
failed to document a benefi t from  the   addition of 
daily aspirin [ 49 ].  

    Catastrophic Antiphospholipid 
Antibody Syndrome 

 The  catastrophic antiphospholipid antibody syn-
drome (CAPS)         is a potentially life-threatening 
condition involving widespread thrombosis 
despite appropriate anticoagulation that results in 
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multiorgan failure. Mortality rates have been 
reported as high as 30 % in some studies [ 50 ]. 
Criteria for the diagnosis of this syndrome 
include (1) evidence of involvement of three or 
more organs, systems, and/or tissues; (2) devel-
opment of manifestations simultaneously or 
within 1 week of each other; (3) confi rmation by 
histopathology of small vessel occlusion in at 
least one organ tissue; and (4) laboratory confi r-
mation of the presence of APLAs. The diagnosis 
of defi nite CAPS requires the presence of all four 
criteria. If less than all four criteria are present, 
the diagnosis of probable CAPS may be reached 
[ 51 ]. Treatment of CAPS is focused on treating 
the thrombotic events and also the underlying 
cytokine storm that ensues. Patients with CAPS 
may benefi t from combined treatment with anti-
coagulants, glucocorticoids, plasma exchange, 
and/or intravenous immune globulin (IVIG). 
Rituximab has been studied in the setting of resis-
tant CAPS and may provide some benefi t [ 52 ]. 

 A preexisting history of APS in the neurosur-
gical patient is important to identify, as careful 
attention to perioperative anticoagulation is 
required. The goal of treatment should be to 
safely resume anticoagulation as soon as safe 
from a surgical perspective as these patients are 
at high risk of thrombosis. At times, a new diag-
nosis of APS may be identifi ed by a neurosurgi-
cal service with an appropriate level of suspicion 
based on clinical and laboratory fi ndings. 
Consultation with a hematologist is appropriate 
in the setting of APS.      
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          Introduction 

 Claude Bernard (1813–1878), a French physiolo-
gist, fi rst coined the term  milieu intérieur  (the 
environment within), now known as homeosta-
sis.  Hemostasis   is one such homeostatic process. 
Hemostasis could be defi ned as a state of physi-
ologic homeostasis resulting from a dynamic 
equilibrium between coagulation and fi brino-
lysis. The endothelium, a single layer of cells, 
which line the intimal surface of the entire car-
diovascular system (estimated to be 1000–5000 
square meters), is by far the largest endocrine, 
paracrine, and autocrine gland ever known to 
man and plays a central role in maintaining  blood 
fl uidity  . The coordinated interplay of primary 
hemostasis (platelet-vessel wall interactions), 
secondary hemostasis (fi brin formation), and 

fi brinolysis ensures arrest of blood fl ow at sites 
of injury and restoration of vascular patency dur-
ing wound healing by local activation of plas-
minogen to plasmin. This fi nely tuned balance 
enables healing of a vascular lesion without com-
promising the stability of the clot and to contain 
the fi brinolytic activity to the injured area. This 
can be achieved by the intricate fi ne balance 
between coagulation, fi brinolysis, and proteo-
lytic and inhibitory proteins [ 1 ].  

    Regulation of Fibrinolysis 

 The  fi brinolytic system   is an important 
endothelium- dependent mechanism for limiting 
fi brin accumulation [ 2 ]. Plasmin plays a central 
role in fi brinolysis and is formed from plasma 
zymogen, plasminogen, by the action of plasmin-
ogen activators derived from the endothelium. 
The endogenous plasminogen activators are, 
namely,  tissue-type plasminogen activator (tPA)   
and urokinase-type plasminogen activator (uPA) 
which themselves exist in zymogenic forms, tPA 
as single-chain tPA and uPA as prourokinase [ 3 ]. 
The  tPA   is fi brin selective since its catalytic 
activity is enhanced signifi cantly following bind-
ing to fi brin. Specifi c cell surface membrane 
receptors also allow plasminogen activation by 
tPA and uPA and thereby promote dissolution of 
fi brin clot from the microenvironment of the endo-
thelial cell, macrophages, or platelet surface [ 3 ]. 
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Once plasmin is formed it degrades the fi brin and 
forms  fi brin degradation products (FDPs)   and by 
virtue of their competition with fi brin monomer 
for fi brin binding sites and with fi brinogen for 
platelet surface glycoprotein IIb/IIIa (GPIIb/IIIa) 
binding sites, they have anticoagulant properties 
[ 3 ].  Plasmin   besides lysing the fi brinogen is also 
known to split prothrombin, thereby triggering 
thrombin generation and causing a procoagulant 
effect. Plasminogen activation is regulated by 
α2-antiplasmin, and plasmin activity is regulated 
by plasminogen activator inhibitors (PAI-1 and 
PAI-II) by forming one-to-one stoichiometric 
complexes with the active enzymes (see Fig.  9.1 ) 
[ 3 ]. Another  non-plasmin   fi brinolytic pathway 
described involves binding of fi brin to the plu-
ripotent macrophage integrin Mac-1 (DC11b/
CD18), and then the fi brinogen-Mac-1 complex 
is then internalized in the macrophage, and then 
the fi brin is degraded by the action of cathepsin D 
into FDPs [ 4 ]. This macrophage-mediated, non- 
plasmin fi brinolytic pathway takes place during 
the process of recanalization of the vessel [ 3 ].

   The proteases involved in fi brinolysis include 
plasmin and  tissue-type plasminogen activator (tPA)   
and  urinary-type plasminogen activator (uPA)   or 
urokinase which like the serine proteases exist as 
zymogens. The plasmin cleaves the α-chain of 
fi brinogen to release the αC Fragments, thereby 
producing Fragment X of about 260 kDa, and 
upon further plasmin action produces Fragment 

Y and Fragments D and E. However, through 
enzymatic actions of thrombin and FXIIIa, cross-
linked fi brin is formed which upon action 
by plasmin forms D-dimer and E complex. The 
human plasminogen is the zymogenic form 
of plasmin. It is a single-chain glycoprotein of 
92 kDa. All plasminogen activators cleave the 
Arg561-Val562 bond in plasminogen. There are 
several variants of plasminogen which could 
result from glycosylation and genetic polymor-
phism besides limited proteolysis and activation 
processes. The  physiologic plasminogen activa-
tors   include tPA and uPA. Another activation sys-
tem, the contact plasminogen activator pathway, 
is dependent on the FXII, prekallikrein, and high 
molecular weight kininogen. There are some 
plasminogen activators from bacteria and vam-
pire bat such as staphylokinase and vampire bat 
plasminogen activator. 

   Tissue-type plasminogen activator   : It is a 
serine protease of 68 kDa, which, having secreted 
by the endothelial cells, exerts its effects in 
the vessels. Besides the circulating amount of 
approximately 5 μg/L (70 pM), the rest com-
plexes with its primary inhibitor plasminogen 
activator inhibitor (PAI-1). The tPA cleaves the 
Arg561-Val562 bond in plasminogen but is inef-
fective activator of plasminogen in  the   absence 
of fi brin. Mutations engineered in tPA alter its 
 characteristics which may make tPA resistant to 

  Fig. 9.1    Plasmin shown 
in  green  is regulated via 
plasminogen activator 
inhibitor-1 (PAI-1) in 
 blue        
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the action of PAI-1 or make more effective agents 
such as new mutant tenecteplase (TNK-tPA). 

  Urinary-type plasminogen    activator      : Alth-
ough found in the urine at 40–80 μg/L, it is 
 synthesized by cells with a fi broblast-like mor-
phology and also epithelial cells, monocytes, and 
macrophages. It activates plasminogen by cleav-
ing Arg561-Val562 bond, but does not require 
fi brin. While tPA functions in the vasculature, 
uPA has a role in degradation of extracellular 
matrix and cell migration which may have effects 
on wound healing, infl ammation, and  embryo-
genesis   and invasion of tumor cells and metasta-
ses. However, this does not  discount   its role in 
fi brin degradation. 

   Contact pathway system   : The contact sys-
tem comprising of FXII, prekallikrein, FXI, and 
high molecular weight kininogen. The negatively 
charged surfaces such as kaolin, ellagic acid, sul-
fatides, and dextran sulfate activate FXII to 
FXIIa and prekallikrein to kallikrein. Factor XIIa 
further activates the FXI to FXIa, triggering the 
coagulation cascade. The contact factor, FXII, 
although a clotting factor, is structurally similar 
to tPA, uPA, and plasminogen and causes fi brino-
lysis at least by three mechanisms such as 
(1) direct activation of plasminogen by FXIIa, 
(2) generation of kallikrein by FXII-dependent 
and FXII-independent pathways triggering acti-
vation of scuPA, and (3) indirect stimulation of 
fi brinolysis caused by kallikrein cleavage of high 
molecular weight kininogen, generating bradyki-
nin, which is a potent stimulator of tPA release 
from the endothelial cells. In plasma, the pres-
ence of fourfold higher concentration of FXII 
than tPA and uPA is suggestive of its important 
role in activation of plasminogen as effective as 
urokinase. The contact pathway regulates fi bri-
nolysis by these mechanisms. 

    Other Plasminogen Activators 

   Streptokinase   : Streptokinase is not an enzyme 
but an extracellular protein produced by strepto-
cocci and is capable of activating the human fi bri-
nolytic system, by forming a 1:1 stoichiometric 

complex with plasminogen. The activated 
streptokinase- plasminogen complex binds with 
another molecule of plasminogen and cleaves it 
at Arg541-Val562 that forms plasmin. The acti-
vated streptokinase-plasminogen complex retains 
its ability to bind to the fi brin and is protected by 
inhibitory effects of α2-antiplasmin. Streptokinase 
causes systemic conversion of plasminogen to 
plasmin  and   depletion of circulating fi brinogen, 
plasminogen, and FV and FVIII. Streptokinase is 
antigenic. 

   Staphylokinase    is also not an enzyme but a 
protein produced by  Staphylococcus aureus , 
which forms a stoichiometric complex with plas-
minogen.  Staphylokinase   is fi brin-dependent and 
hence in the absence of fi brin does not activate 
plasminogen. Trace amount of plasmin on the 
surface of fi brin cleaves ten residues from 
the amino terminus of staphylokinase, allowing 
staphylokinase to bind with plasminogen and 
interacting with fi brin-bound plasminogen 
 forming free plasmin. The free plasmin converts 
the staphylokinase-plasminogen complex to 
staphylokinase- plasmin complex which is not 
vulnerable to inactivation by α2-antiplasmin. 
Staphylokinase is antigenic. 

  Vampire bat plasminogen    activator   : Four 
plasminogen activators in the salivary glands of 
vampire bat ( Desmodus rotundus ) were identi-
fi ed, namely, DSPAα1 and DSPAα2 and DSPAβ 
and DSPAγ. DSPA unlike other plasminogen 
activators is very fi brin specifi c and the activity 
of DSPAα1 is in fact 105,000-fold higher in the 
presence of fi brin than in its absence. Enhanced 
fi brin specifi city and long clearance time are 
some of its important properties. 

  Inhibitors of the fi brinolytic    system   : While 
plasminogen activator inhibitor-1 is the main 
inhibitor of tPA and uPA, α2-antiplasmin inhibits 
plasmin.  PAI-1 and α2-antiplasmin are mem-
bers of the serpin family which includes anti-
thrombin and heparin cofactor II . 

  Plasminogen activator inhibitor-1 (PAI-1) : 
There are several sources of production of PAI-1, 
such as platelets, megakaryocytes, endothelial 
cells, hepatocytes, and adipocytes; however, the 
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source of resting plasma PAI-1 is not known. The 
source of increased PAI-1 levels as an acute 
phase response is hepatocytes. Half of the circu-
lating PAI-1 is known to come from the platelets 
and its large amounts accumulate in the thrombi. 
While PAI-1 inhibits tPA and uPA, it does not 
inhibit scuPA which is largely inactive. Once 
bound to uPAR on the surface of monocytes, 
the activity of scuPA is profoundly increased. 
The receptor-bound scuPA initiates proteolytic 
activity. The conversion of receptor-bound scuPA 
to uPA and the vulnerability of uPA to the inhibi-
tory effects of PAI-1 are considered to be ways of 
regulating fi brinolysis. PAI-1 defi ciency is quite 
rare and leads to bleeding. 

   PAI-1 inhibitors   : Inhibition of PAI-1, which 
is a major inhibitor of tPA and uPA, results in 
increased endogenous fi brinolytic activity. PAI-1 
synthesis is decreased in vitro by lipid lowering 
drugs such as niacin and fi brates [ 5 ,  6 ]. Similarly, 
peptides that block PAI-1 activities are also iden-
tifi ed which prevent insertion of the reactive cen-
ter loop upon cleavage by the target protease [ 7 ] 
or by converting PAI-1 into a latent conformation 
[ 8 ]. Development of small molecule PAI-1 inhib-
itors, some of which may have antithrombotic 
properties in vivo, may be quite interesting [ 9 ]. 

   α2-antiplasmin      : It is a fast-acting inhibitor 
of plasmin. The circulating concentration of 
α2-antiplasmin is 70 mg/L. It is synthesized in 
the liver and obviously is decreased in patients 
with hepatic insuffi ciency. It exists in several 
forms in the plasma and its inhibitory capability 
resides in the core of the protein.  α2-antiplasmin 
causes interference in the interaction of plas-
minogen, plasmin, tPA, and fi brin . Plasminogen 
and tPA may interact directly with fi brin, by act-
ing as a cofactor in plasminogen activation result-
ing in fi brin degradation due to action of plasmin. 
α2-antiplasmin can bind with plasminogen 
and prevent binding of plasminogen to fi brin. 
α2-antiplasmin can also cross-link to fi brin pre-
venting plasmin binding to fi brin and by binding 
to plasmin prevents plasmin’s action, thereby 
inhibiting fi brin degradation. Defi ciency of 
 α2-antiplasmin   results in delayed bleeding and 

normal initial hemostasis characteristic of 
 fi brinolytic defects. 

   TAFI   : As the name implies, thrombin activat-
able fi brinolytic  inhibitor   is a fi brinolytic inhi-
bitor, activated by thrombin generated by the 
coagulation cascade. As an intermediate between 
coagulation and fi brinolysis, it cross-regulates 
coagulation and fi brinolysis. TAFI is a procar-
boxypeptidase U (pro-CPU) and is a zymogen of 
the active enzyme TAFIa, a  plasma carboxypep-
tidase B (pCPB)  . The generation of C-terminal 
lysyl residues serves as an important feedback 
mechanism and enables the plasminogen to bind 
to fi brin in enhancing fi brinolysis. TAFIa removes 
these C-terminal lysyl residues, thereby regulat-
ing the fi brinolytic process. Thus TAFI is acti-
vated by thrombin-thrombomodulin complex 
and by plasmin in a reaction that is enhanced by 
glycosaminoglycans (see Fig.  9.2 ). TAFI is pro-
duced in the liver and circulates in the blood at 
approximately 75 nM concentration, and only a 
small proportion is necessary for activation to 
have complete function. Due to polymorphisms 
in TAFI gene, there could be wide ranges of its 
concentration in healthy population and does not 
necessarily correlate with disease. There is no 
known endogenous inhibitor of TAFIa. As an 
acute phase reactant, the TAFI levels are 
increased in infl ammation. Elevated levels of 
TAFI and PAI-1 and associated hypofi brinolysis 
may pose a risk for venous thrombosis. Defi ciency 
of TAFI in mice has shown to increase the risk of 
cerebral thrombosis and ischemic stroke in mice. 
Hemophilic patients show defective activation of 
TAFI that leads to increased fi brinolysis and 
increased bleeding. Most of the clot is formed 
after the formation of  a   clot by the intrinsic path-
way activation of FXI by thrombin. Clots formed 
in vitro in the presence of FIX defi cient plasma 
lysed prematurely and could be reversed by the 
addition of FIX and thrombomodulin to the 
plasma. Normal fi brinolysis could be achieved, if 
TAFI, thrombomodulin, and FVIII are added to 
the plasma from hemophilic patient. Admini-
stration of Factor XIa antibodies and inhibition of 
TAFI in rabbit models is reported to have shown 
twofold increased endogenous fi brinolysis.
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   TAFI cross-regulates  coagulation   and fi brino-
lysis. Hemophilia A is caused by the defi ciency 
of FVIIIa and the bleeding, as a result of defec-
tive clot formation. The defective role of TAFI in 
hemophilia plays a role in less protection of the 
clot. It is interesting to note the degree of bleed-
ing in hemophilic patients due to defective clot 
formation or defective clot protection as a result 
of defective TAFI activation. It is also interesting 
to know as to how much does activation of TAFI 
contribute to the increased risk of venous throm-
bosis associated with high levels of coagulation 
factors II, VIII, IX, and XI. 

  Interactive role of thrombin- 
thrombomodulin complex, TFPI, protein C, 
APC, TAFI, and fi brinolytic pathways in 
severe    sepsis   : Tissue factor-induced thrombin 
generation is downregulated by TFPI and the 
functional protein C pathway [ 10 ]. Thrombin-TM 
complex links coagulation with the fi brinolysis 
by TAFI [ 11 ,  12 ]. In a severe septic state, incre-
ased thrombin and reduced APC inhibition of 
thrombin generation, leading to increased throm-
bin levels, promote TAFI activity, thereby inhib-
iting fi brinolysis. When the TM levels are 
increased, TAFI activity is promoted and there is 
more fi brinolytic defi cit. 

 Protein C also combines with PAI-1 to prevent 
inhibition of fi brinolysis. In sepsis there is 
reduced protein C/APC activity. This formed the 
basis of administering protein C to patients with 
meningococcal septicemia  where   changes in TM 
and EPCR result in purpura fulminans [ 13 – 15 ]. 
Maruyama demonstrated in rodent and primate 
models of TF-induced DIC that recombinant 
 soluble TM may prevent DIC even when the AT 
levels  are   low [ 16 ,  17 ].  

    Other Inhibitors 

   PAI-2   : PAI-2 is a urokinase inhibitor in placenta. 
Monocytes being the important source of PAI-2, 
it gets into the clot and causes fi brin stability 
by cross-linking with fi brin. PAI-2 is known to 
inhibit two-chain tPA. By its intracellular pres-
ence, it is led to believe that, besides inhibition of 
plasminogen activator, it may have protective 
effects on the cells from cytopathic effects of 
alpha virus infection. 

   Alpha2-macroglobulin      : It is a glycoprotein 
circulating in the blood in the amounts of 
2.5 g/L. It inhibits several proteases including 
plasmin but initiates its activity when the activity 

  Fig. 9.2    TAFI seen in 
 yellow  is activated by 
the thrombin- 
thrombomodulin 
complex in addition with 
plasmin seen in  pink . 
This reaction is also 
enhanced by 
glycosaminoglycans. 
The  orange  protein seen 
above is thrombin       
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of α2-antiplasmin is worn off. It forms complexes 
with tPA and uPA (see Fig.  9.3 ).

     C1-inhibitor      : It is a highly glycosylated ser-
pin, circulating in the blood at a concentration of 
1.7 μM. Besides inhibiting the activated comple-
ments of Cl, namely, Clr and Cls, it also inhibits 
the FXIIa, FXIa, plasma kallikrein, plasmin, 
tPA, and uPA. Although the precise function of 
C1-inhibitor is not known, it may regulate fi bri-
nolysis by virtue of its inhibition of contact pro-
teases and  the   conversion of scuPA to uPA. 

   Lipoprotein        (a) : Circulating in the blood at 
50–1000 mg/L, lipoprotein (a) binds to fi brin, 
extracellular matrix, platelets, and cells. It com-
petes with plasminogen and tPA for binding sites 
on fi brin, thereby exerting an antifi brinolytic effect. 

   Histidine-rich glycoprotein      : Histidine-rich 
glycoproteins are synthesized in the liver and are 
taken up by the platelets and megakaryocytes and 
released upon thrombin activation. HRG may 
combine with plasminogen and circulate as a 
complex, thereby decreasing the plasminogen 
available for fi brin. Although rare, congenital 
heterozygous HRG defi ciency may lead to throm-
botic complications. 

  Balance of plasminogen activation and 
 regulation of fi brinolysis : Conversion of plas-
minogen to active plasmin only takes place on 

the fi brin and cell surfaces; otherwise, the  plasmin 
activity may cause generalized fi brinolysis, pro-
teolysis, and degradation of clotting factors FV, 
FVIII, vWF, and platelet glycoproteins. Once 
fi brin is formed, the plasminogen is activated to 
plasmin which acts on the fi brin converting it into 
very early  FDP and FDP  . The very early FDP 
converts the plasminogen to plasmin in the 
 presence of fi brin. However, the thrombin- 
thrombomodulin complex converts TAFI into 
TAFIa which removes the formed CT lysines 
from the FDP, which does not allow it to activate 
plasminogen to plasmin.   

    Dysregulation of Fibrinolysis 

 In disseminated intravascular coagulation ( DIC     ), 
both the processes of coagulation and fi brinolysis 
are dysregulated. The activation of coagulation is 
evident in DIC, by the presence of intravascular 
thrombi, manifested by increased levels of 
 activated coagulation factors, tissue factor (TF), 
D-dimer, and decreased fi brinogen [ 18 ,  19 ]. The 
 lipopolysaccharide   can initiate clotting by trig-
gering the contact activation of the intrinsic 
pathway of clotting process and TF activating 
the extrinsic pathway of coagulation activation, 
leading to the generation of thrombin. Thrombin 
once formed can combine with thrombomodulin 

  Fig. 9.3    Alpha2-
macroglobulin seen in 
 red  interacting with 
plasmin in  yellow . 
Alpha2-macroglobulin 
inhibits several 
proteases, including 
plasmin when the 
activity of 
α2-antiplasmin is 
diminished. In addition 
it can form complexes 
with tPA and uPA       
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to activate the protein C to activated protein 
C. Thrombin will also directly activate the TAFI 
to TAFIa which can result in fi brinolytic defi cit 
(see Fig.  9.2 ). In severe sepsis, activation of the 
coagulation system can activate the endothelial 
cells, resulting in the potentiation of the pro-
infl ammatory responses and the production of 
 cytokines   such as TNF-α and IL-1. Anticoagulants 
in the form of antithrombin, TFPI, APC, anti-Xa 
inhibitors, anti-IIa inhibitors, TM, TAFI inhibi-
tors, etc. control the activation of the coagulation. 
The dysregulated fi brinolytic process, manifested 
by an increased level of plasminogen activator 
inhibitor-1, can be targeted for therapeutic inter-
vention and by supplementing the decreased 
endogenous anticoagulant agents such as APC, 
AT, and TFPI in sepsis [ 17 ]. Activation of  coagu-
lation   and dysregulated fi brinolytic process can 
lead to intravascular deposition of soluble fi brin, 
platelet, and leukocyte activation, leading to mul-
tiple organ failure in severe sepsis. Leukocytes 
are found in high numbers in venous thrombi. 
The leukocytes and activated platelets can form 
rosettes mediated by  P-selectin expression   on the 
activated platelets [ 20 ,  21 ]. Prevention of this 
interaction between infl ammatory cells and pla-
telets resulted in inhibition of both arterial 
and venous thrombi in animal models [ 22 ,  23 ]. 
Activation of the endothelium due to thrombin 
results in increased leukocyte adhesion due to  P- 
and E-selectin expression   [ 20 ,  24 ]. Thrombin is 
an agonist for the formation of platelet-activating 
factor (PAF), and the adherent neutrophils on the 
endothelium are vulnerable to the action of PAF, 
resulting in the release of proteases and oxidants 
which might increase damage to the endothelium 
[ 25 ]. Furthermore, the factor VIIa-TF complex 
and FXa are known to activate cells through 
protease- activated receptors, thereby generating 
cellular responses similar to those initiated by 
thrombin activation of protease receptor 1 [ 25 ]. 
 Procalcitonin      is reported to be as a marker of sys-
temic infl ammatory response and as a potential 
biomarker of sepsis [ 26 ,  27 ]. A recent random-
ized, double-blind, placebo-controlled phase 2b 
study to evaluate the safety and effi cacy of 
recombinant human soluble thrombomodulin 
(ART-123), in patients with sepsis and DIC, 

reported that there was an increase in procalcitonin, 
PAI-1, C5a, IL-6, IL-10, and myeloperoxidase 
(MPO) and a decrease in protein C [ 28 ]. Further-
more, the levels of  procalcitonin  , PAI-1, IL-6, 
and IL-10 were reported to be much higher than 
that of both overt and nonovert and normal con-
trols, and the protein C antigen and functional 
levels were decreased in a larger extent in the 
overt group [ 28 ]. 

  Diabetes mellitus      is known to cause increased 
cardiovascular morbidity and mortality. Hyper-
gly cemia stimulating the coagulation process 
and hyperinsulinemia impairing fi brinolysis in 
healthy humans has been reported earlier [ 29 ]. A 
recent study, in which whether elevated antigen 
levels of tPA, PAI-1, and tPA/PAI-complex, or 
 von Willebrand factor (vWF)   precede the diag-
nosis of type II diabetes, was evaluated and 
 concluded that elevated levels of fi brinolytic 
variables in fact precede the manifestation of 
type II diabetes after adjusting for metabolic and 
cardiovascular risk factors and can be detected 
several years before the changes in glucose toler-
ance occur [ 30 ]. Association  of obesity with 
chronic infl ammation   [ 31 ] and activation of 
endothelial cells that produce vWF by infl amma-
tory markers [ 32 ] have been reported earlier. 
Similarly, CRP causing upregulation of PAI-1 
gene expression in human aortic endothelial cells 
has also been shown [ 33 ]. Obesity- induced 
  development of diabetes manifested by resident 
macrophages in the adipose tissue producing 
cytokines such as transforming growth factor 
(TGF)-β and TNF-α causing increase in PAI-1 is 
reported [ 34 ,  35 ]. The upregulation of PAI-1 
early in the development of type II diabetes may 
be as a result of metabolic syndrome [ 30 ]. 

 The important implication of the  intricacies   of 
regulation and dysregulation of fi brinolysis is in 
the cautious use of fi brinolytic drugs especially 
in neurosurgical patients. There has been a para-
digm shift in the management of patients with 
acute ischemic stroke very recently. While the 
results of studies, such as the International 
Management of Stroke (IMS III) [ 36 ],  Mechanical 
Retrieval and Recanalization of Stroke Clots 
Using Embolectomy (MR RESCUE)   [ 37 ], and 
SYNTHESIS Expansion [ 38 ], presented and 
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published 2 years ago provided evidence that 
mechanical thrombectomy was ineffective in 
treating acute stroke secondary to  emergent large 
vessel occlusion (ELVO)  , there has been a dra-
matic signifi cant paradigm shift. The current 
 evidence based on large studies such as the 
 Multicenter Randomized Clinical trial of Endo-
vascular treatment for Acute ischemic stroke 
in the Netherlands (MR CLEAN)   [ 39 ], the 
Endovascular treatment for Small Core and 
Anterior circulation Proximal occlusion with 
Emphasis on minimizing CT to recanalization 
times ( ESCAPE  ) [ 40 ], the  Extending the Time 
for Thrombolysis in Emergency Neurological 
Defi cits-Intra-Arterial (EXTEND-IA)   [ 41 ], and 
the Solitaire FR With the Intention For Throm-
bectomy as Primary Endovascular Treatment for 
Acute Ischemic Stroke ( SWIFT PRIME  ) [ 42 ] 
provides evidence on the contrary that thrombec-
tomy is profoundly benefi cial in patients with 
ELVO. Thus, based on the results of these new 
trials, the focus in the management of patients 
with acute ischemic stroke will shift from intra-
venous thrombolysis to thrombectomy. While 
currently 24 % of patients with stroke are trans-
ferred to inpatient rehabilitation services and 
31 % transferred to skilled nursing facilities and 
of those returning home directly, 32 % use home 
healthcare services [ 43 ]. The projected total 
 direct medical stroke  -related costs between 2012 
and 2030 are expected to triple from 71.6 billion 
to 184.1 billion [ 44 ] with 70 % of the fi rst year 
poststroke costs due to inpatient hospital costs 
[ 45 ]. Due to decreased length of stay for patients 
undergoing thrombectomy, the overall costs are 
anticipated to signifi cantly decrease [ 46 ].     
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          Background 

 In the United States annually, at a direct cost of 
at least $4 billion, more than 9 million alloge-
neic volunteer blood donors provide around 20.9 
million qualifi ed and tested blood components to 
over 5 million patients, for the treatment of a 
wide variety of clinical conditions including, but 
not limited to, acute blood loss, other chronic or 
acquired anemias and cytopenias, and protein 
clotting factor defi ciencies [ 1 ]. By regulatory 
authority, the US  Food and Drug Administration 
(FDA)   mandates establishment of the processes 
necessary to assure the safety, purity, potency, 
and effectiveness of blood components. It 
accomplishes this using multiple overlapping 
layers of safety which include donor screening 
and selection, donor deferral lists, disease test-
ing of donated blood, storage, transportation, 
quarantining, and correction of manufacturing 
defi ciencies of blood components to protect both 
donors and recipients [ 2 ]. 

 Over the past 40 years, as a result of remark-
able successes of these combined precautions 
and safeguards, the US blood supply is consid-
ered among the safest in the world, due chiefl y to 

the reduction in infectious disease risks [ 3 ]. 
Current tests required by the US FDA for all 
blood donated for transfusions are noted in 
Table  10.1 . Over 25 years ago, because blood 
transfusions remain high volume, high cost, high 
risk, and problem prone, blood transfusions were 
characterized as “ unavoidably unsafe ” [ 4 ]. 
These attributes and risks remain so because, 
despite how “safe” the blood resource is made, 
two fundamental diffi culties with transfusing 
blood remain: There are the  inherent and  irre-
ducible  risks   of transfusing allogeneic tissue 
transplants derived from other human beings 
(blood components are sterile parenteral drugs 
and “biologics”); and these therapies are deliv-
ered by complex series of processes carried out 
by imperfect humans who are error-prone (see 
Fig.  10.1 ). Blood transfusions are the only tis-
sues casually transplanted with the stroke of a 
pen or click of a computer mouse.

    This chapter focuses on the  acute adverse 
effects   of transfusion which are usually manifest 
within hours of administration, as well as impor-
tant concerns which impact both the informed 
consenting process and the actual decisions to 
transfuse. Risks associated with blood transfu-
sion include the  residual infectious disease risks  , 
transfusion decision-making, blood administra-
tion errors, and noninfectious complications, 
some of which may be delayed. The latter prob-
lems remain the most common ones and are 
determined chiefl y on the fact that blood donors 
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and recipients are genetically, phenotypically, 
and immunologically nonidentical (comprehen-
sive reviews of all adverse effects of blood trans-
fusion are available [ 3 ,  5 – 8 ]).  

    Actionable Intelligence [ 9 ] 

 Like decisions to transfuse blood,  the   decisions 
to “sound” a “transfusion reaction” assessment 
are clinical and are best made with bedside 
patient evaluation. Standards of care require ste-
reotypical protocols to be established and fol-
lowed by both transfusionists and the laboratory 
when acute adverse effects of transfusion are 
reported. These are noted in Table  10.2 .

   Whereas the vast majority of blood transfu-
sions are well tolerated and uneventful, a signifi -
cant fraction of transfusion episodes are associated 
with serious adverse effects. Because it is well 
recognized that immediate transfusion reactions 
in patients receiving any blood component are 

both underrecognized and underreported, 
 transfusionists are frequently caught off-guard 
and unprepared. The most important acute trans-
fusion reactions, which remain actionable, very 
commonly involve changes in vital signs, which 
require clinical recognition, judgement, and 
speedy management. For example, in the setting 
of transfusion, a fever [defi ned at a temperature 
≥38 °C or a rise of ≥1 °C (1.8 °F) from pretrans-
fusion value] includes the differential of bacterial 
contamination of the unit, a  febrile nonhemolytic 
reaction (FNHTR)  , immune (such as ABO)-
incompatibility, and even  transfusion- related 
acute lung injury (TRALI)  . Because the etiology 
of febrile reactions cannot be distinguished at the 
bedside, it is always prudent to stop the transfu-
sion and evaluate what else is happening to the 
patient. In bacterial septic reactions, the fevers 
might be associated with any of the following: 
rigors, tachycardia, hypotension, shock, dyspnea, 
nausea/vomiting. However, acute fevers associ-
ated with respiratory signs and symptoms include 
the differentials of TRALI, TACO (transfusion-
associated circulatory overload) (Tables  10.3  and 
 10.4 ), and severe anaphylaxis, each of which 
must be managed individually and appropriately. 
Comparative clinical features of TRALI and 
TACO are noted in Table  10.6 .

    Albeit representing only a microcosm of 
what actually occurs in medical practice, met-
rics used to quantify serious adverse effects of 
transfusion include  reported  transfusion fatali-
ties. “ Serious Hazards of Transfusion” (SHOT)   
is a professionally led, nationalized hemovigi-
lance system in the United Kingdom (UK) 
which has been collecting, analyzing informa-
tion on and monitoring the adverse effects and 
reactions of transfusion recipients in the UK 
[ 17 ]. SHOT is a very robust program, in effect 
since 1996, that annually includes >99 % of all 
healthcare institutions involved in transfusing 
blood. From over 3000 reports in 2014, two 
deaths were defi nitely related to transfusion 
(one case of acute hemolysis; one case of 
TACO) and three deaths were attributed to 
delays in transfusion. The risk of transfusion-
related death for this period was 5.6 per million 
components issued (~1:17,900). The risk of 

    Table 10.1    Tests required by the  US FDA   for all blood 
components   

 Collected for transfusion 

   • ABO group and Rh type 

   •  Antibody screening and identifi cation of clinically 
signifi cant rbc alloantibodies 

   •  Multiple serologic tests (FDA-cleared, usually EIA 
methods) for 

    – Syphilis (serologic RPR or VDRL) 

    –  Hepatitis B & C (HBsAg, anti-HBc, 
anti-HCV) 

    – Retroviruses (anti-HIV-1/2, anti-HTLV-I/II) 

    – Anti- trypanosoma cruzi  (Chagas’ disease) 

    –  Anti- Babesia  (NAT format assays also 
available), pilot testing under an FDA IND, in 
FY 2016 

   •  Nucleic acid testing, using genomic amplifi cation 
methods 

    – HIV-1 

    – HCV 

    – WNV 

   EIA  enzyme immunoassay,  FDA  US Food and Drug 
Administration, Hepatitis B and C viruses, HBV and 
HCV, respectively.  HBc  hepatitis B core,  HBsAg  hepatitis 
B surface antigen,  HCV  hepatitis C virus,  HTLV  human 
T-cell lymphotropic virus,  rbc  red blood cell,  IND  investi-
gational new (drug) device,  WNV  West Nile virus  
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  Fig. 10.1    Safe transfusions require the safe manufactur-
ing of blood components and the safe delivery of blood 
via complex processes that are error-prone. ( 1 ) represents 
specimen acquisition, identifi cation, labeling, and accept-
ability; ( 2 ) represents the clinical decision(s), which may 
or may not be evidence-based, to transfuse blood; ( 3 ) rep-

resents all the errors that can be made during blood 
administration, such as component-patient identifi cation 
processes, imperfect/inappropriate storage conditions, 
drug adulteration by admixture with incompatible drugs 
or IV fl uids, infection control considerations, etc.       

   Table 10.2    Immediate responses  to    acute adverse effects   to blood transfusion   

   •  Stop (interrupt) the transfusion  
   •  The transfusionist performs evaluative functions at the bedside, related to  

  The patient  
   • Repeat documented clerical identifi cation check 
   • Keep the IV line open with 0.9 % saline 
   •  If hemolysis is suspected/cannot be ruled out or other 

life-threatening events are inferred, discontinue and 
disconnect the component from the patient 

   • Administer supportive care 

  The blood component  
   • Repeat documented clerical check 
   •  Report the event to the blood bank/transfusion 

service, per existing protocol 
   •  Obtain posttransfusion blood specimen and 

send to the transfusion service 
   •  Send the blood bag, administration set, and any 

attached IV fl uid bag with the patient’s specimen 

  Laboratory functions are designed to rule out acute hemolysis  

   •   Clerical check : Examine and compare the patient’s specimen, blood container labeling, and other records, as 
appropriate 

   • Perform a visual check for hemolysis in the posttransfusion specimen, compared to the pretransfusion specimen 
   • Perform a posttransfusion  direct   antiglobulin test (DAT) 
   • Perform repeat ABO/Rh testing on the patient 
   • (Additional studies are performed per policies and procedures, as indicated, clinically correlated to the event) 

major morbidity (febrile, serious allergic, and 
TACO), which contributed to death, occurred in 
63.5 per million components issued (~1:1600). 
Importantly, the 2014 SHOT data also logs what 
are known as “ near misses ” (occurrences that 
would have caused harm had they not been 

detected) and “wrong blood in tube” (WBIT) 
 errors  , i.e., patient identifi cation or tube label-
ing error, uncomfortably accounting for 44 % of 
the reports analyzed. The imbedded messages 
of these latter episodes are that they are cer-
tainly preventable. 
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   Table 10.3    Acute adverse effects of transfusion:  classifi cation and frequency   of occurrence [ 1 ,  3 ,  5 – 8 ]   

 Adverse effect 
 Estimated “reported” frequency per unit or comment (most  reactions  
are considered underreported) 

 Immune mediated 

 Fever without hemolysis (FNHTR) 
   •  Differential diagnosis includes acute 

hemolysis, bacterial contamination of 
components, and TRALI 

   • May or may not be associated with chills/rigors 
   •  Associated with WBC alloimmunization in recipients and BRMs 

which accumulate in stored components 
   • Prevalence varies with recipient populations 
    – 1–3:1000, all hospitalized patients 
    – 1–3 %, hematology/oncology patients 
    – 0.19 % in pediatric patients [ 10 ] 

 Simple cutaneous type 1 hypersensitivity 
reactions (“allergic”) 
   • Confi ned to cutaneous manifestations 

   • Manifest as pruritus and urticaria, typically nonprogressive 
   •  Mediators    largely unknown, plasmatic protein in nature 
   • 1:1500 transfusion episodes 
   • 0.27 % in pediatric patients [ 10 ] 
   • 1–3 % in heavily transfused populations 

  TRALI  (noncardiogenic pulmonary 
edema), clinical criteria: 
 (a) Acute lung injury 
   • Hypoxemia 
   •  PaO 2 /FiO 2  < 300 or SpO 2  < 90 % on 

RA 
   • Bilateral infi ltrates on CXR 
   •  No evidence of left atrial 

hypertension 
   • During 6 h of transfusion 
 (b)  No    pre-existing acute lung injury 
 (c) Occurs within 6 h of transfusion (most 
cases within 1–2 h) 

   •  Onset includes fever, chills, dyspnea, cyanosis, hypotension, 
new-onset bilateral pulmonary edema 

   •  True incidence unknown, but is not the same in all populations of 
patients [ 11 ] 

   • 1:1200–1:190,000 
   •  Associated with donor antibodies against HLA, Class I and Class 

II, and neutrophil (HNA) antigens 
   •  (Less commonly) associated with bioactive lipopolysaccharides or 

cytokines 
   •  TRALI is the leading reported cause of transfusion-related 

mortality in the USA, the UK, and France [ 12 ] 
   •   TACO  (see Table  10.6 ), bacterial contamination and acute 

hemolysis are in the differential 

 Acute hypotensive transfusion reaction    • Associated with storage-lesion bradykinin accumulation 
   • Closely associated with use of ACE medication 
   • 1:18, 500 (0.005 %) in all recipients 
   • 0.29 % in pediatric patients [ 10 ] 

 Acute hemolysis,  nonfatal  (e.g., ABO 
incompatibility) 

   • 1:6000–1:33, 000 
   •  Commonly associated with WBIT which occurs as often as 1:1986 

[ 13 ] 

 Severe allergic reactions including 
anaphylaxis 

   • 1:20, 000–50, 000 
   • Associated with plasmatic factors that are rarely identifi ed 

 Acute hemolysis,  fatal  (e.g., ABO and 
other RBC incompatibilities) 

   • Mortality, 1:2.7 million per unit (SHOT data) 

 Non-immune-mediated adverse effects 

  TACO  [ 14 ] (hydrostatic pulmonary 
edema) 

   • No single diagnostic fi ndings or accepted diagnostic criteria 
   •  B/L pulmonary infi ltrates on CXR; clinically evident left atrial 

hypertension 
   •  Dyspnea, orthopnea, hypoxemia, cyanosis, tachycardia, increased 

BP; elevated BNP 
   •     Incidence varies widely: passive reporting systems, 1:5561 RBC 

transfusions; fatality rate 1–3 % 
   • 1:68–1:1566 in plasma recipients 
   • 1:356 transfused ICU patients 
   • Mortality rate of 1–3 % 
   • Risk factors: 
    – Extremes of age (60 % ≥ 70 years old) 
    – Positive fl uid balance/low body weight 
    – Left ventricular dysfunction 
    – Acute myocardial infarction 
   • Differential includes TRALI and anaphylaxis 

(continued)
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Table 10.3 (continued)

 Adverse effect 
 Estimated “reported” frequency per unit or comment (most  reactions  
are considered underreported) 

 Bacterial sepsis    • Clinical sepsis in 1:100,000 platelet transfusions 
   • Platelets harboring relevant bacteria, ~1:3000 
   • Per patient risk of bacterial sepsis, ~1:1000 
   • RBC, 1:1,000,000 (most commonly due to GN) 

   ACE  angiotensin-converting enzyme antihypertensive medications,  BNP  brain natriuretic peptide,  BRM  biologic 
response modifi ers (e.g., proinfl ammatory cytokines such as IL-1, IL-6, IL-8, and TNF-α),  CXR  chest x-ray,  FNHTR  
febrile nonhemolytic transfusion reaction,  GN  gram-negative bacteria,  HLA  human leukocyte antigens,  HNA  human 
neutrophil antigens,  RA  room air,  RBC  red blood cell,  SHOT  serious hazards of transfusion (United Kingdom),  TACO  
transfusion-associated circulatory overload,  TRALI  transfusion-related acute lung injury,  WBIT  wrong blood in tube  

   Table 10.4    Comparison of some features of  TRALI and TACO      [ 15 ]   

 Features  TRALI  TACO 

 Diagnostic criteria   •  No universally agreed-upon defi nition  

 Clinical features 
  1. Body temperature 
  2. Blood pressure 
  3. Respiratory symptoms 
  4. Neck veins 
  5. Auscultation 
  6. Chest radiograph 
  7. PA occlusion pressure 
  8. Fluid balance 
  9. Peripheral WBC 
 10. BNP 
 11. Response to diuretic 

  1. Fever can be present 
  2. Hypotension 
  3. Acute onset of dyspnea 
  4. Unchanged 
  5.        Pulmonary rales 
  6. Diffuse bilateral infi ltrates 
  7. ≤18 mmHg 
  8. Positive, even, negative 
  9. Transient leukopenia 
 10. <200 pg/mL 
 11. Minimal 

  1. Unchanged 
  2. Hypertension 
  3. Acute dyspnea 
  4. Can be distended 
  5. Rales, S3 may be present 
  6. Diffuse bilateral infi ltrates 
  7. ≥18 mmHg 
  8. Positive 
  9. Unchanged 
 10. >1200 pg/mL 
 11. Signifi cant 

 Onset from start of transfusion  • Within 6 h of transfusion 
 •  No exiting ALI prior to 

transfusion 

 Within or during several hours of 
transfusion 

 Mitigation strategies [ 16 ]  “ All-male ” Plasma or Apheresis 
Platelets donated by males, 
 nulligravida      females, or HLA-
antibody- tested and seronegative 
females 

 Risk factors 

 Treatment  Reverse the progressive 
hypoxemia  with       supplemental O 2  
or ventilator support 

 Diuresis is helpful 

   ALI  acute lung injury,  BNP  brain natriuretic peptide,  Hg  mercury,  HLA  human leukocyte antigen,  pg  picogram,  WBC  
white blood cells  

 The US FDA annually compiles data on 
reported transfusion fatalities [ 18 ]. Although the 
absolute numbers of deaths appear small, in com-
bined FDA reports from FYs 2010 through 2014, 
TRALI caused the highest number of reported 
fatalities (41 %), followed by TACO (22 %), hemo-
lytic transfusion reactions (21 % of the total); 
   hemolytic transfusion reactions (total 21 %, due to 

non-ABO [14 %] and ABO [7 %] incompatibili-
ties. Microbial infections and anaphylactic reac-
tions accounted for 8 % and 6 % of reported 
fatalities, respectively. In the USA over the past 
several years, the Centers for Disease Control and 
Prevention (CDC)/ National Healthcare Safety 
Network   has organized a national system slated to 
be harmonized  internationally with other programs 

10 Risks Associated with Administration of Allogeneic Blood Components



144

such as SHOT [ 19 ]. When US hemovigilance 
becomes an extant and robust exercise, the hope of 
such programs is that opportunities for improve-
ment will be identifi ed and there will be means to 
monitor the effects of the implementation of rec-
ommendations. In the USA, this program remains 
a work in progress. 

 Currently, bacteria represent the most com-
mon transfusion-transmitted infectious disease 
(TTID, Tables  10.5  and  10.6 ). It is clearly recog-
nized that the historical processes of layering on 
more and more reactive, pathogen-specifi c test 
developments are not suffi cient to protect trans-
fusion recipients. Therefore, the latest innova-
tions to address the current and ongoing threats 
of microorganisms contaminating blood have 
been what are known as  pathogen reduction sys-
tems (PRS)  . Pathogen-reduced pooled plasma 
(Octaplas™), manufactured by Octapharma using 
solvent/detergent treatment, was FDA approved 
in January 2013. Such plasma products have been 
safely and effectively used for a number of years, 
approved by the European Union (Table  10.7 ). In 
December 2014, the Cerus Corporation obtained 
FDA approval for pathogen inactivation technol-
ogy (the INTERCEPT ®  process using a photo-
sensitizing chemical and UVA light irradiation) 
for the manufacture of  pathogen-reduced plasma 
and platelet concentrates. All PRS technologies 

which have been decades in development offer 
hope to contain TTIDs, but their implementation 
remains problematic. Although FDA approved, 
these technologies are not yet “mandated,” are 
costly, and their reimbursement is far from settled. 
Also, in the USA, there is no position that use of 
PRS will somehow make currently required test-
ing (Table  10.1 ) automatically unnecessary. As 
noted in a recent editorial [ 26 ], “… we now have 
the means to protect patients from existing and 
emerging blood-borne threats – all we need is the 
will .”

     Another important advance, related directly 
to safe transfusion that has gained considerable 
footing in medical practice, is  Patient Blood 
Management (PBM)   [ 25 ]. PBM is the multidis-
ciplinary and multimodal approach of using 
evidence- based experience to optimize the care 
of patients who require transfusion. The goals of 
PBM programs are to optimize patient care by 
taking steps to reduce the probability of transfu-
sions being necessary. The details of such pro-
grams are beyond the scope of this chapter, but 
they are predicated on the truism expressed 40 
years ago by Dr. R. W. Beal [ 27 ]:

  Blood transfusion is like marriage: it should not be 
entered upon lightly, unadvisedly or wantonly, or 
more often than is absolutely necessary. 

   Table 10.5    Residual  transfusion-transmitted (TT) infectious disease   risks of some organisms in the United States 
and other comments [ 3 ,  5 – 8 ]   

 Infectious agent  Estimated risk per unit donated (or comment) [ 20 ] 

  Viruses  

 HBV  1:843,000–1:1,208,000 

 HCV  1:1,149,000 

 HIV-1  1:1470, 000 

 HIV-2  • No TT cases reported in the USA 
 • <10 positive ARC donors detected since 1992 

 HTLV-I/II  • Rare, last reported case in 1989 [ 21 ] 
 • One TT HTLV-I in US Army soldier deployed in Afghanistan, 2010 [ 22 ] 

 WNV  • One 2012 case, reported in 2013, since NAT testing implemented [ 23 ] 

 Hepatitis A  • Fecal/oral transmission 
 • TT, but exceedingly rare 
 •  Low    incidence in the USA; lack of carrier state 
 • (No FDA-cleared screening test for blood supply) 

(continued)
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     Table 10.6    Emerging/re-emerging infectious disease risks to the  US blood supply     

 Infectious agent  Commentary 

  Dengue virus   • Vectors, day-feeding mosquitos,  Aedes aegypti  and  albopictus  
   –  Mosquito vectors also transmit WNV, Japanese encephalitis, and 

yellow fever 
   – Last US epidemic in Louisiana, 1945 
 • Current locally acquired cases in Florida and Texas 
 • No vaccine 
 • No screening test for blood donors 

  Chikungunya virus   • Emerged  in   Caribbean, 2013 
 • Local transmission of 750 cases in Florida 
 • No vaccine 
 • No screening test for blood donors 

 Infectious agent  Estimated risk per unit donated (or comment) [ 20 ] 

 Hepatitis E [ 24 ]  • Fecal/oral transmission and zoonotic 
 • TT, but exceedingly rare; none in the USA 
 • (No FDA-cleared screening test for blood supply) 

 CMV  • 50–80 % by age 40 
 • ~1 % of seropositive donors transmit CMV 
 •  Selected seronegative populations protected using either seronegative donors or 

leukoreduction 

 Human parvovirus B-19  • Associated with aplastic anemia in patients with chronic congenital anemias 
 • TT in blood components and plasma pools 
 • (No FDA-cleared screening test or testing requirement for blood supply) 

 HHV-6  • High seroprevalence in the USA 
 • (No FDA-cleared screening test for blood supply) 

 HHV-8 (also known as 
KSHV) 

 • Seroprevalence, general population 2–10 % 
 • Seroprevalence, US blood donors, 2–4 % 
 • (No FDA-cleared screening test for blood supply) 

  Bacteria  

 GP or GN bacteria  • 1:2000–3000 platelet transfusions 
 •  Most    neither interdicted or recognized 
 • 1 in 2500 result in clinical sepsis 
 • 1:20,000 for RBC 

  Borrelia burgdorferi  
(spirochete, transmitted by 
 Ixodes  ticks), Lyme disease 

 • Bacteria can live in donated blood for short periods 
 • No TT Lyme disease yet reported in the USA 

  Treponema pallidum   No TT syphilis reported in the USA during the last 45 years 

  Parasitic infections  

 Babesiosis, transmitted by 
 Babesia  species of ticks 

 •  At least 160 TT cases reported in the USA, contributing to at least 28 associated 
deaths (1979–2009) 

 •  Intraerythrocytic parasite causing hemolytic anemia, severe morbidity including 
death 

 •  Screening test of the US blood supply by an FDA- approved assay for blood 
donors in pilot testing in FY2016 

 •  Residual    TT risk ~1:20,000 units transfused in  Babesia - endemic areas 

  Trypanosoma cruzi , agent 
causing Chagas’ disease 

 • Seroprevalence high in California and the southern tier of US states 
 •  Triatominae  insect vectors now inhabit southern USA 
 • US blood supply tested since December, 2011 

   ARC  American Red Cross,  CMV  cytomegalovirus,  EIA  enzyme immunoassay,  FDA  food and drug administration,  HBc  
hepatitis B core,  HCV  hepatitis C virus,  HHV  human herpes virus,  HTLV  human T-cell lymphotropic virus,  RBC  red 
blood cell,  KSHV  Kaposi sarcoma herpes virus,  NAT  nucleic acid testing,  RBC  red blood cells,  TT  transfusion-transmit-
ted,  WNV  West Nile virus  
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   Table 10.7    Available mitigation strategies that reduce the risks of allogeneic blood transfusion-related  morbidity and 
mortality   (including US FDA-licensed/approved devices, platforms, or systems)   

 Strategy or manufacturing technology  Demonstrated or potential patient benefi t 

 Prestorage leukoreduction of cellular blood 
components (using selective depth fi ltration 
methods) 

 • Minimizes alloimmunization to WBC/HLA antigens 
 •  Potential impact on reducing incidence of platelet-transfusion 

refractoriness 
 •  Confi rmed reduced incidence of mediastinitis in open heart 

surgeries 
 • Lowers incidence of FNHTRs 
 •  Provides CMV-“safe” RBCs and platelets (equivalent in most 

circumstances to CMV- seronegative components) 

 Validated Hospital and Laboratory 
Information Systems (numerous commercial 
suppliers) 

 • Document dispositions of all units in inventory 
 • Authenticate identity of intended recipients 
 • Corroborate the identity of blood units and recipients 
 •  Proffer both CPOE and clinical decision-support tools, such as 

evidence- based practice guidelines 
 •  Stipulate selected attributes required for individual recipients (e.g., 

antigen-negative, irradiated, CMV-seronegative, etc.) 

 “ All-male ” Plasma or Apheresis Platelets 
donated by males, nulligravida, or 
HLA-tested and seronegative females 

 • Established TRALI mitigation for plasma 
 •  Strategies for TRALI mitigation in platelets less well studied and 

not universally implemented 

 • Verax PGD platform  •  Point-of-Issue  bacteriologic testing of platelets 
 • Licensed  to    detect GP and GN bacteria 
 • Licensed for all forms of US-licensed platelet components 
 • Established improved, effective supplement to culture methods 

 Pathogen reduction technologies 

  Plasma : 
   • Octaplas™ (Octapharma) 
   • Cerus Intercept ®  Blood System 

 • Octaplas is plasma pools treated with solvents and detergents 
 •  The Cerus system uses Psoralen and UVA light exposure; cross 

links DNA and RNA 

  Platelets : 
   • Cerus Intercept ®  Blood System 

 • Psoralen and UVA light exposure; cross links DNA and RNA 
 • FDA approved, December, 2014 
 • CE marked 

 Patient blood management [ 25 ]  •  Institutionalized    programs to optimize blood usage 

   CE  (Conformité Européenne) denotes conformance with the requirements of the European Union,  CPOE  computerized 
provider order entry,  CMV  cytomegalovirus,  FDA  US Food and Drug Administration,  FNHTR  febrile nonhemolytic 
transfusion reactions,  GP  gram-positive,  GN  gram-negative,  HLA  human leukocyte antigen,  TRALI  transfusion-related 
acute lung injury,  WBC  white blood cell  
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       Neurosurgical patients could have preexisting 
congenital or acquired systemic coagulation dis-
orders that can complicate their  intraoperative 
management  . Further conditions like traumatic 
brain injury, major trauma, sepsis, and  malignancy 
can cause coagulopathy complicating the course 
of the neurosurgical patient.  Antithrombotic 
 therapy   for preexisting conditions adds to the 
complexity of the situation either exacerbating 
bleeding or by delaying the surgical procedure. 
Similarly there are disorders of coagulation that 
could occur in the postoperative period, one of 
which is the increased risk of thrombosis in 
the neurosurgical patients. All of the above- 
mentioned disorders have been dealt with in 
detail in other sections of this textbook. The most 
important coagulation disorder that may arise 
intraoperatively is disseminated intravascular 
coagulation (DIC). 

    Disseminated Intravascular 
Coagulation 

    Introduction 

 The  hemostatic response   is tightly regulated so 
that there is effective control of bleeding at the 
site of local injury. The  platelets  , von Willebrand 
factor, coagulation factors, naturally occurring 
anticoagulants, fi brinolytic system, and endo-
thelium work in a meticulous fashion to result in 
a controlled hemostatic response. Disseminated 
intravascular coagulation (DIC) is the result of a 
pathological overstimulation of the hemostatic 
pathway that could present as a simultaneous 
 hemorrhagic and thrombotic process   [ 1 ]. An 
individual patient can be either at the throm-
botic or at the hemorrhagic end of the spectrum 
at any given point of time. DIC increases the 
mortality in trauma patients [ 2 ]. DIC is a highly 
heterogeneous condition with different phases 
and varying degrees of severity. In 2001 the 
International Society of  Thrombosis and 
Hemostasis   defi ned DIC as “an acquired syn-
drome characterized by the intravascular activa-
tion of coagulation without a specifi c localization 
and arising from different causes. It can origi-
nate from and cause damage to the  microvascu-
lature  , which if suffi ciently severe, can produce 
organ dysfunction [ 3 ].”   
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    Clinical Manifestations 

 The clinical presentation of DIC could be acute 
or  chronic   and the severity can range from mild 
to severe. DIC can be mild in some presentations 
that it may be identifi ed only on laboratory test-
ing without any overt clinical symptoms or signs. 
In the more severe and acute forms there is acti-
vation of the coagulation cascade resulting in the 
formation of micro- and macrovascular thrombo-
sis followed by  fi brinolysis   of the microthrombi 
resulting in the increase of fi brin degradation 
products. Severe DIC can result in thrombosis in 
the vascular beds of almost all organ systems. 
There is evidence of  microangiopathic hemolytic 
anemia   due to fragmentation of red blood cells as 
they pass through the microvasculature laden 
with thrombi. Some of the clinical manifestations 
of these widespread  microthrombi   include acute 
renal failure, respiratory distress syndrome, der-
mal necrosis, and altered mental status. 

 The uncontrolled activation of the coagulation 
cascade also results in the consumption of the 
clotting factors and platelets. The above process 
combined with  fi brinolysis   can result in hemor-
rhagic manifestations in multiple organs. There 
can be widespread mucocutaneous bleeding, 
hematuria, bleeding from central and peripheral 
venous catheter sites, and intracerebral bleeding. 
Bleeding into the adrenal glands can result in 
adrenal cortical failure. 

 In summary the neurological manifestations 
in DIC can include  thrombotic and hemorrhagic 
strokes  , altered mental status, coma, and 
convulsions.  

     Pathophysiology   of DIC 

  Tissue factor (TF)      plays an important role in the 
initiation of DIC in neurosurgical procedures [ 4 ]. 
Brain tissue and tumors are rich in tissue factor 
and manipulation of the tissues during proce-
dures can initiate DIC medicated by TF. Decreased 
levels of naturally occurring anticoagulants, like 
Antithrombin, Protein C, and Tissue factor path-
way inhibitor, can exacerbate DIC [ 5 ]. Patients 
could have lower levels of these anticoagulants 

due to consumption in the clotting process. 
Plasmin is the key enzyme involved in fi brinoly-
sis. As thrombin generated by the tissue factor 
initiated clotting process converts the fi brinogen 
to fi brin, plasmin breaks down the fi brin clot. The 
balance between the thrombin and plasmin levels 
determines the clinical phenotype of DIC which 
can range from extensive thrombosis to overt 
bleeding.  

     Laboratory Parameters   in DIC 

 There is no single test or a set of tests that can 
accurately diagnose DIC. All laboratory testing 
should be combined with the clinical scenario to 
help with a diagnosis and management of 
DIC. Some of the tests that are routinely per-
formed and readily available are prothrombin 
time (PT), activated partial thromboplastin time 
(aPTT), platelet count, fi brinogen,  and   d-dimer. 
D-dimer is a cross-linked fi brin degradation 
product. PT, aPTT, platelet count, and fi brinogen 
are usually low in moderate to severe DIC with 
an elevated d-dimer. There are numerous con-
founding variables in the interpretation of the 
above-mentioned tests. The coagulation parame-
ters in a patient with liver disease may be similar 
to a patient in DIC. Factor VIII is synthesized in 
the endothelial cells whereas all the other factors 
are synthesized by the liver parenchyma. Getting 
Factor II, V, X, and VIII levels may help to distin-
guish coagulopathy of liver disease from 
DIC. Factor VIII is usually normal or high in 
early to mid stages of liver  failure with the other 
factors being low. Since DIC is a process where 
all factors are consumed in the clotting process 
even Factor VIII is low. Fibrinogen is an acute 
phase reactant and the levels of the protein may 
be high in infections and infl ammation. So it is 
important to follow serial levels to evaluate for a 
decrease in the fi brinogen level due to consump-
tion rather than a one-time test looking for a 
below normal value. Similarly there are other 
conditions that can result in a  high   D-dimer level 
apart from DIC. Evaluation of the peripheral 
blood smear by a hematologist may demonstrate 
red cell fragments and decreased platelet count. 
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The schistocytes in DIC are not  markedly   ele-
vated unlike other microangiopathic hemolytic 
anemias and schistocytes are not required for 
making a diagnosis of DIC. 

 Tests like thrombin-antithrombin complexes, 
soluble fi brin, and prothrombin fragment 1.2 are 
better than the standard tests discussed previ-
ously in the evaluation of DIC. Since these tests 
are not readily available in most hospitals, their 
use in the real-time management of DIC is 
limited. 

 Assays of global hemostasis are being used 
commonly during cardiac and hepatic surgeries. 
These  points of care (POC)      devices could give an 
overview of the entire coagulation system includ-
ing the platelet-clot interaction and fi brinolysis. 
This is in stark contrast to the commonly per-
formed tests that only evaluate a particular 
aspect of the clotting cascade. Further these 
POC devices can be used in the operating room 
helping with real-time management decisions. 
Devices like thromboelastogram (TEG), rota-
tional thromboelastometry (ROTEM), and 
thrombin generation assay (TGA) could aid in 
the management of DIC during neurosurgical 
procedures [ 6 ]. Unlike the conventional tests 
these POC devices may help in the early diagno-
sis of DIC and also inform the surgeon if the 
patient is in the hypercoagulable phase or hyper-
fi brinolytic phase of DIC.  

    DIC Development 
During  Neurosurgical Procedures   

 DIC can occur intraoperatively during resection 
of brain tumors or with excessive use of hemo-
static products like prothrombin complex con-
centrates (PCCs) and  recombinant factor VIIa 
(rVIIa)     .  

    Resection of  Tumors   

 Neurosurgical procedures for brain tumors can 
be complicated by the development of DIC. DIC 
in this setting increases the mortality rate for the 

patient. Surgical resection of meningioma, oligo-
dendroglioma, neuroblastoma, glioblastoma 
multiforme, and metastatic adenocarcinoma has 
been reported in the literature to be complicated 
by DIC [ 7 ]. Rarely DIC can develop after embo-
lization of brain tumors [ 8 ]. 

 DIC in the above-mentioned neurosurgical 
procedures was predominantly hemorrhagic in 
nature. DIC was caused by the intraoperative 
manipulation of the tumor. Apart from supportive 
transfusion therapy with platelets, plasma,  and 
  cryoprecipitate, resection of the tumor was impor-
tant for control of DIC. Tissue factor released 
from the intraoperative manipulation of meningi-
omas could have contributed to DIC in this set-
ting. Meningiomas associated with a hemorrhagic 
complication stained positive for tissue factor by 
immunohistochemistry compared to meningio-
mas without hemorrhagic complications [ 9 ].  

    DIC with the Use of  Hemostatic 
Therapy   

 Neurosurgeons are in situations where complex 
surgical procedures are needed in patients with 
congenital or acquired clotting factor defi cien-
cies with inhibitors and these surgeries are usu-
ally performed under the cover of inhibitor 
bypassing agents like  prothrombin complex con-
centrates (PCCs)      and recombinant factor VIIa 
(rVIIa). Similarly the above-mentioned hemo-
static agents are used in patients who present 
with life- threatening intracranial hemorrhage 
due to supratherapeutic INR on warfarin or tar-
get-specifi c anticoagulants (Rivaroxaban, 
Apixaban, Edoxaban, and Dabigatran). These 
hemostatic agents in large doses can result in 
DIC. PCCs can either be non-activated (contain-
ing factor II, VII, IX, and X) or activated 
(aPCCs—containing factors IIa, VIIa, IXa, and 
Xa). The non-activated PCCs have a lower inci-
dence of DIC than the aPCCs. It is very impor-
tant to monitor the patient closely for any 
symptoms and signs of DIC and  laboratory   
parameters of DIC while receiving systemic 
hemostatic treatments.  
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     Treatment   of DIC 

  The most important step in the management of 
DIC is to treat the underlying cause of DIC . The 
patient has to be supported aggressively with 
blood product replacement therapy and pharmaco-
logical agents depending on whether the patient 
has bleeding or thrombotic manifestations of 
DIC. The supportive management plays a crucial 
role when DIC develops during a neurosurgical 
procedure for a tumor. The patient will need 
replacement therapy if there is evidence of bleed-
ing with abnormal DIC labs or if the patient 
requires a procedure.    Cryoprecipitate is used as a 
replacement for low fi brinogen. Fresh frozen 
plasma is used for factor replacement if PT and 
PTT are prolonged despite correcting the fi brino-
gen. Unactivated prothrombin complex concen-
trates may be used in conjunction with small doses 
of FFP if there are volume overload issues. Platelet 
transfusions are recommended (goal platelet count 
of >100,000/μl) in a bleeding neurosurgical patient 
with DIC. When patient has excessive fi brinolysis 
the use of anti-fi brinolytic agents in the form of 
lysine analogues (EACA or tranexamic acid) can 
be considered. Rarely despite the use of the 
replacement therapy the DIC may be so severe 
that it is diffi cult to maintain the coagulation factor 
levels and fi brinogen at hemostatic levels. In this 
situation low-dose infusion of heparin at 500 
units/h can be considered along with the appropri-
ate factor replacement therapy. 

 In patients with the thrombotic spectrum of 
DIC, therapeutic heparin infusion is the recom-
mended treatment of choice.     

   References 

    1.    Levi M. Current understanding of disseminated intra-
vascular coagulation. Br J Haematol. 2004;124(5):
567–76.  

    2.    Saggar V, Mittal RS, Vyas MC. Hemostatic abnor-
malities in patients with closed head injuries and their 
role in predicting early mortality. J Neurotrauma. 
2009;26(10):1665–8.  

    3.    Taylor Jr FB, Toh CH, Hoots WK, et al. Towards defi -
nition, clinical and laboratory criteria, and a scoring 
system for disseminated intravascular coagulation. 
Thromb Haemost. 2001;86(5):1327–30.  

    4.    Heesen M, Winking M, Kemkes-Matthes B, et al. 
What the neurosurgeon needs to know about the coag-
ulation system. Surg Neurol. 1997;47(1):32–4.  

    5.    Esmon CT. Regulation of blood coagulation. Biochim 
Biophys Acta. 2000;1477(1–2):349–60.  

    6.    Beynon C, Unterberg AW, Sakowitz OW. Point of 
care coagulation testing in neurosurgery. J Clin 
Neurosci. 2015;22(2):252–7.  

    7.    Brecknell JE, McLean CA, Hirano H, Malham 
GM. Disseminated intravascular coagulation compli-
cating resection of a malignant meningioma. Br 
J Neurosurg. 2006;20(4):239–41.  

    8.    Velez AM, Friedman WA. Disseminated intravascular 
coagulation during resection of a meningioma: case 
report. Neurosurgery. 2011;68(4):E1165–9. discus-
sion E1169.  

    9.    Niiro M, Ishimaru K, Hirano H, Yunoue S, Kuratsu J. 
Clinico-pathological study of meningiomas with 
haemorrhagic onset. Acta Neurochir (Wien). 2003;
145(9):767–72.    

S. Nagalla and G. Merli



153© Springer International Publishing Switzerland 2016 
C.M. Loftus (ed.), Anticoagulation and Hemostasis in Neurosurgery, 
DOI 10.1007/978-3-319-27327-3_12

          Introduction 

 The evaluation of intraoperative blood loss in 
 neurosurgical procedures   requires diligent atten-
tion from the surgeon and anesthesiologist to 
coordinate appropriate assessment and subse-
quent management of any untoward bleeding. 
While the history of hemostasis in surgical 
 procedures has yielded invaluable time-honored 
techniques of tamponade pressure, vessel liga-
tion, or electrocautery, many delicate aspects of 
neurosurgical procedures require fi ner control 
with less mechanical disruption or force applied 
to neural tissue. Additionally, the often small, 
confi ned  surgical corridors   in which neurosurgi-
cal procedures are performed are susceptible to 
complete obscuration from even small quantities 
of hemorrhage. In the case of recalcitrant bleed-
ing, where hemorrhage does not appear isolated, 
underlying etiologies must be sought out. Multi-
ple modalities now exist in order to evaluate the 

patient’s ability to clot blood, and point of care 
testing can isolate the problem to platelet dys-
function, coagulation cascade abnormality, or 
some other global phenomenon. This chapter 
will elucidate the current methods available to 
surgical and anesthesia teams to evaluate and 
address excessive intraoperative blood loss.  

    A Brief History of  Hemostasis 
in Neurosurgery   

 One of the fi rst hemostatic issues encountered by 
early twentieth-century neurosurgeons arose 
from highly vascularized scalp tissue which often 
would lead to unacceptable blood loss if left 
unaddressed. Heinrich Braun fi rst described 
the use of scalp infi ltration by vasoconstrictive 
agents along the incision line, which was found 
to greatly reduce blood loss [ 1 ]. After making 
incision, the application of pressure from various 
tourniquet devices was initially tried with limited 
success [ 2 ]. Hemostatic sutures along the base of 
the scalp fl ap and upward along the incision line 
were preferred by many surgeons and had to be 
removed 10 days after the operation. Other sur-
geons preferred vessel ligation before surgery, 
and Charles Frazier recommended exposure of 
the common carotid artery before cranial surgery 
to allow for its subsequent occlusion in case of 
excessive hemorrhage [ 3 ]. Frazier also wrote 
about the use of pressure applied from gauze and 
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hemostats along the edge of the incision margin, 
and while effective, the hemostats cluttered the 
operative exposure. With the introduction of steel 
clips to the United States  from   France in the 
1930s, scalp hemostasis could be achieved with-
out obstructing the operative fi eld. Raney clips, 
which utilized a spring-like clamping action 
when applied, were subsequently developed 
within the decade and continue to have relevance 
in successful scalp hemostasis [ 4 ]. 

 Once adequate scalp hemostasis was achieved, 
bleeding that occurred from edges of bone during 
creation of the craniotomy was diffi cult to con-
trol. In 1888, Sir Victor Horsley introduced a for-
mulation of antiseptic beeswax which allowed 
the surgeon to spread the substance along bone 
edges to plug the diploe and stem bleeding [ 5 ]. 
This innovation rapidly gained notoriety and 
continues to be used in modifi ed form today. 

 Intracranial bleeding was perhaps the most 
challenging problem for early neurosurgeons 
who relied on a number of innovative devices, 
but did not have elaborate chemical means of 
stemming hemorrhage. The application of gen-
eral surgical methods of applying pressure or 
clamping and ligating vessels carried great mor-
bidity in neurosurgical procedures. Thermal cau-
tery, a known technique since ancient times, was 
fi rst attempted in neurosurgical procedures by 
heating the tip of a needle and selectively burning 
bleeding tissues, though this was controversial 
within the neurosurgical community. Others used 
the application of gentle pressure from gauze 
with hot irrigation. 

 In the 1920s the landmark innovation of surgi-
cal electrocautery was developed by William 
Bovie and Harvey Cushing, who fi rst used it in 
an operation in 1926 [ 6 ]. This method achieved 
hemostasis by heat induction (rather than con-
duction or radiation)    and thus limited damage to 
surrounding tissues. Though the initial iteration 
of this technology was cumbersome, Cushing 
and others saw its vast potential, which ultimately 
paved the way for bipolar electrocautery in 1940. 

 Since these early days, improved knowledge 
of platelet function and the coagulation cascade 
as well as medications and monitoring that allow 

practitioners to detect and correct aberrances in 
hemodynamics have improved the evaluation 
and correction  of   untoward bleeding.  

     Chemical Hemostatic Agents   

 Some of the aforementioned historical methods 
of hemostasis remain the workhorses in neuro-
surgical operations where there are identifi able 
vessels that can be safely electrocauterized 
with bipolar, compressed by cottonoid patties, or 
clamped with a vascular clip. Adjuvant methods 
may be used along with these primary methods, 
including warm irrigation or the use of hemo-
static chemical agents (Table  12.1 ). The proposed 
mechanism for the role of warm saline irrigation 
in hemostasis, derived from animal epistaxis 
models, is twofold: edema from the surrounding 
tissue induces mechanical compression of the 
oozing vessels, and vasodilation of the vessels 
decreases the intraluminal pressure, slowing blood 
fl ow and producing hemostasis [ 7 ].

   With the continued advancement in technol-
ogy based on biochemical knowledge of coagula-
tion, chemical agents have taken on a large role 
in hemostasis. Among the fi rst agents developed 
were absorbable gelatin sponges. Developed in 
1945, they work by allowing local lattice forma-
tion, which provides a framework for clot for-
mation. The porous surface of the sponge allows 
for absorption of up to 45 times its weight in 
whole blood. This increase in weight eventually 
tamponades the underlying bleeding tissue [ 8 ,  9 ]. 
Despite this ideal increase in size and weight for 
hemostasis, the consequence of gelatin sponges 
compressing neural tissue has also been reported, 
and this can result in severe neurologic compro-
mise from damage to the underlying neural tissue 
[ 10 ,  11 ]. 

  Microfi brillar collagens   have been in use since 
the late 1960s and are a class of materials that 
promote platelet aggregation though they have 
no direct effect on  the   intrinsic components of the 
coagulation cascade [ 9 ]. These agents are very 
hydrophilic and are best handled with forceps, 
as they will strongly adhere to surgical gloves. 
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Both a powder and sheet form are available, with 
powder form being ideal for irregular surfaces 
and cancellous bone bleeding, while the sheet 
form is packed in place to provide additional 
compressive hemostasis. It should be noted that 
given the dependence of the mechanism of this 
agent on platelet function, platelet dysfunction 
and severe thrombocytopenia will decrease its 
effectiveness [ 12 ]. 

 Oxidized cellulose and oxidized regenerated 
cellulose function by nature of their acidic prop-
erties that react with blood to precipitate an artifi -
cial coagulum, acting as a substrate for further 
coagulation of the intrinsic soluble components 
of the coagulation cascade [ 13 ]. Initially, after 
discovery of the hemostatic properties of oxi-
dized cellulose in the 1940s, it was thought to 
have a mechanical effect. It was not until subse-
quent studies demonstrated that the caustic nature 
of this substance contributed to a chemical mech-
anism whereby, upon encountering blood, the 
oxidized cellulose reacts to form the hematin- 
containing coagulum. Though manufactured by 
different chemical processes, these agents have 
similar hemostatic properties. 

  Microporous polysaccharide hemospheres   are 
absorbable hemostatic agents that consist of par-
ticles manufactured from biologically inert plant 
polysaccharides derived from potato starches. 
The fl uid components of the patient’s blood are 
absorbed immediately, concentrating platelets 
and clotting factors and promoting the formation 
of a gel matrix of proteins and blood cells on the 
surface of the particles [ 14 ]. 

 It is important to note that the commonality 
among these agents is the requirement of an 
intact clotting cascade and their relative ineffi -
ciency in patients with thrombocytopenia. One 
way to ameliorate this limitation is to soak the 
hemostatic agent in thrombin. This method, how-
ever, is not fool proof.  Thrombin’s mechanism   of 
action is the enzymatic catalysis of soluble fi brin-
ogen to insoluble fi brin;    thus, any situation where 
fi brinogen is defi cient (e.g., a patient with dis-
seminated intravascular coagulation) is one in 
which thrombin (and other thrombin-based hemo-
static agents) would have limited effi cacy [ 15 ]. 

Otherwise, in situations where upstream 
 defi ciencies in the coagulation cascade exist, 
thrombin can induce clotting as long as fi brino-
gen is present. Though thrombin is manufactured 
as a powder which can be directly applied to the 
operative site, its most common use is in solution 
with sterile saline. This solution can be used to 
soak gelatin sponges which readily absorb the 
thrombin to enhance their effect on coagulation. 
Thrombin will not improve the hemostatic prop-
erties of all agents; in particular, it is denatured 
by the low pH of oxidized cellulose [ 16 ]. Also, 
manufactured thrombin (derived from bovine 
prothrombin being converted into thrombin by 
thromboplastin) has been shown to induce an 
antigenic response in patients. Cases of bovine- 
derived thrombin products entering the vascular 
system of patients demonstrated a development 
of bovine thrombin-associated factor V antibod-
ies, which themselves can lead to life-threatening 
hemorrhage [ 17 ]. 

  Fibrin glue   utilizes a combination of human 
thrombin and fi brinogen. Upon delivery to the 
tissue, the two components of the solution gener-
ate a cross-linked  fi brin   clot, thus functioning 
to induce coagulation completely independent of 
the patient’s intrinsic coagulation cascade [ 18 ]. 
Neurosurgeons may be more familiar with fi brin 
glue because of its notable ability to act as a seal-
ant which has led to its widespread off-label use 
for the repair of durotomies [ 19 ]. 

 Thrombin has also been combined with gela-
tin to produce a gelatin-thrombin matrix sealant. 
It is applied via syringe applicator and has a vis-
cous gel-like property which allows for its use on 
irregular surfaces such as cancellous bone where 
it is particularly useful in inducing hemostasis. 
It can produce hemostasis from a tamponading 
effect as well as providing a framework for the 
formation of fi brin clot via catalysis from the 
thrombin component of the agent [ 20 ]. 

 As with any foreign body, the smallest effec-
tive amount of a hemostatic agent should be used 
to reduce the risk of infection. It also bears 
repeating that  the   smallest amount of gelatin 
sponge should be used to decrease the possibility 
of the substance acting as an expansive lesion.  
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     Nonchemical   Means of Enhancing 
Hemostasis 

 Controlled hypotension is usually defi ned as 
reducing mean arterial blood pressure to 
50–75 mmHg. Systolic blood pressure is usually 
reduced in the range of 80–90 mmHg [ 21 ]. 
Controlled hypotension can be produced with 
the use of inhalational agents; intravenous medi-
cations such as propofol; beta-blockers such as 
esmolol, propranolol, and/or labetalol; and cal-
cium channel blockers such as nicardipine or 
 diltiazem. Arterial and venous dilators such as 
nitroglycerin and sodium nitroprusside, hydrala-
zine, and combinations of the above drugs may 
also be used to reduce blood pressure. The use of 
controlled hypotension during anesthesia must be 
based on clinical judgment. Contraindications to 
the use of controlled hypotension include cardio-
vascular disease with uncontrolled hypertension 
or severe coronary artery disease. Cerebral vas-
cular disease and hepatic and renal failure are 
also contraindications to controlled hypotension 
(Table  12.2 ).  Deliberate hypotension   to control 
blood loss improves the surgeon’s operative fi eld 
and decreases the need for blood transfusion with 
a reduction in infection risk and fl uid overload. 
The risk of mortality related to hypotension is a 
concern, but the incidence is infrequent. Most 
studies that have evaluated the use of deliberate 
hypotension have noted minimal complications 
with low morbidity. Morbidity with controlled 
hypotension usually focuses on the threat of 
reduced perfusion to the central organs. The most 

concerning has to do with cerebral hypoperfusion. 
If mean arterial pressure is maintained above 
central venous pressure and oncotic pressure is 
also maintained (30–40 mmHg), cerebral perfu-
sion should be adequate in otherwise healthy 
individuals [ 22 ]. However, a built-in margin of 
safety places the lower limit for perfusion at 
50 mmHg. This level of pressure is also the low-
est pressure at which autoregulation of cerebral 
blood fl ow occurs. Other determinants of cere-
bral blood fl ow, carbon dioxide, and oxygen 
 tension must also be taken into consideration. 
In normotensive patients, cerebral blood fl ow 
changes at 2 mL/100 g/mmHg CO 2  [ 23 ]. The 
slope of this relationship is modifi ed by con-
trolled hypotension. In patients with hyperten-
sion or cerebral vascular disease, this lower level 
should be adjusted upward (Fig.  12.1 ). In patients 
with cerebrovascular disease or hypertension, 
their margin of safety may require a higher lower 
limit of blood pressure. Several studies have 
evaluated the safety of controlled  hypotension   
and found that morbidity and mortality was 
approximately 0.1 %, most often due to hypoper-
fusion of the cerebral vasculature [ 24 ]. In hyper-
tensive patients, the autoregulating curve for 
cerebral perfusion is shifted to the right which 
means that the lower limit of normal perfusion is 
also increased. Another concern of induced hypo-
tension is in relation to the heart and adequate 
oxygen supply to meet myocardial demand. The 
heart maximally extracts oxygen, and an increase 
in myocardial oxygen requirements necessitates 
an increase in coronary blood fl ow. Hypotension 
reduces the coronary vasodilatory reserve. If the 
patient has atherosclerotic coronary artery dis-
ease, systemic hypotension with this scenario 
will directly reduce myocardial perfusion, possi-
bly leading to ischemia [ 25 ]. Depending on the 
drug used to induce controlled hypotension, 
agents such as nitroprusside, adenosine, and 
 possibly isofl urane could produce coronary arte-
rial vasodilation with the possibility of coronary 
steal [ 26 ]. Nitroglycerine, however, which pro-
duces epicardial vasodilation and unloads the 
heart, will reduce the potential for myocardial 
ischemia.

   Table 12.2    Factors that could contraindicate the use of 
controlled hypotension   

 1. Pregnancy 

 2. Anemia 

 3. Cardiovascular disease 

 4. Coronary artery disease 

 5. Hepatic disease 

 6. Renal failure 

 7. Severe hypertension 

 8. Cerebral vascular insuffi ciency 

 9. Hypovolemia 

 10. Pulmonary disease with hypertension 
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    With controlled hypotension, the MAP is 
reduced to 50–60 mmHg. At this pressure urine 
fl ow rate, endogenous creatinine clearance and 
osmolar clearance fall. Controlled hypotension 
leads to stimulation of the renin-angiotensin sys-
tem in response to decreased renal perfusion. 
This also results in activation of the autonomic 
nervous system. Certain agents used to produce 
hypotension will activate catecholamines and the 
renin-angiotensin system. Sodium nitroprusside 
is one such agent, while drugs such as trimeth-
aphan inhibit this response [ 27 ].  Isofl urane   with 
labetalol also blocks this response, while drugs 
such as nitroglycerine and prostaglandin E incre-
ase renin activity [ 28 ]. Rebound hypertension has 
been known to occur after induced hypotension, 
especially if sodium nitroprusside is the agent 
used to reduce blood pressure. Most studies 
to date have shown that controlled hypotension 
maintained within autoregulatory limits is not 
detrimental to the liver. 

 The use of controlled hypotension, especially 
in the prone position during spine surgery with 
large blood loss, has been shown to be associated 
with visual loss from ischemic optic neuropathy 
[ 29 ]. An increase in intraocular pressure from 
large fl uid administration producing dependent 
edema, coupled with diminished MAP, could 
produce lower perfusion pressure  to   the optic 
nerve head. The hypoxia that develops leads to 

destruction of axonal integrity with the free 
 radicals formed during reperfusion further 
 damaging the nerves. When applying deliberate 
hypotension, the anesthesiologist must keep in 
mind the physiology of hemorrhage and shock 
and continuously evaluate the patient for the 
development of metabolic acidosis from reduced 
perfusion. 

 If bleeding seems excessive for the neurolo-
gical procedure performed and tumor cells or 
infected material is not anticipated to be in the 
blood, possible cell salvage and autotransfusion 
may be utilized to reduce transfusion requi-
rements. The American Association of Blood 
Banks recommends the following indications for 
cell salvage: blood loss approaching 20 % or 
more of the patient’s estimated blood volume. 
In addition, if a majority of the patients undergo-
ing the procedure require one or more units of 
blood, the cost of blood salvaged from the surgi-
cal site is much less than the cost of allogenic 
blood. 

 Accurately predicting the probability of size-
able blood loss and the need for allogenic trans-
fusion can be problematic. Implementation of 
cell salvage should initially start with a collecting 
system, a cardiotomy reservoir, a suction line, 
and anticoagulant to maintain the collected 
blood. In cases where large blood loss is almost 
certain, it is reasonable to set up all components 

low sympathetic tone/
hypotension

high sympathetic tone/
hypertension

normotension

CPP

CBF

  Fig. 12.1    Change in 
autoregulatory curve 
with hypertension and 
hypotension       
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necessary to process blood. The patient’s starting 
hematocrit, gender, age, and weight can infl uence 
the risk of receiving blood products [ 30 ]. There 
are certain contraindications for blood salvage 
that should be considered before a system is 
operationalized (Table  12.3 ). Many of the con-
traindications are theoretical, with little clinical 
evidence for support. Defi nite contraindications 
would include any process that involves red cell 
lysis. This would include blood that has been 
exposed to sterile water, alcohol, or hydrogen 
peroxide. Red cell hemolysis could result in renal 
failure, elevated serum lactate dehydrogenase, 
increased total bilirubin, and disseminated intra-
vascular coagulation [ 31 ]. Blood collected from 
contaminated wounds, obstetrics, or malignancy, 
though contraindicated, can be considered safe in 
certain circumstances or under life-threatening 
conditions. Bacterial contamination of blood with 
bowel surgery, trauma, or in surgeries with an 
infected wound could reintroduce bacteria into 
the circulation if reinfused. Studies on blood con-
taminated with bacteria found that washing of 
blood cells was capable of reducing contamina-
tion from 5 to 23 % of the original bacterial load 
[ 32 ]. A 99 % reduction of the starting bacterial 
load still left a large bacterial contamination [ 33 ]. 
Studies have noted that bacterial contamination 
of blood from cell salvage during cardiac surgery 

approached 30 % [ 34 ]. In liver surgery, 9 % of 
cell-salvaged blood during these procedures had 
bacterial contamination [ 35 ]. In most surgical 
procedures, broad spectrum antibiotics are given. 
Studies have suggested that drugs such  as   these 
improve the safety of contaminated blood if read-
ministered [ 36 ].

   Cell salvage during cancer surgery is another 
issue of concern since immunomodulation occurs 
with allogenic transfusion, and this could affect 
tumor growth. There is considerable retros-
pective evidence to suggest that the outcome is 
worse for patients undergoing cancer surgery 
when they receive allogenic blood [ 37 ]. Adminis-
tration of tumor-laden blood cells from cell 
 salvage would also seem to be undesirable, yet 
during tumor surgery, hematogenous spread of 
cancer cells is common and does not correlate 
with outcome [ 38 ]. If using cell salvage during 
tumor surgery, the use of leukocyte depletion 
 fi lters is advocated. These fi lters have been used 
to remove tumor cells during urologic cancer sur-
gery, pulmonary surgery, and other tumor cell 
types [ 39 ,  40 ]. These studies concluded that leu-
kocyte depletion fi lters were highly effective in 
removing tumor cell contamination. 

 Care must be taken during blood salvage as 
complications such as air embolus could occur if 
the collection bag is not de-aired prior to admin-
istration of the blood under pressure. If using leu-
kocyte depletion fi lters, they should be changed 
after every 500 mL of blood administered. The 
bag should be pressurized to 300 mmHg to move 
blood through the fi lter. In some instances, blood 
salvaged during surgery will contain contami-
nants which could affect hemodynamics. Blood 
collected from neuroendocrine tumors, for exam-
ple, could contain epinephrine or norepinephrine 
which could produce extreme hypertension or 
arrhythmia with reinfusion [ 41 ]. Other chemical 
contaminants from the surgical site could also be 
contained in salvaged blood. These contaminants 
could affect blood pressure, and  administration 
  of these blood products should be done slowly 
until the effect on hemodynamic variables is 
totally ascertained.  

   Table 12.3    Relative contraindications to blood salvage   

 1. Contaminants 

 (a) Stool 

 (b) Amniotic fl uid 

 (c) Bone fragments 

 (d) Bacteria 

 (e) Fat emboli 

 (f) Urine 

 (g) Methylmethacrylate 

 2. Malignancy—tumor cells 

 3. Sickle cell disease 

 – Patients with thalassemia 

 4. Carbon monoxide 

 – Catecholamines 

 5. Pharmacologic agents: clotting agents, irrigating 
fl uids, Betadine, or topical antibiotics 
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     Pharmacologic Methods   
of Hemostasis 

 There are also pharmacologic methods to reduce 
abnormal bleeding during different neurosurgical 
procedures where unanticipated hemorrhage 
occurs (Table  12.4 ).  Desmopressin (DDAVP)   
is a synthetic analogue of vasopressin. DDAVP 
causes an increase in the levels of factor VIII and 
stimulates the vascular endothelium to release 
large multimers of  von Willebrand factor   [ 42 ]. 
The drug also releases tissue plasminogen activa-
tor and prostacyclin from the vascular endothe-
lium. DDAVP preserves plasma levels of factor 
VIII by protecting it from proteolytic enzymes 
and also stimulating its synthesis [ 43 ]. DDAVP 
has been used to reduce bleeding time and correct 
platelet dysfunction. The drug has been found to 
decrease blood loss and transfusion requirements 
with multiple surgeries. DDAVP may be most 
useful in patients with mild to moderate forms 
of hemophilia or von Willebrand disease who 
are undergoing surgery. In addition, patients 
with uremic platelet dysfunction and those with 
chronic liver disease may also have some benefi t 
[ 44 ]. Some centers use thromboelastography to 
determine patients with platelet dysfunction and 
use this as a guide for DDAVP therapy.

    Epsilon-aminocaproic acid   and its analogue, 
tranexamic acid, are derivatives of the amino 
acid lysine. Both drugs inhibit the proteolytic 
activity of plasmin and the conversion of plas-
minogen to plasmin by plasminogen activation. 
Plasminogen is the precursor of plasmin, the 
main proteolytic enzyme of the fi brinolytic 
 system.  Plasmin cleaves fi brinogen   by initially 
removing peptides from the A alpha chain and 
then from the B beta chains, leaving fragment X. 
This fragment undergoes asymmetric cleavage of 

all three chains, releasing fragment D and leaving 
fragment Y [ 45 ]. Plasmin has also been shown to 
decrease the activity of factors V, VIII, and IX 
and can also activate complements via the C1 
esterase [ 46 ]. 

 Drugs that inhibit activation of plasminogen 
to plasmin and interfere with the lysis of fi brino-
gen and fi brin are noted to be antifi brinolytic 
agents. They are omega aminocarboxylic acids of 
lysine that bind to the kringles of plasminogen 
and plasmin which occupies the binding site for 
fi brinogen and fi brin, interfering with the fi brino-
lytic process [ 47 ]. These agents attach to lysine- 
binding sites on both plasminogen and plasmin to 
inhibit binding of lysine residues on fi brinogen 
and fi brin. Since plasminogen is now unable to 
bind to fi brin, it is unable to lyse it. All  antifi bri-
nolytic drips   are water soluble and therefore are 
distributed through both intravascular and extra-
vascular compartments. Tranexamic acid is six to 
ten times more potent than  epsilon-aminocaproic 
acid (EACA)   secondary to changes in  molecular   
structure that mimics lysine. EACA loading 
doses should be around 75–150 mg/kg over 
15–30 min followed by an infusion of 10–15 mg/
kg/h.  Tranexamic acid   is administered with load-
ing doses around 1 g (10–15 mg/kg) followed by 
an infusion of 1 mg/kg/h. Minimal side effects 
are reported with these drugs, the worst being 
hypotension from a rapid intravenous administra-
tion. There are few reports of either EACA or 
tranexamic-producing thrombosis [ 48 ]. 

  Aprotinin   is a serine protein inhibitor derived 
from bovine lung. Its broad spectrum of protease 
inhibition provides numerous avenues for decre-
asing bleeding. By inhibiting plasmin, aprotinin 
is able to inhibit fi brinolysis [ 49 ]. In addition, 
aprotinin inhibits kallikrein which helps to 
amplify and accelerate contact activation of fac-
tor XII. Inhibiting kallikrein also alters potential 
adverse effects of contact activation and protects 
platelets from activation.  Kallikrein   also is an 
activator of the fi brinolytic system and blocking 
its effects inhibits fi brinolysis. The precise mech-
anism of action of aprotinin in reducing blood 
loss and transfusion requirements is not clear. 
However, part of the mechanism of action is a 
better functioning platelet, possibly because of 

   Table 12.4    Pharmacologic methods to reduce 
bleeding   

 1. Factor VIIa 

 2. Aprotinin 

 3. Epsilon-aminocaproic acid 

 4. Tranexamic acid 

 5. DDAVP (desmopressin) 
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preservation of the glycoprotein 1b receptor 
which mediates adhesion of platelets [ 50 ]. The 
activity of aprotinin is expressed in kallikrein 
inactivator units where one inactivator unit is that 
quantity that inhibits one unit of kallikrein. 
Dosing is usually started at a 280 mg loading 
dose over 20 min followed by an infusion of 
70 mg/h. Aprotinin has been utilized for its abil-
ity to decrease bleeding and transfusion require-
ments in cardiac and other surgical procedures. 
In these trials, aprotinin decreased bleeding 
 without the risk of thromboembolic complica-
tions [ 51 ]. At present, aprotinin is off the market 
and unavailable for use in the United States sec-
ondary to studies that aprotinin use increased the 
risk of death after surgery. The studies noted that 
patients who received aprotinin had a much 
higher risk of heart complications after surgery 
including heart attack, stroke, and renal failure. 
Aprotinin is not accessible in  the   US market but 
still available in Europe and Asia. 

 There are several recombinant coagulation 
products used to manage bleeding. These include 
antihemophilic factor, factor IX concentrates, 
factor VIIa, and factor IX [ 46 ]. These agents, 
though specifi cally approved for patients with 
hematologic disorders, are also used to manage 
acute bleeding episodes in surgery.  The agent 
most often used is recombinant - activated factor 
VIIa that is approved to facilitate hemostasis in 
life - threatening refractory bleeding despite the 
use of hemostatic factors and platelets in patients 
with acquired hemostatic disorders in both car-
diac and noncardiac surgeries  [ 52 ].  Dosing of 
30–45 mcg/kg has been reported to be effective in 
patients with uncontrolled surgical bleeding.  

  Prothrombin complex   concentrates can also 
be used to reverse coagulopathy from excessive 
or unexpected hemorrhage. This concentrate 
 contains all of the vitamin K-dependent coagu-
lation factors (II, VII, IX, X). In some patients 
with mild forms of hemophilia, IgG antibodies 
develop and inhibit factor VIII. The presence of 
these inhibitors can be reversed by prothrombin 
complex which has been used to successfully 
reverse abnormal bleeding. The use of this prod-
uct has become  somewhat   restricted due to its 
excessive thrombogenic qualities.  

     Assessment and Workup   
of Intraoperative Hemostatic 
Perturbations 

 Bleeding is fi rst assessed through clinical obser-
vation. One must assess the amount of blood loss 
and the presence or absence of clot formation in 
the fi eld. The initial assessment would consist of 
a coagulation profi le with blood sent for platelet 
count, fi brinogen level, prothrombin, and partial 
thromboplastin times which are important to get 
an initial impression of blood loss. Fibrin degra-
dation product level and euglobulin lysis time 
may also be important to assess the bleeding. 
A minimum platelet count of 50,000 per μL is 
recommended to maintain coagulation. Counts 
up to 100,000 per μL may be needed to maintain 
clot formation during brisk bleeding. There is no 
level of blood loss or euvolemic hemodilution at 
which prophylactic platelet transfusions should 
be given. As blood is lost, there is a slow and 
often predictable level of hemodilution that 
occurs. The actual measured platelet count never 
fi ts what would be expected by hemodilution 
alone. There is no reason to transfuse platelets for 
any given amount of blood loss, especially if the 
platelet count was assessed to be normal prior to 
the bleed. One can expect at least one blood vol-
ume to be lost before the platelet count reaches a 
critical level [ 53 ]. 

  Fibrinogen   concentration can be assayed by 
either using thrombin as an activator in different 
dilutions of plasma or by immunoassay.  Fibri-
nogen concentrations of more than 100 mg/dL 
are suffi cient to have normal clot function.  
Following fi brinogen as an indicator of hemodi-
lution is not necessarily accurate because fi brino-
gen is released from hepatic stores in response to 
stress. If one is transfusing packed red blood 
cells, it should be noted that these carry only 
small amounts of plasma and fi brinogen. As such, 
their levels in the circulation will consequently 
decrease as blood is administered. 

 Another test of whole blood clot formation 
which looks at overall protein function is the 
ACT (activated clotting time)    [ 54 ]. This test uses 
either celite or kaolin to activate the intrinsic cas-
cade. The ACT is not a predictor of abnormal 
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bleeding. Clearly, moderate prolongation of the 
ACT might suggest a risk of bleeding but normal 
ACT is meaningless because of the low sensitiv-
ity of the test. ACT gives a bioassay of heparin 
activity in whole blood. Comparisons of Hepcon- 
managed vs ACT-managed coagulation during 
cardiopulmonary bypass have shown some 
improvement with the Hepcon system for  periop-
erative   bleeding [ 55 ]. Usually these systems, 
though easily accessed for POC testing, are not 
well suited to direct therapy for product adminis-
tration during abnormal bleeding or hemorrhage. 

 The TEG (thromboelastography)    is a test of 
whole blood clot strength over time. It functions 
by maintaining a piston that does not touch the 
walls of a cup stable in an electromagnetic fi eld. 
There is no connection between the cup and pis-
ton until whole blood is placed in the cup and 
coagulation begins. The TEG examines whole 
blood coagulation from the time of initiation 
through acceleration, control, and even lysis 
(Fig.  12.2 ).  The use of TEG in guiding coagula-
tion therapy and in determining who would ben-
efi t from hemostatic therapy has been used to 

20 mm
MA

60 min

r

r+k

T F

A60

r Reaction time
Coagulation time
Clot formation rate >50°

6–8 min
10–12 minr + k

F

MA Maximum amplitude 50–70 mm
A60 Amplitude at 60 min after MA

A60/MA* 100 Whole blood clot lysis index >85%

Whole blood clot lysis time >300 min

Normal
Hemophilia

Thrombocytopenia
Fibrinolysis

Hypercoagulation

α°

α

a

b

  Fig. 12.2    ( a ) Variables 
and normal values 
measured by 
thromboelastography 
( b ) TEG patterns of 
normal and disease 
states       

 

M.P. Wemhoff and W.S. Jellish



163

successfully guide desmopressin therapy to 
improve platelet function  [ 56 ].  TEG is a good 
predictor for platelet function ,  for determination 
of trace amounts of heparin ,  and for assessing 
hypercoagulability.  A modifi cation of TEG remo-
ves thrombin from the assay and studies the non-
thrombin clot strengthened by the addition of 
ADP. Thromboelastography measures the clot’s 
physical properties. The most important variables 
affecting clot strength are the fi brinogen concen-
tration,    platelet function, and platelet count. TEG 
has been successfully used to predict excessive 
bleeding and guide transfusion therapy during 
intraoperative bleeding.

   Another means of assessing platelet dysfunc-
tion is by fl uorescent fl ow cytometry. The mea-
surement of specifi c serum markers of platelet 
activation such as beta-thromboglobulin and PF4 
can be performed. However, the plasma collec-
tion techniques for these tests are cumbersome 
and the assays are often affected by other meta-
bolic functions. Flow cytometry is ideal for dilu-
tion of low concentrations of specifi c protein 
within a large population of cells. These proteins 
may be either static portions of the platelet sur-
face or dynamic products of platelet aggregation. 
Flow cytometry has helped in the diagnosis 
of disorders of platelet function. However, it is of 
questionable use during the management and 
diagnosis of intraoperative bleeding. 

 Abnormal or excessive bleeding during neu-
rosurgical procedures could have devastating 
consequences. The use of hemostatic agents and 
alterations in hemodynamics may help to reduce 
this blood loss and allow the surgeon to identify 
and control the source of bleeding. If bleeding is 
excessive, blood salvage techniques may be uti-
lized to reduce the amount of allogenic blood 
products received. Diagnostic techniques and 
point of care testing may also be utilized to help 
facilitate hemostasis and direct the adminis tration 
of medication to help improve platelet function 
and reduce or inhibit thrombolysis. A coordinated 
effort with both the neurosurgeon and anesthesi-
ologist actively involved will help  to   control and 
treat the blood loss and increase the chances of a 
successful outcome with minimized associated 
morbidity.     
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          Introduction 

 A variety of disorders, including (brain) trauma 
and injury but also infectious and infl ammatory 
conditions or malignant disease, will lead to sys-
temic activation of coagulation. In many cases, 
this activation of coagulation will not lead to 
clinical complications and will not even be 
detected by routine laboratory tests, but can only 
be measured with sensitive molecular markers 
for activation of coagulation factors and path-
ways [ 1 ,  2 ]. However, if activation of coagula-
tion is suffi ciently strong, the platelet count may 
decrease and global clotting times may become 
prolonged. In its most extreme form, systemic 
activation of coagulation is known as dissemi-
nated intravascular coagulation (DIC). DIC is 
characterized by the simultaneous occurrence of 
widespread (micro)vascular thrombosis, thereby 
compromising  blood supply   to various organs, 
which may contribute to organ failure [ 3 ,  4 ]. 
Because of ongoing activation of the coagulation 
system and other factors, such as impaired syn-
thesis and increased degradation of coagulation 
proteins and protease inhibitors, consumption of 

clotting factors and platelets may occur, resulting 
in bleeding from various sites. 

 The diagnosis of DIC may be hampered by the 
nonspecifi c nature of many  indicators   of coagu-
lation activation, although newly developed scor-
ing algorithms based on readily available routine 
laboratory parameters show promising diagnos-
tic accuracy [ 5 ]. Owing to the complexity of the 
clinical presentation, the variable and unpredict-
able course, and the multitude of therapies given 
to patients with DIC, properly conducted clinical 
trials are diffi cult to perform and even to devise. 
Management relies on limited evidence from 
clinical trials in combination with small studies 
employing surrogate outcome endpoints and 
experience from case series, as well as from an 
understanding of the underlying pathophysio-
logic mechanisms [ 6 ].  

    Epidemiology 

 Activation of coagulation in concert with trauma 
and associated infl ammatory activation can result 
in microvascular thrombosis [ 7 ,  8 ]. In support of 
this concept, postmortem fi ndings in patients 
with coagulation abnormalities and DIC include 
diffuse bleeding, hemorrhagic necrosis of tis-
sues, microthrombi in small blood vessels and 
thrombi in mid-size and larger arteries and veins. 
Ischemia and necrosis was invariably the result 
of fi brin deposition in small and mid-size vessels. 
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Importantly, intravascular thrombi appear to be 
the driver of the organ dysfunction. Fibrin depo-
sition in various organs also is a characteristic 
fi nding in animal models of DIC. Thus, experi-
mental traumatic (brain) injury or bacteremia 
causes intravascular and extravascular fi brin 
deposition in the kidneys, lungs, liver, brain, and 
other organs [ 9 ]. Amelioration of the hemostatic 
defect by various interventions in these models 
reduces fi brin deposition, improves organ 
 function and, in some cases, reduces mortality. 
Finally, results of clinical studies also support the 
concept that activation of coagulation is as 
important a determinant of clinical outcome. DIC 
has shown to be an independent predictor of 
organ failure and mortality [ 10 ]. In a consecutive 
series of patients with severe sepsis, 43 % of 
patients with DIC were compared with 27 % in 
those without DIC. In this study, the severity of 
the coagulopathy was also directly related to 
mortality [ 11 ]. 

 In addition to microvascular thrombosis and 
organ dysfunction, coagulation abnormalities 
may have other harmful consequences. Thrombo-
cytopenia in patients with trauma places them at 
increased risk of bleeding. Overall, critically ill 
patients with a platelet count of <50 × 10 9 /L have 
a four- to fi vefold higher risk for bleeding as 
those with higher platelet counts [ 12 ]. Although 
the overall risk of intracerebral bleeding in 
patients in the ICU is less than 0.5 %, up to 88 % 
of patients with this complication have platelet 
counts less than 100 × 10 9 /L. The use of antico-
agulants in patients with thrombocytopenia fur-
ther increases the risk of bleeding. Regardless 
of the cause, multivariate analyses indicate that 
thrombocytopenia is an independent predictor of 
ICU mortality and increases the risk of death by 
1.9- to 4.2-fold. In particular, thrombocytopenia 
that persists more than 4 days after ICU admis-
sion, or 50 % or greater decrease in platelet count 
during the ICU stay, is associated with a four- to 
sixfold increase in mortality. In fact, the platelet 
count appears to be a stronger predictor for ICU 
mortality than composite scoring systems, such 
as the  Acute Physiology and Chronic Evaluation 
(APACHE) II   or  Multiple Organ Dysfunction 

Score (MODS)  . Decreased levels of coagulation 
factors, as refl ected by prolonged global coagula-
tion times, also increase the risk of bleeding. 
Prolongation of the prothrombin time (PT) or 
activated partial thromboplastin time (aPTT) to 
over 1.5 times the control is associated with an 
increased risk of bleeding and mortality in criti-
cally ill patients.  

    Pathobiology 

 Traditionally, DIC was thought to be the result of 
activation of both the extrinsic and intrinsic path-
ways of coagulation. The classical concept was 
that the extrinsic pathway was initiated by a 
tissue- derived component, which activated factor 
VII, leading to the direct conversion of prothrom-
bin to thrombin. This process would proceed as 
long as there was tissue damage from systemic 
infection, trauma, solutio placentae, or malig-
nancy. In contrast, the intrinsic or contact path-
way of coagulation was initiated by contact 
activation of factor XII which, together with its 
cofactors, kallikrein and kininogen, then acti-
vated factor XI with subsequent activation of 
 factor IX. The initiators of contact activation 
were poorly understood until recently, but were 
thought to include collagen and artifi cial sur-
faces. In recent years, the molecular mechanisms 
of coagulation pathways have been defi ned 
(Fig.  13.1 ). This has provided new insight into 
the pathogenesis of DIC. In general, current 
thinking is that thrombin and fi brin generation in 
patients with DIC is largely driven via the extrin-
sic pathway; as the brain is a rich source of tissue 
factor in brain injury the role of tissue factor as 
initiator of  coagulation   activation is obvious. The 
role of the contact (kallikrein-factor XII) system 
in brain injury remains uncertain [ 9 ,  13 ].

      Tissue Factor–Factor VII(a)  Pathway   

 The extrinsic pathway is initiated by the tissue fac-
tor (TF)–factor VIIa complex. TF is a membrane- 
bound 4.5kD protein that is constitutively expressed 

M. Levi



169

on cells that are mostly in tissues not in direct 
 contact with blood, such as the adventitial layer of 
larger blood vessels [ 12 ]. Subcutaneous tissue also 
contains substantial amounts of TF. When expressed 
on the cell surface, TF interacts with factor VII, 
either in its zymogen or activated form. The TF–
factor VIIa complex catalyzes the activation of both 
factor IX and factor X. Factors IXa and Xa enhance 
the activation of factors X and prothrombin, respec-
tively. In cells in contact with the blood circulation, 
TF is induced by the action of mediators such as 
cytokines, C reactive protein, and advanced glyco-
sylation end products. Inducible TF is predomi-
nantly expressed by monocytes and macrophages. 
Monocyte TF expression is enhanced in the pres-
ence of platelets and granulocytes in a P-selectin 
dependent fashion. This may refl ect NFkB activa-
tion that occurs when activated platelets bind to 
neutrophils or mononuclear cells. These cell–cell 
interactions also stimulate the production of IL-1b, 
IL-8, MCP-1, and TNFa. Under cell culture condi-
tions, cytokines such as TNFa, and IL-1, can induce 
TF expression by vascular endothelial cells, but the 
in vivo relevance of this fi nding is uncertain. Studies 
in vivo suggest that IL-6 is the dominant mediator 
of TF expression by mononuclear cells. 

 With trauma, such as extensive surgery, brain 
injury, or burns, it is likely that constitutively 
expressed TF at the site of injury is the primary 
source of procoagulant material. Increased mono-
cyte TF expression and procoagulant activity has 
been  demonstrated   in DIC associated with sepsis, 
cancer, or coronary disease. Tissue expression of 
TF appears to be localized to certain organs and 
vascular beds, but it is uncertain whether its 
expression is under genetic control in an organ- 
specifi c fashion.  

     Cytokines   and Other Amplifi cation 
Pathways 

 Activation of blood coagulation requires several 
cofactors. For development of DIC, the surfaces 
of cell remnants or intact cells, infl ammatory 
mediators, and coagulation proteins are required. 
The stimulus for activation depends on the under-
lying disease and may range from bacterial cell 
compounds, such as endotoxin, TF on host or 
cancer cells, other cancer cell procoagulants, TF 
or fat or amniotic fl uid emboli by unknown path-
ways. Each of these triggers interacts with other 

cytokines

Tissue factor 
expression

inflammatory cells

Inhibition of 
fibrinolysis  
due to high 
levels of PAI-1

MICROVASCULAR THROMBOSIS & 
MODULATION OF INFLAMMATION

Impairment of 
physiological 
anticoagulant 
mechanisms

endothelial
cells

  Fig. 13.1     Pathogenesis   
of disseminated 
intravascular 
coagulation. Pathways 
involved in the 
activation of coagulation 
in DIC. Both perturbed 
endothelial cells and 
activated mononuclear 
cells may produce 
proinfl ammatory 
cytokines that induce 
tissue factor expression, 
thereby initiating 
coagulation. In addition, 
downregulation of 
physiological 
anticoagulant 
mechanisms and 
inhibition of fi brinolysis 
promotes intravascular 
fi brin deposition. PAI-1: 
plasminogen activator 
inhibitor, type 1       
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mediators: TF assembles on anionic phospholipid 
surfaces, which can be provided by activated 
platelets, leukocytes or by cancer cells, cytokines 
interact with receptors and induce signaling path-
ways that induce TF expression and other proin-
fl ammatory components via the NFκB complex. 

 The molecular mechanisms underlying 
endotoxin- induced activation of coagulation 
have been studied in primates and baboons. In 
endotoxin or  E. coli  models of sepsis, inhibition 
of the TF pathway abolishes the activation of 
coagulation, highlighting the importance of TF. 
IL-6 is an important mediator of procoagulant 
effects, whereas TNFa is involved in the fi brino-
lytic response to endotoxin. Inhibition of TF with 
TFPI reduces IL-6 levels in the baboon model, 
suggesting that there is extensive cross talk 
between coagulation and infl ammatory media-
tors (see below). Monocytes that express TF bind 
factor VII(a), shed TF, or bind to the damaged 
vessel wall. After interacting with platelets, cir-
culating monocytes may trigger DIC. Micro-
vesicles may accelerate this process, and the 
complex interaction between cells, membrane 
fragments, soluble mediators, and proteins may 
trigger the DIC syndrome. The severity and dura-
tion of the consumptive process are mainly deter-
mined by the potency of the triggers and the 
capacity of inhibitory mechanisms.  

    Cross Talk Among Coagulation 
Proteases Results in Pro- 
infl ammatory Effects 

 In addition to activating coagulation protein 
zymogens, coagulation proteases also interact 
with specifi c cell receptors and trigger signaling 
pathways that elicit pro-infl ammatory mediators 
[ 8 ]. Factor Xa, thrombin and the factor VIIa–TF 
 complex   have such effects. Factor Xa injection 
into rats induces localized  infl ammation,   proba-
bly as a result of its interaction with EPR-1 and 
not because of thrombin generation. Exposure of 
cultured endothelial cells to factor Xa stimulates 
the production of monocyte chemotactic protein 
1 (MCP-1), and IL-6 and IL-8, and upregulates 
the expression of adhesion proteins that tether 

neutrophils to the cell surface. Further evidence 
for the cross talk between infl ammation and 
coagulation comes from the observations that 
IL-6 and IL-8 elicit TF-dependent procoagulant 
activity in monocytes and IL-6 has been identi-
fi ed as the critical mediator of procoagulant 
activity either on its own or after endotoxin chal-
lenge in vivo. Therefore, cytokine production 
induced by factor Xa may be an important driver 
of coagulation in DIC. 

 In addition to its procoagulant functions, 
thrombin has a variety of non-coagulant effects. 
Thrombin induces the release of MCP-1 and IL-6 
from fi broblasts, epithelial cells, and mononu-
clear cells in vitro. Thrombin also induces IL-6 
and IL-8 production  in   endothelial cells. When 
generated in whole blood, IL-8 production, which 
has a procoagulant effect that is TF dependent. 
Cell activation by thrombin is likely mediated by 
protease activated receptor. The factor VIIa–TF 
complex also activates cells by binding PAR 2. 

 Direct evidence of the in vivo relevance of 
these phenomena comes from a study showing 
that recombinant factor VIIa infusion in volun-
teers induces an increase in plasma levels of IL-6 
and IL-8. Although the concentrations of factor 
VIIa infused far exceed those found in patients 
with sepsis, it is possible that factor VIIa-induced 
cytokine production is of physiological impor-
tance. Thus, this information adds to the concept 
that several coagulation proteases induce pro- 
infl ammatory mediators that augment procoa-
gulant activity and amplify the consumptive 
process. Endogenous anticoagulant pathways are 
essential to regulate these proteases and prevent 
uncontrolled DIC.  

     Endogenous Anticoagulant Pathways   
in DIC 

 The development of DIC is counteracted by sev-
eral mechanisms. First, coagulation inhibitors 
regulate the coagulation mechanism. Those inhi-
bitors include antithrombin (AT), the protein C 
system, and  tissue factor pathway inhibitor 
(TFPI)   (Fig.  13.2 ) [ 8 ]. AT, which complexes and 
inhibits thrombin and factor Xa, is one of the 
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most important inhibitors, and reduced AT levels 
are a characteristic of DIC. Reduction in AT lev-
els refl ects a combination of reduced protein syn-
thesis as well as increased clearance through the 
formation of protease-AT complexes, and by 
degradation by neutrophil elastase. In addition, 
cytokines may impair proteoglycan synthesis in 
the vessel wall thereby reducing the availability 
of heparin sulfate for potentiation of AT activity.

   Activated  protein C and   its cofactor protein S 
form a second line of defense. Thrombin binds to 
the endothelial cell membrane associated molecule 
thrombomodulin, and this complex converts pro-
tein C to its active form,  activated protein C (APC)   
[ 14 ]. In addition, the thrombin–thrombomodulin 

complex accelerates the conversion of the 
thrombin activatable fi brinolytic inhibitor (TAFI). 
APC activates factors Va and VIIIa by proteolytic 
cleavage, thus slowing down the coagulation cas-
cade. Endothelial cells, primarily of large blood 
vessels, express an  endothelial protein C receptor 
(EPCR)  , which augments the activation of protein 
C at the cell surface. Activated protein C has anti-
infl ammatory effects on mononuclear cells and 
granulocytes, which may be distinct from its anti-
coagulant activity. Administration of APC pre-
vented thrombin- induced thromboembolism in 
mice, mainly through its antithrombotic effect. In 
addition, several studies have demonstrated anti- 
infl ammatory effects of APC. 

thrombomodulin
+thrombin

endothelial
protein C
receptor

endothelial
cell apoptosis

glycosaminoglycans

protein C

–

– –

–

–

–

activated
protein C
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thrombin
factor Xa

anti-inflammatory
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nuclear factor
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  Fig. 13.2    Physiological anticoagulant mechanisms in 
DIC. Physiological anticoagulant mechanisms (activated 
protein C system,  tissue factor pathway inhibitor (TFPI)  , 

and antithrombin) are not only involved in blocking 
thrombin generation and thrombin activity but also affect 
infl ammatory pathways       
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 In contrast, defects in the protein C mechanism 
enhance the vulnerability to DIC. In patient stud-
ies lowered levels of protein C and protein S are 
associated with increased mortality. Mice with a 
one allele targeted disruption of the protein C 
gene, causing heterozygous protein C defi ciency, 
displayed a more severe DIC and associated 
infl ammatory response. Blockade of the activity 
of protein C by infusion of C4 binding protein 
turns a sublethal model of  E. coli  in baboons into 
a lethal model. Blockade of EPCR by a neutral-
izing monoclonal antibody also increased mortal-
ity in the  E. coli  baboon model. Vice versa, 
infusion of PC in the same model, protected 
against DIC and dying. Thus, it appears that the 
protein C mechanism is of great importance in 
the host defense against sepsis and DIC. In situa-
tions associated with DIC  and   systemic infl am-
mation, TNFa and interleukin-1 may signifi cantly 
downregulate the cellular expression of thrombo-
modulin, as suggested by cell culture experi-
ments. However, in vivo studies suggest that 
EPCR is not downregulated in sepsis, but upreg-
ulated and that this effect is mediated by throm-
bin. The formation of thrombin may induce the 
shedding of EPCR by the endothelium, due to 
activation of metalloproteinases by thrombin. It 
is presently unknown whether thrombomodulin 
is also cleaved by similar mechanisms. 

 A third inhibitory mechanism constitutes 
  tissue factor pathway inhibitor (TFPI)  . This mol-
ecule, which exists in several pools (either endo-
thelial cell associated or lipoprotein bound in 
plasma), inhibits the TF–factor VIIa complex by 
forming a quaternary complex in which factor Xa 
is the fourth component. Clinical studies in septic 
patients have not provided clues as to its impor-
tance, because in the majority of patients the lev-
els of TFPI are not diminished as compared to 
normals. This may be explained by the lack of 
downregulatory effects of infl ammatory media-
tors on cultured endothelial cells. The relevance 
of TFPI in DIC is illustrated by two lines of 
experimentation. First, the depletion of TFPI sen-
sitized rabbits to DIC induced with tissue factor 
infusion. Second, TFPI infusion protected against 
the harmful effects of  E. coli  in primates. In this 
second study, TFPI not only blocked DIC but all 

baboons challenged with lethal amounts of 
 E. coli  showed a marked improvement  in   . vital 
functions and survived the experiment without 
apparent complications. An experimental study 
in volunteers confi rmed the potential of TFPI to 
block the procoagulant pathway triggered by 
endotoxin. 

 In general, the presence of intact function and 
normal plasma levels of inhibitors appears to be 
important in the defense against DIC. It should 
be noted, however, that there are no strong indi-
cations that human with congenital defi ciencies 
of inhibitors would suffer a greater chance of 
developing DIC, but this issue remains to be 
explored. In addition, the infl uence of inhibitors 
in modifying the interaction between coagulation 
and infl ammation deserves further attention.  

    Fibrinolysis 

 In experimental models of DIC fi brinolysis is 
activated, demonstrated by an initial activation of 
plasminogen activation, followed by a marked 
impairment caused by the release in blood of 
plasminogen activator inhibitor, type 1 (PAI-1). 
The latter inhibitor strongly inhibits fi brinolysis 
causing a net procoagulant situation. The molec-
ular basis is cytokine-mediated activation of vas-
cular endothelial cells; TNFα and Il-1 decreased 
tPA and increased PAI-1 production. TNFa incre-
ased uPA production in endothelial cells. 
Endotoxin and TNFα stimulated PAI-1 produc-
tion in liver, kidney, lung and adrenals of mice. 
The net procoagulant state is illustrated by a late 
rise in fi brin breakdown fragments after  E. coli  
challenge of baboons. Experimental data also 
indicate that the fi brinolytic mechanism is active 
in clearing fi brin from organs and circulation. 
Endotoxin induced fi brin formation in kidneys 
and adrenals was most dependent on a decrease 
in urokinase type plasminogen activator (uPA). 
PAI-1 knockout  mice   challenged with endotoxin 
did not develop thrombi in the kidney in contrast 
to wild type animals. Endotoxin administration 
to mice with a functionally inactive thrombo-
modulin gene (TMProArg mutation) and defec-
tive protein C activator cofactor function caused 

M. Levi



173

fi brin plugs in the pulmonary circulation, while 
wild type animals did not develop macroscopic 
fi brin. This phenomenon proved to be temporary, 
with detectable thrombi at 4 h after endotoxin, 
and disappearance of clots at 24 h in animals 
 sacrifi ced at that timepoint. These experiments 
demonstrate that fi brinolytic action is required 
to reduce the extent of intravascular fi brin 
formation. 

 Fibrinolytic activity is markedly regulated by 
PAI-1, the principal inhibitor of this system. 
Recent studies have shown that a functional 
mutation in the PAI-1 gene, the 4G/5G polymor-
phism, not only infl uenced the plasma levels of 
PAI-1, but was also linked to clinical outcome 
of meningococcal septicemia. Patients with the 
4G/4G genotype had signifi cantly higher PAI-1 
concentrations in plasma and an increased risk of 
death. Further investigations demonstrated that 
the PAI- 1   polymorphism did not infl uence the 
risk of contracting meningitis as such, but prob-
ably increased the likelihood of developing sep-
tic shock from meningococcal infection. These 
studies are the fi rst evidence that genetically 
determined differences in the level of fi brinolysis 
infl uences the risk of developing complications 
of a gram-negative infection. In other clinical 
studies in cohorts of patients with DIC, high 
plasma levels of PAI-1 were one of the best pre-
dictors of mortality. These data suggest that DIC 
contributes to mortality in this situation, but as 
indicated earlier, the fact that PAI-1 is an acute 
phase protein, a higher plasma concentration may 
also be a marker of disease rather than a causal 
factor.   

     Clinical Manifestations   

 The clinical manifestation of DIC may vary 
dependent on the underlying disorder. The 
extreme end of the spectrum is acute, severe DIC, 
which often occurs in the setting of major trauma, 
brain injury, sepsis, obstetric calamities, and 
severe immunologic responses. Diffuse multior-
gan bleeding, hemorrhagic necrosis, micro-
thrombi in small blood vessels, and thrombi had 
unequivocal clinical and laboratory signs of DIC 

may not have confi rming postmortem fi ndings. 
Conversely, some patients in whom clinical and 
laboratory signs were not consistent with DIC 
had typical autopsy fi ndings. This occasional 
lack of correlation among clinical, laboratory, 
and pathologic fi ndings is partly due to extensive 
postmortem changes in the blood for example, 
excessive fi brinolysis, but remains unexplained 
in most instances. Organs most frequently 
involved by diffuse microthrombi are the lungs 
and kidneys, followed by the brain, heart, liver, 
spleen, adrenal glands, pancreas, and gut. Specifi c 
immunohistological techniques and ultrastruc-
tural analysis have revealed that most thrombi 
consist of fi brin monomers or polymers in com-
bination with platelets. In addition, involvement 
of activated mononuclear cells and other signs of 
infl ammatory activation are frequently present. 
In cases of long lasting DIC, organization and 
endothelialization of the microthrombi are often 
observed. Acute tubular necrosis is more frequent 
than renal cortical necrosis. Clinically, throm-
botic occlusive events occur fi rst, as the result of 
microthrombi of fi brin or platelets that obstruct 
the microcirculation of organs. These thrombi 
result from clots that form either in the circula-
tion or in situ in arterioles, capillaries, or venules. 
Circulatory obstruction produces organ hypoper-
fusion and even ischemia, infarction, and necro-
sis. The process is disseminated throughout the 
microcirculation; therefore, all organs are poten-
tially vulnerable. 

 In contrast to the acutely ill patient with com-
plicated, severe DIC, other patients may have 
mild or protracted clinical manifestations of con-
sumption or even subclinical disease manifest by 
only laboratory abnormalities [ 1 ].  The   clinical 
picture of subacute to chronic DIC generally 
occurs in patients with malignancy, in particular 
with mucin-producing adenocarcinomas and 
APL. The latter usually is dominated by a hemor-
rhagic presentation, whereas venous thrombotic 
manifestations are more common in the former. 
In addition, patients with solid tumors may 
develop nonbacterial thrombotic endocarditis 
with systemic arterial embolization and infarc-
tion. Another cause of subacute to chronic DIC is 
the retained dead fetus syndrome. These patients 
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have an extremely variable presentation from 
asymptomatic to mild or moderate skin and 
mucous membrane bleeding. 

 It is important to stress that DIC is not a disease 
in itself but is always secondary to an underlying 
disorder that causes the activation of coagulation. 
The underlying disorders most commonly known 
to be associated with DIC are listed in Table  13.1 .

      DIC in  Neurosurgical Patients   

 In adults and children with head injuries, a high 
rate of mortality occurred when DIC was present. 
A laboratory DIC score has predictive value for 
prognosis in patients with head injuries, thereby 
supplementing the Glasgow coma score. Brain 
injury can be associated with DIC, most likely 
because the injury exposes the abundant TF of 
brain to blood. Specimens of contused brain, 
obtained during surgery in patients with head 
injury and of liver, lungs, kidneys, and pancreas 
obtained during autopsy, revealed microthrombi 
in arterioles and venules [ 15 ].  

    Trauma and  Traumatic Brain Injury   

 Early trauma death is often due to coagulopathy 
and bleeding complications [ 16 ]. The time inter-
val between trauma and medical intervention 

correlates with the development and magnitude 
of DIC. Experience during wars proved that fast 
evacuation and prompt medical care reduce the 
risk of DIC. Extensive exposure of TF to the 
blood circulation and hemorrhagic shock proba-
bly are the most immediate triggers of DIC in 
such instances, although direct proof of this 
mechanism is lacking [ 17 ,  18 ]. An alternative 
hypothesis is that cytokines play a pivotal role in 
the occurrence of DIC in trauma patients. In fact, 
the changes in cytokine levels are virtually iden-
tical in trauma patients and septic patients [ 19 ,  20 ]. 
The levels of TNF- α , IL-1 β , PAI-1, circulating 
TF, plasma elastase derived from neutrophils, 
and soluble thrombomodulin all can be elevated 
in patients with signs of DIC,    predicting MOD 
(ARDS included) and death [ 21 ,  22 ]. Careful 
monitoring of laboratory signs of DIC, reduced 
fi brinolytic activity, and perhaps low AT levels 
also are useful for predicting the outcome of such 
patients [ 23 ].   

     Laboratory Manifestations   

 Thrombocytopenia or a rapidly declining platelet 
count is an important diagnostic hallmark of 
DIC. However, only 35–44 % of critically ill 
patients develop thrombocytopenia (platelet 
count <150 × 10 9 /L). Consequently, the specifi c-
ity of thrombocytopenia for the diagnosis of DIC 
is limited [ 12 ]. A platelet count of <100 × 10 9 /L 
is seen in 50–60 % of DIC patients, whereas 
10–15 % of patients have a platelet count 
<50 × 10 9 /L. In surgical or trauma patients with 
DIC, over 80 % of patients have platelet counts 
less than 100 × 10 9 /L. In traumatic brain injury an 
early occurring platelet dysfunction had been 
described as well [ 24 ]. 

 Consumption of coagulation factors leads to 
low levels of coagulation factors in patients with 
DIC. In addition, impaired synthesis, for example 
due to impaired liver function or a vitamin K 
defi ciency, and loss of coagulation proteins, due 
to massive bleeding, may play a role in DIC as 
well. Although the accuracy of the measurement 
of one-stage clotting assays in DIC has been con-
tested (due to the presence of activated coagula-
tion factors in plasma), the level of coagulation 

   Table 13.1     Clinical conditions   that are most 
 frequently complicated by DIC   

 • Trauma/brain injury 

 • Sepsis/severe infection 

 • Malignancy 

 – Solid tumors 

 –  Hematological   malignancies 

 • Obstetrical conditions 

 – Amniotic fl uid embolism 

 – Abruptio placentae 

 • Vascular abnormalities 

 – Kasabach–Merrit syndrome 

 – Other vascular malformations 

 – large aneurysms 

 • Severe allergic/toxic reactions 

 • Severe immunologic reactions (e.g., transfusion 
reaction) 
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factors appears to correlate well with the severity 
of the DIC. The low level of coagulation factors 
is refl ected by prolonged coagulation screening 
tests, such as the prothrombin time (PT) or the 
activated partial thromboplastin time (aPTT). 
A prolonged PT or aPTT occurs in 14–28 % of 
intensive care patients but is present in more than 
95 % of patients with DIC. 

 Plasma levels of factor VIII are paradoxically 
increased in most patients with DIC, probably 
due to massive release of von Willebrand factor 
from the endothelium in combination with acute 
phase behavior of factor VIII. Recent studies 
have pointed to a relative insuffi ciency of the 
von Willebrand cleaving protease ADAMTS-13, 
thereby causing high concentrations of ultralarge 
von Willebrand multimers in plasma, which may 
facilitate platelet–vessel wall interaction and the 
subsequent development of thrombotic micro-
angiopathy, which may contribute to organ 
 dysfunction [ 25 ]. 

 Measurement of fi brinogen has been widely 
advocated as a useful tool for the diagnosis of 
DIC but in fact is not very helpful to diagnose 
DIC  in   most cases [ 26 ]. Fibrinogen acts as an 
acute-phase reactant and despite ongoing con-
sumption plasma levels can remain well within 
the normal range for a long period of time. In a 
consecutive series of patients the sensitivity of a 
low fi brinogen level for the diagnosis of DIC was 
only 28 % and hypofi brinogenemia was detected 
in very severe cases of DIC only. 

    Markers of Fibrin Generation 
and Degradation 

 Plasma levels of fi brin split products are fre-
quently used for the diagnosis of DIC [ 27 ]. Fibrin 
split products are detectable in 42 % of a con-
secutive series of intensive care patients, in 80 % 
of trauma patients and in 99 % of patients with 
sepsis and DIC.  Fibrin degradation products 
(FDP’s)   may be detected by specifi c ELISA’s or 
by latex agglutination assays, allowing rapid 
and bed-side determination in emergency cases. 
None of the available assays for fi brin degrada-
tion products discriminates between degradation 

products of cross-linked fi brin and fi brinogen 
degradation, which may cause spuriously high 
results. The specifi city of high levels of fi brin 
degradation products is therefore limited and 
many other conditions, such as trauma, recent 
surgery,  infl ammation   or venous thromboembo-
lism, are associated with elevated FDP’s. Because 
FDPs are metabolized by the liver and secreted 
by the kidneys, FDP levels are infl uenced by liver 
and kidney function. Other tests are specifi cally 
aimed at the detection of neo-antigens on degra-
ded cross-linked fi brin. One of such tests detects 
an epitope related to plasmin-degraded cross-
linked γ-chain, resulting in fragment D-dimer. 
These tests better differentiate degradation of 
cross-linked fi brin from fi brinogen or fi brinogen 
degradation products. D-dimer levels are high in 
patients with DIC, but also poorly distinguish 
patients with DIC from patients with venous 
thromboembolism, recent surgery or infl amma-
tory conditions. Theoretically, measurement of 
soluble fi brin or fi brin monomers in plasma could 
be helpful to diagnose intravascular fi brin forma-
tion in DIC. Indeed, initial clinical studies indi-
cate that if the concentration of soluble fi brin has 
 increased    above a defi ned threshold, a diagnosis 
of DIC can be made. The only problem so far is 
that a reliable test is not available for quantitating 
soluble fi brin in plasma. Since soluble fi brin in 
plasma can only be generated intravascularly, 
this test will not be infl uenced by extravascular 
fi brin formation, which for example may occur 
during local infl ammation or trauma.  

     Endogenous Coagulation Inhibitors   

 Antithrombin is the principal inhibitor of throm-
bin and may be readily exhausted during continu-
ous thrombin generation. Patients with brain 
injury may present with low levels of antithrom-
bin {Genet, 2013 6578 /id} {Nekludov, 2007 
6581 /id}. Plasma levels of antithrombin have 
been shown to be potent predictors for survival in 
patients with DIC. During severe infl ammatory 
responses, antithrombin levels are markedly 
decreased not only due to consumption but 
also due to impaired synthesis (as a result of a 
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negative acute phase response) and degradation 
by elastase from activated neutrophils. 

 Plasma levels of physiological coagulation 
inhibitors, such as protein C or antithrombin 
may be useful indicators of ongoing coagulation 
 activation [ 27 ]. Low levels of these coagulation 
inhibitors are found in 40–60 % of critically ill 
patients and in 90 % of DIC patients. Levels of 
protein C may indicate the severity of the DIC. 
In patients with meningococcal septicemia, very 
low  plasma   levels of protein C are observed and 
this may play a pivotal role in the occurrence of 
purpura fulminans in these patients. In fact, also 
the plasma level of protein C may be regarded as 
a strong predictor for the outcome in DIC 
patients. Observations in patients with severe 
gram-negative septicemia indeed confi rmed the 
downregulation of thrombomodulin in vivo and 
impaired activation of protein C. Low levels of 
free protein S (the cofactor of activated protein 
C) may further compromise an adequate function 
of the protein C system.  

    Fibrinolytic Markers 

 Fibrinolytic activation in DIC may be monitored 
by measurement of plasma levels of plasminogen 
and α2-antiplasmin. Low levels may indicate con-
sumption of these proteins. In brain injury a defi -
ciency of antiplasmin was shown to play a crucial 
role {Reed, 2014 6582 /id}. Due to the relatively 
low plasma concentration of α2-antiplasmin, the 
determination of this protease inhibitor is a help-
ful test for judging the dynamics of fi brinolysis. 
Plasmin generation may be best judged by mea-
surement of plasmin–α2-antiplasmin (PAP) com-
plexes, which are indeed moderately elevated in 
patients with DIC. However, because the concen-
tration of α2-antiplasmin is relatively low and 
therefore sensitive to relatively rapid exhaustion, 
this test may underestimate total fi brinolytic 
 activity.    At low concentrations of α2-anti-
plasmin, other protease inhibitors, such as 
 antithrombin, α2-macroglobulin, α1-antitrypsin, 

and C1-inhibitor may act as plasmin inhibitor as 
well. The apparent insuffi cient fi brinolytic activ-
ity in patients with DIC is attributed to high levels 
of the inhibitor of plasminogen activation, plas-
minogen activator inhibitor type I (PAI-1). Indeed, 
plasma levels of PAI-1 are elevated in patients 
with DIC and various underlying conditions, and 
are strongly correlated with an unfavorable out-
come. Of interest, studies have shown that a func-
tional mutation in the PAI-1 gene, the 4G/5G 
polymorphism, not only infl uenced the plasma 
levels of PAI-1, but was also linked to clinical out-
come of meningococcal septicaemia and associ-
ated DIC. Patients with the 4G/4G genotype 
had signifi cantly higher PAI-1 concentrations in 
plasma and an increased risk of death.  

    Point of Care Tests 

  Thrombelastography (TEG)   is a method that has 
been developed decades ago and provides an 
overall picture of ex vivo coagulation. Modern 
techniques, such as rotational thrombelastogra-
phy (ROTEM) enable bedside performance of 
this test and has again become popular recently in 
acute care settings, including brain trauma [ 28 ]
{Tauber, 2011 6579 /id}. The theoretical advan-
tage of TEG over conventional coagulation 
assays is that is provides an idea of platelet func-
tion as well as fi brinolytic activity. Hypercoa-
gulability and hypocoagulability as demonstrated 
with TEG was shown to correlate with clinically 
relevant morbidity and mortality in several stud-
ies, although its superiority over conventional 
tests has not unequivocally been established. 
Also, TEG seems to be overly  sensitive to some 
interventions in the coagulation system, such as 
administration of fi brinogen, of which the thera-
peutic benefi t remains to be established. There 
are no systematic studies on the diagnostic accu-
racy of TEG for the diagnosis of DIC, however, 
the test may be useful  for    assessing the global 
status of the coagulation system in critically ill 
patients.  

M. Levi



177

     Diagnostic Algorithm   for DIC 

 For the diagnosis of overt DIC a simple scoring 
system has been developed by the subcommittee 
on DIC of the  International Society on Throm-
bosis and Hemostasis (ISTH)   (Table  13.2 ) [ 5 ]. 
The score can be calculated based on routinely 
available laboratory tests, i.e., platelet count, pro-
thrombin time, a fi brin-related marker (usually 
D-dimer), and fi brinogen. Tentatively, a score of 
5 or more is compatible with DIC, whereas a 

score of less than 5 may be indicative but is  not  
affi rmative for non-overt DIC. For non- overt 
DIC more refi ned scoring systems have been 
developed, which are currently being evaluated. 
A recent study showed that the INR can be used 
(instead of PT prolongation), further facilitating 
international exchange and standardization. By 
using receiver-operating characteristics curves, 
an optimal cutoff for a quantitative D-dimer 
assay was determined, thereby optimizing sensi-
tivity and the negative predictive value of the 
system. Prospective studies show that the sensi-
tivity of the DIC score is 93 %, and the specifi city 
is 98 %. Studies in series of patients with specifi c 
underlying disorders causing DIC (e.g., cancer 
patients or patients with obstetric complications) 
show similar results. The severity of DIC accord-
ing to this scoring system is related to the mortal-
ity in patients with sepsis [ 11 ]. Linking prognostic 
determinants from critical care measurement 
scores such as Acute Physiology and Chronic 
Health Evaluation (APACHE-II) to DIC scores is 
an important means to assess prognosis in criti-
cally ill patients. Similar scoring systems have 
been developed and extensively evaluated in 
Japan. The major difference between the interna-
tional and Japanese scoring systems seems a 
slightly higher sensitivity of the Japanese algo-
rithm, although this may be due to different 
patient populations as Japanese series typically 
include relatively large numbers of patients with 
hematological malignancies.

         Therapy   

 Adequate management of patients with DIC 
depends on vigorous treatment of the underlying 
disorder to alleviate or remove the inciting inju-
rious cause. For sepsis-induced DIC, treatment 
includes aggressive use of intravenous organism- 
directed antibiotics and source control (e.g., by 
surgery or drainage). Other examples of vigorous 
treatment of underlying conditions are cancer 
surgery or chemotherapy, uterus evacuation in 
patients with abruptio placentae, resection of aor-
tic aneurysm, and debridement of crushed tissue 

   Table 13.2     Diagnostic algorithm   for the diagnosis of 
overt DIC a    

 1. Presence of an underlying disorder 
known to be associated with DIC 

      

     (no = 0, yes = 2)  

 2. Score global coagulation test results 

 • Platelet count  (>100 = 0; <100 = 
1; <50 = 2)  

      

 • Level of fi brin markers (e.g., 
D-dimer, fi brin degradation 
products) 

      

     (no increase: 0; moderate increase: 
2; strong increase: 3)  b  

 •  Prolonged    prothrombin time 

      

     (<3 s.= 0; > 3 s. but < 6 s.= 1; > 
6 s. = 2)  

 • Fibrinogen level 

      

     (>1.0 g/L = 0; < 1.0 g/L = 1)  

 3. Calculate score 

      

 4. If  >  5: compatible with overt DIC; 
repeat scoring daily 

 If < 5: suggestive (not affi rmative) for 
non-overt DIC; repeat next 1–2 days 

   a According to the Scientifi c Standardization Committee 
of the International Society of Thrombosis and Haemo-
stasis [ 5 ] 
  b Strong increase > 5× upper limit of normal; moderate 
increase is > upper limit of normal but <5× upper limit of 
normal  
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in case of trauma. In addition of intensive support 
of vital functions supportive treatment aimed at 
the coagulopathy may be helpful (Table  13.3 ) [ 6 ], 
 as   outlined in the following:

       Platelet   and  Plasma Transfusion   

 Low levels of platelets and coagulation factors may 
increase the risk of bleeding. However, plasma or 
platelet substitution therapy should not be insti-
tuted on the basis of laboratory results alone; it is 
indicated only in patients with active bleeding and 
in those requiring an invasive procedure or who are 
at risk for bleeding compli cations [ 6 ]. The pre-
sumed effi cacy of treatment with plasma, fi brino-
gen concentrate, cryoprecipitate, or platelets is not 
based on randomized controlled trials but appears 
to be rational therapy in bleeding patients or in 
patients at risk of bleeding who have a signifi cant 
depletion of these hemostatic factors. The sugges-
tion that administration of blood components might 
“add fuel to the fi re” has never been proven in clini-
cal or experimental studies. 

 Replacement therapy for thrombocytopenia 
should consist of 5–10 U platelet concentrate to 
raise the platelet count to 20–30 × 10 9 /L and in 
cases in patients who need an invasive procedure, 
to 50 × 10 9 /L. 

 One of the major challenges of infusion of 
fresh-frozen plasma in DIC and bleeding, which 
is necessary to correct the coagulation defect, is 
the propensity of the added volume to exacerbate 
capillary leak. This situation can increase the risk 
of inducing or worsening pulmonary edema and, 
by extension, can predispose to ARDS, and can 
induce ascites. Coagulation factor concentrates, 
such as prothrombin complex concentrate, may 
partially overcome this obstacle, but do not con-
tain essential factors, such as factor V. Moreover, 
caution is advocated with the use of prothrombin 
complex concentrates in DIC, because it may 
worsen the coagulopathy due to traces of 
 activated factors that are present in these con-
centrates. Specifi c defi ciencies of coagulation 
factors, such as fi brinogen, may be corrected by 
administration of purifi ed coagulation factor 
concentrates. 

   Table 13.3    Mainstays of  supportive treatment   of DIC   

 Modality  Details  Expectations/rationale 

 Treating the underlying 
disorder 

 Dependent on the primary diagnosis  Inhibit or block the complicating 
pathologic mechanism of DIC in parallel 
with the response (if any) of the disorder 

 Antithrombotic agents  Prophylactic heparin to prevent venous 
thromboembolic complications 
 (Low dose) therapeutic heparin in case 
of confi rmed thromboembolism or if 
clinical picture is dominated by (micro) 
vascular thrombosis and  associated    
organ failure 

 Risk of thromboembolism is increased in 
critically ill patients, trauma patients, or 
patients with cancer 
 Prevent fi brin formation; tip the balance 
within the microcirculation toward 
anticoagulant mechanisms and physiologic 
fi brinolysis; allow reperfusion of the skin, 
kidneys, and brain 

 Transfusion  Infuse platelets, plasma and fi brinogen 
(cryoprecipitate) if there is overt 
bleeding or a high risk of bleeding 

 Bleeding should diminish and stop over 
the course of hours 
 Platelet count, coagulation tests and 
fi brinogen should return toward normal 

 Anticoagulant Factor 
Concentrates 

 Recombinant human activated protein 
C may  be    effective in sepsis and DIC 
(24 μg/kg/h for 4 days) 

 Restore anticoagulation in microvascular 
environment and may have anti-
infl ammatory activity 

 Fibrinolytic inhibitors  Tranexamic acid (e.g., 500–1000 mg- 
q8–12 h or  ε -aminocaproic acid 
1000–2000 mg q8–12 h) 

 May be useful if there is (hyper) 
fi brinolysis 
 Bleeding ceases, but there is a risk of 
microvascular thrombosis and renal failure 
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 Cryoprecipitate (if available) can be used to 
rapidly raise the fi brinogen and von Willebrand/
factor VIII levels, particularly when bleeding is 
part of the DIC and fi brinogen level is less than 
1 g/L. Cryoprecipitate has at least four to fi ve 
times the  mass    of fi brinogen per milliliter of 
infusate compared to fresh frozen plasma. Fresh 
frozen plasma contains fi brinogen  in   suffi cient 
amounts for treatment of patients with mild to 
moderate hypofi brinogenemia.  

     Anticoagulant Treatment   

 Heparin therapy in patients with DIC remains 
controversial. Experimental studies have shown 
that heparin can at least partly inhibit the activa-
tion of coagulation in DIC. However, a benefi cial 
effect of heparin on clinically important outcome 
events in patients with DIC has not been demon-
strated in controlled clinical trials. Also, the 
safety of heparin treatment is debatable in DIC 
patients who are prone to bleeding. A large trial 
in patients with severe sepsis showed a slight, but 
nonsignifi cant benefi t, of low dose heparin on 
28-day mortality in patients with severe sepsis 
and no major safety concerns [ 29 ]. 

 There is general consensus that administration 
of heparin is benefi cial in some categories of 
DIC, such as metastatic carcinomas, purpura ful-
minans, and aortic aneurysm (prior to resection). 
Heparin also is indicated for treating thromboem-
bolic complications in large vessels and before 
surgery in patients with chronic DIC. Heparin 
administration may be helpful in patients with 
acute DIC when intensive blood component 
replacement fails to improve excessive bleeding 
or when thrombosis threatens to cause irrevers-
ible tissue injury (e.g., acute cortical necrosis of 
the kidney or digital gangrene). 

 Heparin should be used cautiously in all these 
conditions. In patients with chronic DIC because 
of metastatic carcinoma or aortic aneurysm, con-
tinuous infusion of unfractionated heparin 500–
750 U/h without a bolus injection has been 
advocated. If no response is obtained within 24 h, 
escalating dosages can be used. In hyperacute 
DIC cases, such as amniotic fl uid embolism, 

 septic abortion, and purpura fulminans, intravenous 
bolus injection of 5000–10,000 U heparin may be 
given simultaneously with replacement therapy 
with blood products. Some experts, however, 
would not administer a bolus dose of heparin 
even under these circumstances. Continuous 
infusion of 500–1000 U/h heparin may be neces-
sary to maintain the benefi t until the underlying 
disease responds to treatment. Apart from all 
these considerations, current guidelines dictate 
the universal use of prophylactic doses of heparin 
or low molecular weight heparin to prevent 
venous thromboembolic events in critically ill 
patients [ 6 ]. 

 Theoretically, the most logical anticoagulant 
agent to use in DIC is directed against TF activ-
ity. Potential agents include recombinant TFPI, 
inactivated factor VIIa, and recombinant NAPc2, 
a potent and specifi c inhibitor of the ternary 
 complex of TF/factor VIIa and factor Xa. Phase 
II trials of recombinant TFPI in patients with sep-
sis showed promising results but phase III trials 
in patients with severe sepsis or severe pneumo-
nia and organ failure did not show an overall sur-
vival benefi t in patients who were treated with 
TFPI [ 30 ]. 

 Recombinant human soluble thrombomodulin 
binds to thrombin to form a complex that inacti-
vates thrombin’s coagulant activity and activates 
protein C, and thus, is a potential drug for the 
treatment of patients with DIC. In a phase III  ran-
domized   double-blind clinical trial in patients 
with DIC, administration of the soluble thrombo-
modulin had a signifi cantly better effect on bleed-
ing manifestations and coagulation parameters 
than heparin. Currently ongoing trials with solu-
ble thrombomodulin focus on DIC, organ failure 
and mortality rate.  

    Physiological Anticoagulant Factor 
Concentrates 

 Restoration of the levels of physiological antico-
agulants in DIC may be a rational approach [ 31 , 
 32 ]. Based on successful preclinical studies, the 
use of AT concentrates and heparin in patients with 
DIC has been examined mainly in randomized 
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controlled trials that included patients with sepsis, 
septic shock, or both. All trials have shown some 
benefi cial effect in terms of improvement of labo-
ratory parameters, shortening of the duration of 
DIC, or even improvement in organ function. In 
several small clinical trials, use of very high doses 
of AT concentrate showed even a modest reduc-
tion in mortality, however, without being statis-
tically signifi cant. A large-scale, multicenter, 
randomized controlled trial also showed no sig-
nifi cant reduction in mortality of patients with sep-
sis [ 33 ]. Interestingly, post hoc subgroup analyses 
of the latter study indicated some benefi t in patients 
who did not receive concomitant heparin, but this 
observation needs validation. In a small random-
ized trial in patients with burns and DIC, AT 
administration decreased mortality, reduced mul-
tiple organ failure, and improved coagulation 
parameters compared to placebo-control patients. 

 Because a decreased function of the protein C 
system contributes to the pathogenesis of DIC, 
therapy by  activated protein C (APC)   was pre-
dicted to be benefi cial [ 34 ]. Indeed, a dose- 
ranging controlled trial using continuous infusion 
of recombinant human APC disclosed that a dose 
of 24 μg/Kg per hour was optimal, judged by a 
decrease of D-dimer level in plasma. A sub-
sequent phase III trial of APC concentrate in 
patients with sepsis was prematurely stopped 
because of effi cacy in reducing mortality in these 
patients [ 35 ]. All cause mortality at 28 days after 
inclusion was 24.7 % in the APC group versus 
30.8 % in the control group (a 19.4 % relative 
risk reduction). Amelioration of coagulation 
abnormalities and less organ failure were noted 
in patients who received the concentrate. Part of 
the success of therapy could be ascribed to the 
anti-infl ammatory effect of APC. Interestingly, 
patients who manifested “overt DIC” (see 
DIAGNOSIS, above) benefi ted more from the 
therapy with APC than patients who did not have 
overt DIC [ 11 ]. The relative risk reduction in 
mortality of patients with both sepsis and DIC 
was 38 %, while patients with sepsis but no DIC 
only had a risk reduction of 18 %. This seems to 
underscore the importance of the coagulation 
derangement in the pathogenesis of sepsis 
and implies that the restoration of the protein C 

pathway in the microvasculature is essential for 
cure in patients with sepsis. However,  meta- 
analyses   of published literature conclude that the 
basis for treatment with APC, even in patients 
with a high disease severity, is not very strong or 
even insuffi cient. The series of negative trials in 
specifi c populations of patients with severe sep-
sis has added to the skepticism regarding the 
use of APC. On top of that, there is uncertainty 
regarding the bleeding risk of APC in patients 
with severe sepsis. In a phase 3 study conducted 
in patients with severe sepsis, the incidence of 
major bleeding (i.e., bleeding reported as a seri-
ous adverse event) during the infusion period 
was 2.4 % in the APC group as compared with 
1.0 % in the control group ( P  = 0.02). During the 
28-day study period, the incidence of major 
bleeding was 3.5 % in the APC group and 2.0 % 
in the placebo group ( P  = 0.06). Gastrointestinal 
bleeding was the most frequent bleeding compli-
cation in both groups. Most bleeding episodes 
were procedure related or occurred in patients 
with a severely deranged coagulation system 
(partial thromboplastin time [PTT] > 120 s or 
INR > 3.0), whereas spontaneous bleeding was 
rare. The bleeding rate in the clinical trials seems 
to be acceptable, but it may be that in the “real 
world” the risk of bleeding, including intracranial 
bleeding is higher. A recently completed placebo-
controlled trial in patients with severe sepsis and 
septic shock was prematurely stopped due to 
the lack of any signifi cant benefi t of APC. 
 Subsequently, the manufacturer of APC has 
decided to withdraw the product from the market, 
which has resulted in a revision of current guide-
lines for treatment of DIC.   

     Fibrinolytic Inhibitors   

 Most guidelines recommend against the use of 
antifi brinolytic agents, such as  ε -aminocaproic 
acid or tranexamic acid, in patients with DIC. 
This is because these drugs block already sup-
pressed endogenous fi brinolysis, and may further 
compromise tissue perfusion. In support of 
this concept, there are reports of severe thrombo-
sis in DIC patients treated with these agents. 
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However, in patients with DIC accompanied by 
primary fi brino(geno)lysis, as in some cases of 
acute promyelocytic leukemia, giant cavernous 
hemangioma, heat stroke, and metastatic carci-
noma of the prostate, the use of fi brinolytic inhib-
itors can be considered if the patient has profuse 
bleeding that does not respond  to   replacement 
therapy and there is evidence of excessive 
fi brino(geno)lysis. In these situations, it is impor-
tant to replace depleted blood components, 
before initiating treatment with fi brinolytic 
inhibitors.      
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          Introduction 

 Heparin remains the anticoagulant of choice for 
many clinical needs. Because heparin is used ubiq-
uitously in the hospital setting, millions of patients 
are exposed each year. In some patients, heparin 
therapy elicits formation of antibodies which cause 
heparin-induced thrombocytopenia (HIT) a severe 
adverse effect characterized by low platelet count 
and high risk  of   thrombotic complications. 
Healthcare providers must be aware of and under-
stand the clinical diagnosis, laboratory testing, and 
treatment of HIT because of the devastating clinical 
consequences of stroke, acute myocardial infarc-
tion, pulmonary embolism, limb amputation, and 
death due to thrombosis with which it is associated. 

 While much of the work in understanding the 
pathophysiology, clinical presentation, and treat-
ment of HIT has centered on cardiovascular and 
orthopedic surgery populations, neurology/neu-
rosurgery patients also have a high frequency of 
developing HIT (up to 15 % has been reported) 

[ 1 ]. In addition, neurological symptoms are char-
acteristic of HIT making all HIT patients poten-
tial neurovascular patients [ 2 ,  3 ]. This chapter 
summarizes the current practice for the manage-
ment of patients with HIT (Table  14.1 ).

       Development of HIT 

 Antibodies elicited by heparin therapy are not 
specifi cally anti- hep  arin antibodies. HIT antibod-
ies recognize particular complexes of heparin and 
the platelet release protein, platelet factor 4 (PF4) 
[ 4 ,  5 ]. The presence of PF4 is critical to the devel-
opment (immunogenesis) of HIT antibodies and 
to their pathogenic function. 

 PF4 is a positively charged protein that binds 
to negatively charged heparin and heparin-like 
molecules. Upon release from activated platelets, 
PF4 rapidly associates with heparan sulfate on 
endothelial cells, promoting a procoagulant sur-
face for vascular repair. In the presence of thera-
peutic heparin, this binding results in large, 
highly immunogenic  PF4-hep  arin complexes in 
circulation. In addition to its hemostatic role, PF4 
(a member of a highly conserved family of host 
defense peptides) has both antimicrobial and 
immune functions. The similarity of PF4 bound 
to certain pathogens and the conformation of PF4 
bound to heparin may explain the immunogenic-
ity of PF4/heparin complexes [ 6 ] resulting in the 
generation of HIT antibodies. 
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 The risk of developing HIT increases with 
heparin dose and longer treatment duration and is 
more likely with intravenous than subcutaneous 
heparin. Still, HIT  antibodies   can develop from 
any heparin exposure including incidental 

amounts from heparin fl ushes or heparin-coated 
devices. Due to their smaller molecular size com-
pared to therapeutic heparin,  low molecular 
weight (LMW)   heparin and fondaparinux have 
less ability to bind PF4, alter its confi guration, 
and cause the generation of antibodies. 

 Immune complexes of HIT IgG bound to PF4- 
heparin complexes cross-link platelet FcγIIa 
receptors, resulting in platelet activation with 
release of additional PF4 and platelet-platelet 
aggregation. In the presence of heparin, there is 
continued formation of antigenic complexes, 
platelet activation and aggregation, and genera-
tion of highly procoagulant platelet microparti-
cles. Sustained platelet activation contributes to 
platelet clearance and thrombin generation that 
can lead to both thrombocytopenia and HIT- 
associated thrombosis. 

 HIT antibodies, once formed, become involved 
in various hemostatic activation processes beyond 
platelet activation [ 7 ]. These antibodies also rec-
ognize PF4 bound to cell membranes via heparan 
sulfate, which contributes to an infl ammatory 
state whereby macrophages, monocytes, and neu-
trophils are activated. Antibody and leukocyte 
binding to activated endothelial cells cause 
release of tissue factor,  plasminogen activator 
inhibitor-1 (PAI-1),   and cytokines, as well as an 
upregulation of adhesion molecule expression, 
promoting localized platelet and monocyte bind-
ing. The interrelationships of platelets, leuko-
cytes, the endothelium, and the infl ammatory 
state determine the clinical expression of HIT. 

 The presence of HIT antibodies does not cause 
thrombocytopenia or thrombosis in the majority 
of patients. It is when certain HIT antibodies bind 
PF4, forming immune complexes, that subse-
quent FcγIIa receptor-mediated platelet activa-
tion ensues which can lead to thrombocytopenia 
and/or thrombosis. Thus, the HIT syndrome 
depends not only on the presence of HIT 
 antibodies of suffi cient  titer  and  specifi city  but 
also on the  presence of PF4  [ 8 ]. 

 The availability of PF4 is infl uenced both by 
acute and chronic platelet activation and logically 
plays a role in the risk for generation of PF4- 
heparin antibodies in the context of anticoagu-
lant therapy. Increased platelet activation and 

   Table 14.1    Clinical management of heparin-induced 
thrombocytopenia   

 • HIT is an immune response to PF4, an activated 
platelet release protein, bound to heparin 

 • HIT is a complex syndrome that requires 
immediate and knowledgeable clinical management 

 • Patient-dependent variables are associated with a 
higher risk of developing HIT and poorer outcomes 

 • Patients with HIT can develop neurological 
symptoms (thrombosis, but also bleeding from 
anticoagulant treatment); also the cause of cerebral 
thrombosis in a neurology patient can be traced 
back to HIT 

 • HIT is largely a clinical diagnosis; scoring systems 
are available to aid in determining the probability 
that a patient has HIT 

 • Laboratory tests for HIT help in the diagnosis but 
they are not optimal and require knowledgeable 
interpretation of results 

 • Using a scoring system also helps with lab test 
ordering (to reduce false positive results) 

 • An immunoassay is used to screen for HIT 
antibodies (many false positives); a platelet 
function assay is the standard to confi rm HIT (but 
sensitivity is low) 

 • The titer (optical density reading) of the 
immunoassay for HIT antibodies can be used to 
follow the clinical progress of a patient 

 • The fi rst step in managing a patient with HIT 
is to remove heparin, but until HIT is confi rmed 
consideration for the risk of thrombosis from other 
causes that dictates anticoagulant protection must 
be given 

 • Use intravenous argatroban or bivalirudin, with 
monitoring, for treatment of acute, severe HIT and 
HIT thrombosis 

 • Use bivalirudin for interventional or surgical 
procedures in patients with HIT; optimal dosing 
and monitoring protocols are in development 

 • Be aware of the potential for intracranial bleeding 
with argatroban and bivalirudin treatment 

 • Use of fondaparinux for prevention of thrombosis 
in patients with suspected HIT with no indication 
for full anticoagulation is gaining favor but not yet 
approved 

 • Prevent the occurrence of HIT by limiting exposure 
to heparin; use LMW heparin, fondaparinux, or 
other non-heparin anticoagulants in place of 
heparin where possible; reduce platelet activation 
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circulating PF4 levels are observed in infl amma-
tory and infectious diseases, diabetes, cardiovascu-
lar disease, atherosclerosis, conditions affecting 
vascular health, and in response to traumatic medi-
cal procedures or cardiopulmonary bypass. This 
suggests an explanation for the common observa-
tion that specifi c patient populations (type of sur-
gery, severity of trauma, age, comorbidities such as 
renal impairment, low cardiac output, malignancy, 
critical illness, vascular disease) are known to be at 
an increased risk of developing HIT antibodies.  

    Clinical Presentation of HIT 

 In up to 30 % of patients, administration of hepa-
rin is followed  by   a benign, transient, and self- 
limited fall in platelet count which occurs through 
a non-immunological mechanism and resolves 
within 24–48 h (referred to as HIT Type I). The 
clinically relevant HIT syndrome discussed 
herein is immune-mediated HIT (known as HIT 
Type II) that is associated with thrombocytopenia 
and an extreme hypercoagulable state. 

 Immune-mediated HIT is defi ned as thrombo-
cytopenia or new thrombosis starting 5–10 days 
after exposure to heparin, in the absence of other 
explanations for the symptoms [ 9 ]. HIT should 
be suspected on the basis of an unexplained 
30–50 % drop in platelet count from baseline in 
patients being treated or having been recently 
treated with heparin. No single defi nition of 
thrombocytopenia based on platelet count is 
appropriate in all clinical situations. For example, 
an abrupt decrease in platelet count that does not 
result in thrombocytopenia (e.g., platelet count 
may fall from 450,000 to 225,000/μL) can be 
HIT. Not all patients with thrombocytopenia 
experience thrombosis, and thrombotic compli-
cations can occur before or in the absence of 
thrombocytopenia. There can also be variability 
in the timing of onset of clinical symptoms. 
Patients with HIT antibodies resulting from hep-
arin exposure within the prior 100–120 days may 
have an immediate, rapid onset of HIT when 
restarting heparin [ 10 ]. Delayed-onset HIT has 
been observed with symptoms appearing days to 
weeks after discontinuation of heparin [ 11 ]. 

 There is a wide spectrum of arterial and 
venous thromboembolic complications associ-
ated with HIT, including deep vein thrombosis, 
pulmonary embolism, ischemic stroke, myocar-
dial infarction, limb ischemia, vein graft occlu-
sion, skin lesions at injection sites, and thrombosis 
of an extracorporeal circuit. Venous thrombosis 
predominates 5:1, but arterial thrombosis 
accounts for the most disturbing symptoms [ 12 ]. 
Mortality among patients with HIT thrombosis 
that is not effectively treated is 30 %, with 20 % 
of those who survive requiring a limb amputation 
[ 9 ]. Overall mortality rates of patients with HIT 
thrombosis approach 10–20 % despite the current 
practice improvements. 

 Deep venous thrombosis of the lower limbs 
 a  nd pulmonary embolism commonly occurs; 
thrombosis in the upper extremities is often asso-
ciated with a central venous catheter or pace-
maker wire. Other less commonly reported events 
include mesenteric venous thrombosis and adre-
nal hemorrhagic infarction. Acute limb occlusion 
is the most common arterial event usually devel-
oping in areas of a recent interventional proce-
dure or following trauma. 

 Stroke was reported in 3 % of all HIT patients 
and more often in females who tend to  experi-
  ence poorer outcomes [ 2 ]. In another study, neu-
rological complications of patients with HIT 
were reported to be 9 % [ 3 ]. Stroke signifi cantly 
increases the mortality risk [ 2 ]. The consider-
ation of HIT in the differential diagnosis when 
ischemic stroke occurs and of heightened stroke 
awareness for ≥2 weeks following HIT diagnosis 
is important. 

 LMW heparin can also cause HIT but with a 
tenfold lower rate of occurrence than with heparin. 
Symptoms are the same but typically appear 8–14 
days after exposure to the LMW heparin [ 13 ]. 

    Cardiovascular Patients 

 The cardiovascular patient is at high risk to 
develop HIT. Patients who  un  dergo percutaneous 
transluminal angioplasty, percutaneous coronary 
angioplasty, percutaneous coronary intervention, 
and coronary artery bypass or vascular surgery 
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appear particularly vulnerable. This is assumed 
to be due to the repeated and occasionally pro-
longed exposure to heparin or LMW heparin. 
When HIT occurs in a post-procedure patient, the 
presence of an injured vascular intima provides a 
unique thrombogenic surface that is at a high risk 
for thrombosis. The increased level of platelet 
activation and PF4 release is an added reason for 
the higher incidence of HIT in this population. 

 The diagnosis of HIT is diffi cult in post- 
surgical  patient  s as postoperative thrombocyto-
penia is frequently present and always present 
following cardiac surgery using cardiopulmonary 
bypass. In these patients, HIT should be sus-
pected if the platelet count recovery in the imme-
diate postoperative period is interrupted by a 
sudden and marked platelet count decrease 5–10 
days post-operation (a biphasic platelet count 
pattern) [ 14 ]. However, HIT cannot be defi nitely 
excluded in patients with a monophasic pattern of 
persistent postoperative thrombocytopenia. 

 Heart failure patients requiring ventricular 
assist devices who receive anticoagulation during 
surgery and for extended postoperative periods 
often develop HIT antibodies but not necessarily 
HIT thrombosis [ 15 ]. These patients have multi-
ple explanations for low platelet counts. No 
guidelines are yet established for the diagnosis of 
HIT in this patient group.  

    Neurovascular Patients 

 Although there are limited reports of the true fre-
quency of HIT and rate of thrombotic complica-
tions in neurosurgical patients, there is good 
indication of risk in this  patie  nt population. HIT 
should be part of the differential diagnosis. 

 Heparin is frequently given to acute ischemic 
stroke patients. A prevalence of 0.5 % of con-
fi rmed HIT in this population based on a clinical 
scoring system and laboratory assay results (2 % 
prevalence if based on clinical score alone) has 
been reported [ 16 ]. Other less rigorous studies 
reported higher frequencies. The clinical severity 
and outcome of acute stroke patients suspected of 
having HIT were unfavorable. 

 Subarachnoid hemorrhage ( SAH  ) patients, 
among neurosurgical patient populations, are 

exposed to heparin because they are in critical 
care units, are at risk of venous thrombosis, and 
have indwelling vascular catheters. In addition, 
the increase in neurovascular procedures with 
associated heparinization increases the exposure 
of patients to heparin. The incidence of HIT in 
SAH patients at a single center was reported to be 
as high as 15 % [ 1 ]. Other studies reported rates 
from 2 % to 6 % [ 17 – 19 ]. The SAH patients with 
HIT had signifi cantly higher rates of thrombotic 
complications, new hypodensities on head com-
puted tomographic scans, more deaths, and sig-
nifi cantly less favorable outcomes. 

 Other concerns include the relatively common 
fi nding of ischemic stroke in all patients fi rst pre-
senting with other symptoms of HIT (discussed 
above). In addition, the treatment of choice for 
patients with HIT thrombosis is a direct thrombin 
inhibitor anticoagulant, yet intracranial hemor-
rhage can occur from this treatment. 

 These issues highlight the fact that HIT can be 
the cause for cerebral thrombosis in neurovascu-
lar patients and also that non-neurovascular 
patients with HIT can develop neurological 
symptoms from HIT thrombosis or bleeding 
from treatment of HIT with anticoagulants.  

    Patients with Mild Thrombocytopenia 

 Another challenging clinical presentation of HIT 
is the patient with  mild   thrombocytopenia receiv-
ing heparin or LMW heparin treatment. These 
patients are to be individually assessed for their 
risk of HIT considering past exposure to heparin, 
competing causes for thrombocytopenia, and 
new thrombosis. The level of risk will determine 
whether or not to continue heparin/LMW heparin 
treatment, while laboratory testing is sent to con-
fi rm the diagnosis.   

    Diagnosis and Early Management 

 The diagnosis of HIT is complicated because 
 patie  nts often do not fi t a simple textbook defi ni-
tion. Clinical judgment remains important for 
directing patient clinical care. Although the diag-
nosis of HIT can be diffi cult, it is critical that 
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patients with HIT be identifi ed as soon as possi-
ble to initiate early treatment to avoid thrombo-
sis. HIT should be considered in the differential 
diagnosis of any new thrombosis or extension of 
an existing thrombus in a patient receiving 
anticoagulation. 

    Clinical Scoring Systems 

 The diagnosis of HIT is based on clinical fi nd-
ings, platelet count,    and laboratory testing. It is 
necessary that causes for thrombocytopenia, a 
common fi nding in a hospital setting, other than 
HIT be ruled out. 

 Scoring systems, such as the 4Ts [ 20 ] or the 
HEP score (an expanded version of the 4Ts score 
based on the opinions of 26 HIT experts) [ 21 ] to 
estimate pretest probability of HIT, are useful to 
risk stratify patients facilitating clinicians’ man-
agement of patients with suspected HIT. Scoring 
systems are based on the magnitude and nadir of 
thrombocytopenia, timing of platelet count fall, 
thrombosis, other heparin-related reactions, and 
exclusion of other causes of thrombocytopenia. 
The 4Ts system is summarized in Table  14.2 .

       Next Steps 

 Clinical scores should be determined fi rst on 
patients suspected of HIT. After this is deter-
mined, the decision for laboratory testing is to be 
made. If clinical suspicion for HIT is low and the 
clinical score is low, no laboratory testing needs 

to be performed (to avoid false positives). If the 
score is intermediate or high, an immunoassay 
should be performed because it is highly sensi-
tive. If the immunoassay result is positive, a 
functional assay needs to be performed to con-
fi rm the presence of HIT and avoid a false posi-
tive (see laboratory test section below). Other 
likely scenarios of clinical scoring, lab test 
results, and interpretation are given in Table  14.3 . 
Keep in mind that results of the laboratory tests 
for HIT do not always coincide with the clinical 
picture.

   Clinical management of HIT at the initial stage 
must take into consideration the risk of thrombosis 
from other causes that would dictate anticoagulant 
protection. Cessation of heparin while waiting for 
lab test confi rmation of HIT needs to be weighed 
against the need for anticoagulant protection. One 
simple scoring system (Table  14.4 ) helps with the 
decision process of whether or not to immediately 
discontinue heparin in patients suspected, but not 
confi rmed, of HIT [ 22 ]. An immediate switch to 
argatroban or bivalirudin is costly and  carr  ies the 
risk of hemorrhage.

   On the other hand, for patients with a high 
score by any scoring system for HIT, it is not nec-
essary to wait for laboratory test results to initiate 
non-heparin anticoagulation therapy. It is impor-
tant, however, to have laboratory confi rmation of 
HIT, because patients with a history of HIT are at 
risk for recurrence should they be exposed to 
heparin in the future. Thus, HIT lab tests should 
be used to confi rm a clinical diagnosis of HIT to 
guide future therapy. 

   Table 14.2    The 4Ts clinical scoring system to determine patient’s risk of HIT [ 20 ,  54 ]   

 2 Points  1 Point  0 Points 

 Thrombocytopenia  >50 % fall or platelet nadir 
20,000–100,000/μL 

 30–50 % fall or platelet 
nadir 10,000–19,000/μL 

 <30 % fall or platelet 
nadir <10,000/μL 

 Timing of platelet drop or 
other sequelae 

 Onset days 5–10 or <1 day if 
recent heparin exposure 

 Onset after day 10 or not 
clear 

 Onset ≤4 days without 
recent heparin exposure 

 Thrombosis or other 
sequelae 

 New thrombosis; skin necrosis 
at heparin injection site; acute 
systemic reaction after 
intravenous heparin bolus 

 Progressive or recurrent 
thrombosis; erythematous 
skin lesions; suspected 
thrombosis 

 None 

 Other causes of 
thrombocytopenia 

 None evident  Possible other causes  Defi nite other causes 

  Probability: 6–8 = high; 4–5 = intermediate, 0–3 = low 
 The HEP SCORE [ 21 ] is similar with more detail in each category  
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 Whenever there is a strong clinical suspicion 
or confi rmed diagnoses of HIT, heparin and 
LMW heparin have to be immediately discontin-
ued. However, cessation of heparin alone is not 
suffi cient to remove the threat of thrombosis 
from HIT [ 23 ]. A non-heparin alternative antico-
agulant should be used to treat existing thrombo-
sis from HIT and/or to prevent thrombosis from 
occurring (see treatment section below). LMW 
heparin is contraindicated in patients with HIT 
because this drug class has a high rate of interac-
tion with established HIT antibodies.  

    Clinical Laboratory Testing for HIT 

    Platelet Count 
 During the initial period of heparin and LMW 
heparin treatment, platelet counts should be per-
formed [ 9 ]. If the patient’s risk of  developin  g 
HIT is high, platelet counts should be done more 
frequently, daily if necessary.  

    Assays for HIT 
 There are two different types of specifi c clinical 
laboratory tests for the diagnosis of HIT: (1) 
immunoassays detect the presence of antibodies 
that bind to PF4/heparin complexes and (2) 
platelet- based assays that demonstrate whether 
the antibodies have the functional capacity to 
cause heparin-dependent platelet activation. 
Laboratory testing for HIT should only be per-
formed when there is a strong clinical suspicion 
of HIT to avoid false positive results. 

 No test for HIT has optimal sensitivity and 
specifi city, and negative test results do not neces-
sarily exclude the diagnosis of HIT [ 24 ]. 
Furthermore, as  antibo  dy titers rise, daily testing 
can turn from negative to positive with repeat 
testing. 

  Immunoassays  are increasingly common 
because of the fast turnaround time to result 
reporting, and this test can be performed in most 
laboratories. However, certain limitations of 
result interpretation must be highlighted. These 
assays are highly sensitive and have a high rate of 
false positive results. False negative results can 
also occur. Studies have shown that the presence 

   Table 14.3    Possible laboratory test results for suspected HIT   

 Clinical 
suspicion/score  Immunoassay 

 Functional assay 
to confi rm HIT  Interpretation 

 Low  Not done  Not done  HIT unlikely 

 Intermediate  Positive  Positive  HIT likely 

 Intermediate  Positive  Negative  Indeterminate; repeat testing over the next days 

 Intermediate  Negative  Not done  Indeterminate; repeat testing over the next days 

 High  Positive  Not done  HIT likely 

 High  Negative  Not done  Indeterminate; repeat testing over the next days 

  This chart illustrates one example of a diagnostic algorithm 
 The two types of lab test for HIT provide different but complimentary information, which together aid in an accurate 
diagnosis of HIT. However, limitations of both assays require knowledgeable interpretation of the assay results. 
The clinical impression remains important for a diagnosis of HIT  

   Table 14.4    Scoring system to continue or discontinue 
heparin in suspected HIT [ 22 ]   

 Score  Clinical criteria 
 Clinical 
management 

 0  Heparin therapy not 
present for 5 days 
preceding platelet 
count drop 
    – or – 
 Platelet count did not fall 
by 30 % 
    – or – 
 Signifi cant competing 
cause for 
thrombocytopenia 

 Continue heparin 
therapy if 
clinically 
indicated while 
waiting for HIT 
lab test results 

 1  On heparin therapy 
    – and – 
 No signifi cant competing 
cause for 
thrombocytopenia 
    – and – 
 Platelet count fall by >30 % 
    – or – 
 New thrombosis 

 Discontinue 
heparin therapy 
while waiting for 
HIT lab test 
results 
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of HIT antibodies alone is not suffi cient to cause 
the clinical symptoms of HIT (thrombocytopenia 
and thrombosis) [ 17 ,  25 ]. However, a negative 
immunoassay in patients with low clinical prob-
ability for HIT (low clinical score) has a high 
negative predictive value. A positive immunoas-
say has to be refl exed to a platelet function assay 
to confi rm HIT. Antibody levels of ≥1.0 optical 
density by immunoassay are more likely to be 
associated with HIT thrombosis [ 26 ,  27 ]. 

 While it is known that IgG-type HIT antibod-
ies are important for platelet activation in HIT, 
IgM and IgA HIT antibodies may also play a 
pathophysiological role. Non-IgG HIT antibod-
ies are linked to longer hospital stay, poorer clini-
cal outcome, and poorer rate of survival. 
Immunoassays that test IgG/A/M HIT antibodies 
are preferable to IgG-only assays. 

   Platelet activation functional assays    have a 
lower sensitivity than the immunoassay, but they 
are specifi c for HIT antibodies that are associated 
with clinical symptoms. The serotonin release 
assay ( 14 C-SRA, SRA) that employs radiolabeled 
serotonin uptake by the platelets is the reference 
test. Assays based on light transmission platelet 
aggregation are also used in many centers. These 
assays require a skilled and experienced lab to 
assure accurate results. Platelet activation tests 
are used to confi rm an HIT diagnosis in patients 
who have an intermediate to high clinical risk 
assessment for HIT with a positive HIT immuno-
assay. These tests, while important for confi rm-
ing a diagnosis of HIT, do have limited sensitivity 
and can produce false negative results.    

    Treatment of HIT 

 Despite the hallmark low platelet count, HIT 
patients rarely have  ble  eding complications. 
Platelet transfusions are contraindicated in 
patients with HIT but may be considered if there is 
life-threatening bleeding. The major signifi cance 
of HIT is the paradoxical risk of thrombosis. HIT 
antibody positive patients without thrombosis ini-
tially have up to 50 % risk of developing thrombo-
sis within the next 30 days if not provided 
prophylaxis with a non-heparin anticoagulant. 

    Anticoagulant Treatment 
for HIT Thrombosis 

 HIT is characterized by a strong hypercoagulable 
state with a high  r  isk of thrombosis [ 9 ]. It is rec-
ommended that all patients with HIT thrombosis 
be anticoagulated with intravenous administra-
tion of a strong acting, non-heparin anticoagulant 
such as argatroban or bivalirudin [ 9 ,  28 ]. These 
anticoagulants are direct-acting thrombin inhibi-
tors (DTIs). They are potent anticoagulants that 
inhibit the high level of thrombin generated in 
patients with HIT. Because their chemical struc-
ture differs from that of heparin, DTIs do not 
bind to PF4, generate HIT antibodies, or interact 
with preformed HIT antibodies. DTIs reduce the 
risk of thrombosis and associated morbidity/mor-
tality in patients with HIT. Death, amputation, 
and new thrombosis are reduced, and platelet 
counts recover more rapidly in patients receiving 
treatment than those not receiving treatment. 

   Argatroban    (Novartis) was the fi rst real solu-
tion for effective alternative anticoagulation for 
patients with HIT. Large clinical studies began in 
the mid-1990s [ 29 ,  30 ], followed by multiple 
investigations to assess clinical safety and effi -
cacy in pediatrics and other specifi c populations 
[ 2 ,  31 – 37 ]. 

 Argatroban is a small molecule thrombin 
inhibitor. It is administered by intravenous infu-
sion. Its use is not recommended in patients with 
liver failure. Based on clinical experience, dose 
adjustments to reduce the bleeding risk for arg-
atroban in specifi c populations have been recom-
mended, including reduced dosing for seriously 
ill patients [ 34 ,  38 ]. Argatroban has the broadest 
regulatory approval, i.e., for both prophylaxis 
and treatment of thrombosis in patients with HIT, 
as well as for anticoagulation in HIT patients 
requiring cardiovascular interventional proce-
dures. Argatroban is currently the preferred drug 
for patients with HIT requiring hemodialysis. 

  Argatroban therapy   reduces the likelihood of 
new stroke and stroke-associated mortality in HIT 
[ 2 ]. A Japanese study showed that argatroban sig-
nifi cantly improved global outcome in patients 
with acute cerebral thrombosis [ 39 ]. High-dose 
argatroban was shown to be an effective treatment 
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for cerebral infarction including delayed hospital-
ization after onset [ 40 ]. Argatroban in combina-
tion with intravenous tissue plasminogen activator 
in acute stroke was reported to be safe in patients 
with moderate neurological defi cits due to proxi-
mal intracranial arterial occlusions [ 41 ]. Reports 
on the use of argatroban, or any DTI, for the treat-
ment of stroke are limited to date. Further studies 
are needed to better determine safety and effi cacy. 

 Due to an inherent bleeding risk with this 
potent anticoagulant, argatroban treatment must 
be monitored. Therapeutic dosages are moni-
tored by the same partial thromboplastin time 
(PTT) as used for heparin monitoring; higher 
dosages as used during interventional procedures 
are monitored by the same  activated clotting time 
(ACT)   as used for high-dose heparin monitoring. 
Argatroban has a substantial effect on the inter-
national normalized ratio (INR) [ 42 ,  43 ]; how-
ever, monitoring this drug by the INR has not 
been validated, and it should not be used. 
Argatroban has an effect on all clot-based assays 
(e.g., fi brinogen level, coagulation factor assays, 
protein C assay, etc.) [ 44 ]. True values for these 
coagulation proteins can only be obtained by 
using a chromogenic-based assay or an immuno-
assay if testing is to be performed on patients 
under argatroban treatment. 

 There is no antidote for argatroban. Given its 
short half-life of 50 min, the best recourse is to 
discontinue the infusion to reduce circulating 
drug levels. 

   Bivalirudin    (Angiomax®; The Medicines 
Company) is a 20 amino acid synthetic peptide that 
targets two binding sites within thrombin. It has a 
very short half-life of 25 min due to enzymatic 
degradation. Bivalirudin is approved for use as an 
anticoagulant in cardiovascular interventional pro-
cedures in patients with HIT [ 45 ,  46 ]. It is admin-
istered intravenously and monitored by the ACT 
during use. The INR is not to be used for monitor-
ing [ 42 ,  43 ]. As with argatroban, bivalirudin affects 
all clot-based assays, and it has no antidote. 

 One of the greatest challenges in the manage-
ment of patients with HIT is anticoagulation dur-
ing cardiac surgery where heparin is the drug of 
choice. Subsequent use of heparin after resolu-
tion of HIT can be hazardous, particularly within 

the fi rst 3 months as rapid onset of the clinical 
syndrome can erupt. Patients with a previous his-
tory of HIT should be tested presurgery for the 
presence of HIT antibodies. In the absence of 
antibodies, surgery may be performed using hep-
arin [ 9 ,  28 ]. If HIT antibodies are detectable by 
immunoassay, it may be reasonable to delay sur-
gery until the antibodies are no longer present. In 
more urgent situations, surgeries have been suc-
cessfully performed with heparin in immunoas-
say positive patients whose antibodies did not 
cause platelet activation detected by the SRA. In 
this circumstance standard heparin protocols 
restricted to the surgery itself can be employed, 
with a thrombin inhibitor, a factor Xa inhibitor, 
or warfarin for postoperative care if needed. 

 Alternative anticoagulation strategies that 
may be recommended for cardiac surgery use 
bivalirudin. Anticoagulation with bivalirudin was 
shown to be feasible in both on-pump (cardiopul-
monary bypass pump, CPB) and off-pump 
(OPCAB) cardiac surgeries [ 47 ,  48 ]. The use of 
any DTI in cardiac surgery is associated with 
inherent risks: bleeding can be excessive, stand-
ing blood in the pump and devices can clot, and 
best practice monitoring of the high drug levels is 
not resolved. Surgical use of bivalirudin remains 
off-label, yet experience is growing. 

   Lepirudin    had been used for the treatment of 
HIT thrombosis until recently. This drug has 
been taken off the market due to hypersensitivity 
in patients reexposed to the drug. Severe anaphy-
lactic reactions with fatal outcomes have been 
reported.  

    Long-Term Anticoagulation 

  Warfarin   is recommended for long-term treat-
ment of HIT-associated thrombosis [ 9 ]. Warfarin 
is not recommended for use in the acute phase of 
HIT (when platelets are <100,000/μL) due to its 
potential to intensify the prothrombotic state 
from a transient protein C defi ciency. 

 Warfarin can be initiated when platelet counts 
are >100,000/μL or at pre-HIT values starting at 
a low dose (5 mg warfarin; a loading dose should 
not be used to avoid possible skin necrosis), 
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while the patient is fully anticoagulated with a 
DTI and continued for at least 5 days [ 9 ]. The 
DTI can be tapered off when the INR is therapeu-
tic and stable. Warfarin treatment should con-
tinue until platelet counts recover to a stable 
plateau or longer if clinically warranted. These 
specifi c dosing guidelines need to be followed to 
avoid thrombotic complications. 

 DTIs prolong the prothrombin time (PT)/INR 
[ 42 ,  44 ,  49 ]. INRs >5 commonly occur with 
argatroban- warfarin co-therapy, but this does not 
correspond with a decrease in coagulation factor 
levels and bleeding is not enhanced. There is a 
predictable linear effect on the INR of argatroban 
doses up to 2 μg/kg/min during warfarin 
 co- therapy, which allows for reliable prediction 
of the level of oral anticoagulation [ 49 ]. If arg-
atroban dosing is higher, guidelines are available 
for how to proceed with bridging to warfarin.  

    Anticoagulation for HIT 
Without Thrombosis 

 Not all patients with HIT develop the acute stage 
of the disorder  wi  th thrombosis. Many patients 
develop HIT antibodies, have a mild thrombocyto-
penia, and have no thrombosis. For these patients 
the option to treat prophylactically to avoid throm-
bosis may be prudent knowing the risk of throm-
bosis and the medical intensity of acute HIT. 
There are several potential options for thrombosis 
prophylaxis that are undergoing evaluation. 

  Fondaparinux  (Arixtra®; Mylan) is a syn-
thetic, small molecule factor Xa inhibitor. It 
mimics the minimum specifi c saccharide 
sequence of heparin that binds to antithrombin 
and factor Xa. Due to its low molecular weight, 
fondaparinux does not cross-react with pre-
formed HIT antibodies as heparin does. There 
have been no clinical trials in HIT. There are case 
reports, small published case series, and one ret-
rospective analysis of 239 patients that show that 
fondaparinux provides effective anticoagulation 
of patients with suspected HIT  who have no indi-
cation for full anticoagulation  [ 50 ]. 

 Although fondaparinux is considered to be a 
potential second-line agent for the management 
of patients with suspected HIT, its use in HIT 
remains off-label. Caution is warranted as there 
are reported cases of clinical failures. 

   Desirudin    (Iprivask®; Marathon Pharmaceu-
ticals) is a hirudin-based drug and the only DTI 
approved in the USA for administration by 
the subcutaneous route. It exhibits predictable 
pharmacokinetics when administered at a fi xed 
dose and does not require routine monitoring. 
Desirudin is currently approved for prevention of 
DVT after orthopedic surgery. This drug has been 
successfully used in a limited number of patients 
with HIT [ 51 ], and studies to validate desirudin 
treatment for patients with or at risk for HIT 
thrombosis are in progress. 

  New oral anticoagulants  are of interest for 
thrombosis prophylaxis in HIT patients. These 
synthetic, small molecules inhibit either thrombin 
( dabigatran ) or factor Xa ( rivaroxaban, apixa-
ban, edoxaban ). Laboratory studies show that 
these drugs do not interact with preformed HIT 
antibodies [ 52 ,  53 ]. Where warfarin has been 
used for outpatient anticoagulation or for prophy-
laxis against the development of HIT thrombosis, 
the new oral anticoagulants may prove useful. It 
remains to be determined whether these drugs are 
potent enough to provide suffi cient anticoagula-
tion coverage for all phases of the HIT syndrome. 
Clinical use in HIT is currently off-label, although 
case reports are appearing.  

    Other HIT Thrombosis Treatment 
Options 

 Certain patients with HIT develop ischemic limbs 
or organs in which thrombosis is not alleviated 
with anticoagulant therapy. Adjunct treatment 
options include thrombolytic agents or surgical 
removal of life- or limb-threatening thrombi. 
Plasmapheresis has been used to hasten reduction 
of antibody load in severely ill patients. These 
options should be used under the guidance of a 
clinician experienced in the procedure.  
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    Future Treatment Options 

 Even with the success of intravenous DTIs for the 
management of HIT, amputation and death have 
not been eliminated in this patient population. 
Considering the pathophysiology of HIT, inhibi-
tion of thrombin, while important, likely cannot 
provide complete medical management of HIT 
patients. HIT is associated not only with a hyper-
coagulable state but also with platelet activation, 
vascular endothelial dysregulation, and infl amma-
tion (leukocyte activation, cytokine upregulation). 

 Thus, optimization of patient management 
needs to continue. Optimal medical management 
for HIT patients requires prophylaxis against 
thrombosis in patients with a mild form of HIT, 
treatment during the acute active phase of HIT, 
treatment of HIT thrombosis, and long-term pre-
vention against new thrombosis development—
clinical phases that require different potencies 
of antithrombotic treatment. The use of antiplatelet 
drugs, anti-infl ammatory drugs, new drugs designed 
to target the specifi c mechanism of the HIT patho-
physiology (i.e., decrease the available PF4), and 
drug combinations are all future possibilities.   

    Prevention of HIT 

 The expanded use of LMW heparins, 
fondaparinux, and the new  oral   anticoagulants 
for the routine management of thrombosis will 
naturally reduce the development of HIT because 
these drugs generate HIT antibodies at a far lower 
frequency than heparin or not at all. 

 Duration of exposure to heparin, more than dose, 
is an important consideration. Thus, avoid unneces-
sary and prolonged exposure to heparin. Be aware 
that HIT can occur even with prophylactic doses 
of heparin and heparin from exogenous sources 
(e.g., heparin fl ushes, heparin-coated catheters). 

 If an alternative to heparin can be used, such 
as saline in indwelling catheters or citrate in 
devices, exposure to heparin can be eliminated. 

 Based on the mechanism of action, efforts to 
reduce platelet activation and the accompanying 
increased levels of circulating PF4 should also be 
considered.     
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          Introduction 

 A 74-year-old Caucasian male presented to the 
emergency department after an episode of unwit-
nessed syncope. His wife found him on the fl oor 
with a laceration on the back of his head. The 
patient had no recollection of the event and only 
remembered waking up on the fl oor. There was 
blood on the fl oor, a broken coffee table, and a 
knocked down fl oor lamp. The patient denied 
headache, chest pain, palpitations, or focal weak-
ness/numbness. Past medical history included 
atrial fi brillation, coronary artery disease, hyper-
tension, hyperlipidemia, and prostate cancer. 
His outpatient medications were rivaroxaban, 
amlodipine, atenolol, atorvastatin, enalapril, 
 tamsulosin, omeprazole, and multivitamins. On 
examination, he was alert and oriented respond-
ing appropriately to questions. There were no 
sig nifi cant abnormalities on a neurological 
examination. He was in  atrial fi brillation   with 
heart rate of 120/min, BP was 125/70 mmHg, and 
the rest of the cardiovascular exam was within 

normal limits. Head CT in the emergency 
 department showed a small left frontoparietal 
subdural hematoma without midline shift or her-
niation (Fig.  15.1a ). A repeat head CT later that 
day showed progression in the size of the sub-
dural hematoma (Fig.  15.1b ) and Four-Factor 
Prothrombin Complex Concentrate (Kcentra) 
was administered. Subsequent CTs showed a 
stable hematoma size over the next 48 h. No neu-
rosurgical intervention was performed. Atrial 
fi brillation was managed with a  beta-blocker and 
digoxin     . Patient was subsequently discharged to 
an inpatient rehabilitation facility 1 week after 
presentation. He was discharged home from the 
rehabilitation facility after another week and pre-
sented to the emergency department within 24 h 
with new onset dysphasia. A head CT showed a 
large acute on chronic subdural hematoma with 
associated mass effect (Fig.  15.2 ). An emergent 
craniotomy was performed and the subdural 
hematoma was evacuated. The postoperative 
period was complicated by rapid atrial fi brilla-
tion and  hypotension  , which were successfully 
managed with IV fl uids and IV metoprolol later 
transitioning to oral regimen. The rest of the hos-
pital course was unremarkable. Management of 
this patient poses signifi cant challenges includ-
ing managing the acute intracranial hemorrhage 
related to a new anticoagulation agent, assessing 
the risk and benefi t for long-term anticoagula-
tion, timing of restarting anticoagulation, and the 
risk of rebleeding in the future.
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    In cardiology practice, increasing number of 
patients are being diagnosed with atrial  fi brillation 
or fl utter due to aging of the general population 
leading to increased use of long term oral sys-
temic anticoagulation. Given the increasing use 
of these medications, physicians are more likely 
to see these patients in the emergent, urgent, and 
elective surgical situations; thus, it is important 
to understand which cardiac conditions necessi-
tate the use of these agents, the pharmacology of 
these agents, and the management of such agents 
in the preoperative, perioperative, and postopera-
tive setting. This chapter aims to summarize these 
concepts.  

    Anticoagulation Agents 

 Short-term anticoagulation is usually achieved 
by intravenous or  subcutaneous   use of heparin 
while long-term use requires oral agents. For a 
long time warfarin was the only oral agent 
 available in clinical practice; however, recently 

  Fig. 15.1    Head CT showing acute subdural hematoma ( black arrows )       

  Fig. 15.2    Head CT with subacute ( small arrows ) and 
acute ( thick arrow ) subdural hematoma with mass effect       
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several novel agents have become clinically 
available with their unique challenges and limita-
tions (Table  15.1 ).

      Heparin: Unfractionated and Low 
Molecular Weight Heparins 

 Unfractionated heparin ( UH     ) is an intravenously 
available anticoagulant that is used in the man-
agement and treatment of  stroke prevention   in 
atrial fi brillation, systemic thromboembolic dis-
ease, and acute coronary syndromes. UH binds to 
the enzyme inhibitor antithrombin, resulting in 
the activation of this enzyme. The activated anti-
thrombin then inactivates thrombin and other 
proteases involved in blood clotting, most nota-
ble factor Xa [ 1 ]. Simply put, UH is referred  to   as 
an indirect thrombin inhibitor. Although effective 
for both primary and secondary prevention of 
stroke in the setting of atrial  fi bril  lation as well as 
for thromboembolic disease, UH has a number of 
limitations including the need for intravenous 
therapy, a narrow therapeutic window, and a 
highly variable dose–response relation requiring 
close laboratory monitoring. Monitoring is 
achieved by following the activated partial 
thromboplastin time ( aPTT  ) or the activated clot-
ting time (ACT) when high doses of UH are 
administered. Baseline measures of aPTT and 
blood counts are made prior to initiation and then 
 monit  ored every 4–6 h thereafter or after any 
dose change. The therapeutic level of UH that 
should be attained within the fi rst 24 h of ini-
tiation is 1.5–2 times the upper limit of the con-
trol [ 2 ]. Failure to promptly achieve a therapeutic 
aPTT level in patients with venous thromboem-
bolism (VTE) treated with UH has been associ-
ated with an increase in the risk of subsequent 
recurrent thromboembolism [ 3 ]. Complications 
from UH include bleeding, heparin-induced 
throm bocytopenia, skin lesions/necrosis, and 
hypersensitivity. Furthermore, given the need for 
intravenous administration, UH is most  com-
monly   used as a bridge to oral anticoagulant 
therapy. 

 Low molecular weight heparin ( LMWH     ) is 
another anticoagulant and is very similar to 
UH. Unlike antithrombin activated by UH, anti-
thrombin activated by LMWH cannot directly 
inhibit thrombin but instead inhibits clotting fac-
tor Xa. Due to its mechanism of action, the activ-
ity of LMWH is monitored by measuring  Factor 
Xa activity   as opposed to aPTT or  ACT measure-
ments   [ 4 ]. However, given its predictable antico-
agulant properties, most dosing schemes do not 
require routine laboratory monitoring. Moreover, 
the duration of the anticoagulant effect is greater 
than that of UH, allowing for twice a day dosing. 
The anticoagulant response to LMWH is highly 
correlated with  body-weight   and is dosed based 
on 1 mg/kg dosing; however, the dose may have 
to be adjusted for patients who are extremely 
obese or have renal insuffi ciency. Furthermore, 
laboratory monitoring is not necessary in non-
pregnant patients. LMWH is less likely to induce 
immune-mediated thrombocytopenia; however, 
extreme caution must be taken in those individu-
als with a history of heparin-induced  thrombocy-
t  openia as this could still occur. LMWH can also 
be safely administered in the outpatient setting at 
is it administered subcutaneously as opposed 
to intravenously. LMWH provides many  advan-
tages   over UH and is an effective,    viable mana-
gement and treatment strategy for patients 
with atrial fi brillation, acute coronary syndrome 
(ACS), and VTE.  

     Warfarin   

 Vitamin K antagonists ( VKAs     ) have been the 
only oral anticoagulants used in clinical practice 
for many decades. Warfarin, the most commonly 
known and used VKA, was initially used as a 
pesticide for rats and mice. In the 1950s, warfarin 
was found to be effective and relatively safe for 
preventing and treating thrombosis in humans, 
leading to its approval in 1954 [ 5 ]. Warfarin’s 
anticoagulant effects are due to its ability 
to inhibit vitamin K dependent gamma- 
carboxylation of coagulation factors II, VII, IX, 
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and X, thereby rendering these proteins inactive 
[ 6 ,  7 ]. With a high bioavailability, it is rapidly 
absorbed in the proximal small bowel and meta-
bolically cleared via the hepatic cytochrome 
P450 [ 6 ]. The anticoagulant effects are monitored 
using the International Normalized Ratio ( INR     ), 
with a goal of 2.0–3.0 refl ecting appropriate anti-
coagulation in most clinical scenarios for both 
primary and secondary prevention of thrombosis. 
The most common clinical indications for war-
farin use are atrial fi brillation, artifi cial heart 
valves, arterial and venous thromboembolic phe-
nomenon, and hypercoagulable syndromes. 

 Despite being the most widely prescribed oral 
anticoagulant, warfarin has many shortcomings. 
Given that it works by antagonizing  vitamin   K 
recycling, patients must have stable dietary hab-
its for vitamin K to allow for proper  INR   control. 
Also, numerous drugs interact with warfarin 
leading to over- or under-anticoagulation. Due to 
these factors, frequent INR serum assays must be 
obtained to ensure appropriate anticoagulation, 
with most algorithms  suggesting   these  measure-
ments   be obtained at least every 4 weeks. Despite 
this, studies have shown only 60 % of patients 
are maintained within a  therapeutic   INR range of 
2.0–3.0 [ 8 ]. 

  Furthermore  , patients  o  n warfarin are also at 
increased risk of bleeding due to its potent anti-
coagulant effects. Thus, numerous risk scores 
have been developed to assess this bleeding risk. 
The HAS-BLED ( H ypertension,  A bnormal renal 
and liver function,  S troke,  B leeding tendency/
predisposition,  L abile INRs,  E lderly with age 
greater than 65 years,  D rugs or alcohol) score is a 
common method utilized to weigh the risk of 
bleeding versus the benefi ts of thromboembolic 
prevention in patients with cardiac disorders such 
as atrial fi brillation. In the event of a bleed, war-
farin’s anticoagulant effects can be reversed with 
the use of vitamin K as well as with replacement 
of Factors II, VII, IX, and X.  

    Novel Oral Anticoagulants 

 Due to the limitations of warfarin’s use, options 
for anticoagulation have steadily been expanding 
with the introduction of novel oral anticoagulants 

(NOACs) that target the enzymatic activity of 
 thrombin and factor Xa  . Dabigatran extexilate, 
the only oral direct thrombin inhibitor, is a pro-
drug that is converted in the liver to dabigatran, 
which inhibits clot-bound and circulating throm-
bin [ 9 ]. Unlike warfarin, the maximum anticoa-
gulant effects are achieved within 2–3 h of 
ingestion, absorption is not affected by dietary 
habits, and monitoring with lab testing is not 
required [ 10 ]. Furthermore, dose changes are 
generally not required with concomitant adminis-
tration of cytochrome P450 inducers and inhi-
bitors since dabigatran is renally metabolized; 
dosing is solely based on clinical indication and 
renal function. Published in 2009, the RE-LY 
trial randomized 18,000 patients with moderate 
to high risk of thromboembolic stroke and non-
valvular AF to dabigatran or  warfarin  . After a 
median follow-up of 2 years, dabigatran 150 mg 
twice daily was shown to be noninferior to warfa-
rin in stroke reduction [ 11 ]. Dabigatran has since 
been approved for use in primary and secondary 
prevention of venous thromboembolism, treat-
ment of venous thromboembolism, and stroke 
prevention in atrial fi brillation. Of note, the 
RE-ALIGN study demonstrated that patients 
with mechanical aortic or mitral valves receiving 
dabigatran as opposed to warfarin had increased 
bleeding and thromboembolic risk [ 12 ]. There-
fore,  dabigatran   should not be used in patients 
with valvular atrial fi brillation or  prosthetic heart 
valves  . Moreover, this medication should not be 
used in pregnant patients as it is associated with 
an increase in reproductive risks [ 13 ]. However, 
for its approved indications, dabigatran offers a 
great alternative to warfarin therapy. 

 The other target used by NOACs is Factor Xa. 
Factor Xa is a protease that plays a key role in the 
 blood coagulation cascade  .    Holding a central 
position that links both the intrinsic and extrinsic 
pathways to the fi nal common coagulation path-
way, factor Xa converts prothrombin to thrombin 
leading to the formation of thrombus. Rivaroxaban, 
apixaban, and edoxaban are currently available 
oral factor Xa inhibitors that block this fi nal com-
mon pathway, effectively reducing the risk of 
thrombus formation. 

  Rivaroxaban      is an orally available factor Xa 
inhibitor with a half-life of 7–17 h and once a 
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ay dosing. As with dabigatran, rivaroxaban is 
given at fi xed doses without the need for routine 
monitoring. Dosing is based on a patient’s clini-
cal indication and renal function; it is not recom-
mended in those patients with a creatinine clear-
ance less than 30 mL/min or in those with severe 
hepatic impairment. Rivaroxaban does interact 
with medications that are inhibitors or inducers 
of cytochrome P3A4 and P-glycoprotein, such 
as antifungal agents. In the ROCKET-AF trial, 
14,264 patients with nonvalvular atrial fi brilla-
tion with at least moderate risk of stroke were 
randomized to rivaroxaban or  warfarin   [ 14 ]. 
Rivaroxaban was shown to be noninferior to war-
farin in reducing thromboembolic events without 
increasing bleeding consequences. Rivaroxaban 
has not been approved for use in pregnant 
patients, those with prosthetic heart valves, or 
valvular atrial fi brillation due to the lack of clini-
cal studies. Rivaroxaban provides a practical 
therapeutic option for use in the primary and sec-
ondary prevention of venous thromboembolism, 
treatment of venous thromboembolism, and 
stroke prevention in atrial fi brillation. 

  Apixaban      is also an oral factor Xa inhibitor 
that has a half-life of 5–9 h, requiring a twice a 
day dosing schedule. Dosing is based on the 
patient’s clinical indication, age, weight, and 
renal function. As with rivaroxaban, apixaban is 
generally given at a fi xed dose without the need 
for monitoring and also interacts with medica-
tions that are inhibitors or inducers of cytochrome 
P3A4 and P-glycoprotein. It too is used in the 
prevention and management of venous thrombo-
embolic disease and  stroke   prevention in atrial 
fi brillation. Apixaban’s use in nonvalvular atrial 
fi brillation was evaluated in 18,201 patients in 
the ARISTOTLE trial, which demonstrated that 
apixaban was superior to warfarin in reducing 
stroke and systemic embolism [ 15 ]. As with 
 rivaroxaban, apixaban is not approved for use in 
pregnant patients, those with prosthetic heart 
valves, or valvular atrial fi brillation. 

  Edoxaban      is another oral factor Xa inhibitor 
with a half-life of 6–11 h and is typically dosed 
once a day. As with the previously discussed fac-
tor Xa inhibitors, edoxaban is given at a fi xed 
dose without monitoring; dosing is based on a 

patient’s clinical indication and renal function. 
It is also used in the prevention and management 
of venous thromboembolic disease and stroke 
prevention in  atrial fi brillation   and is similarly 
contraindicated for use in prosthetic heart valves 
or during pregnancy. 

 NOACs offer patients a viable alternative to 
warfarin therapy in prevention and management 
of thromboembolic disease. Given their predict-
able anticoagulant effects, these medications pro-
vide reliable  anticoagulation   in patients at risk 
for these potentially catastrophic consequences. 
Although warfarin is more cumbersome for 
patients due its continued need for monitoring, its 
numerous drug interactions, and dietary con-
straints, it remains vital to medical therapy. Its 
use has been studied in a wider array of medical 
conditions; warfarin can be prescribed not only 
in the management of  venous thromboembolisms   
and  nonvalvular atrial fi brillation   but also in 
patients with valvular atrial fi brillation, pros-
thetic heart valves, and various myocardial 
diseases.   

     Cardiovascular Indications   
for Anticoagulation 

    Atrial Fibrillation 

 Atrial fi brillation ( AF)   is the most common sus-
tained cardiac rhythm disturbance and is defi ned 
as a  supraventricular tachyarrhythmia   that results 
from uncoordinated atrial activity, resulting in 
ineffective atrial contraction. Rapidly fi ring ecto-
pic foci, most commonly found in the left atrium 
and more specifi cally around the pulmonary 
veins, bombard the atrioventricular (AV) node, 
resulting in rapid ventricular rates. These rates 
and unorganized atrial activity can lead to clini-
cal symptoms or long term consequences such as 
deterioration in hemodynamic status, increased 
risk of embolic events, and progressive left ven-
tricular dysfunction. 

 AF affects between 2.7 million and 6.1 mil-
lion American adults and is expected to double 
over the next 25 years [ 16 ]. The prevalence of AF 
increases with age, with up to 12 % of patients 
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between the ages of 75 and 84 and more than 
one-third of patients over the age of 80 being 
affected by AF [ 17 ]. In addition to advanced age, 
AF is often associated with  structural heart dis-
ease   and  chronic comorbidities  , with the most 
common being hypertension, ischemic heart 
 disease, and heart failure. These comorbidities 
along with atrial structural abnormalities such as 
infl ammation, fi brosis, dilatation, ischemia, infi l-
tration, and hypertrophy predispose individuals 
to the development of this arrhythmia [ 18 ]. 

 The diagnosis of AF is commonly made by 
detecting an irregular  pulse   on physical examina-
tion and/or irregular R-R intervals and absence of 
distinct P-waves with irregularity of the atrial 
activity on ECG. Clinically, patients can be asymp-
tomatic or present with palpitations, fatigue, dizzi-
ness, pre-syncope, and syncope; more severe 
clinical consequences can result in hospitalizations 
due to hemodynamic compromise, heart failure, 
and thromboembolic events. In addition to being a 
symptomatic burden, AF also is associated with a 
fi vefold increased risk of stroke [ 19 ], a threefold 
increased risk of heart failure [ 20 – 22 ] and twofold 
increased risk of mortality [ 19 ]. 

 Initial evaluation should include ECG docu-
mentation, investigation for underlying systemic 
disease, and evaluation for structural heart disease 
with a transthoracic echocardiogram ( TTE  ) [ 18 ]. 
TTE evaluates for atrial structural changes such 
as dilatation and hypertrophy as well as for valvu-
lar abnormalities commonly associated with AF 
 such   as mitral valve disease. AF related to such 
valvular disease is referred to as valvular AF. 

 In addition to  understanding   the etiology of 
AF, two principal management decisions must be 
addressed:

    1.    The symptom management strategy   
   2.    The need for oral anticoagulation for the 

reduction in thromboembolic consequences.    

  Two large clinical trials have compared rate 
versus  rhythm control strategies   in patients with 
AF. The 2002 Atrial Fibrillation Follow-up 
Investigation of Rhythm Management (AFFIRM) 
trial was the fi rst and largest study to compare 
these two strategies. This study randomized 4060 
patients with recurrent AF to either rate control or 

to rhythm control. Enrolled patients had to be 
≥65 years of age and/or have other risk factors 
for stroke or death. Individuals were excluded if 
patients had contraindications to antiarrhythmic 
or anticoagulation therapies. After a mean fol-
low-up of 3.5 years, there was no signi fi cant dif-
ference in the primary end-point of 
all- cause mortality or composite secondary end 
points of death, ischemic stroke, anoxic encepha-
lopathy, major bleeding, or cardiac arrest. 
Moreover, there was no signifi cant difference in 
functional status or quality of life between the 
two groups [ 23 ]. The RACE (Rate Control versus 
Electrical Cardioversion for Persistent Atrial 
Fibrillation) study randomized 522 patients with 
recurrent persistent AF or atrial fl utter of less than 
1 year duration who required one or two direct-
current cardioversions (DCCV) within the prior 
2 years to either rate or rhythm control therapies. 
After a mean follow-up of 2.3 years, there was no 
signifi cant difference in primary end-point of 
composite cardiovascular death, admission for 
heart failure, thromboembolic event, severe 
bleeding, pacemaker implantation, or severe side 
effects from antiarrhythmic medications. As in 
the AFFIRM trial, there were no signifi cant dif-
ferences in quality of life between the rate and 
rhythm control groups [ 24 ]. 

 Controlling  ventricular rates   with medical 
therapy is an important strategy since attaining 
rate control can often alleviate a patient’s symp-
toms. Medical therapy for rate control includes 
beta-blockers, nondihydropyridine calcium chan-
nel blockers, digoxin, and certain antiarrhythmic 
medications, e.g., amiodarone and sotalol. 
Acutely, beta-blockers such as metoprolol or 
esmolol are effective when administered intrave-
nously. For chronic management of AF, oral 
administration of beta-blockers is often used. The 
nondihydropyridine calcium channel blockers 
used for ventricular rate control are verapamil 
and diltiazem; these agents should not be used in 
patients with decompensated heart failure as they 
may precipitate further hemodynamic compro-
mise due to their negative inotropic effect. Choice 
of medication is determined by a patient’s symp-
toms, hemodynamic status, comorbidities, and 
potential precipitants of AF. 
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 Although  digoxin      can also be used for rate 
control, it is usually not fi rst line therapy as it has 
a slow onset of action and is effective only in 
controlling heart rates during rest. Furthermore, 
caution must be used in patients with renal dys-
function, the elderly, and in the presence of 
other drugs that affect its excretion. Digoxin has 
a narrow therapeutic window with toxicity 
 manifesting as atrioventricular block, ventricular 
arrhythmias, and/or aggravation of sinus node 
dysfunction. Antiarrhythmic drugs, e.g., amioda-
rone should be avoided for rate control as it can 
chemically restore sinus rhythm, which could 
lead to detrimental effects if the patient is not 
properly anticoagulated. 

 With regards to heart rate goals, a resting heart 
rate of less than 80 beats per minute (bpm) is rea-
sonable for symptomatic management of AF 
(Class IIa) and a lenient goal of less than 110 bpm 
may be reasonable if the patient remains asymp-
tomatic and left ventricular systolic function is 
preserved (Class IIb). When medical therapies 
have proven ineffective in controlling heart rates, 
referral to an electrophysiologist and invasive 
procedures can be pursued (class IIa) [ 18 ]. 

 Rhythm control  is   another treatment strategy 
often employed as a means to restore and/or 
maintain sinus rhythm. Factors that may favor a 
rhythm control strategy include inadequate rate 
control, patient’s age (younger being more favor-
able), fi rst episode of AF, AF precipitated by an 
acute illness, tachycardia-mediated cardiomyop-
athy, and patient preference [ 18 ]. Antiarrhythmic 
medications utilized in this strategy include 
 amiodarone, dofetilide, dronedarone, fl ecainide, 
propfenone, and sotalol. Medication selection is 
often times guided by the drug’s safety profi le 
and the patient’s comorbidities as opposed to the 
drug effi cacy. 

 In addition to antiarrhythmic medications, 
DCCV, which involves delivering an  electrical 
shock   that is synchronized with the patient’s QRS 
complex, can also be used to restore sinus rhythm 
and is often times used in conjunction with use of 
 antiarrhythmic drugs  . 

 Finally, a third method of rhythm control is 
catheter ablation, which provides an alternative 
to traditional medical therapy. Cardiac ablation is 

an invasive technique using multiple catheters to 
localize the foci in the atrium generating these 
chaotic, irregular impulses. These foci are typi-
cally located around the pulmonary veins in the 
left atrium; however, other foci can be identifi ed 
with  electrophysiologic mapping  . Radiofrequency 
energy or cryotherapy can then be applied to 
these areas in an attempt to terminate the ectopic 
electrical activity. 

 Currently, cardiac catheter ablation is usually 
considered in patients with symptomatic parox-
ysmal or persistent AF refractory to or intolerant 
to at least one class I or class III antiarrhythmic 
drug (class IIa). In addition, after weighing the 
risks and benefi ts with the patient, ablative ther-
apy can be offered to patients with symptomatic 
paroxysmal or persistent AF prior to a trial of 
antiarrhythmic therapies (class IIA) [ 18 ]. 

 Regardless of the rate or  rhythm control strat-
egy  , appropriate anticoagulation must be 
employed to reduce thromboembolic events in 
both the acute care setting as well as with chronic 
management of these patients. Due to the uncoor-
dinated  atrial activity   resulting in ineffective 
atrial contraction, blood stasis occurs in the 
“quivering” atria, leading to increased risk 
of thrombi formation. Dislodgement of such 
thrombi that are usually found in the left atrium 
or left atrial appendage, results in ischemic 
strokes as well as other peripheral thromboem-
bolic events. Due to such devastating conse-
quences, antithrombotic medication is prescribed 
based on the patient’s risk of thromboembolism 
and irrespective of whether the AF pattern is par-
oxysmal, persistent, or permanent. 

 The  CHA 2 DS 2 -VASc scoring system     , which 
has been validated in multiple studies, predicts a 
patient’s risk of thromboembolic events. The com-
ponents of this scoring system include:  C ongestive 
heart failure,  H ypertension,  A ge,  D iabetes melli-
tus,  S troke/transient ischemic attack (TIA)/throm-
boembolic event,  V ascular disease,  A ge 65–74, 
and  S ex (female gender) (Table  15.2 ). The higher 
the score, the higher the thromboembolic risk. 
This risk is then weighed against the risk of bleed-
ing to determine an individual’s need for an anti-
thrombotic agent. For patients with nonvalvular 
AF and a CHA 2 DS 2 - VASc of 0, it is reasonable not 
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to initiate anticoagulation (Class IIA). For patients 
with nonvalvular AF and a CHA 2 DS 2 -VASc score 
of 1, the use of antithrombotic agents or the use of 
full dose aspirin (325 mg) is left to the patient and 
physician’s discretion (Class IIb). For patients 
with nonvalvular AF with prior stroke, TIA, or a 
CHA 2 DS 2 -VASc ≥ 2, oral antithrombotic agents 
are recommended for long-term management 
(class I) [ 18 ]. It is important to recognize that indi-
viduals who have had an AV node ablation for rate 
control still require anticoagulation as deemed 
appropriate by the CHA 2 DS 2 -VASc score since 
these individuals continue to have uncoordinated 
atrial activity. It is also important to recognize that 
CHA 2 DS 2 - VASc   scoring system does not apply to 
patients with valvular AF; these individuals 
require anticoagulation regardless of score.

   Another caveat is in those patients undergoing 
restoration of  sinus rhythm   with  DCCV  . 
Thromboembolism after cardioversion, electri-
cally or chemically, can be due to migration of 
thrombi present at the time of cardioversion or 
the  formation   of subsequent thrombi in the post- 
cardioversion period while atrial function is still 
depressed. For patients with AF of less than 48-h 
duration who are at low thromboembolic risk, 
anticoagulation or no antithrombotic therapy 
may be considered for DCCV without the need 
for post-cardioversion anticoagulation (Class 
IIB). However, if the duration of the episode 
exceeds 48 h or if the duration is unknown, 
patients must be anticoagulated for the preceding 
3 weeks and for at least 4 weeks post-DCCV 
(class I) [ 18 ]. Thromboembolic risk after cardio-
version is highest in the fi rst 72 h and the major-
ity of events occur within 10 days of cardioversion. 
If it is not plausible to wait 3 weeks for cardiover-
sion, a transesophageal echocardiogram (TEE) 
may be performed to look for thrombi in the left 
atrium and left atrial appendage; if no thrombus 
is identifi ed and patient has achieved therapeutic 
anticoagulation, cardioversion can be performed. 
Following the 4 weeks of anticoagulation in the 
post-cardioversion setting, the need for chronic 
anticoagulation is assessed by the CHA 2 DS 2 - 
 VASc   scoring system. 

 Antithrombotic agents used for stroke preven-
tion include unfractionated heparin, low- molecular 
weight heparin, warfarin, direct thrombin inhibi-
tors, and factor Xa inhibitors. The specifi c anti-
thrombotic agent  utilized   in stroke reduction in 
patients with AF is based on the medication’s 
safety profi le, the patient’s risk factors, and patient 
preference as discussed earlier in the chapter.  

    Atrial Flutter 

 Atrial  Flutter   ( AFL     ) is another supraventricular 
tachyarrhythmia that is often times associated 
with atrial fi brillation. AFL differs in its electro-
physiologic properties and is due to a reentry cir-
cuit typically localized to the isthmus between 
the tricuspid valve annulus and inferior vena cava 

    Table 15.2    Estimating the risk of thromboembolism in 
atrial fi brillation   

 CHA 2 DS 2 - VASc   scoring system 

 Acronym defi nition  Score 

  C ongestive Heart Failure  1 

  H ypertension  1 

  A ge ≥75 years  2 

  D iabetes Mellitus  1 

  S troke/Transient Ischemic Attack/
Thromboembolic Event 

 2 

  V ascular Disease (prior myocardial 
infraction, peripheral arterial 
disease, or aortic plaque) 

 1 

  A ge 65–74 years  1 

  S ex (Female gender)  1 

 Maximum score  9 

 Stroke risk stratifi cation based on score 

 Score  Estimated stroke 
risk per year (%) 

 0  0 

 1  1.3 

 2  2.2 

 3  3.2 

 4  4.0 

 5  6.7 

 6  9.8 

 7  9.6 

 8  6.7 

 9  15.2 
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in the right atrium. Despite these differences, 
atrial  fl utter   is managed in a similar  manner to 
AF. According to the AHA/ACC/HRS Atrial 
Fibrillation guidelines of 2014, antithrombotic 
therapy is recommended in AFL according to the 
same risk profi le used for AF (class I) [ 18 ].  

    Valvular Heart Disease 

 Valvular heart disease ( VHD  ) is defi ned as dam-
age to or a defect in one or more of the four  car-
diac valves  : aortic, mitral, tricuspid, or pulmonic 
valves. With the dramatic decline in rheumatic 
disease, VHD in developed countries is most 
commonly attributed to degenerative changes 
and is considered a disease of the elderly. Its 
prevalence is estimated at 2.5 % in industrialized 
countries [ 25 ]. Valvular defects can result in 
regurgitation or stenosis of the valve. Progression 
of these defects can result in irreversible vent-
ricular dysfunction, pulmonary hypertension, 
stroke, and atrial fi brillation. Some of these val-
vular abnormalities require anticoagulation, as 
they are associated with increased risk of throm-
boembolic events. 

  Mitral stenosis (MS)      results from thickening 
and immobility of the mitral leafl ets and causes 
an obstruction of blood fl ow from the left atrium 
to the left ventricle. MS is most often secondary 
to rheumatic heart disease or senile calcifi c dis-
ease. Regardless of etiology, the mechanical 
obstruction causes an increase in pressure in the 
left atrium, pulmonary vasculature and the right 
side of the heart leading to symptoms of dyspnea, 
hemoptysis, and right-sided heart failure. 
Elevated left atrial pressures results in left atrial 
dilatation, increasing the risk of developing AF 
as well as left atrial thrombi. Due to such associa-
tion,    indefi nite anticoagulation with warfarin is 
indicated in all patients with MS and AF, MS and 
a prior embolic event, or MS and a left atrial 
thrombus  with   a goal INR of 2.0–3.0 (Class I) 
[ 26 ]. Because the effi cacy of NOACs in prevent-
ing embolic events has not been studied in 
patients with valvular heart disease, warfarin is 
the  only   oral anticoagulant recommended in this 
population. 

 Progression of valvular regurgitation or 
 stenosis causes signifi cant  morbidity and mortal-
ity  . The purpose of valvular intervention is to 
improve symptoms, prolong survival, and mini-
mize the risk of irreversible ventricular dysfunc-
tion, pulmonary hypertension, stroke, and atrial 
fi brillation [ 26 ]. When a surgical heart valve 
replacement is warranted, a choice is made 
between a mechanical or bioprosthetic valve. The 
choice of valve prosthesis is based on several 
 factors including the patient’s age, expected life 
span, potential risk of lifelong anticoagulation, 
valve durability, clinical circumstances, and 
patient preference. 

 Mechanical valves are durable in patients of 
any age with a low risk for the need for reopera-
tion; however, these valves require lifelong anti-
coagulation with warfarin. The goal INR for each 
patient is based on the mechanical valve position 
along with a patient’s risk factors, which include 
AF, prior thromboembolism, LV dysfunction, 
or hypercoagulable states. Three basic types of 
mechanical valve design are: bileafl et, monoleaf-
let, and caged ball valves.  Given their risk of 
thrombosis, anticoagulation with warfarin is rec-
ommended for all patients with mechanical 
valves . An INR goal of 2.0–3.0 is recommended 
in patients with a mechanical aortic valve repla-
cement (AVR) with bileafl et mechanical or 
Medtronic Hall  valve   and no risk factors for 
thromboembolism (Class I). Patients with an 
 AVR   and any additional risk factor as listed 
above, those with an older mechanical AVR 
(Starr–Edwards or disk valves other than 
Medtronic Hall), or those with a mitral valve 
replacement (MVR) with any mechanical valve 
should have a higher goal INR of 2.5–3.5 (Class 
I). In addition to warfarin, aspirin 75–100 mg/
day is recommended in all patients with a 
mechanical valve prosthesis (Class I) [ 26 ]. 

  Bioprosthetic valves   are also  a   viable option 
for patients with severe valvular disease to avoid 
the need for lifelong anticoagulation; however, 
due to their limited life span, patients may require 
reoperation due to  valve   degeneration.  Further-
more, despite the use of a bioprosthesis, anti-
coagulation with warfarin is still considered 
reasonable in the fi rst 3 months after a 
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 bioprosthetic AVR, MVR, or MV repair with a 
goal INR of 2.0–3.0  [ 26 ,  27 ]. As with  mechanical   
valves, those with bioprosthetic valves in the aor-
tic or mitral valve positions should be  considered   
for aspirin therapy (75–100 mg). Anticoagulation 
early after the valve implantation is intended to 
decrease the risk of thromboembolism until the 
prosthetic valve has completely endothelialized 
[ 26 ]. The risks versus benefi ts of anticoagulation 
should be discussed with patients and individual-
ized based on the patient’s comorbidities and risk 
factors. 

 More recently, patients with  aortic stenosis 
(AS)      who are too high risk for surgery have been 
undergoing transcatheter aortic valve replace-
ment (TAVR). These valves are biological 
 prostheses mounted on an expandable metallic 
frame. These individuals do not require antico-
agulation; however, clopidogrel 75 mg daily is 
used for the 6 months following the procedure in 
addition to lifeline aspirin therapy (75–100 mg 
daily) (Class IIb) [ 26 ]. 

 Of note, newer oral antithrombotic agents are 
not approved in patients with mechanical or bio-
prosthetic valves. Patients should receive warfa-
rin regardless of whether the anticoagulation is 
for the valve alone or for the valve in addition to 
another indication. The RE-ALIGN trial was 
 prematurely stopped as the incidence of stroke, 
valve thrombosis, and bleeding was all signifi -
cantly higher in the dabigatran group compared 
to warfarin [ 12 ]. Other NOACs have not been 
studied in  patients   with prosthetic heart valves.  

    Myocardial Diseases 

    Myocardial Infarction 
 Myocardial infarction ( MI  ) is defi ned as  acute 
myocardial ischemia   and/or necrosis secondary 
to coronary plaque rupture resulting in an imbal-
ance of myocardial oxygen supply and demand. 
With over 700,000 Americans suffering from an 
MI yearly, these events are a major cause of mor-
bidity and mortality [ 28 ]. Clinically, these events 
are diagnosed when a patients presents with 
symptoms of ischemia (e.g., chest pain), a rise 
and/or fall in cardiac biomarkers, new ische mic   

changes on an electrocardiogram (ECG) 
(ST-segment changes, left bundle branch block 
or development of pathologic Q waves), identifi -
cation of intracoronary thrombus by angiogra-
phy, or imaging evidence of new loss of viable 
myocardium or a new regional wall motion 
abnormality of the left ventricle [ 29 ]. The main-
stay of therapy for these individuals includes 
pharmacotherapy in addition to coronary revas-
cularization. Following percutaneous coronary 
interventions, patients are placed on dual- 
antiplatelet therapy with aspirin along with a 
P2Y12 receptor inhibitor such as clopidogrel, 
prasugrel, or ticagrelor. 

 Both bare-metal (BMS) and drug-eluting 
stents (DES) are options during a  percutaneous 
coronary intervention  . In patients receiving a 
drug eluting stent for a non-acute coronary syn-
drome (ACS) indication, clopidogrel 75 mg daily 
should be given for at least 12 months if the 
patient is not at high risk of bleeding. In patients 
receiving BMS for a non-ACS indication, clopi-
dogrel should be given for a minimum of 1 month 
and ideally up to 12 months. As noted earlier, a 
P2Y12 inhibitor and aspirin should be adminis-
tered for up to 12 months in all patients with ACS 
who are treated with either an early invasive or 
ischemia-guided strategy [ 30 ]. 

  Balloon angioplasty   is an additional option 
that refers to dilation of coronary stenosis by 
means of a balloon catheter without stent place-
ment. Although no randomized trials have directly 
assessed duration of dual antiplatelet therapy in 
patients undergoing balloon angioplasty, current 
recommendations suggest 1  month   of dual anti-
platelet therapy with aspirin and a P2Y12 inhibi-
tor since there is a potential risk of thrombosis 
caused by iatrogenic plaque rupture [ 31 ]. 

 Left ventricular (LV) thrombus is one of the 
more common complications of myocardial 
infarctions and varies with infarct location and 
size. Acute anterior infarction, LV function less 
than or equal to 35 %, and apical dyskinesia or 
aneurysm formation are associated with an 
increased risk in the formation of an  LV throm-
bus   [ 32 ,  33 ].  The risk of embolization in patients 
with a documented LV thrombus who are not 
treated with anticoagulant therapy has been 
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 estimated at 10–15 %  [ 34 ].  Thus, anticoagulant 
 therapy with a vitamin K antagonist should be 
considered for patients with acute myocardial 
infarction and asymptomatic LV mural thrombus 
(Class IIa) . Moreover, in patients with an acute 
myocardial infarction and anterior apical akinesis 
or dyskinesis without thrombus development, 
anticoagulant therapy may be considered. Given 
these patients are also likely to be on dual anti-
platelet therapy with aspirin and a P2Y12 recep-
tor inhibitors, a lower INR goal of 2.0–2.5 should 
be targeted to mitigate the increased risk of 
bleeding (Class IIB). Treatment can be limited to 
3 months in patients with or at risk for LV throm-
bus formation at which time reevaluation with a 
TTE may be helpful to guide cessation or pro-
longed treatment [ 35 ]. Of note, NOACs have not 
been evaluated for use in this context.  

    Heart Failure 
 Heart failure ( HF  ) is a common clinical syn-
drome that results from any structural or func-
tional  cardiovascular disorder   causing a decrease 
in systemic perfusion that is inadequate to meet 
the body’s metabolic demands. It is caused by a 
variety of disorders that affect the pericardium, 
myocardium, endocardium, cardiac valves, vas-
culature, or metabolism. Systolic and/or diastolic 
dysfunction can contribute to a reduced cardiac 
output and the hallmark symptoms of heart 
 failure, which include dyspnea, fatigue, and fl uid 
retention. Coronary artery disease accounts for 
approximately two-thirds of patients with LV 
systolic dysfunction with the remainder of these 
patients having nonischemic causes such as 
hypertension, valvular disease, myocarditis,    or 
idiopathic dilated cardiomyopathy [ 36 ]. 

 Patients with heart failure and  LV systolic 
dysfunction   are at an increased risk of throm-
boembolic events due to stasis of blood in dilated 
hypokinetic cardiac chambers and peripheral 
blood vessels in addition to increased activity in 
procoagulant factors. This increased risk, how-
ever, does not seem to translate to outcomes. 
Several retrospective analyses have shown that 
patients with heart failure taking warfarin had 
similar rates of thromboembolic events when 
compared to patients not taking anticoagulants. 

Furthermore, large studies have shown that the 
risk of thromboembolism in clinically stable 
patients with depressed ejection fraction (EF) 
and echocardiographic evidence of intracardiac 
thrombi is as low as 1–3 % per year [ 37 – 39 ]. Due 
to such low incidence of events, the risk of anti-
coagulation may outweigh the benefi t; thus,  anti-
coagulation is not recommended in patients with 
chronic systolic heart failure without AF, a prior 
thromboembolic event or a cardioembolic source 
(Class III)  [ 36 ].  

    Left Ventricular Assist Devices 
 A subset of patients with advanced  systolic heart 
failure   will develop end-stage heart failure refrac-
tory to optimal medical therapy, resulting in a 
very poor prognosis.  Cardiac transplantation   is a 
viable option but is only available for a minority 
of patients due to the lack of suitable donor 
hearts. The lack of effective therapies for 
advanced heart failure has led to the development 
of mechanical circulatory support devices. 
Initially developed for temporary support in the 
setting of acute decompensated heart failure, the 
left ventricular assist device ( LVAD  ) has become 
a mainstay of therapy for those with end-stage 
heart failure as a means to “bridge to transplant” 
as well as for “destination therapy” for those not 
eligible for transplant. One-fourth of all US heart 
transplant recipients are supported with these 
devices prior to transplantation and their use for 
permanent/destination therapy is increasing [ 40 ]. 
An LVAD allows for the dysfunctional left ven-
tricle to act as a passive conduit through which 
the mechanical pump fi lls and provides continu-
ous effective systemic blood fl ow throughout the 
cardiac cycle. Though LVADs have become a 
viable option for numerous  patients     , such devices 
introduce a new set of complications including 
thrombosis and bleeding. 

  Pump thrombosis   causes  device   obstruction 
and is clinically suggested by the development of 
hemolysis and changes in LVAD parameters. To 
prevent this complication as well as the thrombo-
embolic events associated with it,  patients with 
LVADs require antiplatelet therapy with aspirin 
and anticoagulation with warfarin  [ 41 ]. INR goals 
are determined by each device manufacturer. 
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Despite that, for continuous fl ow devices, the rate 
of pump thrombosis ranges from 0.01 to 0.11 per 
patient [ 42 ,  43 ]. This complication can often times 
effectively be treated with intensifying anticoagu-
lation. However, if pharmacologic therapy is not 
effective, immediate pump exchange or heart 
transplantation is required [ 41 ]. 

 Furthermore, these patients are also at incre-
ased risk for neurologic complications.  Ischemic 
and hemorrhagic stroke   following LVAD place-
ment has been reported to be between 8 and 25 % 
[ 44 ,  45 ]. Strokes in these patients tend to occur 
with greater frequency in the right hemisphere, 
suggestive of a cardioembolic source [ 46 ,  47 ]. 

  Bleeding   is the most common complication 
associated with LVADs, with the incidence of 
major bleeding being >20 % [ 43 ]. This increased 
risk of bleeding events is not only due to the use 
of warfarin but also due to the development of 
acquired von Willebrand disease and gastrointes-
tinal (GI) arteriovenous malformations. In  ran-
domized   trials comparing different types of 
LVADs, the leading cause of death in all groups 
was cerebral hemorrhage [ 48 ]. If a hemorrhagic 
stroke is identifi ed, anticoagulation is discontin-
ued and reversed. In the setting of recurrent GI 
bleeding with no clear source or a source that is 
not amenable to therapy, the goal INR or even the 
use of warfarin all together should be reevaluated 
[ 41 ].  Discontinuation   of anticoagulation due 
to bleeding requires careful monitoring of the 
LVAD parameters to avoid thrombotic complica-
tions and should only be performed under the 
close supervision of an advanced heart failure 
specialist.  

    Left Ventricular Noncompaction 
 Noncompaction of the ventricular myocardium is 
classifi ed by the American Heart Association as a 
primary genetic cardiomyopathy [ 49 ]. The prev-
alence of left ventricular noncompaction ( LVNC  ) 
has been estimated at 0.05 % of the general popu-
lation [ 50 ]. This  cardiomyopathy   is thought to be 
secondary to defects in cardiac embryogenesis 
resulting in the intrauterine arrest of the compac-
tion of the loose meshwork that makes up the 
fetal myocardium, resulting in a hypertrabe-
culated non-compacted layer of myocardium 

(spongy myocardium). LVNC can be an isolated 
fi nding or may be associated with other  congeni-
tal anomalies   such as Ebstein’s anomaly, bicus-
pid aortic valve, and atrial or ventricular septal 
defects. 

 The clinical presentation is variable, ranging 
from asymptomatic to advanced heart failure, 
ventricular and atrial arrhythmias, and thrombo-
embolic events including stroke. Oechslin et al. 
described the outcomes of 34 adults with LVNC. 
Seventy-nine percent of patients reported dys-
pnea, 35 % presented in New York Heart 
Association class III or IV heart failure, 41 % 
experienced ventricular tachycardia, and 24 % 
were noted to have  thromboembolic events   [ 51 ]. 
The role of oral anticoagulation for primary pre-
vention is unclear in patients with LVNC particu-
larly with normal LV function and absence of LV 
hypertrophy [ 52 ]. In clinical practice patients 
with LVNC and systolic dysfunction routinely 
receive long-term warfarin due to increased risk 
of thromboembolism.   

    Venous  Thromboembolism  / Antiphos
pholipid Syndrome      

  Venous thromboembolism (VTE)  , which includes 
deep vein thrombosis (DVT) and pulmonary 
embolism (PE), has an annual incidence of 
approximately 0.1–0.27 % [ 53 ]. Approximately 
20 % of patients with PE die before the diagnosis 
is made or on the fi rst day following the diagno-
sis [ 54 ]. Risk factors for  VTE include   but are not 
limited to immobility due to trauma or surgery, 
pregnancy, malignancy, use of prothrombotic 
medications such as hormone replacement ther-
apy, and inherited or acquired hypercoagulable 
states. When VTE is fi rst diagnosed, the principal 
objective of therapy is to prevent DVT extension 
and PE occurrence. Initial treatment requires the 
use of antithrombotics such as intravenous hepa-
rin, subcutaneous low molecular weight heparin, 
warfarin (INR goal of 2.0–3.0), dabigatran, riva-
roxaban, or apixaban, all of which have been 
approved for this indication. The duration of 
treatment for VTE/PE should be individualized 
according to the presence or absence of  provoking 
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events, risk factors for recurrence and bleeding, 
as well as to the individual patient’s preferences. 
A 3-month duration of anticoagulation therapy is 
recommended for patients with VTE/PE in the 
postoperative setting, with transient risk factors, 
and in  patients   at high risk of bleeding. Con-
sideration can be given to extend or indefi nitely 
continue  therapy   in patients with unprovoked 
VTE/PE after weighing the risks and benefi ts [ 55 ].   

    Management of Anticoagulation 
and Antiplatelet Therapy 
in the Perioperative Setting 

 Millions of individuals receive long-term antico-
agulation and/or antiplatelet therapy for the pre-
vention and treatment of  thromboembolism   due 
to atrial fi brillation, prosthetic heart valves, myo-
cardial diseases, left ventricular assist devices, 
and venous thromboembolism. Annually, approx-
imately 10 % of patients taking antithrombotic 
agents undergo surgical or other invasive proce-
dures that require temporary discontinuation of 
therapy [ 56 ]. The management of anticoagula-
tion in patients undergoing surgery is challenging 
and requires a balance between reducing the risk 
of thromboembolism during the interruption of 
anticoagulation and preventing excessive bleed-
ing associated with the particular invasive proce-
dure. Both of these outcomes adversely affect 
mortality. Appropriate decision- making should 
be individualized and requires knowledge of 
a patient’s thrombotic risk, procedure- related 
bleeding risk, concepts of bridging anticoagula-
tion therapy, and timing of cessation and reinitia-
tion of antithrombotic therapy. 

  Periprocedural thrombotic   risk is generally 
extrapolated from risks outside the periproce-
dural period. The risk of thromboembolic events 
in patients with nonvalvular atrial fi brillation is 
assessed with the use of the CHA 2 DS 2 - Vasc   
score, a higher scoring indicating greater risk as 
detailed above and in Table  15.2 . Risk factors for 
thromboembolic events in patients with pros-
thetic heart valves, specifi cally mechanical heart 
valves, is determined by the type of valve, 
the location of the prosthesis, the number of 

 prosthetic valves, and the presence or absence of 
additional risk factors including atrial fi brillation, 
severe left ventricular systolic function, prior 
thromboembolism, and a hypercoagulable state. 
 Mitral valve prosthesis carries a higher risk of 
thrombosis than aortic valve prosthesis . For 
patients with venous thromboembolism, the risk 
of recurrent events and embolization is elevated 
in the fi rst 3 months following the diagnosis and 
initiation of anticoagulation therapy [ 55 ]. If the 
venous thromboembolism was provoked, the risk 
of recurrence decreases with resolution of the 
underlying risk factor.  Patients with coronary 
artery disease with recent coronary stenting 
require dual antiplatelet therapy . Premature dis-
continuation of dual antiplatelet therapy for an 
invasive procedure increases the risk of stent 
thrombosis, potentially precipitating a myocar-
dial infarction with a mortality rate of greater than 
50 % [ 55 ]. Thromboembolic risk in the periopera-
tive and postoperative period is estimated based 
on  the   underlying indication for anticoagulation. 

 The risk of procedure related bleeding depends 
on the type of procedure, the residual effects of 
antithrombotic agents, comorbidities, history 
of prior bleeding, and timing of reinitiation of 
 anticoagulation. High bleeding risk procedures 
include coronary artery bypass surgery, neurosur-
gical procedures, and any procedure lasting 
greater than 45 min. Low bleeding risk proce-
dures include laparoscopic cholecystectomy, car-
pal tunnel repair, and endoscopic procedures [ 57 ]. 
Major bleeding is generally defi ned as bleeding 
that is fatal, intracranial, requires surgery to cor-
rect, lowers hemoglobin by ≥2 g/dL, or requires 
transfusion of ≥2 units packed red blood cells 
[ 58 ]. The risk of bleeding is higher for urgent or 
emergent procedures when compared to elective 
procedures, as emergent operations do not allow 
for proper discontinuation of antithrombotic ther-
apy prior to the procedure. Patient factors also 
contribute to bleeding risk; numerous bleeding 
risk scores have been developed including the 
 HAS-BLED score  . A HAS-BLED risk score of 
≥3 was found to be the most predictive for bleed-
ing [ 59 ]. Evaluation of these risks allows physi-
cians, surgeons, and patients to make informed 
decisions prior to any invasive procedure. 
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 Once the thromboembolic and bleeding risks 
have been weighed, the decision can be made to 
continue, interrupt or bridge anticoagulation 
therapy. When anticoagulation is discontinued in 
patients at risk for thromboembolic events, the 
interval without therapy should be as short as 
possible. The medication used for antithrombotic 
therapy as well as  renal and hepatic function   
determines the timing in the cessation of these 
anticoagulants. For warfarin, an INR range 
between 2.0 and 3.5 indicates adequate antico-
agulation for thromboembolic risk reduction [ 60 ]. 
A relatively normal zone of hemostasis exists 
when the INR is 1.0–2.0. Approximately 93 % of 
patients with an INR in the therapeutic range will 
have an INR of less than 1.5 approximately 
5 days after warfarin therapy has been discontin-
ued [ 61 ]. An INR of 1.5 or less is considered safe 
for high-risk procedures, although some surgeons 
recommend an INR as close to 1.0 for procedures 
with high bleeding risk.  In patients at high risk 
for thromboembolic events, anticoagulation 
bridging is considered standard of care. Bridging 
therapy with intravenous heparin or subcutane-
ous low molecular weight heparin is utilized in 
those patients on warfarin once the INR falls 
below therapeutic range (<2.0). Intravenous 
heparin is stopped 4–6 h before the procedure; 
the last dose of subcutaneous low molecular 
weight heparin is given 24 h prior to the pro-
cedure. Post-procedurally, bridging therapy is 
resumed once hemostasis has been achieved and 
warfarin restarted; bridging is continued until 
the INR has reached the therapeutic range . 

  With the use of    novel oral anticoagulants     that 
achieve reliable therapeutic levels within a few 
hours with daily or twice a day dosing, the use of 
bridging therapy is not needed . The timing for 
discontinuation of these medications prior to an 
invasive procedure is based on a patient’s creati-
nine clearance. Dabigatran is held 1–2 days prior 
to the procedure if the patient has normal renal 
function (creatinine clearance ≥50 mL/min) and 
3–5 days with a creatinine clearance ≤50 mL/
min. Rivaroxaban and apixaban, factor Xa inhib-
itors, are held between 1 and 5 days prior to a 
procedure and timing is based on a patient’s renal 
function. More conservative approaches are often 

times recommended in patients undergoing very 
high-risk surgeries. 

  Aspirin and P2Y12 receptor inhibitors   such as 
clopidogrel, prasugrel, and ticagrelor are com-
monly encountered medications in patients with 
cardiovascular diseases. Aspirin is often used 
alone as well as in combination with other anti-
platelet agents. Low dose aspirin alone does not 
substantially increase the risk of clinically  sig-
nifi cant   bleeding after an invasive procedure but 
is often times stopped prior to very high-risk pro-
cedures [ 62 ]. Aspirin along with P2Y12 receptor 
inhibitors are typically suspended 5–7 days prior 
to surgery. Appropriate timing in the cessation of 
antithrombotic and antiplatelet medications pro-
vides thromboembolic risk reduction without 
increasing the risk of periprocedural bleeding for 
an elective procedure. 

 Urgent and emergent procedures do not allow 
physicians the luxury of time when making deci-
sions regarding holding anticoagulation therapy. 
The administration of reversal agents, if avail-
able, may be considered if the risk of bleeding 
outweighs the risk of thrombotic events. For war-
farin, the INR can be reliably reversed within 
24–48 h by administering vitamin K. Fresh fro-
zen plasma is usually used to rapidly reverse the 
INR for a short duration. Prothrombin complex 
concentrates ( PCC     ) are also used in cases of sig-
nifi cant bleeding. PCC contains a combination of 
blood clotting factors II, VII, IX, X and proteins 
C and S. For patients receiving direct thrombin or 
factor Xa inhibitors,  there   is no specifi c antidote 
available for reversal as vitamin K for warfarin. 
For patients taking dabigatran who have life 
threatening bleeding, hemodialysis or charcoal 
hemoperfusion can be considered. Oral activated 
charcoal can be used to remove the unabsorbed 
prodrug from the gastrointestinal tract if the last 
dose was within the previous 2 h. PCC can also 
be used in life threatening bleeding; however, 
PCC is not considered standard of care for the 
management of dabigatran associated bleeding 
due to the prothrombotic risks as well as lack of 
evidence from clinical studies. Likewise, reversal 
with PCC can also be used for those patients with 
life-threatening bleeds taking rivaroxaban or 
apixaban. Again, given the risk of thrombosis as 
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well as the lack of clinical studies evaluating its 
effectiveness, PCC is only considered appropri-
ate in an imminent life-threatening bleed. Admi-
nistration of an antifi brinolytic agent such as 
tranexamic acid or ε-aminocaproic acid can also 
be utilized in these situations. 

 Postoperatively, anticoagulant and antiplatelet 
therapy should be resumed once appropriate 
hemostasis has been achieved and deemed safe 
from the surgical perspective. In most instances, 
patients with a high-risk of thromboembolic 
events are restarted on warfarin and are bridged 
with heparin or low molecular weight heparin 
until therapeutic INRs are achieved. The  novel 
oral anticoagulants   are initiated without the need 
of bridging therapy due to their effectiveness 
of achieving adequate anticoagulation within a 
short duration. Resumption of antithrombotic 
therapy is dictated by achieving proper postop-
erative hemostasis in order to reduce the risk of 
postoperative bleeding. 

 For patients receiving long-term antithrom-
botic therapy, the approach to periprocedural use 
of these agents is individualized. Physicians must 
consider the patient’s thromboembolic risk, the 
procedure’s bleeding risk, and the urgency of the 
procedure to determine the need for possible 
bridging therapy as well as the appropriate tim-
ing for possible cessation of therapy. Emergencies 
require knowledge regarding possible rever-
sible agents and their risks associated with 
administration. 

    Anticoagulation Issues 
with Mechanical Prosthetic Valves 

 Given the need for  anticoagulation   to prevent 
thrombosis in patients with  mechanical pros-
thetic heart valves  , physicians and surgeons are 
often faced with the important question of antico-
agulation management in the setting of various 
types of procedures. Warfarin with a therapeutic 
INR is recommended in patients with mechanical 
heart valves undergoing minor procedures such 
as dental extractions or cataract removal, where 
bleeding is easily controlled.  For more invasive 
surgical procedure, temporary interruption of 

warfarin without bridging agents is  recommended 
in patients with a bileafl et mechanical aortic 
valve prosthesis and no other risk factors for 
thrombosis. But, in patients with a mechanical 
aortic valve and any thromboembolic risk factor 
or an older generation mechanical aortic 
valve, IV UH or subcutaneous LMWH is recom-
mended when the INR is subtherapeutic prior to 
surgery  [ 26 ]. 

 Emergent procedures in this subset of patients 
require a balance between decreasing a patient’s 
risk of bleeding as well as preventing  valve   
thrombosis.  Fresh frozen plasma or prothrombin 
complex concentrate (see above) is reasonable in 
these patients who have uncontrollable bleeding 
or require emergency surgery  [ 26 ]. Following 
these procedures, patients should  immediately   be 
started on parenteral anticoagulation followed by 
warfarin when appropriate hemostasis has been 
achieved as deemed by the surgical team.  

    Anticoagulation in the Setting 
of Dual Antiplatelet Therapy 

 With expanding population with myocardial 
infarction, atrial fi brillation, prosthetic valves 
etc.,  the concomitant use of dual antiplatelet 
therapy and oral anticoagulation, referred to 
as triple therapy, is increasing . However,    triple 
therapy should be used cautiously in these 
patients, many of them elderly, to balance the 
benefi ts with the risk of bleeding. Therefore, tri-
ple therapy with warfarin, aspirin, and a P2Y12 
sh o uld be restricted to specifi c situations in which 
the risk of venous thromboembolism or  stent   
thrombosis is considered to exceed the risk of 
bleeding [ 35 ]. It is estimated that between 5 and 
10 % of patients scheduled to undergo 
 percutaneous coronary intervention are also on 
oral anticoagulation [ 63 ]. For such patients, the 
avoidance of drug eluting stents is strongly 
 preferred to limit the duration of triple therapy. 
Moreover, consideration may be given to lower 
the target INR goal to 2.0–2.5 (Class IIb) [ 35 ]. 
According to the European Society of Cardiology 
guidelines, the type of stent utilized, bare metal 
versus drug eluting stent, as well as the context of 
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the coronary event, elective versus urgent, also 
dictates the duration of triple therapy.  Patients 
who have a low risk of bleeding and are undergo-
ing elective procedures with the use of bare metal 
stents are recommended to receive triple therapy 
for 1 month followed by up to 12 months of anti-
platelet therapy with clopidogrel or aspirin in 
addition to warfarin. In these same patients who 
receive drug-eluting stents, triple therapy should 
be extended to 3 months followed by 12 months of 
warfarin and either clopidogrel or aspirin . For 
emergent procedures in patients with high risk of 
bleeding, 4 weeks of triple  therapy    should   be pre-
scribed [ 35 ]. Of note, the use of NOACs has not 
been evaluated in this context.   

    Conclusion 

 With an ever-growing population requiring the 
use of oral anticoagulation, physicians are likely 
to encounter patients taking these medications in 
both the inpatient and outpatient settings. To pro-
vide appropriate care to these patients, it is imper-
ative to understand the clinical indications for 
prescribing anticoagulation, the pharmacology of 
these agents as well as the management of such 
medications in the elective, urgent, and emergent 
situations.     
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          Introduction 

  Neurosurgical patients   present a special chal-
lenge in the diagnosis and treatment of venous 
thromboembolism ( VTE)   and pulmonary embo-
lism (PE). First, neurosurgical patients are gener-
ally at high risk of VTE/PE due to factors related 
to malignancy, immobilization, or the postopera-
tive state. Second, medical VTE prophylaxis 
and treatment with systemic anticoagulation are 
sometimes contraindicated in neurosurgical 
patients. In general, there is little data to inform 
decision-making in specifi c diffi cult patient 
scenarios.  

     Defi nitions and Classifi cations   

 VTE consists of deep venous thrombosis ( DVT)   
and PE. DVT typically occurs in the veins of the 
pelvis, lower extremities, or upper extremities, and 
a PE is a thrombus which originates elsewhere 

in the body, such as within the deep veins of 
the pelvis or lower extremity, and lodges in the 
pulmonary artery and/or its branches. Specifi cally, 
the iliac, femoral, or popliteal veins are the most 
common sites of PE origin, although in certain 
patient populations, such as those with malig-
nancy, a PE source in the extremities or pelvis 
may not necessarily be demonstrated [ 1 ]. With 
respect to DVTs in the calf veins, approximately 
a third will progress proximally resulting in a 
concomitant increase in the likelihood of 
 embolization [ 2 ,  3 ]. 

 Pulmonary emboli may be classifi ed as acute, 
subacute, or chronic depending on the timing and 
type of symptoms. In acute PE, symptoms refer-
able to pulmonary artery obstruction develop 
immediately, while in chronic PE, patients may 
develop pulmonary hypertension over time. 
Acutely, a PE may result in impairment of gas 
exchange, pulmonary infarcts, right heart dys-
function, and hypotension (SBP <90 mmHg). 
The occurrence of hypotension is an important 
clinical sign because it has important prognostic 
and therapeutic consequences, i.e., it portends a 
poor prognosis and may require emergent throm-
bolysis or mechanical embolectomy. The severity 
of the clinical presentation is also sometimes 
used to classify patients into those with massive, 
submassive, or nonmassive PE [ 4 ]. 

 Additional classifi cations refer to the location 
of the PE within the pulmonary artery and 
branches. This is of importance specifi cally 
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because proximal localization (i.e., within the 
pulmonary artery trunk or at the bifurcation, the 
so-called saddle PE) is more likely  to   result in 
hemodynamic dysfunction and poor outcome.  

     Epidemiology   of VTE 

 In the United States, the incidence of DVT has 
been reported as 422/100,000 [ 5 ]. The incidence 
of PE averages approximately 100/100,000 
depending on the data source, and some sources 
have reported that up to 40 % of patients diag-
nosed with DVT experience PE [ 6 ]. Mortality in 
acute PE in the United States varies from 1 to 
10 % of patients diagnosed with PE depending on 
the study and whether all-cause mortality was 
included [ 7 ]. Among patients with hemodynamic 
dysfunction, 30-day mortality may be >15 % [ 8 ]. 
In the long term,  chronic thromboembolic pulmo-
nary hypertension (CTEPH)   may increase the 
overall PE-associated mortality to >40 %. Factors 
which correlate with mortality in PE are age >70, 
malignancy, congestive heart failure, chronic 
lung disease, hypotension, tachypnea, and right 
heart dysfunction on echocardiography [ 7 ].  

    Risk  Factors   for VTE 

 General risk factors for VTE and PE include 
acute medical illness, immobilization, trauma, 
postoperative state, malignancy, age >65, obesity, 
metabolic syndrome, cigarette smoking, hyper-
tension, oral contraceptives, hormone replace-
ment, pregnancy, and inherited thrombophilias. 
A specifi c cause of VTE is frequently not found 
despite extensive evaluation. Pathophysiologi-
cally, infl ammation, hypercoagulability, stasis, 
and endothelial injury underlie VTE risk. 

 In neurosurgical patients, a retrospective anal-
ysis of the American College of Surgeons NSQIP 
database comprising >1.7 million patients 
showed that ventilator dependence, immobiliza-
tion, malignancy, chronic treatment with steroids, 
and sepsis were factors independently  correlating 
  with VTE [ 9 ].  

    Prevention of VTE in General 

     Mechanical and Medical 
Thromboprophylaxis   

  Intermittent compression devices (ICD)   and/or 
medical  thromboprophylaxis   can be utilized for 
prevention of VTE in patients who are at risk, 
and several professional societies such as the 
 American College of Chest Physicians (ACCP)   
have periodically published detailed guidelines 
on thromboprophylaxis [ 10 ]. The 8th edition of 
the ACCP guidelines was updated in 2012, and 
the recommendations from the current 9th edi-
tion were recently reviewed in detail [ 11 ]. There 
are several medications approved by the  Federal 
Drug Administration (FDA)   for thromboprophy-
laxis (unfractionated heparin, dalteparin, enoxa-
parin, rivaroxaban, fondaparinux, and warfarin), 
and the guidelines suggest approaches to throm-
boprohylaxis in specifi c patient populations and 
scenarios [ 11 ]. In general, ICD are used in isola-
tion only in patients at risk for bleeding and, thus, 
ineligible for medical thromboprophylaxis. In 
some populations, e.g., patients with an active 
malignancy, the combination of ICD and medical 
prophylaxis may be more effective than either 
method alone [ 12 ]. 

 The main concern limiting the use of medical 
 prophylaxis   in neurosurgical patients is hemor-
rhage. A meta-analysis of 30 studies including a 
total of 7,779 neurosurgical patients showed that 
ICD were superior to placebo in DVT prevention, 
and that low molecular weight heparin was supe-
rior to compression stockings [ 13 ]. Patients not 
treated with prophylaxis experienced a DVT rate 
of 15.5 %, and patients treated with ICD, unfrac-
tionated heparin, or low molecular weight hepa-
rin experienced reduced DVT rates of 1.9 %, 
0.9 %, and 4.1 %, respectively [ 13 ]. In the major-
ity of studies in this meta-analysis, medical 
thromboprophylaxis was administered prior to 
surgery, intraoperatively, or within the fi rst 24 h 
postoperatively. Intracranial hemorrhage rates for 
patients receiving unfractionated heparin versus 
low molecular weight heparin were 0.35/1000 
and 1.5/1000, respectively [ 13 ]. Caution should 
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be used in interpretation of any meta-analysis due 
to variability in study design of the included stud-
ies, and no conclusions should be drawn beyond 
that mechanical and medical  prophylaxis   reduced 
the rate of DVT formation in neurosurgical 
patients with medical prophylaxis incurring a 
relatively low, although perhaps not negligible, 
rate of intracranial hemorrhage.   

    Prevention of PE in the Setting 
of DVT 

     Anticoagulation   

 The fi rst-line therapy for DVT and prevention 
of subsequent PE is systemic anticoagulation, 
which is discussed further in the section on 
 treatment of PE. 

 While there is little controversy regarding 
anticoagulation for a proximal DVT, there are 
some nuances in the treatment of isolated distal 
DVT [ 11 ]. Distal DVT solely involves the veins 
of the calf, i.e., the peroneal, tibial, soleal, or gas-
trocnemius veins. The risk of embolization from 
distal DVT is generally lower than from a proxi-
mal DVT, but a distal DVT may extend proxi-
mally over time resulting in increased risk of PE 
[ 14 ]. If the patient does not harbor risk factors 
which correlate with DVT extension, the distal 
DVT may be followed with serial lower extrem-
ity ultrasonography, e.g., once every week for 
2 weeks [ 11 ]. If the DVT does not extend during 
this time, the risk of subsequent expansion and/or 
embolization is thought to be low. If the DVT is 
observed to extend, anticoagulation should be 
commenced. Patients who are thought to be at 
high risk of distal DVT extension, however, 
should be anticoagulated [ 11 ,  14 ]. Factors corre-
lating with extension include involvement of 
multiple veins, prior DVT/PE, active malignancy, 
or recent surgery or hospitalization. 

 Thrombosis of the upper extremity deep veins 
(subclavian, innominate, brachial, or axillary) 
may occur in patients with indwelling venous 
catheters. Anticoagulation is generally recom-
mended for these patients [ 11 ].  

    Inferior Vena Cava  Filters      

 There are currently two types of devices, perma-
nent or retrievable fi lters, which can be inserted 
into the vena cava in order to prevent a piece of 
lower extremity or pelvic vein thrombus from 
lodging in the lung. While placement of an IVCF 
for this purpose makes intuitive sense, there are 
no studies in which patients were randomized to 
IVCF versus anticoagulation, and a Cochrane 
review failed to show support for the idea [ 6 ]. In 
the  PREPIC trial  , patients received anticoagula-
tion with or without an IVCF [ 15 ]. In long-term 
follow-up, there was no mortality benefi t of anti-
coagulation with IVCF versus anticoagulation 
without IVCF, but the rate of PE was initially 
lower (4.8 vs. 1.1 % at 12 days), while the rate of 
symptomatic DVT was higher at 2 years (20.8 vs. 
11.6 %) with IVCF. 

 Due to the paucity of data, the indications for 
IVCF placement are diverse and vary among 
society guidelines [ 6 ]. While most agree that an 
IVCF is indicated in patients in whom anticoagu-
lation is absolutely contraindicated, either tem-
porarily or permanently, in order to decrease the 
risk of PE, some also advocate for IVCF place-
ment in patients who had a recurrent PE despite 
therapeutic anticoagulation [ 16 ] and for other 
indications [ 6 ]. 

 In patients in whom contraindications to anti-
coagulation are transient and/or the DVT is 
thought to have been caused by a temporary con-
dition, retrievable fi lters can be used and subse-
quently removed [ 6 ].   

     Clinical Presentation   of PE 

 There is a wide s pectrum   of presentations of PE, 
from no symptoms to sudden death, and some 
have observed that the majority of patients who 
die from PE do so before the diagnosis is made 
[ 8 ]. This observation requires that physicians 
should always have a high index of suspicion for 
PE when dealing with at-risk patient populations. 
Common symptoms and signs of PE include dys-
pnea, pleuritic chest pain, sinus tachycardia, as 
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well as local extremity symptoms and signs 
 associated with DVT. Hemoptysis which is rela-
tively specifi c for PE occurs only in approxi-
mately 10 % of patients, whereas  lower   extremity 
swelling which is relatively specifi c for DVT 
occurs in 42 % of patients [ 8 ].  

    Evaluation for PE 

     Clinical Probability   

 The evaluation for PE in hemodynamically stable 
patients is centered on the determination of clini-
cal probability of PE. Several clinical scores of 
PE probability have been developed for this pur-
pose. The Wells score and the revised Geneva 
score are frequently used (Tables  16.1  and  16.2 ).

    Once the clinical probability of PE is deter-
mined, further dedicated testing is done (Fig.  16.1 ). 
Blood testing for the fi brin degradation product, 
D-dimer, lower extremity  compression ultrasound 
(CUS)  , and  computed tomographic pulmonary 
angiography (CTPA)   are currently frequently uti-
lized in the evaluation of patients for PE.

        D-Dimer   

 Depending on the specifi c assay used, a negative 
D-dimer result rules out acute VTE in most 
patients with low or intermediate probability of 
PE [ 7 ]. The  D-dimer ELISA   has a sensitivity of 
>93 % and specifi city of 39 % and a high nega-
tive predictive value in the setting of low clinical 
probability of PE [ 7 ,  19 ]. D-dimer testing is less 
reliable in patients with conditions leading to an 
infl ammatory response including traumatic 
injury, surgery, or pregnancy as well as in patients 
with high clinical probability of PE [ 7 ]. D-dimer 
levels may be above threshold in hospitalized 
patients and in individuals older than 65. 
Therefore, an elevated D-dimer level has a low 
positive predictive value and should generally be 
followed by CTPA. In summary, if clinical prob-
ability is low, a negative D-dimer rules out PE 
while an elevated D-dimer may warrant CTPA, 
while if clinical probability is high, only CTPA is 
indicated (Fig.  16.1 ). 

 Postoperative neurosurgical patients are 
expected to have an elevated D-dimer level due to 
causes other than VTE. One study prospectively 
evaluated D-dimer levels in 101 patients who 
underwent elective craniotomy primarily for 
tumors [ 19 ]. The D-dimer test used in the study 
used 0.5 mg/L as the normal cutoff, which had a 
99.4 % sensitivity and a 38.2 % specifi city for 
VTE in an outpatient population. In post- 
craniotomy patients, on day 3 postoperatively, 
patients without VTE had mean D-dimer levels of 
1.59 mg/L, while those with VTE had mean 
D-dimer levels of 5.49 mg/L. The authors deter-
mined the value of 2 mg/L as a reasonable cutoff 
for VTE prediction with this particular test in 
postoperative patients who had undergone an 
elective craniotomy. The positive  predictive   value 

   Table 16.1    Wells score for PE in patients admitted to the 
hospital [ 17 ]   

 Clinical signs of DVT  3 

 Alternative diagnosis less likely  3 

 Prior DVT or PE  1.5 

 Heart rate >100 bpm  1.5 

 Recent surgery or immobilization  1.5 

 Hemoptysis  1 

 Cancer  1 

 Low probability: 0–1 

 Intermediate probability: 2–6 

 High probability: ≥7 

 Dichotomized scoring 

 PE unlikely: 0–4 

 PE likely: >4 

   Table 16.2    Revised Geneva score [ 18 ]   

 Heart rate >94 bpm  2 

 Pain on leg palpation and edema  1 

 Prior DVT or PE  1 

 Unilateral leg pain  1 

 Heart rate 75–94 bpm  1 

 Active malignancy  1 

 Surgery (GA) or fracture (LE)  1 

 Hemoptysis  1 

 Age >65 years old  1 

 Dichotomized scoring 

 PE unlikely: 0–2 

 PE likely: >2 
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was 73.2 %, and the negative predictive value was 
95.6 %. In the study, patients who had a D-dimer 
level >4 mg/L were diagnosed with PE.  

     Imaging   

 Two invasive tests are considered the gold 
 standard of PE and DVT diagnosis: conventional 
pulmonary angiography and venography, respec-
tively. As these two tests are invasive, they are 
used only in highly selected patients, while non-
invasive tests are utilized in the majority [ 7 ]. 
Although ventilation-perfusion scanning had 
been used in the past to make the diagnosis of PE, 
the high likelihood of a non-diagnostic scan (up 
to 50 %) has resulted in decreased use for the 
acute diagnosis of PE [ 8 ]. In the majority of 
cases,  pulmonary CTPA   has supplanted 
ventilation- perfusion scanning and compares 
favorably with invasive pulmonary angiography 
in the acute diagnosis of PE [ 7 ]. 

 Since in patients with low clinical probability 
of PE a negative D-dimer effectively rules out a 
PE, CTPA is not indicated. Despite this, CTPA 
use has increased during the past decade, and a 
large percentage is being utilized in patients 
with low clinical probability of PE [ 20 ]. As part 

of the Choosing Wisely campaign, the goal of 
which is to identify and discourage tests or treat-
ments that are used inappropriately in patients, 
the American Thoracic Society and the ACCP 
recommended that CTPA not be used in patients 
with low clinical probability due to unnecessary 
exposure to radiation and contrast. Additional 
consequences of performing CTPA in patients 
with low clinical probability of PE include inci-
dental fi ndings requiring additional tests and 
detection of small (sub-segmental) PE of unclear 
clinical signifi cance. 

 In symptomatic patients with high clinical 
probability of PE, those with high D-dimer lev-
els, and those with contraindications to CTPA, 
lower extremity CUS showing acute proximal 
thrombus is suffi cient for diagnosis of PE [ 7 ]. CT 
venography is not routinely used in combination 
with CTPA due to concerns for radiation expo-
sure and contrast load.  Magnetic   resonance pul-
monary angiography and magnetic resonance 
venography have not replaced CTPA due to the 
high likelihood (approximately 52 %) of a non- 
diagnostic scan [ 7 ]. 

 In hemodynamically unstable patients in 
whom CTPA may be impractical and/or unsafe, 
the clinical diagnosis of PE may be supported 
with fi ndings on EKG (sinus tachycardia, right 

High

Clinical
probability

Low or
intermediate

D-dimer below
threshold

D-dimer above
threshold

CTPA

PE ruled out PE ruled out PE ruled in

  Fig. 16.1    Workup of 
PE based on clinical 
probability.  PE  
pulmonary embolism, 
 CTPA  computed 
tomography pulmonary 
angiogram       
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bundle branch block, S1Q3T3) [ 21 ], bedside 
transthoracic echocardiography [ TTE  ; right ven-
tricular (RV) dysfunction (RV end-diastolic vol-
ume >30 mm; interventricular septal paradoxical 
motion and/or fl attening; RV/LV ratio >0.9; pul-
monary artery systolic pressure >30 mmHg; and 
tricuspid regurgitation] [ 4 ,  22 ], and/or CUS posi-
tive for acute thrombus.   

    Treatment of PE 

     Severity Score      

 Initial treatment of patients with PE begins with 
resuscitation and determination of disease sever-
ity [ 23 ]. Clinical prognostic models have been 
developed to estimate the risk of mortality in 
PE. The  Pulmonary Embolism Severity Index 
(PESI)   and its shortened version stratify patients 
into categories of risk of death by 30 days based 
on clinical variables [ 24 ,  25 ] (Table  16.3 ). 
Patients at high risk  of   death should be evaluated 
for thrombolysis and admitted to the hospital, 
while low-risk patients could conceivably be 
treated with anticoagulation  as   outpatients [ 7 ].

        Thrombolysis      

 Patients at high risk for death based on clinical 
score; presence of hemodynamic instability, RV 
dilatation, or dysfunction on TTE; and/or eleva-
tion of troponin or brain natriuretic peptide 
require rapid consideration of medical thrombol-
ysis followed by systemic anticoagulation [ 26 ]. 
Some reserve medical thrombolysis for hemody-
namically unstable patients with PE, but more 
recently medical thrombolysis, was suggested for 
patients with high risk of mortality who are 
hemodynamically stable and have a low risk of 
bleeding [ 26 ]. For example, a meta-analysis 
showed that hemodynamically stable patients 
with PE who exhibited RV dysfunction on TTE 
experienced a 2.29 times increase in short-term 
mortality [ 27 ]. 

 Thrombolysis is most effective when adminis-
tered within 48 h of onset, but retains some benefi t 
for up to 14 days [ 4 ]. Contraindications to throm-
bolysis include recent trauma, bleeding, ischemic 
stroke, intracranial hemorrhage, major surgery, 
coagulopathy, or pregnancy [ 4 ]. Some have advo-
cated thrombolysis despite the presence of contra-
indications after informed decision- making in 
moribund patients with massive PE [ 28 ].  

     Embolectomy      

 Patients with massive central PE at high risk of 
death in whom thrombolysis is contraindicated or 
those who have not responded to thrombolysis, 
i.e., those who continue to exhibit RV dysfunc-
tion, warrant consideration of surgical, or cathe-
ter embolectomy [ 4 ]. The goal of either procedure 
is to decrease clot burden in order to improve RV 
function. In the case of catheter embolectomy, 
catheter-delivered thrombolytic agents can fur-
ther  attenuate   clot size [ 4 ].  

     Anticoagulation      

 Rapid anticoagulation is the mainstay of ther-
apy in patients with PE. Decision-making 
 regarding systemic anticoagulation focuses on 
determination of suitability for anticoagulation, 

   Table 16.3    PE severity index [ 24 ,  25 ]   

 Age >80 years/old  Age in years 

 Altered mental status  60 

 History of cancer  30 

 SBP <100 mmHg  30 

 heart rate ≥110 bpm  20 

 Respiratory rate ≥30 mmHg  20 

 Temperature <36 °C  20 

 PaO 2  <90 %  20 

 Male sex  10 

 History of heart failure  10 

 History of chronic lung disease  10 

 Class 1 ≤65 points 

 Class 2 66–85 points 

 Class 3 86–105 points 

 Class 4 106–125 points 

 Class 5 >125 points 

 Dichotomized scoring 

 Class 1 and 2: low risk 

 Class 3–5: high risk 
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choice of drug, and length of therapy. Drugs cur-
rently approved by the FDA for the treatment of 
PE include unfractionated heparin, enoxaparin, 
dalteparin, fondaparinux, warfarin, and rivaroxa-
ban (Table  16.4 ) [ 11 ].

   Generally, prior to the availability of the novel 
oral anticoagulants (factor Xa inhibitors and 
thrombin inhibitors), the standard approach was 
to treat patients with PE with unfractionated hepa-
rin, enoxaparin, dalteparin, or fondaparinux fol-
lowed by transition to a vitamin K antagonist with 
a target international normalized ratio (INR) of 
2.0–3.0. For example, in a hypothetical patient 
with a history 2 weeks prior to a deep intracere-
bral hemorrhage due to hypertension presenting 
with a PE, anticoagulation with an intravenous 
unfractionated heparin drip as a bridge to warfarin 
is a reasonable treatment strategy given the short 
half-life of unfractionated heparin, as well as the 
complete reversibility of  unfractionated heparin   
(with protamine) and warfarin (with vitamin K, 
prothrombin complex concentrates, or plasma) if 
the patient were to have recurrent bleeding despite 
adequate blood pressure control. Since two novel 
oral anticoagulant drugs, dabigatran etexilate and 
rivaroxaban, have been studied in the context of 

DVT and PE, and rivaroxaban is approved for use 
in this setting, a new therapeutic strategy for VTE 
has become available. Despite the ease of use of 
these drugs (unadjusted oral dosing, no routine 
laboratory monitoring, generally low hemorrhage 
risk in clinical studies), the lack of specifi c robust 
reversal strategies until recently limited their use 
in neurosurgical patients with DVT or PE in the 
acute postoperative or post-hemorrhage period. In 
October 2015, the FDA approved idarucizumab, a 
specifi c reversal agent for dabigatran etexilate. 
Future development of reversal strategies for the 
other novel agents may increase their utilization 
in patients at risk for hemorrhage, including 
 neurosurgical patients. 

 Specifi c drugs may be preferred or avoided 
in certain conditions, for example, in patients 
with heparin-induced thrombocytopenia, heparins 
should be avoided; in patients with renal failure, 
low molecular weight heparins may accumulate; 
in patients with malignancy, heparins are pre-
ferred; and in pregnant patients, warfarin is contra-
indicated [ 10 ]. In neurosurgical patients at risk for 
bleeding in the setting of systemic anticoagulation, 
the treatment strategy and choice of drug should 
depend in part on the availability and effectiveness 
of agents for  anticoagulant   effect reversal. 

 Acutely, the goal of anticoagulation is active 
treatment, i.e., prevention of extension of the 
existing thrombus and embolization. Studies 
investigating different durations of treatment 
found that, in general, increased VTE recurrence 
was observed when anticoagulation was discon-
tinued prior to 3 months, suggesting that 3 months 
is required to stabilize the thrombus [ 29 ]. There 
may be patients in whom a longer duration of 
treatment may appear reasonable, e.g., those with 
a large, proximal thrombus and a PE, but studies 
have not provided evidence that this is the case. 
Although some patients with small, distal thrombi 
which were provoked by a transient event such as 
surgery may not require the full 3-month treat-
ment duration, it is reasonable to use 3 months as 
a guide given the uncertainty of the effects of 
shorter treatment durations. In summary, antico-
agulation should be continued for 3 months after 
the index VTE, at which time determination of 
stopping therapy versus continuing indefi nitely 
should be made [ 29 ]. 

   Table 16.4    Drugs approved by the FDA for anticoagula-
tion in VTE [ 11 ]   

 Drug Name  Dose  Monitoring 

 Unfractionated 
heparin 

 IV 80 U/kg 
bolus a , then gtt 

 aPTT; goal 
1.5–2.5 

 Enoxaparin  SQ 1 mg/kg 
q12h or 1.5 mg/
kg q24h 

 Dalteparin  SQ 200 U/kg 
q24h 

 Fondaparinux  SQ, adjusted by 
weight 

 Rivaroxaban  Oral 15 mg 
q12h for 21 
days followed 
by 20 mg q24h 

 Warfarin  Oral, titrated to 
INR 

 INR; goal 
2.0–3.0 

   FDA  Federal Drug Administration,  IV  intravenous,  U  
units,  gtt  IV drip,  aPTT  activated partial thromboplastin 
time,  SQ  subcutaneous,  INR  international normalized ratio 
  a If intravenous unfractionated heparin is used in neurosur-
gical patients at a moderate risk for hemorrhage, the bolus 
dose may be avoided and slower anticoagulation com-
menced with the drip  
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 After 3 months, the goal of anticoagulation 
changes from active treatment to prevention of 
subsequent new episodes of VTE. Decision- 
making centers on determination of the risk of 
new VTE versus the risk of hemorrhage: in 
patients with low risk of new VTE, anticoagula-
tion should be stopped at 3 months, and in those 
at high risk, it should be continued indefi nitely 
unless the risk of hemorrhage is higher [ 29 ]. The 
risk of recurrence of VTE depends on the factors 
that provoked the fi rst episode. Transient, revers-
ible factors such as surgery are associated with a 
1 % VTE risk, whereas  persistent   factors such as 
active cancer may be associated with a rate as 
high as 20 %, within the year of anticoagulation 
discontinuation [ 29 ]. 

 If the fi rst VTE episode was unprovoked, 
D-dimer levels obtained 1 month after cessation 
of anticoagulation may aid in decision-making. 
Although the following results require confi rma-
tion, one study found that a woman with a nega-
tive D-dimer has a 5 % chance of VTE in the fi rst 
year; a woman with a positive D-dimer, 10 %; a 
man with a negative D-dimer, 8 %; and a  man   
with a positive D-dimer, 16 % [ 29 ]. Aspirin 
started after cessation of anticoagulation further 
decreases the risk of VTE recurrence in patients 
at low risk of recurrence [ 29 ].   

    Complications of VTE 

     Post-Thrombotic Syndrome   

  Post-thrombotic syndrome (PTS)   typically 
affects the lower extremity and consists of edema, 
pigmentation, and ulceration [ 7 ]. While the syn-
drome is common—some state that it develops in 
up to half of patients with properly treated 
DVT—it is usually mild. Approximately 5–10 % 
of patients develop severe manifestations (ulcer-
ation) by 6 years after DVT [ 30 ]. 

 Pathophysiologically, PTS is due to conse-
quences of infl ammatory damage to venous 
valves resulting in valvular refl ux and, in combi-
nation with thrombus-related obstruction, venous 
hypertension [ 30 ]. A meta-analysis and a 
Cochrane review suggested that the use of elastic 

compression stockings (ECS) for up to 2 years 
after a proximal DVT may be effective  at   pre-
venting the development of PTS [ 30 ]. Several 
other treatment modalities (surgical and proce-
dural) are currently being investigated, but no 
fi rm recommendations can be made at this time.  

    Chronic Thromboembolic Pulmonary 
 Hypertension      

 CTEPH develops in up to 4 % of patients with PE 
and is characterized by mean pulmonary artery 
pressure >25 mmHg 6 months after PE diagnosis. 
The main debilitating symptom is dyspnea which 
may occur at rest as well as with exertion. CTEPH 
is a risk factor for right heart failure and sudden 
death and, therefore, accounts for a percentage of 
PE-related mortality [ 7 ]. 

 The main screening test for CTEPH is the  ven-
tilation-perfusion (VQ) scan  , as, in contradistinc-
tion to the acute setting, CTPA is less sensitive 
than the VQ scan for chronic disease: VQ 96 % 
and CTPA 51 % [ 31 ]. In cases of suspected 
CTEPH based on screening, right-heart catheter-
ization and conventional pulmonary angiography 
are necessary to properly assess risk/benefi t of pul-
monary endarterectomy, which is the recom-
mended treatment for CTEPH [ 31 ]. Alternatives 
for CTEPH treatment including percutaneous 
approaches are currently being investigated, and 
no fi rm recommendations can be made at this time. 

 Patients who are not candidates for surgery, or 
patients in whom surgery did not eliminate pul-
monary hypertension, may be candidates for 
 medical   therapy. Riociguat, a soluble guanylate 
cyclase stimulator, has been approved by the 
FDA for the treatment of pulmonary arterial 
hypertension and CTEPH specifi cally [ 32 ]. 
Additionally, lung transplantation may be an 
option  in   selected patients [ 31 ].   

    Summary 

 Neurosurgical patients are frequently at risk for 
VTE due to malignancy, immobility, and the post-
surgical state. Testing for PE should be performed 
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based on the assessment of clinical probability of 
PE. Treatment options include systemic antico-
agulation, thrombolysis, and/or thromboembolec-
tomy with selection of specifi c treatments based 
on clinical severity. PTS and CTEPH are two 
potentially serious complications of VTE.     
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      Abbreviations 

   VKAs    Vitamin K antagonists   
  INR    International normalized ratio   
  PCC    Prothrombin complex concentrates   
  aPCC     Activated prothrombin complex 

concentrate   
  FFP    Fresh frozen plasma   
  ICH    Intracerebral hemorrhage   
  uFH    Unfractionated heparin   
  LMWH    Low molecular weight heparin   
  aPTT    Activated partial thromboplastin time   
  TT    Thrombin time   
  CEA    Carotid endarterectomy   
  TSOACs    Target-specifi c oral anticoagulants   
  rFVIIa    Recombinant activated factor VII   

     Expeditious and safe reversal of anticoagulation 
is a primary tenet in the effective management of 
anticoagulated patients with bleeding of the cen-
tral nervous system or the need for emergency 
neurosurgical intervention. Classically, the iatro-
genic anticoagulant effect was induced by either 
warfarin or heparin and most practicing neuro-
surgeons possessed a commensurate armamen-
tarium of effective strategies for reversal of these 
anticoagulants for nearly all clinical scenarios. 

 The recent introduction of target-specifi c oral 
anticoagulants ( TSOACs  ) has ushered in a new era 
of anticoagulation. The growth in popularity of 
these novel TSOACs has greatly outpaced the rate 
of investigation into the reversal of their anticoag-
ulant effect. This concerning discord is well recog-
nized and is an area of active research. However, 
the neurosurgeon practicing in this continuously 
developing fi eld is faced with a perpetual infl ux of 
data pertaining to the reversal of the new agents in 
addition to updated and optimized strategies for 
reversal of classic  anticoagulants. A sound under-
standing of all classes of drugs and blood products 
that are currently available for acute reversal of the 
anticoagulant effect is needed to navigate this 
ever-changing landscape. 

 The aim of this chapter is to provide a frame-
work to facilitate clinical decision-making when 
cessation of  bleeding   and reversal of anticoagula-
tion is of paramount importance for preservation 
of life. Each reversal option will be reviewed in a 
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structured manner including mechanism of action, 
onset and duration of action, means of administra-
tion, potential adverse effects, and the evidence 
for effi cacy in reversal of specifi c anticoagulants. 
Furthermore, we will describe the novel agents 
that have reached the early stages of clinical study 
that hold promise for effective reversal of the new 
TSOACs. This chapter is not meant to represent 
a comprehensive compilation of all available 
evidence for anticoagulant reversal. Instead the 
key features and considerations have been high-
lighted and will serve to facilitate communica-
tion with other specialists and appraisal of 
forthcoming evidence in this ever- changing 
landscape. 

    Vitamin K 

 Vitamin K is a  fat soluble vitamin  , necessary for 
the hepatic synthesis of clotting factors II, VII, IX, 
X, and proteins C and S which are essential com-
ponents of normal hemostasis. Vitamin K antago-
nists (VKAs), most notably Warfarin, are the most 
common form of anticoagulant therapy and act by 
inhibiting the generation of vitamin K in the liver 
and thus, vitamin K is a fi rst-line therapy for rever-
sal of VKA-induced anticoagulation. 

     Mechanism   of Action 

 Vitamin K is converted to its reduced (active) form 
by vitamin K reductase in the liver. Reduced vita-
min K is a co-factor in the carboxylation reaction 
that activates the precursors of vitamin K-dependent 
clotting factors. During this reaction, reduced vita-
min K is converted to vitamin K epoxide which 
must be recycled back to vitamin K through the 
action of vitamin K epoxide reductase [ 1 ]. By 
inhibiting vitamin K epoxide reductase, VKAs 
effectively prevent the regeneration of vitamin K 
and decrease the levels of activated clotting factors 
in the blood. Administration of exogenous  vitamin 
K    provides an alternative substrate for the carbox-
ylation reaction needed to activate vitamin 
K-dependent clotting factors (Fig.  17.1 ).

       Onset and Duration of Action 

 The action of vitamin K on reversal of anticoagu-
lation is delayed by the requirement of  de novo 
synthesis   of clotting factors by the liver. While a 
decrease in INR may be seen 4 h after IV vitamin 
K administration, this is largely due to an early 
elevation in factor VII that precedes the rise in 
factor II necessary for normal hemostasis [ 2 ,  3 ]. 
Thus full therapeutic effect is generally not 
reached until 12 h after IV or 24 h after oral 
administration [ 4 ]. Consequently, in the acute 
setting where rapid anticoagulant reversal is 
required, vitamin K should always be supple-
mented with vitamin K-dependent coagulation 
factors in the form of blood products like PCC or 
FFP [ 4 ].  

    Administration 

 Vitamin K can be administered orally, intrave-
nously, subcutaneously, or intramuscularly. 
Subcutaneous and intramuscular  administrations   
should be avoided because of delayed onset of 
action and unreliable absorption. The reliable 
delivery and rapid onset of action afforded by IV 
administration make it the route of choice in the 
setting of a life-threatening bleed. Despite the 
advantage of rapid normalization of INR with IV 
vitamin K, similar degrees of INR correction 
have been noted at 24 h when IV and oral admin-
istration are compared [ 3 ]. This makes oral 
administration an appropriate choice for situa-
tions where semi-urgent surgery is required or for 
asymptomatic patients with a supratherapeutic 
INR. 

     Dosing   
 In the setting of life-threatening bleeding or the 
need for emergency neurosurgical intervention 
doses of 5–10 mg are generally recommended at 
an intravenous infusion rate of 0.5–1.0 mg/min 
[ 5 – 7 ]. In patients requiring urgent reversal in 
 the   absence of major bleeding, as in cases of 
urgent surgery or severely elevated INR, high-dose 
oral vitamin K (5–10 mg) may replace the IV 
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route [ 7 ,  8 ]. Low-dose oral vitamin K (1–2.5 mg) is 
reserved for nonurgent situations of an elevated 
INR in asymptomatic patients.   

    Potential Adverse Events 

 IV administration has been associated with rare 
but severe anaphylactic reactions (3 out of 10,000 
doses) [ 9 ], and for this reason, the IV route should 
be reserved for life-threatening situations [ 6 ,  7 ]. 
This reaction is thought to be due to the presence 
of polyethoxylated castor oil in older formula-
tions of vitamin K. Since most new formulations 
do not contain this agent, the risk of developing a 
severe reaction is likely much lower than previ-
ous estimates. Vitamin K administration may 
lead to  thromboembolic complications  , espe-
cially in patients with mechanical heart valves or 
a recent history of thrombosis, but the rate of 
such events is low [ 10 ,  11 ]. In most acute set-
tings, the benefi ts of reversing the anticoagulant 
effect to halt life-threatening bleeding or allow 

urgent surgery outweigh the potential thrombo-
embolic risks.  

    Considerations for Specifi c 
Anticoagulant Reversal 

 Vitamin K is a mainstay of therapy for reversal of 
VKAs. It is not indicated for the acute reversal of 
any other anticoagulant agent. 

    Vitamin K  Antagonists   
 Life-threatening bleeding associated with VKAs 
should be managed with intravenous vitamin K 
in combination with coagulation factor replace-
ment [ 6 ,  7 ]. The primary role for vitamin K in the 
setting of acute VKA reversal is maintenance of 
anticoagulant reversal as the effect of coagulation 
factors weans. In a study of patients with intrace-
rebral hemorrhage, PCC administered without 
vitamin K led to signifi cant rebound increases in 
INR after 12–24 h and was associated with hema-
toma enlargement, while patients receiving PCC 

Vitamin K-Dependent
Clotting Factor Zymogens

(II, VII, IX, X)

Active Vitamin K-Dependent
Clotting Factors

(IIa, VIIa, IXa, Xa)

Carboxylation Reaction

Vitamin K
Reductase

Vitamin K Epoxide
Reductase

Vitamin K
Epoxide

VKAs

Reduced
Vitamin K

Vitamin K1

Exogenous
Vitamin K

FFP, PCC, rFVIIa

  Fig. 17.1    Reversal of  anticoagulant effects   of vitamin K 
antagonists by administration of exogenous vitamin K and 
vitamin K-dependent factor replacement (FFP, PCC, 
rFVIIa). VKAs inhibit vitamin K epoxide reductase and 
thus reduced vitamin K is unavailable for the carboxyl-
ation reaction that activates vitamin K-dependent clotting 
factors. Exogenous administration of vitamin K bypasses 

the blockage at vitamin K epoxide reductase and allows 
for the carboxylation reaction to proceed. Administration 
of FFP, PCC or rFVIIa provides a direct source of acti-
vated vitamin K-dependent clotting factors and bypasses 
the need for de novo synthesis.  FFP  fresh frozen plasma, 
 PCC  prothrombin complex concentrate,  rFVIIa  recombi-
nant activated factor VII, VKA vitamin K antagonist        
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supplemented with vitamin K sustained  INR 
  normalization past 24 h [ 12 ]. The importance of 
combining vitamin K with a fast-acting coagula-
tion factor replacement is underscored by fi nd-
ings from a retrospective study comparing the 
effi cacy of different anticoagulant reversal regi-
mens in patients experiencing VKA-associated 
ICH. Huttner et al. found that patients receiving 
vitamin K monotherapy required more than 
12 h to achieve suffi cient INR reduction and 
experienced a signifi cantly higher frequency of 
hematoma growth compared to those receiving 
PCC (either alone, or supplemented with FFP or 
vitamin K) [ 13 ].    

    Plasma and Prothrombin Complex 
Concentrates 

 Fresh frozen plasma (FFP), prothrombin com-
plex concentrates ( PCC),   and activated prothrom-
bin complex concentrate (aPCC) are all sources 

of vitamin K-dependent clotting factors that can 
be used for reversal of the anticoagulant effect for 
patients taking oral anticoagulants. FFP is inex-
pensive and readily available at most centers; 
however a substantial body of evidence has 
emerged to support the use of PCC over FFP if 
available and evidence is mounting that aPCCs 
may have a role in the reversal of TSOACs. 

     Mechanism   of Action 

 FFP is plasma that has been isolated from a unit 
of whole blood or collected directly by apheresis 
and frozen below −18 °C within 8 h of collection. 
It contains all clotting factors in addition to 
fi brinogen, proteins C and S, and antithrombin in 
nonconcentrated form [ 14 ]. Often FFP is used 
interchangeably with plasma that was isolated 
and frozen between 8 and 24 h and plasma that 
has been thawed and stored at refrigerator tem-
peratures for up to 5 days. All of these products 
are considered to have equivalent clinical effi -
cacy for anticoagulant reversal. 

 PCCs contain a mixture of vitamin 
K-dependent clotting factors derived from pooled 
plasma by ion-exchange chromatography and 
cryoprecipitation [ 15 ]. These products fall into 
one of three categories (Table  17.1 ); three factor 
PCC (3PCC), four factor PCC (4PCC), and acti-
vated PCC (aPCC). 3PCCs contain signifi cant 
concentrations of inactive factors II, IX, and X, 
while 4PCCs contain these inactivate factors in 
addition to inactive factor VII. aPCC differs  from 
  4PCC by inclusion of activated factor VII. All of 

   Table 17.1    Prothrombin complex concentrates by coag-
ulation factor composition   

 Coagulation factors 

 II  VII  VIIa  IX  X 

 FFP a   ✓  ✓  ✓  ✓ 

 3 Factor PCC  ✓  ✓  ✓ 

 4 Factor PCC  ✓  ✓  ✓  ✓ 

 Activated PCC  ✓  ✓  ✓  ✓ 

   FFP  fresh frozen plasma,  PCC  prothrombin complex 
concentrate 
  a FFP contains all vitamin K-dependent clotting factors 
only at concentrations that are approximately 25 times 
less than PCCs  

 Box 17.1: Pearls and Pitfalls of Vitamin K for 

Anticoagulant Reversal 

   Pearls 
•   Vitamin K should be administered via 

the intravenous route when emergency 
anticoagulant reversal is needed.  

•   At high INRs, small changes in clotting 
factors produce relatively larger 
decreases in INR while relatively larger 
doses are required to achieve incremental 
decreases in INR once less than 2.   

  Pitfalls 
•   While vitamin K is available as oral, 

intravenous, intramuscular, and subcu-
taneous formulations, the latter two 
routes should be avoided due to unreli-
able absorption.  

•   Vitamin K has a delayed onset of action 
and therefore must be used in combina-
tion with faster acting agents for emer-
gency reversal of the anticoagulant 
effect of VKAs.    
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these act to rapidly replace factors that are defi cient 
secondary to impaired production blocked by 
VKAs or rendered inactive by TSOCAs.

       Onset and Duration of Action 

 Although FFP provides an immediate source of 
 clotting factors  , it requires a signifi cantly longer 
time to correct INR compared to PCC/aPCCs due 
to the lower concentration of  clotting factors   and 
the time needed to safely transfuse larger volumes 
[ 16 ,  17 ]. While most studies report a mean time to 

INR reversal with FFP between 2 and 12 h [ 18 –
 21 ], complete correction can take upwards of 24 h 
due to the extended time needed for administra-
tion [ 22 ,  23 ]. A recent randomized, phase IIIb 
comparison of 4PCC to FFP enrolling 202 patients 
found that patients in the 4PCC group achieved 
INR correction more rapidly than those in the 
plasma group [ 24 ]. One hour after the start of 
infusion, 68 patients (69 %) in the 4PCC group 
had an INR ≤ 1.3 while none in the plasma group 
reached this target. The median INR remained 
signifi cantly lower in the 4PCC group until 12 h 
after the start of infusion (Fig.  17.2a ). At the 24 h 
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  Fig. 17.2    Comparison of time to target INR with 4PCC 
vs. FFP administration. Results of a multicenter, prospec-
tive, randomized trial for reversal of the anticoagulant 
effect in patients receiving VKA therapy with an elevated 
INR (≥2.0 within 3 h before study treatment). ( a ) 
Comparison of median INR by time point. ( b ) Time to 
reach target INR (≤1.3). Patients in the 4PCC group 
reached target INR more rapidly than those in the plasma 

group and the trend continued out to 24 h and the median 
INR was signifi cantly lower in the 4PCC group until 12 h 
after the start of treatment. Figure adapted from Sarode 
et al. Circulation. 2013 Sep 10;128(11):1234–43.  INR  
international normalized ratio,  4F-PCC  4 factor pro-
thrombin complex concentrate,  IQR  interquartile range, 
 VKA  vitamin K antagonist       
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time mark, 88 % of patients receiving 4PCC had 
reached an INR ≤ 1.3 compared with only 58 % of 
patients receiving FFP (Fig.  17.2b ).

        Administration   

 Several administration-related factors make PCC 
advantageous to FFP (Table  17.2 ). The concen-
tration of clotting factors in PCC is approxi-
mately 25 times higher than FFP and thus a much 
smaller volume is required and can be given over 
a much shorter time period. No blood type match-
ing is required, as it is for FFP because of the 
presence of isohemagglutinins.    PCC can be 
reconstituted from its lyophilized storage powder 
in minutes while FFP can take up to 30–45 min 
for thawing.

       Dosing   of FFP 
 While the optimal dose of FFP depends on the 
degree of INR elevation, a volume of 15 mL/kg 
(which equates to a total transfusion volume of 
approximately 1050 mL for an average 70 kg 
patient) is commonly administered [ 25 ,  26 ]. 
Standard units of FFP have a volume of 200–250 cc. 
Larger volumes may be necessary to  correct 
severely elevated INR and dosing should be 
based upon repeat measurement of INR after 
administration of an initial dose. The optimal 
infusion rate will be dictated by the patient’s abil-
ity to tolerate the additional volume and a range 
of 1–3 ml/kg/h is often used.  

     Dosing   of PCC 
 The concentration of PCC/aPCCs is standardized 
by the concentration of factor IX, and the recom-
mendations for dosing are based upon the quantity 

of factor IX administered. Numerous regimes 
have been reported and these vary from institu-
tion to institution. Most recommendations fall 
within 25–50 IU/kg and are often based upon ini-
tial INR but others rely on differences between 
target and current serum factor levels (Table  17.3 ). 
It is reasonable to expect a 1 % increase in factor 
XI for each 1 IU/kg infusion. An upper limit for 
the rate of infusion has yet to be established and 
a rate of up to 210 IU/min was well tolerated in 
healthy volunteers [ 29 ].

        Potential  Adverse Events   

 As with all blood products, the administration of 
FFP and PCC/aPCC carries a small risk of trans-
mitting blood-borne viral infection. Furthermore, 
the presence of anti-leukocyte antibodies in FFP 
can cause immune-mediated transfusion-related 
acute lung injury [ 26 ,  30 ]. FFP must be trans-
fused intravenously at a slow infusion rate in 
order to reduce the risk of transfusion-associated 
circulatory overload [ 30 ]. The risk of thrombotic 
complications for administration  of   PCCs is 
concerning, but the overall rate has been observed 
to be low [ 31 ].  

    Considerations for Specifi c 
Anticoagulant Reversal 

 Traditionally, FFP in combination with vitamin K 
was considered the standard of care for rapid VKA 
reversal in the setting of life-threatening bleeding; 
however the evidence now favoring PCC has 
mounted to such an extent that it has become the 

   Table 17.3    PCC dosing options for reversal of  warfarin 
anticoagulation     

 INR-based dosing [ 27 ]  Factor IX-based dosing [ 28 ] 

 Initial 
INR 

 Dose to 
attain target 
INR < 1.3 
(IU/kg) 

 Initial 
factor 
IX level a  

 Dose to attain 
target factor IX 
level of 50 % 
(IU/kg) 

 2.0–3.9  25  10 % (INR 2–3)  40 

 4.0–6.0  35  5 % (INR 3–4)  45 

 >6.0  50     1 % (INR > 4)  49 

   INR  international normalized ratio,  IU  international units 
  a Factor levels are based upon initial INR  

   Table 17.2    Considerations for administration of  FFP   vs. 
PCC   

 PCC  FFP 

 Route of administration  Intravenous  Intravenous 

 Blood type matching required     No  Yes 

 Preparation time  <10 min  30–45 min 

 Infection risk  Yes  Yes 

 Infusion volume  0.2 L  1–3 L 

   FFP  fresh frozen plasma,  PCC  prothrombin complex 
concentrate  
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new standard for acute reversal of VKAs, and FFP 
should be used only when PCC is unavailable [ 6 , 
 7 ,  26 ]. Furthermore, evidence is now emerging to 
suggest that PCC/aPCCs may have a role in the 
reversal of target-specifi c oral anticoagulants. 

    Vitamin K  Agonist Reversal   
 Among patients with VKA-induced ICH, FFP 
has consistently been shown to require signifi -
cantly longer times to correct INR compared to 
PCC [ 18 ,  21 ,  22 ], and in many cases failed to 
achieve complete reversal [ 17 ,  18 ,  32 ]. The pro-
longed time to reversal has also been associated 
with signifi cantly poorer bleeding control and 
higher rates of hematoma growth [ 13 ,  21 ,  23 ]. 
Recent evidence has also emerged linking FFP 
to worse long-term clinical outcomes. Among 
patients with ICH requiring VKA reversal, the 
use of FFP was associated with a greater risk of 
continued hemorrhage and a 3-month increased 
risk of severe disability and death compared to 
PCC [ 33 ]. The protracted time necessary to cor-
rect INR using FFP can signifi cantly delay surgi-
cal intervention and worsen clinical outcome. 
Yanamandala et al. found that among patients 
requiring urgent VKA reversal prior to emer-
gency neurosurgery, the average time from 
patient presentation to operation was signifi -
cantly longer among patients receiving FFP 
compared to PCC (307 min versus 159 min, 
 P  < 0.05) [ 19 ]. 

 Concern has been expressed that 3PCCs may 
be suboptimal to 4PCCs because of the lack of 
Factor VII. Some have suggested co- administration 
of FFP or rFVIIa with 3PCC to provide a source 
of exogenous factor VII [ 34 ]. The evidence 
remains controversial and many believe that 
3PCC and 4PCCs are equivalent when INR is 
less than 4.5 (which refl ects an intrinsic concen-
tration of factor VII that is less than 15 %), and it 
may only be once INR is greater than this mark 
that additional factor VII is needed [ 35 ]. 
However, in 2013 the FDA approved Kcentra 
(CSL Behring, King of Prussia, PA), the fi rst 
4PCC for use in the United States, for urgent 
reversal of anticoagulation in adults with major 
bleeding. In the face of controversial evidence 

we support the use of 4PCCs over 3PCCs, if 
available, for acute reversal of the anticoagulant 
effect of VKAs.  

    Direct  Thrombin Inhibitors   
 Animal experimental models have demonstrated 
promising fi ndings for the role of FFP and PCC 
in the management of life-threatening bleeding 
from the anticoagulant effect of direct thrombin 
inhibitors. Excess intracerebral hematoma expan-
sion was found to be prevented in a mouse model 
on high-dose dabigatran with treatment with 
PCC and FFP (albeit less consistently) compared 
with saline [ 36 ]. Bleeding induced by high doses 
of dabigatran has been shown to be signifi cantly 
reduced in a rat tail bleeding model by the admin-
istration of PCC [ 37 ]. 

 Results from a study of administration of 4PCC 
to healthy volunteers demonstrated no infl uence 
on the anticoagulant action of dabigatran [ 38 ]; 
however an ex vivo study of aPCC on healthy 
patients taking dabigatran showed encouraging 
effect on the reversal of impaired thrombin genera-
tion [ 39 ,  40 ]. A recently published case series of 
three patients with life- threatening intracranial 
bleeds demonstrated potential for the reversal of 
the anticoagulant effect of dabigatran with the use 
of aPCC [ 41 ]. Without data from well-designed 
trials providing evidence for clinical effi cacy in 
humans we favor aPCC administration over PCC 
if available for reversal of dabigatran.  

     Factor Xa Inhibitors      
 PCC has been demonstrated to prevent expansion 
of intracerebral hematoma in a mouse model 
treated with rivaroxaban, and normalization of 
laboratory coagulation parameters has been 
shown for rabbits treated with apixaban and then 
given PCC [ 42 ,  43 ]. In a study of healthy subjects 
taking rivaroxaban, normalization of a prolonged 
PT was attained at a dose of 50 IU/kg [ 38 ]. As 
with direct thrombin inhibitors, PCC remains an 
option for reversal of anticoagulation for patients 
who are taking factor Xa inhibitors and present 
with life-threatening neurosurgical conditions, 
but further data from trials evaluating clinical 
effi cacy in humans is desperately needed.    
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    Recombinant Factor VIIa 

 Recombinant factor VIIa (rFVIIa) is a  vitamin 
K-dependent glycoprotein   consisting of 406 amino 
acid residues that is structurally similar to human-
derived factor VII and approved by the FDA in the 
United States for the treatment of hemophilia A and 
B and for the treatment of congenital factor VII defi -
ciency. It is used off-label to treat severe life-threat-
ening bleeding as a reserve strategy when other 
conventional therapy is ineffective. 

     Mechanism   of Action 

 The administration of rFVIIa enhances thrombin 
generation; however the exact mechanism remains 
to be elucidated. It likely mediates thrombin for-
mation via a complex of factor VIIa and tissue 
factor on the surface of tissue factor bearing cells, 
and once tissue factor has been consumed medi-
ates formation on the surface of activated platelets 

leading to accelerated fi brin clot formation local-
ized to the site of vascular injury [ 44 ].  

    Onset and Duration of Action 

 The true onset of action of rFVIIa remains 
unknown because presently there is no laboratory 
test available that correlates with the  clinical 
 effi cacy   of rFVIIa. Administration of rFVIIa to 
healthy patients taking a VKA normalized the 
INR in less than 1 h; however concerns have been 
expressed that an INR that has been normalized 
by rFVIIa may not represent successful reversal 
of anticoagulation [ 45 ,  46 ]. There is little data to 
guide the duration of therapy and in general the 
dosing can be stopped when the practitioner can 
be assured that bleeding has ceased.  

     Administration   

 rFVIIa is administered intravenously and shares 
the comparative advantages of PCC versus 
FFP. There is no need for blood type matching 
and preparation time is negligible. The primary 
disadvantage of rFVIIa is cost. Pricing for 
NovoSeven RT (Novo Nordisk, Inc., Princeton, NJ) 
is $2.20 USD per μg. The smallest vial available 
is 1 mg, at a cost of $2200. 

    Dosing 
 There is currently no optimal dosing established 
for anticoagulant reversal by rFVIIa. Ranges vary 
widely from one institution to another. The dosing 
in initial studies was  in   keeping with ranges rec-
ommended for treatment of hemophilia (90 μg/
kg). However, subsequent studies demonstrated 
that effective reversal can be accomplished with 
notably lesser doses. Many case series have 
reported successful normalization of INR using 
much smaller non-weight-based single doses of 
1200–1400 μg [ 47 ,  48 ].   

    Potential  Adverse Events   

 A substantial amount of concern has been 
expressed regarding the potential for administra-
tion of rFVIIa to incite thromboembolic events. 

 Box 17.2: Pearls and Pitfalls of Plasma and 

Prothrombin Complex Concentrates for 

Anticoagulant Reversal 

   Pearls 
•   If FFP is administered for anticoagulant 

reversal, careful clinical monitoring for 
evidence of fl uid overload is critical as 
doses may exceed 2 l depending on the 
clinical scenario.  

•   The evidence is limited for reversal of 
direct thrombin inhibitors but the authors 
favor aPCC over PCC or FFP if cessation 
of life-threatening bleeding is needed.   

  Pitfalls 
•   When emergency reversal of anticoagu-

lation induced by a VKA is needed, FFP 
should only be used when PCC is 
unavailable and the authors prefer 4PCCs 
rather than 3PCCs if both are available.  

•   3PCC lacks factor VII and if ongoing 
bleeding is a concern, co-administration of 
FFP or rFVIIa may be necessary to pro-
vide adequate clotting factor replacement.    
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A meta-analysis of 4468 subjects from 35 random-
ized clinical trials using rFVIIa off-label to treat 
life-threatening bleeding found the rate of venous 
thromboembolic events was not signifi cantly 
different compared with placebo (5.3 % vs. 5.7 %) 
but the rate of arterial thromboembolic events was 
elevated signifi cantly for patients receiving rFVIIa 
(5.5 % vs. 3.2 %,  P  = 0.003) [ 49 ]. The volume of 
administration is negligible mitigating any of the 
risks of circulatory overload seen with FFP and 
there is no risk of transmission of blood-borne 
infection as there is with  FFP   and PCC.  

    Considerations for Specifi c 
Anticoagulant Reversal 

 With the exception of reversal of VKAs, the cur-
rent evidence for anticoagulant reversal with 
rFVIIa is limited to animal models, studies of 
coagulation parameters and thrombin generation 
assays based on administration to healthy volun-
teers, and case reports of administration in an 
attempt to halt life-threatening bleeding. 

    Vitamin K  Antagonists   
 The best evidence for off-label use of rFVIIa in 
anticoagulant reversal is in the setting of VKAs. 
In a small retrospective study, Nishijima et al. 
found that in patients taking warfarin who pre-
sented with traumatic intracranial hemorrhage 
the time to normalization of INR was signifi -
cantly less if 1.2 mg of rFVIIa was administered 
in addition to standard care [ 50 ]. Similar results 
were found in another retrospective trial where 
patients receiving co-administration of rFVIIa 
with conventional therapy required signifi cantly 
less FFP and attained target INR in a much 
shorter period of time [ 51 ]. However, it is critical 
to note that the effect of rFVIIa on INR values 
may be far greater than its actual effect on in vivo 
hemostasis and until further evidence of clinical 
effi cacy is available for its use in VKA reversal, 
many suggest avoiding routine administration for 
this indication [ 52 ].  

    Direct  Thrombin Inhibitors   
 rFVIIa was found to be ineffective in preventing 
excess intracerebral hematoma expansion caused 
by dabigatran in a murine model. Furthermore, 

rFVIIa failed to correct the endogenous thrombin 
potential of dabigatran in ex vivo plasma samples 
from healthy volunteers and affected thrombin 
generation indices to a lesser extent than PCC 
and aPCC [ 39 ,  53 ]. Further study is needed to 
delineate the role of rFVIIa in management of 
life-threatening bleeding in patients anticoagu-
lated with direct thrombin inhibitors but given 
the present literature it is likely that  stronger 
   consideration should be given to upfront manage-
ment with PCC or aPCC before rFVIIa.  

     Factor Xa Inhibitors   
 In vitro animal studies have demonstrated vari-
able effects of rFVIIa on coagulation parameters 
and thrombin generation indices. rFVIIa cor-
rected PT prolongation and reduced bleeding 
time in rats treated with rivaroxaban but only 
reduced PT prolongation and not bleeding time 
in rivaroxaban-treated primates [ 54 ]. An ex vivo 
human study demonstrated that rFVIIa added to 
plasma from healthy volunteers receiving rivar-
oxaban reversed prolonged PT, clotting time, and 
thrombin generation lag time to a greater extent 
than both PCC and aPCC [ 55 ].  

    Low Molecular Weight Heparin Reversal 
 The ineffectiveness of protamine sulfate for 
reversal of LMWH has driven a search for an 
alternative to mange bleeding in the setting of 
LMWH.    Recombinant factor VIIa has emerged 
as a potential option. Promise has been demon-
strated in animal model bleeding induced by 
LMWH [ 56 ]. Furthermore, clinical reports have 
documented safe and effective control of LMWH- 
associated clinically signifi cant bleeding with 
administration of rFVIIa at concentrations of 
20–120 μg/kg [ 57 ,  58 ].  

     Pentasaccharide Reversal   
 The lack of effi cacy of protamine sulfate to 
reverse the effects of pentasaccharide anticoagu-
lants has led to attempts at utilizing rFVIIa. 
Normalization of coagulation times and thrombin 
generation has been demonstrated in healthy vol-
unteers taking fondaparinux and then given a 
90 μg/kg dose of rFVIIa [ 59 ]. In the setting of 
life-threatening bleeding in a patient with penta-
saccharide anticoagulation, administration of 
rFVIIa is a reasonable consideration.    
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    Protamine Sulfate 

 Protamine sulfate is a small synthetic cationic poly-
peptide. It is the only agent currently approved for 
rapid reversal of heparin anticoagulation—both 
unfractionated heparin (uFH) and low molecular 
weight heparin (LMWH). 

     Mechanism   of Action 

 Binding of protamine sulfate to uFH forms an 
inactive salt complex that completely neutralizes 
both the antithrombin and anti-factor Xa 
 activities of uFH. While protamine sulfate also 
binds LMWH, it only partially neutralizes its 
anti- factor Xa activity. Although the exact 
mechanisms underlying this interaction are not 
well defi ned, the differential effect of protamine 
sulfate on these two agents is likely due to 
reduced sulfate charge density in LMWH com-
pared with uFH [ 60 ].  

    Onset and Duration of Action 

 Following IV administration of protamine sulfate, 
neutralization of heparin occurs within 5–10 min 
as indicated by a reversal of  activated partial 
thromboplastin time (aPTT)  , thrombin time (TT), 
and anti-factor Xa activity. Complete correction 
of aPTT and TT with protamine sulfate is seen in 
both  uFH and LMWH  . Anti-factor Xa activity, 
while completely reversed in uFH, is reduced by 
only 60 % in LMWH [ 60 – 62 ]. A “heparin 
rebound” phenomenon has been reported in 
patients receiving protamine sulfate for heparin 
reversal where a reappearance of coagulopathy 
occurs within hours of complete reversal. This has 
been postulated to occur due to sequestration of 
heparin by plasma  proteins which can lead to a 
delayed release of heparin following degradation 
of protamine  sulfate [ 63 ].  

    Administration 

 Protamine sulfate is administered intravenously 
at a maximum rate of 5 mg per minute. Rapid 
infusion can lead to histamine release resulting in 
hypotension  and   bronchoconstriction and should 
be avoided. 

    Dosing 
 For the reversal of uFH, a dosing regimen of 1 mg 
protamine sulfate per 100 U of uFH received in 
the last 2 h is recommended. To reverse LMWH, 
1 mg protamine sulfate should be administered 
for every 100 anti-Xa units given in the last 8 h. 
If bleeding continues, a subsequent dose of half 
 of   the original should be delivered [ 64 ]. Since 
protamine itself has anticoagulant properties, 
careful attention should be made not to exceed the 
recommended dose of 50 mg (Table  17.4 ).

        Potential  Adverse Events   

 Protamine sulfate may cause hypotension, brady-
cardia, and bronchoconstriction if administered 
too quickly. Because of its intrinsic anticoagulant 
activity, high doses can lead to increased bleeding 

 Box 17.3: Pearls and Pitfalls 

of Activated Recombinant Factor VII 

for Anticoagulant Reversal 

   Pearls 
•   rFVIIa should be considered as a reserve 

strategy for reversal of the anticoagu-
lant effect of LMWH in patients who have 
ongoing life-threatening bleeding despite 
administration of protamine sulfate.   

  Pitfalls 
•   There is currently no laboratory test that 

correlates with the clinical effi cacy of 
rFVIIa. An INR that has been normal-
ized by rFVIIa may not represent suc-
cessful reversal of anticoagulation and 
decision-making regarding further 
efforts at reversal of anticoagulation 
should be driven by clinical evidence of 
bleeding.  

•   rFVII may increase the risk of arterial 
thromboembolic events especially at 
high doses.    
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[ 65 ,  66 ]. Protamine sulfate may also cause an 
allergic response in individuals previously exposed 
to protamine although the risk is small [ 64 ,  67 ].  

    Considerations for Specifi c 
Anticoagulant Reversal 

 Protamine sulfate is currently the only agent rec-
ommended for urgent reversal of uFH and LMWH. 
Because protamine sulfate has been considered the 
standard of care for heparin reversal and due to the 
rare incidence and acute nature of heparin-induced 
bleeding events, evidence for anticoagulant rever-
sal with protamine sulfate is limited to experimen-
tal models, studies in nonurgent settings, and case 
reports of emergency reversal. 

    Unfractionated Heparin  Reversal   
 Protamine sulfate is the gold standard treatment 
for reversal of uFH as it provides complete cor-
rection of aPTT, TT, and anti-factor Xa activity 
[ 61 ,  62 ]. Since heparin is commonly administered 
in the setting of endovascular treatments to avoid 
thrombotic events, protamine sulfate should be 
administered if urgent heparin reversal is neces-
sary. This is especially indicated in the case of 
intraprocedural aneurysmal rupture [ 68 ]. There 
are confl icting reports, however, on the utility of 
protamine sulfate for heparin reversal in the 
absence of intraprocedural bleeding in the setting 
of  carotid endarterectomy (CEA)  , due to the 
potential risk of thrombosis [ 69 ]. Recently, a 
large retrospective study among 4587 CEAs 
(46 % used protamine, 54 % did not) found that 
protamine sulfate decreased the rate of reoperation 
for bleeding (0.64 % vs. 1.66 %,  P  = 0.001) and 

was not associated with an increased risk of myo-
cardial infarction, stroke, or death [ 70 ].  

    Low Molecular Weight Heparin Reversal 
 Although protamine sulfate is the sole agent 
approved for reversal of LMWH, it neutralizes 
approximately 60 % of the anti-factor Xa activity 
and therefore does not fully correct coagulopathy 
[ 60 ,  61 ]. Among the LMWHs, tinzaparin may 
achieve the most effective reversal with protamine 
sulfate compared with dalteparin and enoxaparin 
due to the presence of  more   sulfate charge densi-
ties (Fig.  17.3 ) [ 60 ]. However, protamine sulfate 
is an unreliable option when urgent correction is 
needed—among 12 patients with active bleeding 
who received protamine sulfate for urgent rever-
sal of enoxaparin or tinzaparin, only 8 achieved 
bleeding cessation [ 71 ]. Furthermore, a number 
of case reports demonstrate that protamine sulfate 
is ineffective in correcting enoxaparin-induced 
intracranial bleeding [ 72 ,  73 ].

        Pentasaccharide Reversal   
 Despite the structural similarities between the pen-
tasaccharide fondaparinux and uFH or LMWH, 
protamine sulfate does not bind to fondaparinux 
and has therefore shown no effect in its reversal. 
While there are experimental reports in animal 
models suggesting protamine sulfate may reduce 
bleeding induced by a synthetic anti-factor Xa pen-
tasaccharide, this was not associated with neutral-
ization of anti-factor Xa activity and there are no 
other reports demonstrating the utility of protamine 
sulfate for pentasaccharide reversal [ 74 ,  75 ].    

   Table 17.4    Protamine sulfate dosing for reversal of anti-
coagulation induced by  uFH   or LMWH   

 Agent  Protamine sulfate dose a  

 uFH  1 mg/100 U μFH received in the last 2 h 

 Enoxaparin  1 mg/1 mg enoxaparin received in last 8 h 

 Dalteparin  1 mg/100 U dalteparin received in last 8 h 

 Tinzaparin  1 mg/100 U tinzaparin received in last 8 h 

   uFH  unfractionated heparin,      LMWH  low molecular weight 
heparin 
  a Maximum total dose is 50 mg  

 Box 17.4: Pearls and Pitfalls of Protamine 

Sulfate for Anticoagulant Reversal 

   Pearls 
•   Ongoing clinical evidence of bleeding 

in the setting of prior administration of 
subcutaneous uFH or LMWH may 
require repeated dosing of protamine 
sulfate owed to the slow release of the 
subcutaneous formulation.  

continued
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    Novel Agents in Early Clinical Study 

 There is presently a compelling search ongoing 
of agents that may effectively act to reverse the 
anticoagulant effects of the novel TSOACs. 

Three of these have reached the early stages of 
clinical trials. None of these have demonstrated 
clinical effi cacy for cessation of the hemorrhage 
and only Idarucizumab has reached this stage of 
clinical effi cacy testing; nonetheless the early 
results of normalization of bleeding parameters 
in healthy volunteers are highly encouraging. 

    Andexanet alpha (PRT064445) 

 Andexanet alfa ( PRT064445  ; Portola Pharmac
euticals, San Francisco, USA) is a recombinant 
factor Xa derivative without catalytic activity 
but with retained binding affi nity, which allows 
it to act as a decoy for oral factor Xa inhibitors 
[ 76 ]. The results of a phase II study in healthy 
volunteers receiving rivaroxaban demonstrated 
decreased anti-Xa activity and reduced concen-
trations of free rivaroxaban compared to placebo 
[ 77 ]. Preliminary results of a phase III double-
blind, placebo-controlled study in older indi-
viduals taking apixaban demonstrated reversal 
of apixaban-induced anti-FXa activity and 
restoration of thrombin generation compared 
with  placebo [ 78 ].  

  Fig. 17.3    Percentage of anti-factor Xa activity neutral-
ized by protamine sulfate in various LMWHs. 
Neutralization of anti-factor Xa activity correlates with 
total sulfate content ( r  2  = 0.92). Tinzaparin appears to 
achieve the most effective reversal of commonly used 

LMWHs. Figure derived from the data of  Crowther  et al. 
Br J Haematol. 2002 Jan;116(1):178–86 [ 60 ].  LMWH  low 
molecular weight heparin,  SSLMWH  super sulfonated low 
molecular weight heparin       

  Box 17.4 (continued)

• Monitor closely for the clinical triad of 
hypotension, bradycardia, and broncho-
constriction suggestive of protamine- 
induced histamine release caused by a 
rapid infusion rate or an allergic reaction.   

  Pitfalls 
•   Protamine sulfate does not completely 

reverse the anticoagulant effects of 
LMWH or pentasaccharides.  

•   Overdosing of protamine sulfate can 
exacerbate bleeding and therefore care-
ful dosing is essential. This should be 
guided by ongoing clinical evidence of 
bleeding and coagulation studies.    
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   Table 17.5    Summary of  drug and blood product option  s for reversal of currently available anticoagulants   

 Anticoagulant  Target  Classes of drugs or blood products available for reversal 

 Vitamin K 
antagonists 

 Vitamin K 
epoxide reductase 

 Vitamin K 
 Must be coadministered with factor replacement (FFP, PCC) if emergency 
reversal required 

 PCC 
 Standard of care for emergency reversal 

 FFP 
 Only if PCC is unavailable 

 Unfractionated 
heparin 

 Antithrombin, 
factors Xa and IIa 

 Protamine sulfate 
    Standard of care for emergency reversal 

 Low molecular 
weight heparin 

 Predominantly 
factor Xa 

 Protamine sulfate 
 Only partially corrects anti-Xa activity 

 rFVIIa 
 Salvage strategy for ongoing bleeding despite protamine sulfate administration 

 Pentasaccharides  Predominantly 
factor Xa 

 rFVIIa 
 Normalization of clotting parameters in healthy volunteers 

 Direct thrombin 
inhibitors 

 Factor IIa  aPCC 
 Encouraging results from animal models and case reports 

 Factor Xa 
inhibitors 

 Factor Xa  PCC/aPCC 
 An option based on results from animal models and healthy volunteers 

 rFVIIa 
 Variable results in animal models but greater effect on clotting parameters 
in healthy volunteers than PCC/aPCC 

   FFP  fresh frozen plasma,  PCC  prothrombin complex concentrate,  aPCC  prothrombin complex concentrate with activated 
factor VII,  rFVIIa  recombinant activated factor VII  

    Aripazine (PER977) 

 Aripazine ( PER977  ; Perosphere, Bedford, 
New York, USA) is currently undergoing develop-
ment as a nonspecifi c agent for reversal of the anti-
coagulant effect of TSOACs. It is a small synthetic, 
water-soluble molecule that has been shown to 
bind through noncovalent hydrogen bonding and 
charge–charge interactions to oral factor Xa inhib-
itors and direct thrombin inhibitors. Aripazine 
demonstrated restoration of baseline hemostasis 
within 10–30 min after administration to healthy 
volunteers treated with edoxaban [ 79 ]. The  encour-
aging   results have led to further clinical investiga-
tion and a phase II study of aripazine in volunteers 
receiving edoxaban is underway.  

    Idarucizumab 

  Idarucizumab   (anti-Dabi-Fab; Boehringer 
Ingelheim, Biberach, Germany) is a monoclonal 
antibody with a high affi nity for dabigatran. This 
dabigatran antidote achieves a 350 times stronger 
affi nity for dabigatran than its affi nity for throm-
bin and has demonstrated rapid reversal of the 

anticoagulant activity of dabigatran in vivo in a rat 
model of anticoagulation [ 80 ]. In a phase I human 
clinical trial, idarucizumab reversed the anticoag-
ulant effect of dabigatran in healthy male volun-
teers [ 81 ]. A phase III clinical trial to assess the 
effi cacy of idarucizumab for reversal of the antico-
agulant effect of dabigatran in patients who have 
uncontrolled bleeding or require emergency sur-
gery is currently underway.   

    Summary 

 The ongoing infl ux of new anticoagulant agents 
into medical practice has led to an unprecedented 
level of complexity in the fi eld of antithrombotic 
therapy. Moreover, data continues to emerge 
regarding optimization of reversal of classic anti-
coagulants and promising options for reversal of 
the novel agents. This has led to ever-increasing 
challenges for those tasked with anticoagulant 
reversal as a means of preserving life and provid-
ing optimal outcomes. As such, it is imperative 
that the practicing neurosurgeon maintain a 
framework of the classes of drugs and blood 
products available for this purpose (Table  17.5 ). 
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The specifi cs will likely change quickly, but a solid 
conceptual foundation serves as a basis for effective 
incorporation of new evidence as it emerges.          
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      Rescue Strategies to Facilitate 
Emergency Neurosurgery 
in Patients on Antiplatelet 
or Anticoagulant Agents                     

     Erinç     Aktüre     ,     Andrew     Goodwin     , 
and     Bruce     Tranmer     

      The management of  neurosurgical emergencies   
in patients on antiplatelet agents or anticoagu-
lants poses a real challenge for the neurosurgeon. 
The  central nervous system   resides in a closed 
space with a fi xed volume encased by cranial and 
spinal bones. The equilibrium and relationship of 
the contents in this space—blood, CSF, and brain 
tissue—is explained by Monro-Kellie doctrine. 
Due to this fi ne balance as well as the delicacy of 
the  brain tissue   and its susceptibility to sustained 
increased intracranial pressures, a neurosur-
geon’s tolerance of poor hemostasis and bleeding 
is less than other disciplines in medicine. This 
poses a challenge in both managing these patients 
and applying the literature and data originating 
from other disciplines in medicine. 

 Current and  novel oral anticoagulant (NOAC) 
medications   and antiplatelet medication result in 
reduced hemostatic control in patients requiring a 
neurosurgical procedure. As the population ages, 
an increasing number of patients meet the require-
ments for some type of anticoagulation. Common 
indications for anticoagulation include  treatment   

of a thrombotic stroke, prevention of thrombus 
formation in the setting of cardiac arrhythmias 
and valvular disease, and management of hyper-
coagulable states. Also, the use of  antiplatelet 
medications   has signifi cantly increased, partly 
due to the use of cardiac, vascular, and cerebral 
stents. As these newer NOAC and antiplatelet 
medications emerge, proven reversal strategies to 
improve hemostasis are lacking, and thus, the 
concern for signifi cant morbidity and mortality 
has prompted many surgery centers to develop 
their own reversal strategies. 

 The need for rapid reversal of antiplatelet 
agents and anticoagulants is not an uncommon 
emergency for the neurosurgeon. With an intra-
cranial hemorrhage that is expanding, the neuro-
surgeon only has precious hours to get the patient 
to the operating room to evacuate the clot. In a 
patient on an antiplatelet agent or an anticoagu-
lant with an intracranial bleed and a deteriorating 
neurological condition, there will be a necessary 
delay while reversing the medication’s effect 
because neurosurgery cannot be performed on a 
patient with impaired hemostasis, and this delay 
may result in signifi cant morbidity and mortal-
ity—“ Time is Brain  .” These emergency patients 
with hemorrhages not uncommonly have poorly 
controlled anticoagulation values. Furthermore, 
these patients have been on the drug for a longer 
period than necessary, and sometimes the patients 
even have forgotten why they were being treated 
with the medication. 

  18
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 The use of anticoagulants increases risk for 
 spontaneous intracranial hemorrhage   as well as 
the risk for hematoma expansion. The risk of 
 intracranial bleeding   in a patient on chronic anti-
coagulation is as high as 1–2 % per year [ 17 ]. In 
a patient over 65 with a traumatic intracerebral 
hemorrhage on warfarin, the mortality rate is 
extremely high. The need for reversal of antico-
agulants may be necessary in various emergent 
neurosurgical scenarios including traumatic brain 
injury, spontaneous subdural hematomas, aneu-
rysmal subarachnoid hemorrhage, as well as 
spine emergencies requiring emergent neurosur-
gery just to name a few. Aggressive reversal of 
anticoagulation will be necessary in those neuro-
surgical emergencies requiring surgical interven-
tion to stabilize the patient before surgery and to 
reduce intraoperative morbidity and mortality as 
well as reducing  postoperative bleeding compli-
cations  . Emergency reversal of anticoagulants 
can also be vital for nonoperative neurosurgical 
emergencies as means of preventing secondary 
injury from an expanding hematoma and pre-
venting the need for surgical intervention. 
Regardless of the indication, the need for reversal 
protocols for  antiplatelet agents   and anticoagu-
lants in neurosurgical patients is required. 

 Different strategies for reversing various anti-
coagulant agents will be discussed in this chapter. 
The different types of medications to be dis-
cussed include ( Table    18.1 ):

     1.    Antiplatelet agents such as Aspirin and Plavix.   
   2.    Parenteral anticoagulants such as Heparin and 

Lovenox.   
   3.    Oral anticoagulants such as Warfarin.   
   4.    Novel oral anticoagulants (NOAC) such as 

Eliquis and Pradaxa.    

  The fi rst step in managing a coagulopathy in 
a  neurosurgical emergency   is performing a 
proper patient history, which must include an 
accurate medication list. The patient’s current 
medication(s), the timing of the last dose, and the 
indication for anticoagulation carry crucial 
importance in the management of these patients. 

 The second step for  managing   these patients is 
determining and quantifying the effects of the 

anticoagulant. It is important to note that many of 
the NOAC used today lack a reliable means for 
monitoring. Results of coagulation parameters 
can dictate the dose and means of reversal. 

 The fi nal step is to determine the  reversal 
strategy  . This step depends on many different 
factors such as the extent of the bleeding and the 
need for emergent neurosurgery or bedside pro-
cedure versus nonoperative management. Also, 
patient wishes, goals of care, and predicted 
patient outcome should be considered before 
mobilizing resources for anticoagulant reversal. 
It is important to note that not all anticoagulants 
have a reliable specifi c reversal agent and some 
have multiple reversal strategies. 

 Current methods for determining the degree of 
the effect of the antiplatelet agent or anticoagu-
lant are discussed in  Table    18.2 .

   Table 18.1    List of  antiplatelet agents   and anticoagulants   

 Antiplatelet drugs 

 Acetyl salicylic acid (Aspirin) 

 Thienopyridines (clopidogrel/Plavix ® , ticlopidine/
Ticlid ® , and prasugrel/Effi ent ® ) 

 Ticagrelor (Brilinta ® ) 

 Dipyridamole (Persantine ® , Aggrenox ® —aspirin 
combination) 

 Vorapaxar 

 Atopaxar 

 GPIIb/IIIa antagonists (parenteral) (Abciximab, 
Eptifi batide, and Tirofi ban) 

 Anticoagulants 

 Parenteral anticoagulants 

 Unfractionated heparin 

 Low-molecular-weight  heparins   (Enoxaparin/
Lovenox ® , Dalteparin/Fragmin ® , Tinzaparin/
Innohep ® ) 

 Fondaparinux (Arixtra ® ) 

 Parenteral direct thrombin inhibitors (desirudin, 
argatroban, and bivalirudin) 

 Oral anticoagulants 

 Vitamin K antagonists 

 Warfarin 

 Phenprocoumon 

 Acenocoumarol 

 Novel oral anticoagulants (NOACs) 

 Dabigatran etexilate/Pradaxa™ 

 Apixaban/Eliquis™ 

 Rivaroxaban/Xarelto™ 

  Edoxaban   
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   The various strategies for the emergent 
 reversal of the neurosurgical patient on anti-
platelet agents or anticoagulants will also be 
 discussed in this chapter and are summarized in 
 Tabl  e  18.3 .

      Reversal of Antiplatelet Agents 

 The two most commonly used antiplatelet agents 
in the United States are acetyl salicylic acid 
(aspirin) and clopidogrel (Plavix) [ 3 ]. However, 
there is a whole array of other antiplatelet agents 
available in the market. 

     Aspirin      

 The main effect of Aspirin on platelets is irrevers-
ible inhibition of cyclooxygenase 1 (COX-1) in 
platelets by acetylation, thus inhibiting synthesis 
of thromboxane A2, a potent platelet aggregator 
and vasoconstrictor [ 16 ]. Non-enteric coated aspi-
rin exerts antiplatelet effects as soon as 15 min 
after administration. Enteric coating delays its 
absorption and delays the antiplatelet effect. 
Aspirin has an elimination half-life of 15–20 min 
in the plasma in normal dosing regimen. A single 
dose of 100 mg Aspirin inhibits all COX 1 func-
tion in all platelets in healthy individuals [ 16 ,  37 ]. 

   Table 18.3    List of agents used to reverse  effects   of antiplatelet agents and anticoagulants. (Adapted with permission 
from 2011 Clinical Practice Guide on Anticoagulant Dosing and Management of Anticoagulant Associated Bleeding 
Complications in Adults. Mary Cushman, MD, MSc Wendy Lim, MD, MSc, FRCPC, Neil A Zakai, MD, MSc. American 
Society of Hematology)   

 Agent  Dosing  Comments 

 Vitamin K  1–10 mg IV/PO, 
not SQ or IM 

 • Infusion reactions rare; administer over 20–30 min 
 • Takes 6 (IV) to 24 (PO) hours to reverse warfarin 
 • Large doses can cause warfarin resistance on resumption 
 • Repeat every 12–24 h as needed 

 Protamine 
sulfate 

 12.5–50 mg IV  • Full reversal of unfractionated heparin 
 • 60–80 % reversal of LMWH 
 • No reversal of fondaparinux 

 Platelets  1 apheresis unit 
5–8 whole blood 
units 

 • Raise platelet count by 30 × 109/L 
 • Goal platelet count 50–100 × 109/L (indication dependent) 
 • No clear recommendation on dosing on antiplatelet reversal 

 Fresh frozen 
plasma (FFP) 

 10–30 mL/kg 
(1 U = ~250 ml)    

 • Replaces all coagulation factors, but cannot fully correct 
 • Hemostasis usually requires factor levels ~30 % 
 • Factor IX may only reach 20 % 
 • May need repeat dose after 6 h 
 • Large volume, takes hours to thaw and infuse 

 Prothrombin 
complex 
concentrates 
(PCC) 

 25–50 U/kg IV  • Rapid INR correction in warfarin patients 
 • Small volume infusion over 10–30 min 
 • Risk of thrombosis especially with previous thrombosis history 
 • Contraindicated with history of HIT 
 • May need repeat dose after 6 h with regular PT checks 
 • Needs concomitant vitamin K administration for prolonged INR reversal 
 • Consider adding FFP if 3-factor PCC used 

 Recombinant 
factor VIIa 
(rFVIIa) 

 15–90 U/kg  • Rapid infusion of small volume 
 • Rapid INR correction of warfarin, but may not correct bleeding because 

only restores FVIIa 
 • Risk of thrombosis 5–10 % 
 • May need repeat dose after 2 h 

 Desmopressin  0.3 mcg/kg diluted 
in saline and 
 infused   slowly 
over 15–30 min 

 • Can be used in conjunction with other reversal agents for reversal of 
many different drugs (i.e., heparin, hirudin, antiplatelet agents, dextran, 
streptokinase) 

 • Increases in the plasma levels of factor VIII and vWF, shortens 
prolonged aPTT and bleeding time 

 • Can cause hypotension 
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Since the platelets cannot regenerate COX 1 func-
tion, all circulating platelets are affected for the 
duration of their life (approximately 10 days) [ 6 ]. 
However, the body replenishes platelets by a rate of 
approximately 10 % a day [ 6 ,  16 ]. Normal hemo-
stasis may be maintained by as little as 20 % plate-
lets with intact COX1 function, which is achievable 
in 2 days. Aspirin has no specifi c antidote and the 
main reversal strategy is platelet transfusion. 

 Various studies and meta- analyses      report that 
15–25 % people lack anticipated antiplatelet 
response when taking aspirin [ 36 ]. Aspirin effect 
on platelet function can be measured with point 
of care tests Platelet Function Analyzer 
(PFA)-100/200 ® , VerifyNow ® , PlateletWorks ® , 
Multiplate, as well as Thromboelastography 
Platelet Mapping ® .  These testing strategies have 
been discussed in detail in the chapter by Li et al. 
elsewhere in this book.   

     Thienopyridines      (Clopidogrel, 
Ticlopidine, and Prasugrel) 

 The thienopyridines are all structurally related 
drugs and include clopidogrel, ticlopidine, and 
prasugrel. These drugs selectively inhibit ADP- 
induced platelet aggregation by irreversibly 
blocking P2Y12 [ 6 ]. All three drugs are prodrugs 
that must be metabolized by the hepatic cyto-
chrome P450 (CYC) enzyme system to their 
active forms. Two percent of white, 4 % of black, 
and 14 % of Asian populations carry loss of func-
tion alleles in their CYP systems and therefore are 
resistant to clopidogrel [ 36 ]. The half-life of clop-
idogrel is 6 h and half-life of the active metabolite 
is about 30 min. These drugs also have no active 
specifi c antidotes. Due to long half-life, platelet 
transfusion is less reliable in reversing or reduc-
ing antiplatelet effects of these drugs. TEG plate-
let mapping or VerifyNow can be used to assess 
platelet function with ADP receptor blockers.  

    Other Antiplatelet  Drugs   

 Ticagrelor, also a direct inhibitor of P2Y12, 
belongs to cyclopentyl-triazolopyrimidine class. 

Unlike thienopyridines, Ticagrelor is not an 
 irreversible inhibitor of P2Y12 and it does not 
require activation to exert its antiplatelet effect 
[ 15 ,  37 ]. However, Ticagrelor also has an active 
metabolite. Half-life of this drug is 7 and 9 h for 
the active metabolite [ 15 ]. 

 Dipyridamole is a weak antiplatelet agent 
which inhibits phosphodiesterase, and blocks 
the breakdown of  cyclic adenosine monophos-
phate (cAMP)     . Increased levels of cAMP reduce 
intracellular calcium and inhibit platelet activa-
tion. Dipyridamole also blocks the uptake of 
adenosine by platelets and other cells. This pro-
duces a further increase in local cAMP  levels 
  because the platelet adenosine A2 receptor is 
coupled to  adenylate cyclase. Dipyridamole is 
usually used in combination with aspirin and 
this drug is marketed with the trade name of 
Aggrenox.  

     GP IIb/IIIa Inhibitors   

 Abciximab, eptifi batide, and tirofi ban are three 
GPIIb/IIIa antagonists currently available in the 
United States. All are parenteral drugs. The 
GPIIb/IIIa receptor is one of the most abundant 
receptors in platelets. Its function is to bind to 
adhesion molecules like fi brin and von Willebrand 
factor [ 6 ]. Abciximab is an irreversible inhibitor 
of this enzyme, whereas eptifi batide and tirofi ban 
are reversible inhibitors. Half-life of abciximab is 
10 min and a second phase half-life of about 
30 min, eptifi batide is 2.5 h, and tirofi ban is 2 h 
[ 37 ]. The main use for these drugs is for patients 
undergoing percutaneous coronary interventions, 
especially with ST-segment elevation acute myo-
cardial infarction. Tirofi ban and eptifi batide are 
also used in high-risk patients with unstable 
angina. These drugs, especially abciximab, can 
also be used by neurointerventionalists during 
nonplanned/emergency intracranial stent place-
ment (i.e., stent-assisted aneurysm coiling) where 
the patient has not been loaded by oral antiplate-
let agents or after intraprocedural thrombosis 
complications. VerifyNow IIb/IIIa Test ®  can 
detect antiplatelet effects of abciximab, eptifi ba-
tide, and tirofi ban.  
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     Measuring Platelet Function   

 Historically, the bleeding time was used to 
 evaluate platelet function, yet literature clearly 
indicates the bleeding time test does not accu-
rately predict the risk of intraoperative bleeding 
[ 20 ,  23 ,  29 ]. In addition, the bleeding time test 
has been identifi ed in the Choosing Wisely 
Campaign as an assay that lacks clinical benefi t. 
Also the bleeding time test does not meet the 
College of American Pathologist laboratory 
accreditation standards due to lack of available 
profi ciency testing. For these reasons, the bleeding 
time test should not be used to predict the impact 
of antiplatelet medications. 

 The TEG ®  and ROTEM ®  analyzers have the 
capacity to investigate the effect of antiplatelet 
medications [ 8 ]. For example, TEG ®  platelet 
mapping assays utilize different platelet activa-
tors including arachidonic acid (AA) and adenos-
ine diphosphate (ADP) [ 1 ]. The activated 
platelets will contribute to clot formation, and 
using a combination of information, the overall 
clot strength is determined and reported as maxi-
mum amplitude (MA) for each individual platelet 
agonist. In a patient who appropriately responds 
to antiplatelet medication, the inhibited platelet 
function can be identifi ed on the TEG ®  platelet 
mapping assay. These results (percent inhibition 
and maximum clot strength (MA)) demonstrate 
the antiplatelet effect from medications used to 
block cyclooxygenase, ADP receptors, or glyco-
protein IIb/IIIa receptors. It is essential to review 
both the percent inhibition and MA when under-
standing platelet function. The standard kaolin-
activated thrombelastography assay is not 
sensitive to the effect of antiplatelet medications, 
and thus, the TEG ®  platelet mapping assay is 
required. Studies comparing the TEG ®  platelet 
mapping assay to the  gold   standard light trans-
mission aggregometry report good correlation for 
detection of reduced platelet function [ 19 ]. 

 In patients using the ADP receptor blocker 
clopidogrel, the TEG ®  platelet mapping assay is 
useful when evaluating the bleeding risk in patients 
preparing for  coronary bypass surgery (CABG)  . 
The 2012 TARGET-CABG study evaluated tim-
ing for surgery based on preoperative platelet 
function testing with TEG ®  platelet mapping [ 25 ]. 

The results of this study showed no increased 
bleeding for the clopidogrel-treated patients com-
pared to the clopidogrel-naïve patient when spe-
cifi c timing strategy was used. Furthermore, in 
comparison to the current guidelines in clopido-
grel-treated patients, a 50 % shorter waiting time 
was achieved when the TEG ®  platelet mapping 
assay was used to evaluate platelet function [ 25 ]. 
It is unclear if the data from this study applies to 
other patient populations such as the neurosurgical 
patient. 

 Additional assays such as VerifyNow ® , PFA- 
100/200 ® , multiplate impedance aggregometry, 
fl ow cytometry, and light transmission/impedance 
platelet aggregometry are available to evaluate 
the antiplatelet effects in patients [ 19 ]. While the 
VerifyNow ®  and PFA-100/200 ®  tests are often 
readily available, the remaining tests such as fl ow 
cytometry and platelet aggregation require spe-
cialized technical training and often are not avail-
able in all laboratories. The sensitivity of all 
platelet function assays varies greatly and is 
impacted by many variables including the quality 
of the phlebotomy, delays in testing, other non- 
specifi c, antiplatelet medications (e.g., serotonin 
reuptake inhibitors, histamine blockers, lipid low-
ering medications), food stuff (e.g., high doses of 
vitamin E, fi sh oil), and technical ability/experi-
ence of the laboratory [ 5 ]. Many of these assays, 
including the TEG ®  platelet mapping, require an 
evaluation of the graphical results of the platelet 
function to ensure that known artifactual abnor-
malities are excluded  and   not used when reported 
numerical values. For example, with TEG ®  plate-
let mapping, the phenomenon “growing MA” 
results in certain clinical situations, including 
thrombin breakthrough, pregnancy, and anti-
thrombin III defi ciency. If the “growing MA” 
tracing is not recognized, incorrect management 
decisions will result based on the inaccurate per-
cent inhibition calculation. 

 A complete blood count, particularly the 
hematocrit and platelet count, should be consid-
ered when evaluating a patient’s overall hemosta-
sis. Thrombocytopenia will increase the risk for 
procedural-related bleeding complications, and a 
platelet count of 100 K/cmm is desired for neuro-
surgical procedures. Improved hemostasis is 
reported in patients who have a hematocrit 
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greater than 30 % due to increased viscosity and 
platelet adhesion [ 32 ]. Transfusion support may 
be required to achieve the appropriate platelet 
count and/or hematocrit. Additionally, some of 
the platelet function analyzers are impacted by 
both thrombocytopenia and anemia. Prolonged 
closure times with the PFA-100/200 ®  can occur 
when the platelet count is less than 135 K/cmm 
or the hematocrit is less than 35 %.   

     Reversal Strategies   for Antiplatelet 
Drugs: Table  18.4  

    Reversal of Thienopyridines (clopidogrel, ticlopi-
dine, and prasugrel) may require multiple platelet 
transfusions for several days to achieve reliable 
hemostasis [ 22 ]. One of the proposed regimens is 
10–20 U followed by 10 U every 12 h for 48 h 
[ 2 ,  37 ]. Continuous slow transfusion of platelets 
can be considered for patients undergoing emer-
gency neurosurgery on clopidogrel [ 2 ,  4 ,  14 ]. 
Desmopressin is used to increase platelet activity 
in patients treated with antiplatelet drugs by releas-
ing a greater number of von Willebrand factor and 
factor VIII [ 26 ]. Desmopressin can be considered 
in the acute phase with life-threatening bleeding 
to supplement platelet transfusion [ 26 ]. The use 
of recombinant activated factor VII (rFVIIa, 
NovoSeven ® ) has been postulated in the reversal 
of aspirin and aspirin plus clopidogrel dual anti-
platelet therapy with promising initial results [ 34 ]. 

 Before reversing the antiplatelet drugs, one 
should investigate the medical reason behind the 
antiplatelet therapy. History taking for recently 
placed stents (coronary, carotid, intracranial etc.) 
is vital. Freshly placed stents will pose risk for 
thrombosis if antiplatelet agents are reversed. 
A multidisciplinary approach with risk-benefi t 
analysis in reversing antiplatelet therapy in these 
patients is recommended. 

  In summary the main    strategy     for emergency 
reversal of antiplatelet drugs still remains plate-
let transfusion.  While platelet transfusion can 
successfully reverse the effects of aspirin, for the 
drugs with longer half-life and active metabolites 
like clopidogrel, platelet transfusion is not as 
reliable. Multiple platelet transfusions for a pro-
longed period of time may be required to achieve 

adequate clotting. Desmopressin can be considered 
in aiding hemostasis in patients on antiplatelet 
agents. Activated factor VII can be used in life-
threatening emergencies especially in dual anti-
platelet therapy. However, risk of thrombotic 
complications should be taken in account.  

    Reversal Strategies for Parenteral 
and Oral Anticoagulants: Table  18.4  

 There is a wide array of anticoagulants a neuro-
surgeon encounters in the emergency room. Main 
parenteral anticoagulants include heparin, low- 
molecular- weight heparin (LMWH) enoxaparin, 
and fondaparinux. The oral anticoagulants include 

    Table 18.4    Rescue strategies for commonly used anti-
platelet agents and anticoagulants   

 Antiplatelet 
agents 

 • Platelet transfusion is mainstay 
 • Prolonged platelet transfusion may 

be needed for agents with long 
half-life or with active metabolites 
like clopidogrel (Plavix) 

 • Desmopressin can be considered 
for acute life-threatening bleeding 

 • Activated factor VII can be used in 
life-threatening emergencies 
especially in dual antiplatelet 
therapy 

 Vitamin K 
antagonists 
(Warfarin) 

 • Vitamin K and fresh frozen plasma 
are the traditional reversal method 

 • Four factor prothrombin complex 
concentrate (PCC) (Kcentra) is an 
FDA-approved alternative. 

 • Vitamin K needs to be administered 
with “ K ”centra 

 • Activated factor VII is another 
alternative, it is associated with a 
higher thrombotic complication 
rate, and duration of action is 
shorter. 

 Heparins  • Protamine is the mainstay reversal 
agent for both heparin and 
low- molecular- weight heparins 

 • Activated factor VII can be used in 
life-threatening emergencies 

 Novel oral 
anticoagulants 
(NOACs) 

 • No specifi c antidote yet 
 • Multiple rescue strategies with 

limited success 
 • For Apixaban and Rivaroxaban 

four factor PCC can be given 
 • For Dabigatran activated factor VII 

can be considered. 
 • Hemodialysis is an option for 

Dabigatran 
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the vitamin K antagonists—phenprocoumon, 
warfarin, and acenocoumarol, of which warfarin 
is the agent most often used. There are also newer 
agents (NOAC) that target thrombin (dabigatran 
etexilate) or factor Xa (rivaroxaban and apixa-
ban). Emergence of these  NOAC   irreversible 
agents, without reliable means of monitoring 
their anticoagulant effects, poses a new challenge 
for neurosurgeons. 

 Regardless of the agent, the  management   
remains the same. The fi rst goal is to identify the 
agent and the reason for anticoagulation, second, 
to try to measure the effect of the anticoagulant if 
feasible, and third to reverse the agent by either 
an antidote or coagulation factors to achieve safe 
hemostasis. 

    Parenteral Anticoagulants 

  Unfractionated heparin   and low-molecular- 
weight heparins (LMWHs) (i.e., Enoxaparin, 
Dalteparin, Tinzaparin) are polysaccharides that 
bind to antithrombin (AT) and potentiate its inhib-
itory effect on thrombin (FIIa) and activated fac-
tor X (FXa). While unfractionated heparin 
predominantly works on anti-IIa activity,  LMWHs   
predominantly potentiate anti-Xa activity [ 6 ]. 
This property plays an important role in monitor-
ing the anticoagulant effects of these drugs. 
Monitoring the effects of unfractionated heparin 
can be achieved by using the activated partial 
thromboplastin time (aPTT) or anti-factor Xa 
level, with the aPTT test being the more com-
monly used. Activated clotting time (ACT) can be 
used in interventional OR suites for monitoring 
effects of heparin and it can be utilized in moni-
toring reversal of heparin in intraprocedural emer-
gencies (i.e., aneurysmal rupture while coiling). 
Its use in emergency room is limited due to requir-
ing a baseline comparison to interpret the results. 
Up to 25 % of heparin-treated patients with 
 venous thromboembolism   are considered heparin 
resistant. It may be useful to measure anti-factor 
Xa levels in these patients because many will 
have a therapeutic anti-factor Xa level despite a 
subtherapeutic aPTT. This occurs because ele-
vated  plasma levels   of fi brinogen and factor VIII, 

both of which are acute-phase proteins, shorten the 
aPTT but have no effect on anti- factor Xa levels. 
In these patients requiring emergent neurosurgical 
care, obtaining anti- factor Xa levels as well as 
aPTT to monitor heparin effect and response to 
treatment is advisable. 

 Since most LMWH preparations have little 
effect on the aPTT, anti-factor Xa levels must be 
measured in monitoring the anticoagulation effect 
of these drugs. 

 The main reversal agent for parenteral antico-
agulants is Protamine (Table  18.5 ) [ 18 ].    Protamine 
sulfate is a basic protein that displaces AT and neu-
tralizes heparin by forming a complex with it. It is 
also a partial antagonist for LMWH, and it can 
reverse 60–80 % effect of LMWHs [ 18 ]. However, 
it should be noted that in the absence of heparin, 
protamine sulfate shows an anticoagulant effect. 
Therefore, it is important to know the timing and 
amount of last dose of the heparin or LMWH 
before a reversal attempt is made. It should be 
noted that the maximum dose for protamine is 
50 mg. Half-life of heparin is 1–2 h. 1 mg prot-
amine per 90–100 U heparin given in previous 
2–3 h is a reasonable heparin reversal strategy. 
Different LMWH preparations have different 

   Table 18.5    Use of  protamine   for the reversal of paren-
teral anticoagulants. (Adapted with permission from 2011 
Clinical Practice Guide on Anticoagulant Dosing and 
Management of Anticoagulant Associated Bleeding 
Complications in Adults. Mary Cushman, MD, MSc 
Wendy Lim, MD, MSc, FRCPC, Neil A Zakai, MD, MSc. 
American Society of Hematology)   

 Agent 
 Half-
life (h) 

 Protamine sulfate 
dosing for reversal 

 All  Maximum dose is 50 mg 

 Heparin  1–2  1 mg/90–100 U heparin 
given in previous 2–3 h 

 Enoxaparin  4.5  1 mg/1 mg Enoxaparin 
in previous 8 h 

 Dalteparin  2.2  1 mg/100 U Dalteparin 
in previous 8 h 

 Tinzaparin  3.9  1 mg/100 U Tinzaparin 
in previous 8 h 

 Fondaparinux  17–21  No specifi c reversal 

  Half-life is longer with subcutaneous administration for 
all agents so may require monitoring with PTT (heparin) 
or anti-Xa level (LMWH)    every 3 h with repeat protamine 
(0.5 mg per indicated amount of LMWH or heparin) if 
bleeding continues  

E. Aktüre et al.



251

half-lives (Enoxaparin 4.5 h, Dalteparin 2.2 h, 
Tinzaparin 3.9 h) and dosing standards. For 
Enoxaparin, 1 mg protamine can be given per 
1 mg Enoxaparin in previous 8 h. For Dalteparin 
and Tinzaparin, 1 mg protamine per 100 U of these 
drugs in previous 8 h can be given. It should be 
noted that half-life of these agents is longer with 
subcutaneous administration so aPTT (heparin) or 
anti-Xa level (LMWH) should be monitored every 
3 h with repeat protamine (0.5 mg per indicated 
amount of LMWH or heparin) if bleeding contin-
ues. Smaller doses of protamine sulfate can be 
administered if the time since LMWH administra-
tion is longer than 8 h. In life- threatening bleeding 
with unfractionated heparin, LMWHs, and 
fondaparinux, rVIIa can be considered. It should be 
noted that rVIIa in case of fondaparinux lasts for 
2–6 h and half-life of this drug is 17–21 h. Multiple 
dosing strategies may be required in life-threaten-
ing bleeding. There is no specifi c reversal agent 
available for fondaparinux.

   In summary, the reversal of these parental 
agents includes the use  of   protamine and possibly 
Factor VII in life-threatening emergencies [ 18 ]. 
While protamine can reverse heparin completely, 
it partially reverses LMWHs (60–80 %). Action of 
heparin can be monitored with aPTT for patients 
on LMWHs, anti-Xa level should be measured. 
Consider obtaining anti-Xa levels in trauma 
patients on heparin since increased fi brinogen and 
factor VIII factor can lower an increased aPTT.  

    Parenteral Direct Thrombin Inhibitors 

  Direct thrombin inhibitors   bind directly to throm-
bin and block its function unlike heparin and 
LMWH, which are indirect inhibitors of throm-
bin which exert their effects through antithrom-
bin. Currently approved parenteral direct 
thrombin inhibitors are desirudin, argatroban, 
and bivalirudin. All these agents have short half- 
lives (argatroban 50 min, bivalirudin 25 min) 
except for desirudin which has a half-life of 2 h. 
Lepirudin and argatroban are licensed for the 
treatment of heparin-induced thrombocytopenia 
(HIT). Bivalirudin is approved as an alternative 
to heparin in patients undergoing percutaneous 

coronary interventions. Desirudin is licensed for 
thromboprophylaxis after elective hip replace-
ment surgery and dosed twice daily subcutane-
ously. Argatroban and bivalirudin are infused 
parenterally. All these agents affect aPTT and 
their action can be monitored using aPTT. All 
these agents affect PT and INR with Argatroban 
having the greatest effect followed by bivalirudin. 
There is no specifi c antidote for these agents. 
rVIIa can be used to reverse the effects of these 
drugs in life-threatening bleeding. Blood products 
such as fresh frozen plasma can be tried. 
Antifi brinolytic drugs such as Amicar can be used. 
Also desmopressin can be considered. Modifi ed 
ultrafi ltration and hemodialysis can eliminate 
45–69 % of bivalirudin, depending on the fi lter 
type. The elimination of argatroban is less effec-
tive or unclear. Hemodialysis decreases the plasma 
concentration of bivalirudin by only 25 % [ 37 ]. 
Argatroban is not eliminated by dialysis [ 37 ]. 

 In summary rapid reversal of these agents is 
problematic. The use of FFP or PCC may be tried 
as well as antifi brinolytics but will not be very 
effective. Factor VII or antifi brinolytics will also 
be likely unsuccessful. Hemodialysis may be the 
way to  eliminate   some of these drugs from the 
patient; however, special fi lters may be required.  

    Oral Anticoagulants 

    Vitamin K Antagonists 
 Vitamin K antagonists are oral anticoagulation 
drugs that generate the same effect as a vitamin K 
defi ciency. They include phenprocoumon, warfa-
rin, and acenocoumarol, with warfarin being the 
most widely used one.  Warfarin   works by inhibit-
ing the vitamin K-dependent synthesis of biolog-
ically active forms of the calcium-dependent 
clotting factors II, VII, IX, and X, as well as the 
regulatory factors protein C, protein S, and pro-
tein Z by γ-carboxylation of select glutamic acid 
residues in the N-terminus of these peptides. The 
coagulant activity of these proteins in plasma 
declines depending on their half-lives. Half-lives 
of factors VII, IX, and X and prothrombin are 6, 
24, and 40 and 60 h, respectively [ 6 ]. Although 
1–2 days of warfarin prolongs the PT assay 
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(because of the rapid decrease in factor VII con-
centration), therapeutic anticoagulation requires 
at least 4–5 days. The anticoagulation effect of 
Warfarin is typically followed by PT which mea-
sures three vitamin K-dependent coagulation fac-
tors VII, X, and prothrombin. The PT is more 
sensitive to  factor VII than other factors. 
International  normalized ratio (INR) is a result of 
a method that standardizes PT assays by using 
reference thromboplastin preparation accepted as 
a  standard by the World Health Organization 
(WHO). Each PT test system is calibrated using 
the WHO standard. 

 Warfarin use increases the risk of primary ICH 
by 2–5 % [ 2 ]. Of all spontaneous ICH cases 
15–20 % are anticoagulated by warfarin. Risk of 
ICH for patient taking Warfarin is approximately 
1 % per year. The incidence of ICH and the size of 
ICH on presentation increase as the INR increases. 
Anticoagulated patients also have increased risk 
of hematoma expansion. Also it is not uncommon 
to encounter trauma patients on warfarin present-
ing with acute subdural  hematomas, parenchymal 
contusions, as well as subarachnoid hemorrhage 
patients on warfarin. 

 Traditionally, reversal of  warfarin   in life- 
threatening bleeding was primarily achieved with 
stopping the drug, giving vitamin K and replenish-
ing the vitamin K-dependent coagulation factors 
by means of fresh frozen plasma (FFP). However, 
this approach has several limitations. The patient 
should be ABO matched before beginning infu-
sion. FFP is stored at 4 °C and needs thawing 
before administration. Infusing the desired volume 
takes signifi cant time. FFP is traditionally given 
2 U at a time and a repeat INR is obtained in 
between. A retrospective study by Lee et al. found 
that a median time of 6.5 h was needed to infuse 
5 U of FFP to patients who suffered from warfarin-
induced ICH. Considering that most modern ICH 
studies use the 6 h mark for repeat CT scan to 
assess stability of the hematoma, and the inverse 
relationship between hematoma size and patient 
outcome, the time required for the reversal of war-
farin with FFP is suboptimal in managing neuro-
surgical emergencies. Other limitations of FFP 
are, as with all blood products, FFP carries a risk 

of pathogen transmission and the varying levels of 
coagulation factors seen in FFP may result in a 
partial or insuffi cient reversal of INR. Considering 
each unit of FFP carries 250 ml volume, the total 
volume required to reverse this particular patient 
population with signifi cant cardiopulmonary mor-
bidities carries a signifi cant risk. Transfusion- 
related acute lung injury is another concern for 
FFP. While the incidence of TRALI is rare (1 per 
5000 transfusions), it requires mechanical ventila-
tion in 70 % of cases and is fatal in 6–9 % of cases. 
Finally, FFP also cannot lower INR below 1.6. 

 Vitamin K also is used widely for the reversal 
of warfarin. Administration of vitamin K turns 
on the endogenous activation of coagulation fac-
tors. Vitamin K can be administered subcutane-
ously, orally, or intravenously. Subcutaneous 
vitamin K is not effective correcting INRs. 
Although both oral and intravenously adminis-
tered vitamin K are effective at correcting supra-
therapeutic INRs at 24 h, intravenous vitamin K 
can correct the INR as few as 4–6 h. It should 
be noted that IV vitamin K has been associated 
with severe anaphylactic reactions (3 in 10,000 
administrations) [ 31 ]. 

 In recent years  prothrombin complex concen-
trates (PCC)         and recombinant factor VIIa have 
emerged as alternatives for warfarin reversal 
[ 35 ]. Currently most institutions in the United 
States have replaced FFP with either or both of 
these preparations in their emergency warfarin 
reversal protocols. There are some available 
3-factor PCCs approved for bleeding in hemo-
philia patients which have been used off label in 
warfarin reversal. These preparations do not have 
factor VII or have nontherapeutic levels (i.e., 
profi lnine SD). These products were used in 
combination with FFP or recombinant factor 
VIIa. Recombinant factor VIIa also has been 
used in reversal of warfarin. It should be noted 
that INR reversal effect of factor VIIa is 2–6 h 
and activated coagulation factors have been asso-
ciated with increased risk for thromboembolism. 
In 2013 the FDA approved a 4-factor PCC, 
Kcentra, for reversal of warfarin. This drug has 
been in use in Europe for over a decade. Kcentra 
is purifi ed, heat-treated, nanofi ltered, lyophilized, 
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nonactivated 4F-   PCC made from pooled human 
plasma. It contains factors II, VII, IX, and X, and 
the  antithrombotic   Proteins C and S. It is 25 times 
more concentrated than plasma in factors II, VII, 
IX, and X levels. Kcentra does not require thaw-
ing or ABO typing and it is stored at room tem-
perature, which facilitates faster administration 
times. It is more reliable compared to FFP in the 
content of vitamin K-dependent factors. Kcentra 
can reduce INR faster and more reliably com-
pared to FFP; 55–62 % of patients achieve INR 
of less than 1.3 in 30 min compared to 10 % 
achieved by FFP [ 12 ,  30 ]. Kcentra is dosed 
depending on the INR and body weight. Kcentra 
contains 8–40 U of heparin per 500 U vial. 

 It should be noted that effects of PCCs are 
limited by the duration of coagulation factors 
they contain. Therefore it is recommended that 
PCCs should be administered with vitamin K and 
repeat INR should be obtained (i.e., every 6 h). 
Repeat dosing may be necessary if INR starts to 
rise. Currently, we recommend the use of 4-factor 
PCC (Kcentra) in reversal of Warfarin in 
 neurosurgical emergencies along with IV vitamin 
K. Vitamin K can be redosed in 12 h after the ini-
tial dose and INR should be monitored regularly 
possibly beyond the 24 h mark. PCCs can be 
redosed if INR starts to climb. The patients and 
the families should be informed about the possi-
ble thromboembolism after warfarin reversal, 
especially in those patients with previous history 
of thromboembolism [ 12 ,  30 ]. 

 The safe INR to perform neurosurgery has 
been long debated and there is no consensus on 
the matter among neurosurgeons or institutions. 
Some studies suggest that surgical bleeding com-
plications are not present at INR < 1.7 [ 9 ]. There 
is not clear evidence of increased surgical risk in 
INR < 1.7. The decision making is on a case by 
case basis and depends on the nature of the surgi-
cal intervention and the experience and comfort 
level of the surgeon. 

 In summary, reversal of warfarin anticoagula-
tion can involve the use of vitamin K, FFP, and 
PCC. Currently four-factor PCC (Kcentra) is an 
FDA-approved alternative to FFP.    

    Reversal Strategies for Novel Oral 
Anticoagulants (NOACs): Table  18.6  

    These  drugs   exert their effects on either thrombin 
or factor Xa. They have rapid onset of action, few 
drug interactions, and favorable pharmacokinetics 
and pharmacodynamics. They do not require mon-
itoring of their anticoagulant action and they are 
reliable anticoagulants at given doses. These prop-
erties make these drugs attractive alternatives to 
warfarin in the eyes of prescribing physicians and 
patients. However, to neurosurgeons, the names 
dabigatran etexilate (Pradaxa™), Apixaban 
(Eliquis™), and Rivaroxaban (Xarelto™) have 
been associated with high anxiety and desperation 
in neurosurgical emergencies mainly because of 
lack of specifi c antidotes or real means of revers-
ing or monitoring these drugs. 

     Dabigatran  : Pradaxa 

 Dabigatran etexilate is a direct inhibitor of thrombin 
and is a prodrug; once absorbed, the drug is rapidly 
biotransformed by esterases to dabigatran, the lev-
els of which peak 1–2 h after oral administration. 
Dabigatran has a half-life of 14–17 h. About 80 % 
of the drug is excreted unchanged by the kidneys. 
Dabigatran targets the active site of thrombin and 

   Table 18.6    Pro-hemostatic agents and their potential role in 
NOAC-associated bleeding. (Adapted with permission from 
  http://www.thrombosiscanada.ca/    )   

 Agent  Dabigatran 
 Rivaroxaban 
or Apixaban 

 4-Factor Prothrombin 
Complex Concentrate 
(PCC; Beriplex, Octaplex) 

 Possibly 
benefi cial 

 Probably 
benefi cial 

 3-Factor Prothrombin 
Complex Concentrate 

 No available 
evidence 

 No available 
evidence 

 Activated 4-Factor 
Prothrombin Complex 
Concentrate (FEIBA) 

 Probably 
benefi cial 

 Probably 
benefi cial 

 Recombinant activated 
Factor VII (NovoSeven, 
Niastase) 

 Possibly 
benefi cial 

 Possibly 
benefi cial 

 Fresh frozen plasma  Probably 
ineffective 

 Probably 
ineffective 

 Cryoprecipitate  Probably 
ineffective 

 Probably 
ineffective 
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blocks its procoagulant activities. Dabigatran 
inhibits both free and fi brin-bound thrombin. It is 
approved in patients with nonvalvular atrial fi brilla-
tion use to reduce the risk of stroke and systemic 
embolism; for the treatment of deep vein thrombo-
sis and pulmonary embolism in patients who have 
been treated with a parenteral anticoagulant for 
5–10 days and to reduce the risk of recurrence of 
deep vein thrombosis and pulmonary embolism in 
patients who have been previously treated.  

     Rivaroxaban  : Xarelto 

 Rivaroxaban is an oral factor Xa inhibitor, which 
binds to the active site of factor Xa even when the 
enzyme is incorporated in the prothrombinase 
complex. Plasma levels peak 2–3 h after drug 
administration and the half-life is 7–11 h, and one-
third of the drug is cleared unchanged by the kid-
neys. The remainder is metabolized in the liver; 
half is cleared by the kidneys as inactive metabo-
lites, and the rest is excreted in the feces. It is indi-
cated in reduction of risk of stroke and systemic 
 embolism   in nonvalvular atrial fi brillation and for 
prophylaxis of deep vein thrombosis.  

     Apixaban  : Eliquis 

 Apixaban also targets the active site of free factor 
Xa or factor Xa incorporated in the prothrombi-
nase complex. Plasma levels peak 3–4 h after 
drug administration. The half-life of apixaban is 
8–14 h. Apixaban is metabolized in the liver via 
CYP3A4/5-dependent and independent path-
ways. About 25 % of the drug is cleared unchanged 
by the kidneys, and the remainder is excreted in 
the feces. Apixaban is approved for treatment and 
secondary prophylaxis of DVT and PE. 

 Betrixaban is another direct factor Xa inhibi-
tor, currently under development.  

    Monitoring the Effects of NOACs 

 Because of the NOACs’ predictable  pharmacoki-
netics and pharmacodynamics  , regular laboratory 
monitoring is not required. These medications 

received FDA approval for patient care, yet readily 
available, accurate, and precise laboratory tests 
are often not available. While clinical coagulation 
laboratories understand the qualitative (i.e., nor-
mal vs. abnormal) impact of these medications on 
routine coagulation screening tests, reliable quanti-
tative values (i.e., drug concentrations) are often 
only available at highly specialized laboratories 
offering laboratory-developed assays using cali-
brators deemed as “research use only.” 

 Should a patient sustain signifi cant trauma 
while on a NOAC medication, reversal of the med-
ication is critical to achieve adequate hemostasis. 
In an editorial to the  New England Journal of 
Medicine , three trauma surgeons comment on the 
increasing number of  hemorrhagic complications   
in severely injured patients [ 7 ]. They comment that 
the lack of readily available laboratory methods to 
determine the degree of anticoagulation in combi-
nation with the lack of evidence-based reversal 
methods proves as a major challenge in properly 
caring for these patients. They urge the FDA to 
require more pragmatic trials studying the hemor-
rhagic complications and mortality resulting from 
traumas as part of the routine surveillance of the 
newly approved NOAC. 

 During the laboratory investigation of a patient 
on NOAC mediations, health care providers must 
clearly understand how medications can impact 
plasma-based coagulation assays. A thorough 
review describing many coagulation tests and 
their performance with a variety of anticoagula-
tion medications is available. Table  18.2 , a modi-
fi ed version from this thorough review, provides 
general information regarding expected effects 
from heparins, vitamin K antagonists, and NOAC 
medications. However,  plasma-based screening 
assay systems   such as prothrombin time, partial 
thromboplastin time, and thrombin time have var-
ied sensitivity to the NOAC medications; health 
providers should inquire with their laboratory(s) 
regarding their specifi c analyzer/reagent combi-
nation response with each NOAC medication. 

 Whole blood assay systems such as thrombo-
elastography (TEG ® )    and  rotational thromboelas-
tometry (ROTEM ® )      are reportedly sensitive to 
the effects of NOAC medications. However, the 
predictive value for potential procedural related 
bleeding in the neurosurgical patient population 
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is unclear with these assays. Many protocols 
utilize the TEG ®  and ROTEM ®  assays when 
assessing and managing bleeding patients sec-
ondary to trauma or acute hemorrhage [ 33 ]. These 
whole blood assays are rapid and have the added 
advantage of global assessment of coagulation 
including (1) Enzymatic coagulation cascade 
(secondary hemostasis); (2) Overall clot strength 
due to stable fi brin formation and platelet func-
tion; and (3) Fibrinolytic activity. In vitro, plasma-
based coagulation assays measure the time to 
form a fi brin clot without infl uence from other 
cellular components such as platelets. The whole 
blood assays measure the viscoelastic properties 
of a blood clot, which is impacted by other cellu-
lar components; theoretically, these assays are 
more representative of the in vivo process of 
coagulation [ 28 ]. 

 Standard coagulation tests are not reliable in 
monitoring the NOAC drugs [ 11 ].  Rivaroxaban   
can increase PT/INR, Apixaban has minimal 
effect on PT/INR, Dabigatran has variable effects 
on PT/INR, and INR is usually <2. Dabigatran 
increases PTT; Rivaroxaban and Apixaban have 
dose-dependent effects on PTT. Specifi c rivarox-
aban and apixaban calibrators are required to 
measure these drugs’ effect on anti-factor Xa 
level which may not be available in many institu-
tions and in emergency situations.  Dabigatran   
has no effect on anti-factor Xa level. History tak-
ing becomes an important part of management of 
patients on NOACs due to limitation of labora-
tory tests monitoring their actions. 

 Currently there are no approved antidotes for 
the reversal of these agents. Data is limited on the 
use of  prothrombin complex concentrate (PCC)     , 
activated prothrombin complex concentrate 
(aPCC), or recombinant factor VIIa [ 10 ,  21 ,  24 , 
 27 ]. However, we would recommend using four-
factor  PCC   in life-threatening situations with 
Apixaban and Rivaroxaban. Recombinant factor 
VIIa administration and hemodialysis can be 
considered for dabigatran. Tranexamic acid can 
also be considered in active bleeding with these 
agents. Andexanet alfa is a new antidote for anti-
Xa anticoagulants (Rivaroxaban and Apixaban) 
currently under development [ 13 ].  The chapter by 
Jeske in this book elaborates on TSOAC antidotes 
in development.  

 In summary, there is no specifi c antidote for 
reversal of these agents. There are some specifi c 
reversal agents currently under development. We 
recommend using four-factor PCC in case of 
Apixaban and Rivaroxaban. Hemodialysis is an 
option for dabigatran.      
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          Introduction 

 Anticoagulation in the trauma patient with trau-
matic brain injury and spinal cord injury is a 
common and complex issue. Per year, there are 
over 1.7 million brain injuries, 365,000 emer-
gency room visits, 275,000 hospitalizations, and 
52,000 deaths from traumatic brain injuries [ 1 ]. 
Per year, there are approximately 12,000 cases of 
spinal cord injury [ 2 ]. The primary issues of 
 concern in the injured patient that relate to anti-
coagulation include reversal of  preexisting   anti-
coagulation in the acute phase, and administration 
of these agents for prophylaxis of deep vein 
thrombosis ( DVT)     . 

 In an age when pharmaceutical companies 
continue to develop anticoagulants with different 
mechanisms of action, knowledge of reversal 
agents is key to saving lives. Patients on antico-
agulation at the time of arrival are at risk of death 
if anticoagulation is not reversed in a timely mat-
ter. As a result, intimate familiarity with these 

contemporary agents and potential reversal 
agents is critical. 

 Patients with traumatic brain injury and spinal 
cord injury have an increased risk  of   developing 
venous thromboembolism with prolonged immo-
bilization in hospital beds and hypercoa gulable 
states after trauma. The rate of venous thrombo-
embolism has been reported to be as high as 
25 % in patients with isolated traumatic brain 
injury. Thromboembolism risk is quoted as 2 % 
in all trauma patients and 18 % in high-risk 
trauma patients [ 3 ]. The incidence of venous 
thromboembolism has been reported to be as 
high as 54 % among patients with major head 
injury not treated by mechanical or pharmaco-
logical prophylaxis [ 4 ]. Thus, early anticoagula-
tion is key to prevent the complications associated 
with venous thromboembolism in patients with 
traumatic brain injury. 

 If anticoagulants are not started soon after 
injury, patients risk venous thromboembolism 
and further complications. However, starting 
anticoagulants too soon increases the risk of 
intracerebral hemorrhage progression in patients 
with traumatic brain injury. An expansion in 
cerebral hemorrhage may result in further 
 morbidity and mortality. To that end, it is vital to 
have an understanding of available literature 
that helps elucidate what is known about the 
 optimal window of opportunity to initiate 
chemoprophylaxis.  
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    Anticoagulation: Identifi cation 
and Reversal in the Patient 
with Acute Traumatic Brain Injury 

    Initial Assessment 

 The  initial assessment   of the patient in the trauma 
bay is critical. The patient with traumatic brain 
injury must be identifi ed early on in evaluation. 
Once the patient has been stabilized, the patient 
should be sent for CT scan, and basic labs 
 checking coagulation status should be drawn 
immediately. 

 The anticoagulation status of the patient must 
be determined early so that reversal agents and 
medications can be administered. During the sec-
ondary survey, the provider should identify the 
patient’s past medical history, home medications, 
surgical scars, and medical alert bracelets [ 5 ].  

    Laboratory Studies 

 Assessment of coagulation status in the trauma 
patient often includes prothrombin time (PT), 
activated partial thromboplastin time (aPTT), 
international normalized ratio (INR), and platelet 
count.  The   prothrombin time measures the time it 
takes plasma to clot after addition of tissue 
 factors. The prothrombin time is a measure of 
the extrinsic pathway of coagulation. Prothrombin 
time measures factors I (fi brinogen), II (pro-
thrombin), V, VII, and X. The normal reference 
range is typically 12–13 s, but is dependent on 
the analytical method used. Prolongations in the 
prothrombin time (PT) can be a result of vitamin 
K defi ciency, warfarin therapy, and intestinal 
malabsorption of vitamin K. 

 The activated partial thromboplastin time 
( aPTT)      measures the time it takes plasma to clot 
after phospholipid, an activator (silica, celite, 
kaolin, ellagic acid), and calcium are mixed into 
a plasma sample.  The   activated partial thrombo-
plastin time (aPTT) is a measure of the intrinsic 
and common coagulation pathways. The normal 
reference range is typically 30–50 s. A normal 
activated partial thromboplastin time (aPTT) 
requires normal amounts of coagulation factors: 

I, II, V, VIII, IX, X, XI, and XII. Prolongations in 
activated partial thromboplastin time (aPTT) can 
result from use of Heparin, antiphospholipid anti-
body, coagulation factor defi ciency, antibody  to 
  coagulation factors, and coagulation factor con-
sumption in severe illness such as sepsis. 

 The  international normalized ratio (INR)   
was developed to standardize the results of the 
prothrombin time. The international normalized 
ratio (INR) is the ratio of the patient’s prothrom-
bin time to a normal control. The normal refer-
ence range is 0.8–1.2. The goal of patients on 
warfarin therapy is typically 2.0–3.0 and may be 
higher for patients with mechanical heart valves. 

 Platelet count is the number of platelets in the 
blood. The normal range of platelets in the blood 
is 150,000–400,000 platelets per microliter (mcL). 

 Vitamin K antagonists are usually readily 
assessed by prothrombin time (PT), activated 
partial thromboplastin time (aPTT), international 
normalized ratio (INR), and platelet count. 
However, the level of anticoagulation and drug 
activity of newer agents such as direct thrombin 
and Xa inhibitors are not readily assessed by 
these lab tests. Thromboelastography (TEG) and 
rotational thromboelastometry (ROTEM) are 
being used to assess coagulation status for these 
newer drugs. These assays test the speed and 
strength  of   clot formation. The assays test the 
activity of the plasma coagulation system, plate-
let function, and fi brinolysis. Four values for clot 
formation are determined by this test: the reac-
tion time ( R  value), the  K  value, the angle, and 
the maximum amplitude (MA). Reaction time 
( R ) is the time until fi rst evidence of clot. The 
angle also offers information for speed of clot 
formation. The  K  value ( K ) is the speed of 
clot formation. The maximum amplitude (MA) is 
refl ection of clot strength. A mathematical for-
mula is then used with these four variables to 
determine the Coagulation Index (CI) which 
gives an overall assessment of coagulability. 

 The  P2Y12 assay   is an additional test that can 
estimate the inhibition of platelet function for 
patients on clopidogrel (Plavix). Clopidogrel 
works by irreversibly blocking the binding of 
ADP to the platelet P2Y12 receptor.  The   assay 
works by injecting a sample of whole blood into 
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a cartridge with two reaction channels. One channel 
has fi brinogen-coated beads, the platelet agonist 
ADP, and Prostaglandin E1. Prostaglandin E1 
decreases nonspecifi c platelet aggregation via a 
second ADP P2Y1 receptor that is not blocked by 
clopidogrel. This channel measures the effect of 
clopidogrel on P2Y12-mediated platelet aggre-
gation. The number of activated platelets is equal 
to the number of fi brinogen-coated beads that 
aggregate in whole blood. The results are reported 
in P2Y12 Reaction Units (PRU) and are equal to 
the amount of residual P2Y12 receptor mediated 
aggregation. A lower PRU indicates a good res-
ponse to clopidogrel and a higher  PRU   indicates 
a less than optimal response to clopidogrel. In the 
trauma patient on clopidogrel, a higher PRU sug-
gests a lower amount of drug or response to drug 
in a patient.  

    Common Anticoagulants 
and Reversal Agents 

    Antiplatelet Agents 
 Aspirin and  Plavix   are antiplatelet agents that are 
often given to patients with coronary artery dis-
ease, after stroke, and after placement of stents. 
   Aspirin is classifi ed as an antiplatelet drug that 
works by irreversible inhibition of the enzyme 
cyclooxygenase-1 (COX-1). Cyclooxygenase-1 
is an enzyme in the infl ammatory pathway. 
 Aspirin   works by acting as an inhibitor to this 
enzyme. Inhibition of the enzyme inhibits plate-
let aggregation for the life of the platelet. It takes 
36 h after the last dose of aspirin until 20 % new 
circulating platelet volume is present. Potential 
reversal agents for aspirin include platelet trans-
fusions, desmopressin (DDAVP), and recombi-
nant factor VIIa (rFVIIa, brand name Novoseven) 
(Fig.  19.1 ).

   Traditionally, aspirin reversal has been treated 
with administration of nonacetylated platelets. 
Restoration of platelet activity has been shown 
with transfusion of platelets to patients on low- 
dose aspirin 75–81 mg per day [ 6 ,  7 ]. However, 
transfusion of platelets to patients on aspirin 
325 mg per day has shown failure to halt 
 prog ression of intracerebral hemorrhage [ 6 ,  7 ]. 

Recent studies suggest that patients with small 
intracerebral hemorrhages should be treated with 
fi ve platelet concentrate units [ 5 ]. 

 Clopidogrel, brand name Plavix, works as an 
adenosine diphosphate (ADP) receptor antago-
nist that inhibits platelet function. Platelet  func-
tion   returns to baseline approximately 5–7 days 
after discontinuation of the drug. A newer, related 
agent is Prasugrel (trade name Effi ent). Platelets, 
desmopressin (DDAVP), and recombinant factor 
VIIa (rFVIIa, brand name Novoseven) work as 
potential reversal agents for clopidogrel or prasu-
grel. Recent evidence suggests that patients on 
clopidogrel with small intracerebral hemorrhages 
should be treated with ten platelet concentrate 
units [ 5 ]. 

 For patients on clopidogrel with severe intrace-
rebral hemorrhage, studies recommend addition 
of desmopressin and serial platelet transfusions 
every 12 h for 48 h [ 5 ]. The exact mechanism of 
desmopressin is unknown. The drug is thought to 
increase Von Willebrand factor and factor VIII 
 levels by three- to fi vefold. Intravenous, subcu-
taneous,    and intranasal routes are available for 
administration. The dose is 0.3 μg/kg, and intrave-
nous and subcutaneous routes are preferred. 

 Additional platelet transfusions may be required 
for up to 5 days for patients on clopidogrel due to 
the active metabolite of the drug. Recombinant 
factor VIIa (rFVIIa, brand name Novoseven) 
works to promote hemostasis by activating the 
extrinsic pathway of the coagu lation cascade. 
Recombinant factor VIIa, Novoseven, is structur-
ally similar to human plasma-derived Factor VIIa 
and functions by a similar mechanism. 

 Additional antiplatelet medications that may be 
encountered include nonsteroidal anti- infl ammatory 
drugs.  Nonsteroidal anti- infl ammatory drugs 
(NSAIDs)         work through reversible cyclooxygen-
ase-1 (COX-1) inhibition. Common nonsteroidal 
anti-infl ammatory drugs include: diclofenac, difl u-
nisal, etodlac, fenoprofen, ibuprofen, indome-
thacin, ketoprofen, ketorolac, meclofenamate, 
meloxicam, nabumetone, naproxen, oxaprozin, 
piroxicam, sulindac, and tolmetin. The effect of 
nonsteroidal anti- infl ammatory drugs lasts 36 h 
after the last dose. Platelets and desmopressin 
(DDAVP) are potential reversal agents. 
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  Fig. 19.1    Common anticoagulants         

Medication Mechanism of 
Action

Duration of 
Effect

Potential 
Reversal Agents

Antiplatelets
Aspirin Irreversible 

COX-1 
inhibition 

Inhibition lasts 
for the life of 
the platelet; 36 
hours after last 
dose until 20% 
new circulating 
platelet volume

Platelets, 
DDAVP, rFVIIa

Clopidogrel
(Plavix)

Prasugrel
(Effient)

ADP receptor 
antagonist on 
platelets

Platelet 
aggregation 
returns to 
baseline 5 days 
after 
discontinuation

Platelets, 
DDAVP, rFVIIa

NSAIDs* COX-1 
inhibition

36 hours after 
last dose

Platelets, 
DDAVP

Cilostazol PDE-III inhibitor 48-96 hours 
after last dose

Platelets, 
DDAVP

Vitamin K 
Antagonist

Warfarin
(Coumadin)

Inhibit vitamin 
K dependent 
clotting factors 
(II, VII, IX, X)

INR will return 
to baseline 4 to 
10 days after 
last dose

Phytonidione 
(vitamin K1), 
FFP, PCC, 
cryoprecipitate, 
rFVIIa

Antithrombin 
III

Heparin Facilitates AT-III 
binding to and 
inactivation of 
Factor IIa, IXa, 
and Xa

6-8 hours after 
last 
subcutaneous 
injection

Protamine

Enoxaparin, 
Dalteparin,
Tinzeparin

Facilitates AT-III 
binding to and 
inactivation of 
Factor Xa and 
IIa

12-24 hours 
after last 
subcutaneous 
injection

Protamine, 
rFVIIa

Fondaparinux
(Arixtra)

Facilitates 
selective AT-III 
binding to
Factor Xa 

Approximately 
60 hours after 
last dose 

rFVIIa
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*NSAIDs include the following: diclofenac, di�lunisal, etodlac, fenoprofen, ibuprofen, 

indomethacin, ketoprofen, ketorolac, meclofenamate, meloxicam, nabumetone, 

naproxen, oxaprozin, piroxicam, sulindac, and tolmetin

Abbreviations:

APCC: Activated Prothrombin Complex Concentrate, brand name (FEIBA)

AT-III: Antithrombin III

DDAVP: Desmopressin

Direct 
Thrombin 
Inhibitors

Argatroban Direct 
thrombin 
inhibitor

Hepatic 
clearance in 60-
90 minutes

No effective 
reversal agent 
identified

Bivalirudin
(Angiomax)

Reversible 
direct thrombin 
inhibitor

Enzymatic 
clearance in 
blood in 25-45 
minutes 

rFVIIa

Dabigatran
(Pradaxa)

Direct inhibitor 
of free 
thrombin, 
fibrin-bound 
thrombin, and 
thrombin-
induced 
platelet 
aggregation

14-17 hours and 
renal clearance

APCC, PCC, 
hemodialysis

Direct Factor 
Xa Inhibitors

Rivaroxaban
(Xarelto)

Direct active 
inhibitor of 
activated factor 
X (factor Xa)

5-13 hours and 
clearance both 
hepatic and 
renal

APCC, PCC, 
rFVIIa

Apixaban
(Eliquis)

Direct active 
inhibitor of 
activated factor 
X (factor Xa)

9-14 hours and 
clearance both 
hepatic and 
renal

APCC, PCC, 
rFVIIa

NSAIDs: Non-steroidal anti-in�lammatory drugs

PCC: Prothrombin Complex Concentrate

PDE-III: Phosphodiesterase III

rFVIIa: Recombinant Activated Factor Seven (Novoseven)

Fig. 19.1 (continued)
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 A less common agent, Cilostazol, acts as an 
inhibitor to phosphodiesterase III (PDE-III) 
and increases cyclic adenosine monophosphate 
(cAMP). An increase in cAMP results in an 
increase in protein kinase A (PKA) which inhib-
its platelet aggregation. The effect  of   the drug 
lasts for 48–96 h. Platelets and desmopressin 
(DDAVP) work as potential reversal agents.  

    Vitamin K Antagonist 
 Warfarin, brand name Coumadin, acts by inhibit-
ing vitamin K dependent clotting factors. These 
factors include II, VII, IX, and X. The duration of 
effect of warfarin lasts for 4–10 days after the last 
dose. The drug has hepatic clearance. Patients 
with atrial fi brillation, mechanical valves, ven-
tricular devices, deep vein thrombosis, or pulmo-
nary embolism are often on  warfarin   to prevent 
thrombosis. 

 Approximately 3 % of  patients   presenting to 
Level 1 Trauma Centers are anticogulated with 
warfarin [ 8 ]. Studies have shown a threefold 
increase in mortality in this group compared to 
those not taking warfarin or antiplatelet agents [ 8 ]. 
Warfarin therapy is typically monitored with the 
international normalized ratio (INR). Patients 
on Coumadin with INR greater than 1.6 require 
immediate reversal after traumatic brain injury. 
Patients with traumatic intracerebral hemorrhage 
should begin therapy to correct their INR to less 
than 1.6 within 2 h of arrival, and INR should be 
corrected to INR again of less than 1.6 within 
4 h [ 9 ]. Early reversal of warfarin effect reduces 
progression of intracerebral hemorrhage and 
reduces mortality [ 10 ]. 

 Potential warfarin reversal agents include 
phytonidione (vitamin K1), fresh frozen plasma, 
prothrombin complex concentrate (PCC, brand 
name KCentra), cryoprecipitate, and recombi-
nant factor VIIa (rFVIIa, brand name Novoseven). 
Fresh frozen plasma (FFP) has been the tradi-
tional reversal agent. However, fresh frozen 
plasma is frozen, takes time to thaw, and must 
be cross-matched. Administration can result in 
transfusion reactions and often requires multiple 
doses. The large fl uid volumes of multiple units 
of FFP often cannot be tolerated in patients with 
congestive heart failure and  low   cardiac reserves. 

 A newer reversal agent is prothrombin 
 complex concentrate (PCC, KCentra). The agent 
contains multiple coagulation factors that aid 
reversal of warfarin. There are 3-factor (factors 
II, IX, and X) and 4-factor (factors II, VII, IX, 
and X) forms. Prothrombin complex concentrate 
has low risk of infection, no cross matching is 
required, is contained in a small volume, and can 
be infused quickly within 15–30 min. 

 As alternative strategies, cryoprecipitate is a 
frozen blood product acquired from plasma that 
contains fi brinogen, factor VIII, von Willebrand 
factor, and factor XIII. There is limited evidence 
for use of recombinant activated VII (Novoseven) 
to reverse vitamin K antagonists. It can be used 
when fi rst line agents are not available. There is 
signifi cant risk of  thrombosis   when administer-
ing Novoseven due to the activated component of 
factor VII. There is less risk of thrombosis when 
giving prothrombin complex concentrate because 
the factors are not activated.  

     Antithrombin III Antagonism   
 Heparin acts by facilitating antithrombin III 
(AT-III) binding to and inactivation of Factor IIa, 
IXa, and Xa. The effect of Heparin lasts for 6–8 h 
 after   the last subcutaneous dose. Unfractionated 
heparin has  hepatic   clearance, and low molecular 
weight heparin has renal clearance. Protamine 
acts as a potential reversal agent. 

 Enoxaparin, Dalteparin, and Tinzeparin act by 
facilitating antithrombin III (AT-III) binding to and 
inactivation of Factor Xa and IIa. The effect of 
these medications lasts for 12–24 h. Protamine, 
recombinant factor VIIa (rFVIIa, brand name 
Novoseven), and activated prothrombin complex 
concentrate (aPCC, brand name FEIBA) act as 
potential reversal agents. FEIBA provides factors II 
(prothrombin), IX, and X in the non-activated form 
and factor VII in the activated form. Factor VIII 
coagulant antigen is also present to promote hemo-
stasis. Protamine sulfate exhibits partial, temporary 
reversal of anti-factor IIa activity [ 5 ]. Anticoagulant 
activity may return 3 h after reversal [ 5 ]. Ongoing 
administration is often required [ 5 ] (Fig.  19.2 ).

   Fondaparinux acts by facilitating  selective   
antithrombin III (AT-III) binding to Factor Xa. 
The effect lasts for approximately 60 h after 
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the last dose. The drug has renal clearance. 
Recombinant factor VIIa (rFVIIa, brand name 
Novoseven)  acts   as a potential  reversal   agent.   

    New Anticoagulants 

     Direct Thrombin Inhibitors   
 Argatroban acts as a direct thrombin inhibitor. 
The liver clears this medication in 60–90 min. 
The drug has hepatic clearance. No effective 
means has been established to reverse the effects 
of Argatroban. 

 Bivalirudin, bran name Angiomax, acts as a 
reversible direct thrombin inhibitor. Bivalirudin 
is cleared enzymatically in the blood within 
25–45 min. Recombinant factor VIIa (rFVIIa, 
brand name Novoseven) acts as a potential rever-
sal agent. 

 Dabigatran, brand name Pradaxa, is a direct 
inhibitor of free thrombin, fi brin-bound throm-
bin, and thrombin-induced platelet aggregation. 
The drug is approved for prevention of deep vein 
thrombosis, stroke, and embolism in patients 
with nonvalvular atrial fi brillation [ 5 ]. The dura-
tion of effect is 14–17 h. The drug has renal 
clearance. 

 Potential reversal agents are activated 
 prothrombin complex concentrate (aPCC, brand 
name FEIBA), prothrombin complex concentrate 
(PCC, brand name KCentra), and hemodialysis. 
The manufacturer of direct thrombin inhibitors 
recommends fresh frozen plasma to restore cir-
culating coagulation factors, but fresh frozen 
plasma is unlikely to reverse the drug effect 
based on its mechanism [ 11 ,  12 ]. Case reports 
and animal models recommend prothrombin 
complex concentrate (PCC, KCentra), activated 
prothrombin complex concentrate (aPCC, brand 
name FEIBA), and recombinant factor VIIa 
(rFVIIa, Novoseven) [ 13 ,  14 ]. Currently, a true 
antidote, anti-Dabi Fab, is under development. 
The antibody would function as a high-affi nity 
complex inhibitor to dabigatran [ 15 ]. The drug of 
choice for reversal of direct thrombin inhibitors 
in patients with intracerebral hemorrhage is  pro-
thrombin   complex concentrate (PCC, KCentra).  

    Direct Factor Xa  Inhibitors   
 Rivaroxaban, brand name Xarelto, acts as a direct 
inhibitor of activated factor 10 (factor Xa). The 
duration of effect is 5–13 h. The drug has both 
hepatic and renal clearance. Activated prothrom-
bin complex concentrate (aPCC, brand name 

Reversal Agent/Antidote Mechanism of Action

FEIBA: activated prothrombin complex 

concentrate (aPCC)

Contains factors II (prothrombin), IX, 

and X in the non-activated form, factor 

VII in the activated form, factor VIII 

coagulant antigen which promote 

hemostasis within the coagulation 

cascade

KCentra: prothrombin complex 

concentrate (PCC)

Contains four coagulation factors within 

the coagulation cascade: factors II, VII, 

IX, and X which promote clotting 

NovoSeven: recombinant factor VIIa 

(rFVIIa)

Promotes hemostasis by activating the 

extrinsic pathway of the coagulation 

cascade through administration of 

chemically engineered factor VIIa; 

structurally similar to human plasma-

derived Factor VIIa and functions by a 

similar mechanism

  Fig. 19.2    Reversal agents for anticoagulants       
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FEIBA), prothrombin complex concentrate 
(PCC, brand name KCentra), and recombinant 
factor VIIa (rFVIIa, brand name Novoseven), are 
potential reversal agents. Fresh frozen plasma 
does not reverse the drug, but helps maintain 
coagulation factors during ongoing hemorrhage. 

 High doses of prothrombin complex concen-
trate (PCC, KCentra) have been shown to 
 normalize bleeding times in animal models [ 16 ]. 
The dose of prothrombin complex concentrate is 
approximately twice the amount needed for vita-
min K Antagonists [ 17 ]. The dose of FEIBA 
needed for reversal is 8–25 U/kg. 

 Apixaban, brand name Eliquis, acts as a direct 
inhibitor of activated factor 10 (factor Xa). The 
duration of effect is 9–14 h. The drug has both 
hepatic and renal clearance. Activated proth-
rombin complex concentrate (aPCC, brand name 
FEIBA), prothrombin complex concentrate 
(PCC, brand name KCentra), and recombinant 
factor VIIa (rFVIIa) (Novoseven) are potential 
reversal agents.    

    Safety of DVT Prophylaxis in Post- 
traumatic Brain Injury Patients 
and Spinal Cord Injury Patients 

 The risk and benefi ts of anticoagulation after 
trauma and the type of anticoagulant to use must 
be carefully weighed. Deep vein thrombosis can 
be silent; however, symptoms can present them-
selves.  Common   symptoms included leg swell-
ing and pain behind the calf muscle. There is a 
25 % incidence of deep vein thrombosis in trau-
matic brain injury patients after trauma. Deep 
vein thrombosis is present in 16–17 % of spinal 
cord injury patients. One to fi ve percent of trau-
matic brain injury patients will have a  pulmonary 
embolism.   Pulmonary embolism is reported in 
4–5 % of spinal cord injury patients [ 18 ]. The 
formation of an embolism usually takes 72 h. 
Patients with pulmonary emboli typically present 
with shortness of breath, tachycardia, and dec-
rease in oxygenation saturations. 

 Deep vein thrombosis  is   diagnosed by physi-
cal exam, impedance plethysmography, and 
ultrasound. CT chest angiogram is the gold stan-

dard for patients suspected of having pulmonary 
 embolism.  Risk factors   for venous thrombo- 
embolism include immobility, extremity or pel-
vic fractures, and morbid obesity. In trauma 
patients, patients with traumatic brain injury 
have a higher incidence of venous thrombo-
embolism [ 19 ]. 

 Mechanical prophylaxis and pharmacologic 
prophylaxis are key to preventing deep vein 
thrombosis in patients with traumatic brain 
injury. TED  Hose   and pneumatic intermittent 
compression devices for the calves help prevent 
deep vein thrombosis. TED Hose and pneumatic 
intermittent compression devices are probably 
equivalent in effi cacy. Pneumatic intermittent 
compression devices reduce risk from 23 to 6 % 
in traumatic brain injury patients. Pharmacologic 
prophylaxis is important in spinal cord injury 
patients who are immobile. A case series of  spinal 
cord injury patients showed that 43 % of para-
lyzed patients developed deep vein thrombosis 
when treated with intermittent compression 
devices [ 20 ]. 

 In the Cochrane analysis for thrombo- 
prophylaxis in trauma patients with traumatic 
brain injury, there was no strong evidence that 
either mechanical or pharmacological interven-
tions reduced death or pulmonary embolisms. 
The evidence showed that mechanical and phar-
macological interventions prevent formation of 
deep vein thrombosis in the legs [ 21 ]. Level three 
evidence suggests that compression stockings or 
intermittent pneumatic compression stockings 
are recommended unless lower extremity injury 
prevents their use. The stockings should be used 
until the patient is ambulatory [ 22 ]. Vena cava 
fi lters are recommended for patients who do not 
respond to anticoagulation or who are not candi-
dates for anticoagulation therapy or mechanical 
devices [ 23 ]. Routine use of vena cava fi lters in 
spinal cord injury is not indicated unless there is 
an associated long bone fracture that increases 
risk of deep vein thrombosis [ 24 ]. 

 There is controversy as to the specifi c agents 
that should be used for prophylaxis in traumatic 
brain injury. Low molecular weight heparin 
(LMWH)  or   low dose unfractionated heparin 
should be used in combination with mechanical 
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prophylaxis. However, there is an increased risk 
for expansion of intracranial hemorrhage. There 
is insuffi cient evidence to support recommen-
dations regarding the preferred agent, dose, or 
 timing   of pharmacologic prophylaxis for deep 
vein thrombosis. 

 Venous ultrasounds should be used to screen 
for deep vein thrombosis in patients with multi-
system trauma, complex extremity or pelvic frac-
tures, and patients with severe traumatic brain 
injury. For patients with traumatic brain injury, 
recommendations are to perform venous ultra-
sounds at 48 h after trauma. Repeat scans should 
be performed 7–10 days after trauma [ 25 ]. For 
patients with spinal cord injuries, weekly screen-
ing for deep vein thrombosis during the fi rst 13 
weeks after injury detects most of the asymptom-
atic events within this population [ 18 ]. 

 Class three evidence suggests reduced inci-
dence of DVT and no increase in worsening 
 traumatic brain injury in patients started on 
unfractionated heparin within 72 h of injury [ 26 ]. 
Enoxaparin was studied in a group of 150 trau-
matic brain injury patients. Enoxaparin was given 
24 h after admission. Six patients on Enoxaparin 
had worsening of their injury on CT Head after 
prophylaxis for deep vein thrombosis. The study 
concluded Enoxaparin can be safe 24 h after 
injury [ 27 ]. 

 A further study compared unfractionated hep-
arin and Enoxaparin. 159 patients received Eno-
xa parin and 171 received unfractionated heparin. 
Deep vein thrombosis and pulmonary embolism 
was increased in the group receiving unfraction-
ated heparin. Patients on unfractionated heparin 
had more events of worsening intracerebral hem-
orrhage [ 28 ]. 

 For patients  with   spinal cord injury, no par-
ticular agent was found to be superior when 
 comparing low molecular weight heparin versus 
unfractionated heparin and Dalteparin versus 
Enoxaparin [ 29 ,  30 ]. It is recommended that 
administration of anticoagulation in spinal cord 
injury be initiated within 72 h of injury. When 
surgical intervention is needed, anticoagulation 
should be held the morning of surgery, and 
resumed within 24 h after surgery. 

    Conclusions 

 There is no standard of care guideline for the use 
of anticoagulants post-traumatic brain injury. The 
guideline for management of severe traumatic 
brain injury cites level III evidence for using low-
molecular weight heparin or low-dose unfrac-
tionated heparin (UFH) in combination with 
mechanical prophylaxis [ 31 ]. The guideline pro-
vides no recommendation with regard to which 
subgroups of traumatic brain injury patients 
might benefi t more from prophylactic anticoagu-
lation as well as the preferred agent, timing, and 
dose [ 31 ]. 

 A review of the literature suggests that prophy-
lactic anticoagulation can be safe in traumatic 
brain injury patients with stable head CT. 
Prophylactic anticoagulation in traumatic brain 
injury patients with stable or improved head CT 
scans after 24 h of injury reduced incidence of 
deep vein thrombosis without increasing risk of 
intracerebral hemorrhage progression [ 32 ]. Studies 
suggest that there is no prophylactic agent of 
choice for anticoagulation, there is no signifi cant 
difference in rate or hemorrhage based on agent 
chosen, and there is no signifi cant difference in 
rate of deep vein thrombosis [ 28 ,  33 ]. 

 With respect to spinal cord injury, prophylactic 
pharmacologic anticoagulation is recommended 
in patients with severe motor defi cits. Low-dose 
heparin in combination with pneumatic compres-
sion stockings, electrical stimulation, or rotating 
beds is recommended. Duplex Doppler Ultra-
sound, impedance plethysmography, and venogra-
phy are recommended for use as diagnostic tests 
for deep vein thrombosis in the spinal cord-injured 
patient population. A 3-month duration of prophy-
lactic treatment for deep venous thrombosis and 
pulmonary embolism is recommended. Vena cava 
fi lters are recommended for patients who do not 
respond to anticoagulation or who are not candi-
dates for anticoagulation therapy or mechanical 
devices [ 23 ]. 

 Thus, further studies are needed to guide the 
use of anticoagulants post-traumatic brain injury 
and spinal cord injury. Mechanical and pharma-
cological prophylaxis is key and patients should 
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be followed with surveillance ultrasounds 
 checking for deep vein thrombosis. Thus, initia-
tion of anticoagulation is ultimately the decision 
of the practicing provider. Risks and benefi ts of 
anticoagulation must be weighed. In the end, 
each physician must factor in his or her own risk 
tolerance into this decision.      
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          Introduction 

 Cerebral venous sinus thrombosis (CVST) is a 
relatively rare but potentially devastating entity 
that mainly affects young adults and children and 
represents between 0.5 and 1 % of all strokes [ 1 ]. 
Despite signifi cant improvements in outcomes 
[ 2 ], CVST is a heterogeneous stroke subtype that 
can be challenging to diagnose and effectively 
treat and, as a result, is still a signifi cant cause of 
death and disability [ 2 ,  3 ].  Anticoagulation   is 
currently the mainstay of treatment [ 4 – 6 ] but a 
multidisciplinary) approach is usually required to 
achieve optimal outcomes. Expertise in neuro-
logic diagnosis, medical/surgical management of 
intracranial hypertension and cerebral edema, 
neuro- endovascular therapy and critical care, 
often places the neurosurgeon at the center of this 
multidisciplinary team. And as an integral part of 
this team, modern neurosurgeons must have an 
excellent understanding of this complex and 
interesting stroke subtype. The purpose of this 
chapter is to provide a basic review of CVST and 
its treatment with a focus on the role of systemic 
anticoagulation as a part of the overall treatment 
methodology. The specifi c objectives are to

    1.    Review the epidemiology and clinical signifi -
cance of CVST.   

   2.    Discuss the pathophysiology of CVST and its 
relation to clinical subtypes and potential 
treatments.   

   3.    Provide evidence based review of modern 
treatment options for CVST with a focus on 
anticoagulation.   

   4.    Offer a clinical algorithm for care of the 
CVST patient.   

   5.    Highlight future directions.    

      Epidemiology 

 CVST is  reported   to have been initially described 
as early as 1825 by French physician Ribes [ 7 ,  8 ]. 
However, due to a combination of poor diagnos-
tic/imaging techniques and a highly variable clin-
ical presentation, CVST was historically only 
diagnosed at autopsy [ 5 ]. Therefore, it is likely 
that its true incidence was underestimated. 
Widespread access to advanced, modern imaging 
techniques has lead to the ability to diagnose 
CVST more accurately and at earlier, more 
benign stages of presentation. As expected the 
overall incidence of CVST has increased accord-
ingly. Currently, CVST is estimated to occur in 
three to four people per million in adults and 
between six and seven million in children and 
neonates [ 4 ,  5 ,  9 ]. Using data from Portugal, 
Hong Kong, Mexico, and Iran, the incidence has 
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been estimated at 0.2–1.23 per 100,000. Most 
recently a Dutch population study looking at 
9270 patients over a 2-year period found an inci-
dence of approximately 1.32 per 100,000 in the 
general population [ 10 ,  11 ]. 

 As mentioned, CVST is  a   disease of young 
adults and children. Indeed, based on the 
International Study on Cerebral Venous and 
Dural Sinuses Thrombosis (ISCVT), the largest 
cohort study to date, 78 % of those affected were 
less than 50 years of age [ 1 ,  3 ]. Similarly, in a 
retrospective analysis of the National Inpatient 
Sample (NIS) data for 11,400 patients older 15 
years of age admitted to US hospitals (2001–
2008), the mean age was 38 years old and 78 % 
of the patients were between the ages of 15 and 
49 years old [ 1 ,  3 ,  12 ]. 

 CVST also preferentially affects women. 
Nearly 75 % of adult CVST patients are women. 
This predilection for women is based on gender 
specifi c issues including pregnancy, puerperium, 
oral contraceptive pill (OCP) use (especially 
third generation), and hormone supplementation 
[ 9 ]. The incidence of CVST in female population is 
reported to be as high as 2.78 per 100,000 in certain 
groups [ 10 ]. Pregnancy/puerperium related cases 
alone account for between 5 and 20 % of all 
CVST in developed countries [ 6 ]. When control-
ling for gender specifi c factors, the incidence in 
women is similar to that of their male counter-
parts. This has been demonstrated in studies that 
have shown that rates of CVST in female chil-
dren and elderly women are the same as in men. 
Moreover, a signifi cant rise in the incidence of 
CVST in women occurred in the 1970s coinci-
dent with the introduction and widespread adop-
tion of the OCP [ 9 ]. Interestingly, the presentation 
and outcomes associated with CVST can vary 
with gender as well [ 13 ,  14 ]. Women with gen-
der-specifi c causes tend to have better outcomes 
as compared to their male counterparts [ 14 ].  

    Outcomes 

 Historically, CVST was associated with mortal-
ity rates as high as 40–50 % and was usually 
diagnosed upon the patient’s death. Recent studies 

have demonstrated that the prognosis has 
improved and current mortality is 2–6 % [ 3 ,  9 , 
 11 ,  12 ]. A recent review of the literature high-
lights a signifi cant reduction in mortality over 
the last 2 decades that can be linked to four main 
factors.  Hospital care , including ICU and criti-
cal care, has  signifi cantly improved over the last 
several decades leading to improved outcomes 
for a  variety of   disease processes. The second 
major factor is  improved imaging . Major 
improvements in the ability to diagnose CVST 
occurred with the advent of invasive catheter 
cerebral angiography. The utility of catheter 
angiography was limited by the fact that the 
technique was slow, required technical expertise 
and had signifi cant risks. It was, and continues 
to be, somewhat cumbersome to use invasive 
angiography as an initial diagnostic or screening 
tool. Thus even further improvement  occurred   
with the widespread adoption of noninvasive 
techniques such as magnetic resonance imaging 
(MRI), magnetic resonance venography (MRV), 
and CT venography (CTV) that, with some limi-
tations, allowed safe and effi cient diagnosis of 
CVST. In the future molecular based imaging 
techniques may yield further advances [ 15 ]. 
 Shifts in risk factors  have also contributed to 
overall decline in mortality from CVST. Indeed 
over the last decades the incidence of traumatic 
and infectious CVST has been on the decline. 
As will be discussed, these subtypes are associ-
ated with worse outcomes. Conversely, the 
relative incidence of CVST associated with gen-
der specifi c causes, such as OCP use, has been 
increasing. In general, these subtypes have rela-
tively lower risk profi les [ 3 ,  13 ]. Finally, the 
ability  to treat CVST has improved . And although 
still  controversial, the use of intravenous heparin 
or subcutaneous low molecular weight heparin 
(LMWH) is the recommended fi rst line therapy 
and seems to be associated with lower mortality 
and improved outcomes. Other measures such as 
hemicraniectomy or endovascular techniques 
have also been shown to improve outcomes in 
certain cases. The combination of these factors 
and improved awareness of CVST has lead to 
marked improvements in mortality. 
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 Currently, CVST is associated with good out-
comes in over 85 % of patients and has an overall 
mortality of about 2–6 % and a rare recurrence 
rate of about 3 % [ 2 ,  3 ,  9 ,  12 ]. Despite improve-
ment there are several factors that have been 
associated with poor outcomes. Some examples 
are: malignancy as a cause of the CVST, CNS 
infection, seizures, associated brain hemorrhage, 
GCS <9 on admission and/or altered mental sta-
tus, hemiparesis, male gender, age over 37 years, 
and CVST affecting the straight sinus or deep 
venous system [ 3 ]. 

 The best  outcomes   can be achieved when 
CVST is recognized and treated in a timely  and  
appropriate manner. Indeed, delay in diagnosis 
and treatment is a signifi cant problem with 
CVST. Data from the ISCVT study showed in the 
ISCVT, the median delay from onset of symp-
toms to hospital admission was 4 days. Further it 
took an additional 3 days in the hospital for the 
diagnosis of CVST to be made. Thus, the median 
delay from initial symptom to diagnosis was 
about 1 week [ 16 ]. Patients presenting with visi-
ble parenchymal or hemorrhagic lesions, sei-
zures, or mental status changes, are usually diag-
nosed most quickly. While patients presenting 
without visible lesions on imaging and only 
symptoms of elevated intracranial pressure (usu-
ally headache) alone are a diagnostic challenge 
and face greater delays in diagnosis and initial of 
treatment. Interestingly men are also subject to 
relative diagnostic delay [ 16 ].  

    Pathophysiology 

 CVST is a  stroke   subtype that  is   characterized by 
thrombo-occlusion of major cerebral veins and/or 
dural venous sinuses. In general, these two broad 
interrelated pathophysiologic mechanisms contrib-
ute to the fi ndings that characterize CVST. 
Thrombosis of major cerebral veins leads to local 
blockage of normal venous outfl ow pathways. 
In turn this contributes to the development of 
 venous hypertension   and cerebral edema. Gross 
and micropathologic examination reveals engorged 
thrombotic veins, ischemic neurons, edema, and 
microhemorrhages. Intracellular cytotoxic edema 

develops as a result of ischemia which damages 
the cellular Na/K pumps [ 9 ,  17 ,  18 ]. This is fol-
lowed by development of reversible interstitial 
vasogenic edema that results from secondary dis-
ruption of the blood brain barrier. Venous infarc-
tion and/or hemorrhage are common sequelae [ 9 , 
 18 ] (Fig.  20.1 ).    Elevated intracranial pressure 
(ICP) and, sometimes, herniation can develop as a 
result of malignant edema or mass effect from 
large hemorrhagic lesions. The nature and viability 
of collateral venous drainage is an important con-
sideration. Those with robust alternative venous 
drainage may be able to tolerate thrombosis for 
longer periods of time.

   The next mechanism is  intracranial hyperten-
sion   that results from reduction of CSF reabsorp-
tion. As venous outfl ow is impaired, the gradient 
for CSF reabsorption via the arachnoid granula-
tions is interrupted. As a result, patients develop 
signs and symptoms of intracranial hypertension 
such as headache or papilledema. Despite the 
presence of elevated intracranial pressure, CVST 
is not usually associated with ventricular dilata-
tion or hydrocephalus. These two mechanisms 
usually occur in concert with each other leading 
to the more common clinical presentations asso-
ciated with CVST. Isolated intracranial hyper-
tension without cortical venous thrombosis 
occurs in about 20 % of patients presenting with 
CVST [ 3 ,  9 ]. 

 In accordance with  the   Virchow triad of blood 
stasis, changes in the vessel wall and changes in 
the composition of the blood, CVST usually 
occurs in the setting of an inherited thrombo-
philia or an acquired prothrombotic state or con-
dition. In the ISCVT study a thrombophilia was 
documented in 34 % of patients [ 3 ,  19 ]. Multiple 
specifi c predisposing conditions have been iden-
tifi ed and are presented  in   Table  20.1  [ 3 ]. In 
many cases there is a double hit type of phenom-
enon and CVST occurs as a result of an anteced-
ent prothrombotic cause in the setting the setting 
of a preexisting underlying thrombophilia 
(Fig.  20.2 ). As will be discussed, an important 
part of therapy for CVST is the identifi cation and 
treatment of modifi able factors. Unfortunately, a 
likely risk factor for CVST can only be identifi ed 
in only 85 % of cases [ 9 ].
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    Historically, post-infectious CVST was com-
mon. However, recently this has been on the 
decline as a risk factor for most patients with 
CVST. However, it is more common as a risk in 
male patients, pediatric patients and in patients 
from developing countries [ 11 ,  13 ,  20 – 23 ]. 
Other less common but notable risk factors 
include lumbar puncture with intracranial hypo-
tension [ 24 ], intracranial trauma, and neurosur-
gical procedures. These can present signifi cant 

treatment challenges due to the inherent risk 
of bleeding when considering using anti-
coagulation for treatment following trauma or 
surgery. In a recent study of over 900 patients 
(ages 1–77, mean 36.1) admitted to a US 
University Hospital with skull fractures, over 
10 % had a skull fracture associated with a cere-
bral venous sinus and, of those, over 34 % had 
an associated thrombus involving at least one 
venous sinus [ 25 ].  

  Fig. 20.1    Case I: A  young   woman with hemorrhagic 
CVST in setting of OCP use. A 49-year-old right-handed 
woman with unremarkable medical history presented with 
acute confusional state. While at work, she began having 
diffi culties with naming and became disoriented. Her ini-
tial head CT (A&B) showed an approximately 3 × 3 cm 
intraparenchymal hematoma ( a — arrowheads ) in the right 
frontal lobe with adjacent subarachnoid hemorrhage in the 
right sylvian fi ssure and overlying the right frontotempo-
ral lobes ( b — asterisk ). There was signifi cant surrounding 
edema but no signifi cant mass effect or midline shift. 
There was hyperdensity at the right transverse sigmoid 
sinus ( b — arrowhead ). Further history from family 
revealed a 2-month history of intermittent right occipital 
headaches (worse over the last 2 weeks) and retroauricular 
pain. She had been given a diagnosis of mastoiditis and 
treated with augmentin. She had been taking oral contra-
ceptive pills for many years. Her history and imaging 
(hyperdensity at the right transverse sinus) were concern-
ing for CVST. She could not tolerate MRI due to her con-
fusion and agitation. So a CTA/CTV (C&D) was obtained. 
It showed no evidence cerebral aneurysm on CTA. CTV 
showed dural venous sinus thrombus extending from the 

proximal right transverse sinus through the sigmoid sinus 
and into the proximal jugular vein ( c  and  d — arrows ). She 
was initially admitted and followed on the neurology ser-
vice with serial CT scans showing stable intraparenchy-
mal hemorrhage, and started on a therapeutic heparin drip 
for 3 days and subsequently started on coumadin (received 
one dose). On the fourth day she was noted to be progres-
sively more confused and developed worsened LUE 
weakness. Repeat CT ( e ) head showed progressive mid-
line shift and increased mass effect from IPH with early 
uncal herniation. Neurosurgery was consulted and she 
was taken for decompressive hemicraniectomy ( f ). She 
stabilized and made some improvement while in the hos-
pital. She was discharged to rehab with mild language 
apraxia. She was restarted on LMWH and coumadin 10 
days after surgery. She was continued on anticoagulation 
for 6 months total. Repeat MRI/MRV was obtained at 6 
month follow-up and showed that normal contrast and 
fl ow related enhancement are demonstrated throughout 
the major dural sinuses and proximal internal jugular 
veins without occlusive fi lling defect with no evidence of 
sinus occlusion ( g  and  h — arrows )       
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    Presentation and Clinical Subtypes 

 The  presentation   of CVST varies widely and 
largely depends on the location of thrombosis, 
chronicity of presentation, presence of 
 intraparenchymal lesions, and the underlying 
pathophysiology (Fig.  20.3 , Table  20.2 ). Those 
with involvement of dural sinuses with cortical 

venous thrombosis may present with only fea-
tures of elevated intracranial pressure such as 
headache or papilledema. CVST can present in 
an acute, subacute, and chronic time course. 
90 % of patients present with headache [ 6 ,  9 ]. It 
is the initial symptom in nearly 80 % and the only 
symptom in 15–25 % of patients [ 1 ,  6 ,  26 ,  27 ]. 
Thus a high index of suspicion must be main-
tained in patients with isolated headache and risk 
factors for CVST. The type of headache is also 
quite variable but is often gradual, diffuse and 
subacute in nature. Rarely CVST can present 
with sudden, severe headache pattern similar to 
that usually associated with aneurysmal sub-
arachnoid hemorrhage. Conversely, 5–30 % of 
patients have been reported to present without 
headache [ 28 ]. These patients tend to be older, 
male and show a trend towards worse clinical 
outcomes [ 28 ].

    Focal neurologic defi cits can be seen and 
 usually correspond to the locale of intraparen-
chymal lesions [ 3 ,  9 ], while marked alterations 
in consciousness or coma are associated with 
deep venous thrombosis with associated tha-
lamic involvement. In general focal defi cits or 
coma as a presenting feature portend poor 
 outcomes [ 1 ,  3 ,  9 ]. 

  Seizure   is also a common presenting feature 
and has been reported as a presenting feature in 
nearly 40 % of patients with CVST [ 29 ]. Logistic- 
regression analysis showed that CVST present-
ing with seizure was associated with supratentorial 
lesions, cortical vein thrombosis, sagittal sinus 
thrombosis and puerperal CVST. In patients at 
higher risk for seizure, prophylactic antiepileptic 
medical therapy may be considered [ 1 ,  29 ]. 
Seizures are much more common in CVST as 
compared to arterial stroke subtypes. Indeed, sei-
zures with suspicious imaging fi ndings should 
raise suspicion for CVST [ 1 ,  30 ]. 

 Finally, there are variations based on demo-
graphic subgroups. As mentioned, women with 
gender specifi c causes usually present acutely 
with headache and seem to have better outcomes 
as compared to men.  Subgroup analysis   from 
ISCVT study showed that 81 % of women pre-
senting with CVST had a complete recovery ver-
sus only 71 % of men [ 14 ]. The elderly often 

   Table 20.1    Shows common  risk factors for   CVST. No 
underlying risk factor is identifi ed in up to 15 % of patients 
with CVST   

 Thrombophilia 

 Defi ciencies of antithrombin, protein C, and protein S 

 Factor V Leiden mutation 

 Prothrombin gene mutation 20210 

 Antiphospholipid antibodies 

 Hyperhomocysteinemia 

 Female Gender-Specifi c Risks 

 Pregnancy 

 Postpartum state 

 Hormonal contraceptive or replacement therapy 

 Infection 

 Localized infections such as otitis, mastoiditis, 
sinusitis 

 Meningitis 

 Systemic infectious disorders 

 Chronic infl ammatory diseases 

 Vasculitides 

 Infl ammatory bowel disease 

 Cancer 

 Hypercoagulable state 

 Chemotherapy 

 Local venous compression 

 Hematologic disorders 

 Polycythemia 

 Essential thrombocytosis 

 Paroxysmal nocturnal hemoglobinuria 

 Trauma/Mechanical 

 Head trauma 

 Local injury to cerebral sinuses or veins 

 Jugular venous  cannulation   

 Neurosurgical procedures 

 Lumbar puncture 

 Nephrotic syndrome 

 Other 

 Dehydration 

 Dural arteriovenous  fi stula a    

   a dAVF is rare but of interest to the neurosurgeon  
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  Fig. 20.2    Case II: A man with recent dehydration and 
underlying history of malignancy with CVST and 
dAVF. A 66-year-old male with a history of CML s/p  bone   
marrow transplant on immunosuppression who presents 
after obtaining MRI brain this evening for workup of pul-
satile tinnitus which incidentally showed hemorrhagic 
conversion of a area of stroke. He reported being on a hik-
ing trip 3 weeks ago and dehydrated after signifi cant exer-
tion. At that time he had a severe 10/10 headache with 
dizziness that lasted for the day, and resolved by the fol-
lowing day. He did not seek medical care at that time. He 
did, however, start to take daily ASA since he thought his 
symptoms may be related to an MI. He reports only a 
couple of mild headaches since that time. He did have one 
episode of vomiting after dinner 1 week ago, but none 
since then. He has noted a “wooshing” sound in his R ear 
which was worked up by his primary care physician and 
ENT who recommended an MRI/MRA. He denied any 
diplopia, blurry vision, visual fi eld disturbance, seizures, 
weakness/numbness/tingling. His initial non-contrast CT 
head ( a — arrowhead ) showed an approximately 7 cm area 
of non-confl uent intraparenchymal hemorrhage and 
edema in the right temporal-occipital region with associ-
ated mass effect and midline shift, the MRI/MRA showed 
diffuse abnormal signal intensity involving the right tem-
poral lobe with heterogeneous T2 signal intensity cen-
trally consistent with blood products and surrounding 
edema ( b — arrowhead ). There is some thickening of the 
overlying cortex with mass effect causing effacement of 
the right lateral ventricle, midline shift from left to right, 

and minimal uncal herniation into the suprasellar cistern. 
It appeared to be consistent with hemorrhagic transforma-
tion of an ischemic event. There was concern for CVST 
and/or dAVF based on his history of cancer, dehydration, 
and tinnitus/swooshing in the ear. A dedicated MRI/MRV 
( c  and  d ) was then obtained. Post-contrast images ( c ) 
demonstrated branched vascular enhancement ( c — arrow-
head ) throughout most of the right temporal, occipital and 
inferior parietal lobes. This enhancement appears to con-
verge on the anterior superior margin of the medial right 
tentorium cerebelli. These fi ndings were concerning for 
dAVF. There was a large tubular fi lling defect within the 
transverse sinus, sigmoid sinus and  visualized   proximal 
internal jugular vein is consistent with a near occlusive 
venous thrombosis. This was well seen on the 3D recon-
struction ( d — bracket ). Digital subtraction angiography 
( e – g ) confi rmed a high grade dAVF fi lling mainly from 
arterial feeders arising from the occipital artery as well as 
to a lesser extent the superfi cial temporal artery. There 
was egress into a venous pouch in the region of the trans-
verse sigmoid sinus ( f  and  g — arrows ). There was marked 
retrograde refl ux into the cortical veins. There was no 
obvious fi lling from the right internal carotid and the 
right-sided venous system in the region of the transverse 
sigmoid appears to be occluded ( e — bracket ). It is not 
clear whether the sinus thrombosis or the dAVF was the 
initial event. The dAVF was treated for cure using staged 
endovascular embolization. The patient made an excellent 
neurologic recovery and no longer has tinnitus       
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present with mental status changes and depressed 
consciousness. They have poor outcomes relative 
to younger patients. Only 49 % of the elderly 
(age >65 years old) make a complete recovery 
versus 82 % of younger patients and the elderly 
have a mortality of more than 25 % [ 31 ]. Children 
have unique characteristics. In a recent study, 
55 % of children ages 0–12 years old were less 
than 6 months of age at presentation. Common 
presenting features included seizures (59 %), 
coma (30 %), motor weakness (21 %), and head-
ache (18 %). Over half were found to have 
decreased level of consciousness. The most com-
mon risk factor was infection which was notable 
as a cause in over 40 %. In this study 13 % of 
children died and 46 % had a neurologic defi cit at 
discharge [ 20 ].  

    Diagnosis 

    Clinical 

 As discussed above the presentation of CVST is 
highly variable and, as a result,    clinical diagnosis 
can be quite challenging. The main stay of diag-
nosis is a thorough history and physical examina-
tion. Practitioners must maintain a high level of 
suspicion for CVST in high risk groups. With 
that in mind the clinical evaluation must be 
focused on uncovering and treating risk factors 
for CVST including signifi cant past medical his-
tory, recent trauma, recent use of  OCPs   or 
 pregnancy, infection, dehydration, or other clues 
as discussed above.  

Cortical Veins

Cavernous Sinus

Sup. Sagittal Sinus

Deep Venous Sys

Straight Sinus

Transverse Sinus

Int. Jugular V.

Location of CVST
Cortical Veins

Superior Sagittal Sinus
Straight Sinus

Deep venous system

Transverse Sinus (left or right)

Jugular Vein

Cavernous Sinus

Frequency
(%)

17

62

86

18

11

12

1

Common Associated Clinical Syndrome

Sensorimotor deficits (unilateral), seizures

Sensorimotor deficits (bilateral), seizures
Motor deficits, mental status changes (thalamic)

Motor deficits, mental status changes (thalamic)

Isolated intracranial hypertension (headache), aphasia (usually left)

Neck pain, tinnitus, cranial nerve palsy

Ocular Signs-orbital pain, chemosis, proptosis, oculomotor palsy

  Fig. 20.3    Shows a venous phase, oblique projection of a digital subtraction cerebral angiogram labeled with relevant 
venous anatomy       
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    Laboratory 

 Focused  laboratory investigations   can be of ben-
efi t in patients in whom CVST is suspected. 
According to the AHA/ASA guidelines, a com-
plete blood count, chemistry panel, sedimenta-
tion rate, prothrombin time, and activated partial 
thromboplastin time may be useful in uncovering 
occult infection, or underlying coagulopathy [ 1 ]. 

 Measurement of the fi brin breakdown prod-
uct, D-dimer, can also be useful in laboratory 
diagnosis of CVST but should be considered in 
combination with an estimation of clinical suspi-
cion. Studies have reported that positive D-dimer 
levels (>500 μg/ml) have been shown to be highly 
sensitive (94–97 %) for detection of CVST but 
less specifi c (90 %) [ 1 ]. Indeed, D-dimer is highly 
associated with CVST in patients with positive 
D-dimer levels  and  neurological defi cit. False 
negatives were most common in patients present-
ing with isolated headache. The AHA/ASA 
guidelines point out some controversy in the use 

of D-dimer and further recommend that normal 
D-dimer level according to a sensitive immuno-
assay or rapid enzyme-linked immunosorbent 
assay (ELISA) may also be useful to help iden-
tify patients with low probability of CVST [ 1 ,  6 , 
 32 ]. Thus it seems that D-dimer is best used to 
establish a positive diagnosis of CVST in patients 
with high clinical suspicion, a negative diagnosis 
in patients with low clinical suspicion, but is not 
as useful to rule out CVST in patients with high 
clinical suspicion. In general lab evaluation is not 
used as the sole or primary means of diagnosis. 
Imaging is the mainstay of modern diagnosis.  

    Imaging 

    Computed Tomography 
(Figs.  20.1 ,  20.2 , and  20.4 ) 
    Although not the test of choice for diagnosis of 
CSVT, standard non-contrast head CT 
(Figs.  20.1a, b , e, f,  20.2a , and  20.4a ) is often the 
fi rst imaging study obtained in a patient present-
ing acutely with headache. It is helpful to rule out 
other more common intracranial pathologies but 
is only positive in about 30 % of known CVST 
cases [ 1 ]. There are fi ndings on CT that can raise 
suspicion of CVST. These include hyperdensity 
of a cortical vein or dural sinus, a dense delta sign 
involving the posterior sagittal sinus, and isch-
emic lesions in a non-arterial pattern at or near a 
dural sinus that are sometimes associated with a 
characteristic fl uffy appearing hemorrhage. 
Although rare, subarachnoid blood can be noted 
and is usually along the convexity and not in bas-
ilar cisterns or within the sylvian fi ssure [ 33 ]. 
Contrast enhanced CT may show a fi lling defect 
within the sinus. The addition of  CT venogra-
phy  signifi cantly improves the sensitivity of CT 
(Figs.  20.1c, d ,  20.2a , and  20.4b, c, f ) With an 
overall sensitivity of about 95 % and specifi city 
of 91 %, CTV with multiplanar reconstruction is 
about as reliable as  MRI   with MR venography 
[ 34 ]. It can be obtained quickly, is noninvasive 
and is tolerated well by patients and is most use-
ful for subacute and chronic thrombosis. It has an 
overall accuracy of 90–100 % and is best for 
detection of major  dural sinus thrombosis  . 

   Table 20.2    Lists common sites of thrombus, frequency of 
involvement and common associated clinical syndromes   

 Location 
of CVST  Frequency (%) 

 Common associated 
syndrome 

 Cortical veins  17  Sensorimotor 
defi cits (unilateral), 
seizures 

 Superior 
sagittal sinus 

 62  Sensorimotor 
defi cits (bilateral), 
seizures 

 Straight sinus  18  Motor defi cits, 
mental status 
changes (thalamic) 

 Deep venous 
system 

 11  Motor defi cits, 
mental status 
changes (thalamic) 

 Transverse 
Sinus (left or 
right) 

 86  Isolated intracranial 
hypertension 
(headache), aphasia 
(usually left) 

 Jugular vein  12  Neck pain tinnitus, 
cranial nerve palsy 

 Cavernous 
sinus 

 1  Ocular signs—
orbital pain, 
chemosis, 
proptosis, 
oculomotor palsy 
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Evaluation of cortical venous thrombosis and 
thrombosis of the deep venous system is rela-
tively poor using CTV. Other drawbacks include 
relatively poor accuracy for visualization of 

smaller parenchymal lesions, radiation exposure 
and need for contrast in those with allergies, 
 signifi cant kidney dysfunction, or other contrain-
dications [ 1 ,  19 ,  34 ].  

  Fig. 20.4    Case III: A man with a history of seizures, 
CVST and a recent trauma. A 54-year-old left-handed 
male presented after a fall  from   standing 1 day prior to 
admission. He was amnestic to the event but thinks he 
may have slipped on some gravel. He hit the back of his 
head on the ground. He was neurologically intact on pre-
sentation but had right posterior parieto-occipital scalp 
bruising and bilateral racoon eyes (R > L) and right 
Battle’s sign. He reports headache but denied nausea, 
vomiting, or confusion. He did have a generalized tonic- 
clonic seizure 2 weeks prior. An initial non-contrast head 
CT head ( a  and  b ) obtained for rapid evaluation in the 
setting of trauma. It showed trace right temporal-parietal 
subarachnoid hemorrhage ( a — arrowheads ), a transverse 
fracture of the right temporal bone with extensive pneu-
mocephalus ( a — asterisk ) intracranially as well along the 
right transverse and sigmoid sinuses ( b — arrowheads  and 
 asterisk ) as well as the right jugular fossa. These fi ndings 
were concerning for sinus involvement and a CTA/CTV 

confi rmed associated thrombosis of the right transverse 
sinus and sigmoid sinus ( c — arrowheads ) as well as non- 
occlusive thrombosis of the right jugular vein. One day 
later an MRI ( d ) with MRV ( e ) was performed which con-
fi rmed the fi ndings on CTV. 3D reconstruction demon-
strates thrombosis in the transverse/sigmoid sinus 
( e — bracket ). He was admitted to the ICU with trauma 
evaluation as well as neurology, ENT and ophthalmology 
consults. He was started on seizure prophylaxis. He 
remained stable with stable CT head. He was started on an 
IV heparin drip on post-trauma day 2. In the setting of 
trauma, no bolus was given and he had a goal PTT of 
50–70. Serial CT head evaluation was stable and he was 
transitioned to coumadin for INR of 2–3 on post trauma 
day 5. Follow-up CT venogram 8 weeks later showed 
improved fl ow through a partially recanalized right trans-
verse sinus ( f — arrowheads ). He remained clinically sta-
ble without neurologic defi cit until the completion of 
coumadin therapy       
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    Magnetic Resonance 
 The AHA/ASA  2011   guidelines recommend MR 
with T2-weighted imaging and  MR venography  
as the imaging test of choice for evaluation of 
suspected CVST (Figs.  20.1g, h ,  20.2b–d , and 
 20.4d, e ) MRI/MRV provides excellent visual-
ization of cortical veins and deep and superfi cial 
venous systems, and shows good tissue detail 
including micro-hemorrhagic lesions and devel-
oping cerebral edema. MRI does not expose 
patients to ionizing radiation but takes longer, 
and is diffi cult for patients unable to tolerate 
closed spaces or those with defi brillators or fer-
rous metal in the body. Moreover, chronic venous 
thrombosis, anatomic variation and slow-fl ow 
states can confound the diagnosis of CVST using 
MR. Using a combination of static and dynamic 
 MR   imaging techniques has been shown to 
improve accuracy in these cases [ 1 ,  35 – 37 ].  

    Digital Subtraction Angiography 
 Intra-arterial  digital subtraction angiography 
(DSA)      is the gold standard for visualization of 
CVST. However, due to the invasive, time con-
suming and relatively  risky   nature of DSA and 
because reliable noninvasive alternatives are 
readily available, DSA is no longer the recom-
mended fi rst choice for initial diagnosis. Its use is 
reserved for cases in which CTV or MR/MRV is 
contraindicated or cannot provide a certain diag-
nosis. It can provide particularly useful visualiza-
tion of cortical and deep venous thrombosis. 
DSA is also used if endovascular therapy is under 
consideration (Figs.  20.2  and  20.3e, g ) [ 1 ,  9 ].  

    Other 
 Direct venous angiography has also been used but 
is rarely necessary. Advanced imaging techniques 
such as PET or perfusion studies are rarely used 
in the initial diagnosis of CVST. However, there is 
recent interest in the use of CT perfusion as a way 
to follow the progression of CVST after diagnosis 
and initiation of treatment using systemic antico-
agulation [ 38 ] or endovascular [ 39 ] techniques. 
There are no large well designed studies evaluat-
ing CTP, so more work needs to be done establish 
its clinical value and justify its widespread use in 
evaluation of CVST after treatment .    

    Treatment 

    Approach 

 As discussed above CVST is complex and pres-
ents signifi cant diagnostic challenges. Similarly, 
effective treatment of CVST is also complex and 
often requires a multidisciplinary team within a 
specialized environment. Neurosurgeons are 
uniquely qualifi ed because of their experience 
with making neurological diagnosis, dealing with 
critical care issues and because of their expertise 
in surgical and endovascular techniques. 
However, involvement of other specialists 
including neurologists, neuroradiologists, hema-
tologists, emergency medicine practitioners, 
pediatricians, obstetrician/gynecologists, and 
others is paramount to achieve optimal 
outcomes. 

 The  goal   of treatment is to stabilize the patient, 
eliminate any treatable thrombophilic conditions, 
reduce clot burden/revascularize to improve 
venous outfl ow and to prevent death and disabil-
ity. Thus after stabilization of the comatose or 
critically ill patients, the initial phase of treat-
ment entails discovery of any conditions, such as 
dehydration, that can be treated. In addition, after 
acute CVST treatment, long-term treatment of 
underlying thrombophilic conditions must be 
considered.  

    Anticoagulation 

 Treatment of CVST  with   anticoagulation is 
somewhat controversial but there is no true equi-
poise [ 1 ,  40 ]. The consensus in the literature sup-
ports the use of anticoagulation therapy for 
treatment of acute CVST in adults and children 
[ 9 ,  20 ,  26 ,  30 ]. Moreover, the AHA/ASA guide-
line [ 1 ], and the EFNS guidelines [ 5 ] and the 
EPNS/SFNP guidelines for children and  neonates 
[ 41 ], recommend therapeutic dosing of IV hepa-
rin or low molecular weight heparin (LMWH) as 
the primary therapy for acute CVST in most adult 
and pediatric patients. The controversy stems 
from a logical concern about hemorrhagic com-
plications after use of anticoagulation to treat 
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CVST—especially those presenting with hemor-
rhage and the fact that there are only two well-
designed randomized, controlled trials comparing 
anticoagulation to placebo in the general adult 
population. These two trials evaluate the use of 
IV unfractionated heparin (UFH) or subcutane-
ous LMWH (nandroparin) in 20 and 59 patients 
respectively. Meta analysis of these small trials 
revealed a nonsignifi cant trend toward reduction 
(−13 %) in absolute risk of death and severe dis-
ability with heparin treatment [ 4 ]. Importantly, 
there was no symptomatic ICH in either group 
after use of anticoagulation. A third randomized 
controlled trial of anticoagulation for CVST was 
performed in pregnancy-related CVST and dem-
onstrated a benefi t of UFH over no anticoagula-
tion therapy in these women [ 26 ]. Much of the 
data regarding CVST comes from observational 
studies and in particular from the  ISCVT  which 
is the largest study of its kind. In this study 624 
patients from 89 centers were enrolled. Most 
(>80 %) were treated with anticoagulation and 
the mortality was about 8 % at 16 months and 
nearly 80 % had complete recovery.  These and 
other studies indicate that use of PTT adjusted IV 
heparin or body weight adjusted LMWH is safe 
and effective for treatment of CVST even in the 
setting of hemorrhage . Data from ISCVT indi-
cates a range of risks for ICH after anticoagula-
tion for CVST from 0 to 5.4 % [ 3 ]. In general 
treatment of CVST using IV heparin or LMWH 
has similar outcomes. However, a small number 
of small studies suggest that there may be a slight 
advantage of LMWH in terms of effectiveness 
and risk of hemorrhage [ 1 ,  6 ,  42 ]. In patients that 
may need surgical treatment; IV heparin may be 
advantageous due to the relatively short ½ life of 
IV heparin and ability to effectively reverse IV 
heparin if needed. In cases where a direct cause 
can be identifi ed, stable patients should be 
 converted to oral therapy using oral vitamin K 
antagonists such as warfarin and treatment con-
tinued for 3–6 months. In patients without an 
identifi able cause, long term oral therapy should 
be continued for 6–12 months. In cases of 
 recurrence, CVST at additional sites or CVST 
in  setting of severe underlying prothrombotic 
states (i.e., antithrombin defi ciency), lifetime oral 

anticoagulation may be considered [ 5 ,  26 ,  43 ]. 
Newer generation oral anticoagulation agents, 
such as dabigatran or direct factor Xa inhibitors, 
have been tried with some success in case series 
but no high quality data is available to support the 
widespread use of these medications [ 44 ,  45 ]. In 
addition to prevention of progressive or recurrent 
CVST, long-term oral anticoagulation therapy is 
also aimed at preventing venous thromboembo-
lism in the lung or other extracranial sites. 
Consultation with a hematologist  for   manage-
ment of complex cases may be of benefi t [ 1 ].  

    Endovascular Therapy 

  Anticoagulation therapy acts   mainly to prevent 
extension of thrombosis and has  signifi cantly   
improved the prognosis associated with CVST. ,    
However, 9–13 % of CVST patients have poor 
outcomes despite being adequately anticoagu-
lated. High risk patients, especially those with 
large clot burdens and persistent underlying pro-
thrombotic conditions, are more likely to fail 
anticoagulation treatment. This is often due to 
incomplete or partial recanalization that can 
occur in greater than 50 % of patients treated 
with anticoagulation alone. In patients that dete-
riorate or progress despite anticoagulation, endo-
vascular measures including direct local 
thrombolysis or mechanical thrombectomy and 
others may be considered [ 1 ]. These therapies 
have the benefi t of dissolving the thrombus lead-
ing to more rapid recanalization. There have been 
multiple small reports composed of case reports 
and series that have shown benefi t of endovascu-
lar therapies in selected patients but no large ran-
domized controlled studies have been performed. 
A recent review of the literature on mechanical 
thrombectomy for treatment of CVST reports on 
a total of 64 patients from case reports and case 
series. IV heparin use was reported in 60 patients, 
not used in one patient and not reported in three 
patients. 48 % of patients had a hemorrhage at 
presentation. There were nine reported complica-
tions and after a mean follow-up period of about 
28 weeks nine patients had died. After the same 
follow-up period, 62 % had good outcome with 
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documented MRS of 0–2 [ 46 ]. In the ISCVT 
study 38 % of patients treated using thrombolysis 
(local or systemic) died. There is a great deal of 
potential bias in the reports about thrombolysis 
for CVST. The patients usually have a more 
severe clinical condition but there is also publica-
tion bias for positive fi ndings. 

 Several possible endovascular  techniques 
  have been reported. These    include direct catheter 
thrombolysis, balloon assisted thrombectomy/
thrombolysis, catheter based thrombectomy/
thrombolysis, stenting or stent based thrombus 
retrieval. Further evaluation must be done to 
determine which among these techniques pro-
vides a meaningful benefi t [ 47 – 50 ]. Endovascular 
therapy seems to be a safe and effective option 
and some have even suggested its use as a fi rst 
line treatment [ 51 ]. However, at this time, endo-
vascular therapy can only be recommended in 
cases of failed anticoagulation therapy [ 1 ,  52 ]. In 
a prospective case series of 20 patients with 
CVST, patients with large hemorrhagic infarcts 
did not benefi t from endovascular thrombolysis. 
This may be due in part to the potential for 
increase in size of the lesion and the associated 
increased risk of herniation [ 6 ,  53 ]. 

 The   Thrombolysis or anticoagulation for cere-
bral venous thrombosis  (TO-ACT)   trial opened 
in 2011 and is currently ongoing with 50 patients 
enrolled (  http://www.to-act-trial.org/    ). The 
TO-ACT trial is a multicenter, prospective, ran-
domized, open-label, blinded endpoint trial 
designed to determine if ET improves the func-
tional outcome of patients with a severe form of 
CVST Patients are included if they have a radio-
logically proven CVST, a high probability of 
poor outcome (defi ned by presence of one or 
more of the following risk factors: mental status 
disorder, coma, intracranial hemorrhagic lesion, 
or thrombosis of the deep cerebral venous sys-
tem), and if the responsible physician believes 
that there is clinical equipoise between endovas-
cular thrombolysis or standard anticoagulant 
treatment. One hundred sixty four patients (82 in 
each treatment arm) will be included to detect a 
50 % relative reduction (from 40 to 20 %) of poor 
outcomes [ 54 ]. 

   Systemic thrombolysis    has also been used in 
limited cases. There are no randomized clinical 
trials, but a recent meta-analysis reports on a total 
of 26 patients from 16 reports. In this group of 
patients, most regained independence with 88 % 
achieving MRS 0–2 [ 55 ]. However, there were 
three serious bleeding events and two deaths. The 
results of systemic thrombolysis were similar to 
local thrombolysis noted in other studies. As with 
other therapies,    there is a serious risk of hemor-
rhagic complication and more work needs to be 
done to establish the role and safety of systemic 
thrombolysis. But it may represent an additional 
tool for treatment of patients who fail anticoagu-
lation therapy. It has the  advantage   of being non-
invasive and potentially more widely available 
than local thrombolysis using endovascular 
techniques.  

    Surgery 

 As  endovascular   techniques have improved, the 
need for direct surgical treatment of CVST has 
nearly disappeared. On the rare occasion that 
indirect transvenous access cannot be obtained, 
surgical exposure of a dural sinus may be used to 
provide direct access for endovascular therapy. 

    Hemicraniectomy 
 The main cause of death in patients with CVST 
is transtentorial herniation due to a unilateral 
lesion or diffuse edema from  multiple   intrapa-
renchymal lesions [ 56 ]. In recent studies as 
many as 4.3 % of patients die in the acute phases 
of CVST. In patients that fail medical and/or 
endovascular treatments,  hemicraniectomy  has 
been demonstrated to be an effective and life 
saving measure in patients with malignant 
edema, large space occupying lesions and/or 
clinical evidence of herniation (Fig.  20.1 ) [ 1 , 
 57 – 60 ]. There are no well designed studies to 
evaluate the clinical effectiveness of hemicrani-
ectomy for CVST, but in small patient series, 
despite more severe clinical presentations, most 
patients demonstrate good or excellent outcomes 
at follow-up [ 58 ,  59 ,  61 ,  62 ].   
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    Treatment of Associated Problems 

    Seizures 
  Seizures   are common in CVST occurring in 
37 % of adults, 48 % of children, and 71 % of 
neonates [ 1 ,  29 ]. Seizures can be dangerous due 
to the increased risk of anoxic damage. Therefore 
treatment of documented seizure with appropri-
ate antiepileptic medications is recommended to 
reduce the risk of further seizures [ 1 ,  5 ]. 
Prophylactic use of AEDs is controversial 
because there is a paucity of data to support its 
use. Despite this the EFNS suggests that prophy-
lactic antiepileptic therapy may be a therapeutic 
option in patients deemed high risk for seizure 
such as those with focal neurological defi cits and 
supratentorial lesions on admission CT/MRI [ 5 ], 
whereas the AHA/ASA guidelines states that in 
the absence of seizure, routine prophylactic use 
of AEDs is not recommended [ 1 ].  

    Intracranial Hypertension 
 Intracranial hypertension is  common   in CVST but 
frank hydrocephalus is not. However, in patients 
with persistently elevated intracranial pressures 
and associated problems such as severe headache, 
papilledema or vision loss, altered level of con-
sciousness or cranial nerve palsy, specifi c mea-
sures to manage elevated ICP can be instituted. 
Reasonable measures include lumbar puncture, 
use of acetazolamide, ventriculostomy, or even 
shunting if indicated [ 1 ,  63 ,  64 ]. However, recent 
subgroup analysis of 15 patients from the ISCVT 
study suggests that CSF diversion may not be 
effective in preventing death from herniation [ 63 ]. 
Ophthalmologic consultation should be considered 
to evaluate for possible optic nerve fenestration in 
the setting of intractable intracranial hypertension.  

    Steroids 
  Steroids are   not recommended [ 1 ]   

    Sequelae 

 The current  prognosis   of CVST is good. Over 
85 % are reported to have good outcomes 
(MRS < 2) at 16 month follow-up and only about 

10 % were dead or severely disabled [ 3 ]. Despite 
this some patients experience chronic headaches 
(50 %), late seizures (5 %), visual problems 
recurrence (4 %), or VTE in extracranial sites 
(5.5 %) [ 1 ]. Other more rare problems such as 
dural arteriovenous fi stulae are also noted 
(Fig.  20.2 ). dAVF may also be causative in some 
cases of CVST.   

    Special Groups 

 Special consideration must be taken when treating 
pregnant women or children. Specialty consulta-
tion with obstetrics/gynecology and pediatrics or 
neonatology would be recommended. The clini-
cal characteristics and presentations are similar 
but do have some important variations as men-
tioned above. The incidence ranges from 1 in 
2500 to 1 in 10,000 during pregnancy. As much as 
73 % of all CVST in women occur during preg-
nancy. It is most likely during the last trimester 
and fi rst postpartum month. Treatment principles 
are similar in pregnant women and anticoagula-
tion is the mainstay of therapy.  However unfrac-
tionated heparin is teratogenic and warfarin is 
associated with fetal embryopathy and bleeding. 
Thus, LMWH is the treatment of choice and 
should be continued throughout the entire preg-
nancy followed by LMWH or warfarin in the post -
 partum period . In women with a history of CVST, 
future pregnancy is not contraindicated but pro-
phylaxis with  LMWH   during the pregnancy may 
be advisable [ 1 ]. 

 In children, neonatal CVST has the highest 
incidence. Outcomes are worse in neonates as 
compared to older children and adults. Forces 
on the child’s head during birth and a lack of 
 circulating anticoagulant factors put neonates 
at increased risk. Careful monitoring must be 
undertaken because this population cannot easily 
communicate problems. Surveillance for visual 
disturbances and papilledema is recommended. 
Continuous EEG is advisable for comatose 
patients. Investigation for underlying thrombo-
philia should be undertaken [ 1 ,  41 ]. Anticoagula-
tion for 3–6 months with UFH or LMWH 
followed by warfarin is the recommended 
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 treatment for children greater than 28 weeks old 
even in the presence of hemorrhage. The data 
regarding use of anticoagulation in neonates is 
not clear. The EPNS/SFNP guidelines suggest 
that anticoagulation for neonates with acute 
CVST may be safe and effective but that it must 
be evaluated on a case by case basis. If chosen, 
anticoagulation should be continued for a shorter 
period of 6–12 weeks [ 1 ,  41 ]. 

     Clinical Care Algorithm   (Fig.  20.5 ) 

    A potential  clinical   care algorithm is presented in 
Fig.  20.5 .  

    Conclusion and Future Directions 

 CVST is a relative  rare   stroke subtype that prefer-
entially affects the young. There are wide varia-
tions in clinical presentation that make timely 
diagnosis and effective treatment challenging. 
Fortunately, as a result of modern imaging and 
treatment paradigms, the prognosis for CVST has 
been improving. As study of this interesting prob-
lem continues, it is likely that the prognosis will 
continue to improve. Additional study needs to be 
undertaken to evaluate endovascular therapy for 
use in high risk patients and/or in patients after 
failing standard anticoagulation treatment. It is 
also being considered for use as a fi rst line 

Patient with Suspicion of 
CVST

MRI T2 with MRV or
CT with CTV

if MRI unavailable

Anticoagulation
using LMWH or UFH
if no contraindication

Start oral anticoagulation
using warfarin if no contraindication

Patient Stable
or Improved

No CVST

Patient Deteriorates

CVST
Present

Consider Alternate Causes

Large IPH
or Mass Lesion

on CT Consider Hemicraniectomy

Consider Endovascular Therapy
No Large

Mass Lesion
on CT

  Fig. 20.5    Proposed clinical algorithm for CVST. It is not 
comprehensive and each patient must be considered on a 
case-by-case basis. This  takes   into account current data 
but may change as more information becomes available 
especially regarding newer treatments including novel 
anticoagulants and endovascular therapies. In addition to 

above patients must be evaluated and stabilized if neces-
sary. Patients should also receive necessary treatment for 
associated conditions including intracranial hypertension, 
visual changes, seizures, and coma.    Oral anticoagulation 
therapy should be continued for at least 3 months in adults 
depending on the underlying cause       
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approach. The ongoing TO-ACT trial will hope-
fully address some of these issues. Laboratory 
investigation of molecular signaling and associ-
ated molecular imaging may lead to the ability to 
diagnose CVST even earlier. Screening in high 
risk groups could be considered in certain circum-
stances. Indeed, prevention along with screening, 
counseling or other methodologies will be an 
essential element in the overall “treatment” of 
CVST. As awareness improves and more is 
known about how and why CVST affects certain 
groups, more can be done to prevent or eliminate 
CVST. The neurosurgeon is an integral part of the 
modern multidisciplinary approach to CVST and 
thus must maintain a high clinical awareness for 
CVST and be familiar with the use of anticoagu-
lation and other treatment options for CVST.      
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         Introduction 

 This chapter focuses on the preoperative coagula-
tion assessment of patients undergoing  cranial 
and spinal   neurosurgery. Although it has been 
common, even standard, practice to obtain preop-
erative laboratory assessment of the platelet 
count, prothrombin time (PT)/international stan-
dardized ratio (INR), and activated partial throm-
boplastin time (aPTT) in adult patients in 
preoperative neurosurgical settings, the value of 
this practice has been questioned and the pub-
lished evidence on this topic suggests that the 
routine use of these studies neither reliably iden-
tifi es patients who will suffer surgical bleeding 
complications nor safely excludes those who will 
not. As a result, a variety of alternative laboratory 
assessments like bleeding time (BT), and platelet 
function tests such as the PFA-100 have sparked 
interest. Similarly, clinical assessment tools to 
formalize preoperative history taking with respect 
to coagulation issues have also been developed 
and continue to be refi ned. However, as of this 
writing none have clearly demonstrated a high 
sensitivity and specifi city for the outcomes of 
interest. Nevertheless, understanding the various 

available laboratory tests and clinical assessment 
tools provides the basis for informed decision 
making with respect to patient care in this area.  

    The  Coagulation Cascade   

 The standard teaching of the coagulation cascade 
as divided into an extrinsic, intrinsic, and com-
mon pathway has been of value in understanding 
how particular coagulation assays work in the 
laboratory. However understanding in vivo coag-
ulation requires a blurring of these two pathways. 
Davies et al. and Macfarland described the 
“waterfall” sequence of enzymes that are sequen-
tially activated following exposure to a triggering 
bleeding event [ 1 ,  2 ]. Exposure of blood to glass 
in a laboratory resulted in activation of the intrin-
sic (contact-activated) enzyme cascade including 
factors XII, XI, IX, and VIII. Exposure of blood 
to calcium, phospholipid, and tissue factor 
resulted in activation of the extrinsic (tissue fac-
tor) pathway, including primarily factor VII. The 
products of either pathway lead to the activation 
of factor X which cleaves prothrombin to throm-
bin (IIa) which in turn converts fi brinogen to the 
fi brin that forms the actual clot. Fibrin is further 
acted upon by Factor XIII to cross-link the fi brin 
clot [ 3 ] (Fig.  21.1 —Intrinsic, Extrinsic, and 
Common pathways). In vivo, the extrinsic, tissue 
factor pathway is the more important primary 
mechanism, while the intrinsic pathway performs 
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a secondary role in the normal state. The current, 
cell-based model of blood clotting blurs the lines 
between these two separate pathways, focusing 
instead on phases of the coagulation process, 
namely initiation, amplifi cation, propagation, sta-
bilization, and fi nally attenuation. Blood clotting 
begins with the exposure of subendothelial von 
Willebrand’s Factor (vWF) and collagen, result-
ing in platelet adhesion. Adhered platelets subse-
quently undergo degranulation to become 
activated and release several coagulation cascade 
proteins (V, VIII) and stimulate production of 
thromboxane A2 (TxA2). TxA2 with ADP helps 
aggregate additional platelets to form the platelet 
plug. Coincident with the platelet process and 
interconnected with it, the initiation phase of 
coagulation begins with the exposure of circulat-
ing factor VII to tissue factor (TF) in the subendo-
thelium forming an activated FVIIa-TF complex. 
This cleaves/activates Factor X to Xa, which 

 generates thrombin (IIa) by a similar cleavage. 
However, this initial phase creates only a modest 
amount of thrombin. To form a robust clot, a sec-
ond “amplifi cation” stage is needed, in which 
thrombin from the initiation stage binds to 
 platelets, promoting the release and activation 
of factors VIII and V from platelet granules. 
Subsequently, in the propagation phase, these fac-
tors signifi cantly enhance the  conversion   of Factor 
X to Xa (tenase complex, on the surface of acti-
vated platelets, using FIXa, FVIIIa) and pro-
thrombin to thrombin (prothrombinase complex, 
on the surface of activated platelets, using FXa, 
Va) in the propagation stage. Finally, the forming 
clot is stabilized as thrombin catalyzes factor XIII 
to XIIIa, which, as noted above, cross-links the 
Fibrin [ 3 – 6 ]. A fourth “attenuation” phase is often 
also included to describe the regulatory compo-
nents that prevent excessive thrombosis (Fig.  21.2 : 
Coagulation cascade—cell-based model).

  Fig. 21.1     Coagulation cascade  , fi brinolytic and pathway inhibitors such as Protein C, S, Antithrombin III omitted for 
simplicity       
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         Preoperative Screening Guidelines   

 No formal guidelines on preoperative coagula-
tion testing specifi c to neurosurgery patients 
exist. General guidelines relating to surgical 
patients have however appeared from a number 
of mostly European medical societies.  The British 
Committee for Standards in Haematology pub-
lished guidelines in 2008. The primary recom-
mendation were as follows: one, routine use of 
presurgical laboratory screening in unselected 
patients was not recommended; two, a personal 
and family bleeding history and identifi cation of 
consumed antithrombotic medications should be 
performed in all patients; three, in the face of a 
negative bleeding history no further laboratory 
studies are necessary; four, a positive history or 
observed clinically concerning condition such as 
liver failure necessitates a comprehensive assess-
ment  [ 7 ]. The evidentiary basis for these recom-
mendations was limited by the rarity of 
high-quality prospective studies, such that these 
recommendations were all grade B or C recom-
mendations, supported by level III or IV evi-
dence.  Conversely, the Italian Society for 
Hemostasis and Thrombosis recommended that 
aPTT, PT, and platelet count should be obtained 

in both adult and pediatric patients even in the 
face of a negative bleeding history.  The evidence 
at the time of publication (2009) was essentially 
the same for both groups, but the Italian society 
specifi cally noted that they viewed the potential 
for failing to identify an avoidable bleeding com-
plication as paramount and the cost of testing as 
less important [ 8 ]. The possible adverse medical 
consequences of falsely positive screening stud-
ies were not addressed directly. French and 
German Anesthetic societies published recent 
guidelines similar to the British guidelines [ 9 , 
 10 ].  Specifi c to children, the Italian Society of 
Pediatric and Neonatal Anesthesia and Intensive 
Care recommended that children undergo a stan-
dardized questionnaire assessment and that 
coagulation tests be reserved for positive history 
or in cases with a specifi cally high risk of bleed-
ing  [ 11 ].  The American Society of Anesthesiologists 
advises that preoperative tests not be ordered 
routinely, but should be selectively used when 
clinical characteristics suggest a bleeding disor-
der, renal dysfunction, or liver dysfunction and 
“depending on the type and invasiveness of the 
procedure”  [ 12 ]. 

 The utility of preoperative screening  depends   
in part on the frequency or prevalence of abnor-
malities. Considering the general presurgical 

  Fig. 21.2     Cell-based model of coagulation  , illustrated by T. Garton, based on: [ 3 ,  5 ,  6 ]       
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patient, the incidence of laboratory abnormality 
on unselected patients ranges from 0.5 % to 16 % 
vs. up to 40 % where patients were selected for 
study on the basis of clinical history [ 9 ]. In the 
pediatric population, the incidence of congenital 
bleeding disorders is low. For example, Von 
Willebrand disease is the most frequent congeni-
tal bleeding abnormality with a prevalence of 
approximately 1:500; however only 1 in 10 to 
1 in 20 of these patients are symptomatic. 
Hemophilia A (Factor VIII defi ciency) and 
hemophilia B (Factor IX defi ciency) occur at 
rates of 1 in 5000 and 1 in 25,000 male children 
respectively, reducing the practicality of preop-
erative testing [ 13 ]. As a consequence, the posi-
tive predictive values of abnormal coagulation 
studies (the % of patient with a positive test who 
actually have a bleeding disorder) in the general 
preoperative setting are low, ranging from a high 
of 22 %, to more commonly <10 % in nine stud-
ies identifi ed in one guideline review [ 7 ]. 

  When initial tests are abnormal, often, testing 
conditions rather than patient pathology are to 
blame.  One study looking at pediatric patients 
undergoing routine testing prior to tonsillectomy 
noted that 0.1 % of 1600 patients had abnormal 
PT, PTT, or BT on initial screening, but in half of 
these repeat testing was normal [ 14 ]. 

 Despite the aforementioned guidelines, preop-
erative hemostatic testing remains a common 
practice. It has been argued that laboratory stud-
ies could play an important role when preopera-
tive history taking is inadequate either based on 
limitations of the provider to ask or the patient to 
provide the necessary information. Pediatric 
patients, particularly young pediatric  patients  , 
may not have had suffi cient life exposure to hem-
orrhage inducing events. Or patients may recently 
have acquired a bleeding diathesis, as in the case 
of acquired von Willebrand disease in aortic 
valve stenosis [ 15 ].  

    Individual Hematologic Tests 

     Platelet Count   

 The platelet count measures the quantity of plate-
lets in a cubic mm of whole blood. The normal 

range is 150,000–400,000/mm 3 . The test cannot 
assess platelet function.  Neurosurgical proce-
dural thresholds for platelets have typically been 
100,000/mm   3   [ 16 ]. Because heparin use is 
extremely common in neurosurgical patients, 
repeat assessment of platelet count for patient on 
heparin therapy is important in detecting heparin- 
induced thrombocytopenia (HIT), with the abso-
lute value of the count less important than the 
relative change [ 17 ]. Falsely thrombocytopenic 
values can occur with platelet clumping. 
Thrombocytopenia can be caused by processes 
that reduce platelet production, such myelodys-
plastic processes and their treatments, viral infec-
tions, splenic enlargement with trapping platelets, 
such as may occur in infectious mononucleosis, 
and platelet consumption as occurs in sepsis, 
thrombocytic thrombocytopenic purpura (TTP), 
and autoimmune processes such as HIT.  

     Platelet Function Assays   

 Platelet function assays attempt to recreate plate-
let aggregation in vitro. The PFA-100 is one com-
mon example of this type of testing. Whole blood 
is tested for the rate at which it occludes an aper-
ture in a testing membrane coated with either epi-
nephrine or adenosine diphosphate. Normal 
closing times are <120 s. The study is frequently 
used to assess the impact of aspirin on platelet 
function, to which it is quite sensitive [ 18 ]. It has 
also been used to assess for von Willebrand dis-
ease. A recent meta-analysis suggests it performs 
well as a screening tool for this disorder in the 
setting of a specialty pediatric hematology clinic 
[ 13 ]. The test is, however, also sensitive to ane-
mia, thrombocytopenia, and other pharmacologi-
cal agents affecting platelet function. 

  The PFA-100 is not useful for assessing the 
degree of platelet inhibition from alternative 
agents such as clopidogrel.  Clopidogrel is a com-
monly used antiplatelet thienopyridine that func-
tions by blocking the P2Y12 receptor for ADP on 
the platelet surface. This blocks both platelet acti-
vation and limits the participation of platelets in 
fi brin cross-linking [ 19 ]. The extent to which 
P2Y12 inhibitors successfully block platelet 
activity is variable and the concept of Clopido-
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grel resistance or nonresponsiveness has been 
 aggressively pursued in the cardiovascular medi-
cine. Because agents like Clopidogrel also have 
an important role in neuroendovascular proce-
dures, preoperative assessments of the extent of 
P2Y12 inhibition are becoming more common. 
The P2Y12 platelet function test, known com-
mercially by names like Verify Now P2Y12, 
measures the effect of clopidogrel on platelet 
function by comparing the degree of  aggregation   
caused by attempting to stimulate the P2y12 
receptor pathway with adenosine diphosphate/
prostacyclin E1 and comparing this to the degree 
of platelet aggregation caused by stimulation of 
the thrombin receptor activating peptide (TARP), 
which bypasses the P2Y12 pathway and serves as 
a baseline for comparison. Results are reported in 
both arbitrary units related to the change in opti-
cal properties of the specimen or as a ratio, or 
percentage of inhibition comparing the two parts 
of the assay. Whether using a thrombin-based 
platelet activation test as a baseline value is accu-
rate is debated, and on/off clopidogrel testing 
may be more accurate [ 20 ]. 

 The  screen fi ltration pressure method (SFP)   of 
platelet aggregation assessment is another alter-
native procedure in common use. This method 
assesses the changes in back pressure as blood is 
forced through a screen with openings 20–40 μm 
square [ 21 ]. To assess platelet aggregation, whole 
blood is mixed with ADP.  

     aPTT   

 The  activated partial thromboplastin time (aPTT)   
tests the “contact” or intrinsic clotting pathway 
factors including factors XII, XI, and IX and to a 
lesser extent common pathway factors X, V, II, 
and fi brinogen. The patient’s serum is mixed with 
phospholipid (which lacks tissue factor, hence 
the  partial  thromboplastin time), and calcium 
against a contact surface such as silica or kaolin 
[ 7 ]. The formation of a clot is tracked usually by 
light transmission and the time measured in sec-
onds. Normal values are between 20 and 35 s. 
Importantly, the aPTT does not assess factor VII, 
which is part of the extrinsic pathway [ 5 ]. As a 

clinical tool, it screens for factor defi ciencies of 
>50 % in VII, IX, and XI [ 9 ].  Importantly aPTT 
is sensitive to inhibition of thrombin, and hence is 
used to monitor therapy with unfractionated hep-
arin, but is relatively insensitive to alterations in 
Factor Xa levels and so insensitive to the effects 
of Xa inhibitors (see below).  The aPTT will be 
prolonged in the presence of other inhibitors such 
as the lupus anticoagulant and fi brin split prod-
ucts, such as is seen in disseminated intravascular 
coagulation.  

     PT/INR   

 The prothrombin  time   measures the primary tis-
sue factor-driven or extrinsic coagulation path-
way. Thus it assesses factor VII and the common 
factors of II, V, X and Fibrinogen. Citrated 
plasma, calcium, and tissue thromboplastin (con-
taining tissue factor) are combined and clot for-
mation typically measured optically. Normal 
values are typically 10–15 s.  The PT is prolonged 
in Vitamin K defi ciency, Factor VII defi ciencies, 
and, of course, warfarin therapy, for which the 
INR is usually followed  [ 5 ,  7 ]. 

 The  International Normalized Ratio (INR)   
was introduced to standardize the PT time, given 
that there was some variability in the thrombo-
plastin reagents used in the reaction. The 
INR = (Patient PT/mean normal PT) ISI . ISI is a 
value assigned to the specifi c reagents used. 
Normal values are 0.9–1.2 [ 22 ]. However, 
increases in reagent sensitivity mean that higher 
concentrations of factor VII are typically present 
at higher INR values than was previously the 
case. Matevosyan and colleague noted that in 25 
neurosurgery patients with INR 1.3–1.7, the 
plasma concentrations of the important factors II, 
VII, and VII were all above generally accepted 
surgical thresholds and argued against correcting 
for INR values at these levels [ 23 ]. 

 The level at which an elevated prothrombin 
time (PT) should be considered clinically relevant 
in neurosurgical patients has  been   debated. INR 
values were developed to assess patients taking 
Vitamin K antagonists, specifi cally Coumadin . It 
is common practice to see preoperative treatment 
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initiated for INR > 1.3. West and colleagues 
 surveyed the literature and concluded that 
patients with INR 1.5 or less, in the absence of 
clinical bleeding, should not be treated for this 
with FFP preoperatively  [ 24 ].  

     Bleeding Time (BT)      

 Bleeding time should be the ideal tool for assess-
ing the likelihood of excessive surgical bleeding, 
since it would appear to assess all aspects of the 
clotting process, recreating surgical tissue trauma 
in a controlled fashion. It is generally considered 
to be an assay of platelet function more than 
other aspects of the clotting pathway, and is used 
in assessing von Willebrand disease (vWD), as 
well as other disorders of platelet-vessel wall 
interactions. However, practically, the bleeding 
time has not been shown to correlate with clini-
cally important surgical hemorrhage outcomes 
and is not widely used [ 25 ]. The test is conducted 
by making a standardized small laceration to the 
forearm while a blood pressure cuff is infl ated on 
the upper arm to 40 mmHg. Normal range is usu-
ally <10 min [ 5 ].  

     Thrombin Time (TT)      

 Thrombin time measures the rate of clot forma-
tion, typically measured by changes in light 
transmission. Thrombin is added to patient 
plasma. Time to clot formation is typically 
10–20 s. As noted below, this test can be impor-
tant in assessing whether a patient has activity 
from a direct thrombin inhibitor such as dabiga-
tran. Other factors raising the TT include fi brin 
split products, heparin, and quantitative or quali-
tative fi brinogen loss [ 5 ].  

     Fibrinogen      

 Fibrinogen as the fi nal factor in the clotting cas-
cade can be directly measured. Levels less than 
150 mg/dL are abnormal. In preoperative settings, 

causative factors include liver impairment and 
malnutrition, as well as inherited factor defi ciency. 
Consumption of factor such as in DIC and surgi-
cal or traumatic blood loss and transfusion ther-
apy can also lead to low levels.  

     ACT   

 The  activated clotting time (ACT)   is primarily 
used as a rapid assessment tool for measuring the 
degree of anticoagulation achieved by unfrac-
tionated heparin for bypass and angiographic 
procedures. Both the pre- and post-heparinization 
values are needed. The normal range is from 80 
to 160 s. The test measures the function of the 
intrinsic coagulation pathway and has many sim-
ilarities with aPTT testing; however it not sensi-
tive to low levels of anticoagulation and is not a 
typical preoperative lab test.  

    Other Assays 

  Anti-Xa levels  are measured to assess the effect of 
direct Xa inhibitors including enoxaparin . Fibrin 
split products (FSP)  or  fi brin degradation prod-
ucts         are measured to evaluate for excessive fi bri-
nolysis such as seen in disseminated intravascular 
coagulation .    Reptilase  is   a snake enzyme that 
functions like thrombin but is not sensitive to 
inactivation by antithrombin III, the enzyme hep-
arin promotes to achieve its anticoagulant effects. 
In the heparinized patient,  Reptilase times (RT)   
will still be normal, while patient with factors 
that interfere with fi brin polymerization, like 
FSP, will show elevated RTs.  

     Viscoelastic Measures of Coagulation   

 Viscoelastic measures of coagulation assess the 
physical properties of a developing clot as it 
arises out of whole blood. The appeal is that this 
assesses the interaction between platelets and 
clotting cascade, and by following clot formation 
over time, can assess the various stages of the 
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clotting process noted above. The test measures 
the changing physical properties of the blood 
sample over time as it is rotated, while a clot 
forms. Four values are produced by the test: the R 
value indicated the time to fi rst clot formation, 
akin to the initiation phase; the K value represents 
the time to a set clot expansion, and is focused on 
clot amplifi cation; the MA value measures the 
strength of the clot, assessing the stabilization 
phase; and the Coagulation Index (CI) is a calcu-
lated summary measure [ 26 ]. Neurosurgical 
experience with this modality is limited and not 
conclusive and includes trauma, endovascular 
procedures, and stroke care [ 27 – 29 ]. 

 The impact of a variety of clinical conditions 
on common preoperative laboratory tests is given 
in Table  21.1 .

        Effect of Newer Anticoagulation 
Agents on Coagulation  Tests   

 While older antiplatelet and anticoagulant agents 
such as heparin, coumadin, and clopidogrel are 
familiar to neurosurgeons, a variety of “single tar-
get” or newer oral anticoagulants and antiplatelet 
agents have come into widespread use. These 
include direct thrombin inhibitors such as dabiga-
tran, and factor Xa inhibitors including rivaroxa-
ban and apixaban. Unlike Warfarin, which can be 
properly monitored by PT/INR, single-target 
agents cannot reliably be followed in a similar 

fashion. A normal INR does not exclude treatment 
effect with Dabigatran, for example [ 30 ]. 
Dabigatran effect should elevate aPTT and will 
certainly elevate Thrombin Time (TT) [ 19 ]. 
Rivaroxaban, as a Factor Xa inhibitor, will show an 
increase in PT, but not always at the dosing trough, 
when anticoagulant activity will still be present. 
Similarly, aPTT is not sensitive to low drug con-
centrations [ 19 ]. Apixaban effect is not assessed by 
either PT or aPTT. Anti-Xa levels should be infor-
mative in these later two agents, given their mecha-
nism, but published experience is limited [ 31 ]. At 
least one  paper   has assessed TEG in the manage-
ment of a subdural hematoma in a patient on 
Dabigatran whose TT was prolonged [ 32 ].  

    Structured  Clinical History   

 As noted above for general presurgical guidelines, 
and below for specifi c studies in neurosurgical 
patients, the predictive values of preoperative 
laboratory tests for adverse bleeding outcomes are 
limited. Assessment of bleeding risk by clinical 
history of both the patient and family, by contrast, 
is generally recommended in published guidelines 
[ 7 – 10 ,  12 ,  33 ]. However, clinical  studies assess-
ing the accuracy of clinical history to predict 
operative bleeding show variable predictive val-
ues. Houry et al. evaluated 3242  general surgical 
patients with a 3.2 % underlying prevalence rate 
of hematoma formation. Using a standardized, but 

   Table 21.1    Impact of  hematological conditions   on screening coagulation tests   

 Condition  Platelet count  PT  aPTT  Alternative test 

 Unfractionated heparin use  NL  NL  ⇧  aPTT 

 Newer oral anticoagulants 

  Rivaroxaban  Xa level 

 Dabigatran  NL  +/−⇧  Thrombin time 

  Apixaban  NL  NL 

 Von Willebrand disease  NL  NL  +/−⇧  Ristocetin-induced platelet aggregation 
study or Platelet Function Assay (PFA-100) 

 Vitamin K defi ciency and Coumadin use  NL  ⇧  NL  INR 

 Hemophilia (A or B)  NL  NL  ⇧  Specifi c factors studies 

 Aspirin  NL  NL  NL  PFA-100 

 Disseminated intravascular coagulation  ⇩  ⇧  ⇧  Fibrin split products 
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nonvalidated questionnaire 951 (28 %) reported 
affi rmative answers. Of these, 38 (PPV = 4 %) 
developed postoperative hematoma. The negative 
predictive value (NPV) of the screen was 97 %; 
thus 2.8 % with a negative screen still had bleed-
ing complications, not much lower than the under-
lying prevalence. Laboratory assessments of 
bleeding risk did not perform better [ 34 ]. Gabriel 
et al. studied 1479 children undergoing tonsillec-
tomy. Again, using a previously described but 
nonvalidated instrument, 13 (1 %) reported an 
abnormal bleeding history. Three of these had 
excessive intraoperative or  postoperative bleeding 
as assessed by surgeon (PPV = 23 %). Of 1466 
patients with a negative bleeding screen, 148 had 
bleeding complication, giving a negative predic-
tive value (NPV) of 90 %, but meaning that 10 % 
of those with a negative bleeding screen still 
experienced increased bleeding. Again, labora-
tory assessment did not more accurately predict 
bleeding risk [ 35 ]. 

 Validated questionnaires do exist for von 
Willebrand disease, and in particular, the 
Pediatric Bleeding Questionnaire has been 
assessed in a number of publications [ 36 ]. The 
questionnaire focuses on epistaxis, cutaneous 
bruising, bleeding from minor wounds, oral cav-
ity bleeding, including dental extraction, gastro-
intestinal bleeding, prior surgical bleeding, 
menorrhea, and postpartum hemorrhage, where 
applicable, muscle hematomas and hemarthrosis. 
The full questionnaire can be found at the World 
Federation of Hemophilia web site at   http://www.
wfh.org/en/resources/bleeding-assessment-tool- 
pediatric-bleeding    , as of this writing. However, 
this tool has been validated only in the setting of 
specialized coagulation clinics for the detection 
of Von Willebrand disease, and not in the general 
adult or pediatric operative population and not in 
neurosurgery patients specifi cally [ 13 ,  36 ]. 
Absent a validated instrument for the preopera-
tive setting, suggestions for specifi c history ques-
tions  are   identifi ed in Table  21.2  [ 9 ,  37 ]. A partial 
list of medications that can raise the risk of bleed-
ing complications is given in Table  21.3 , as an aid 
to history taking.

   Table 21.2    History taking for  bleeding risk assessment     

  General questions : 

 Do you bruise easily? 

 Do small wounds incurred in daily life bleed 
excessively? 

 Have you had signifi cant blood loss with dental 
extractions or other minor procedures? 

 Do you have frequent nosebleeds? 

 Have you ever had bleeding into a joint or muscle? 

 Have you ever had blood in your stool? 

 Do you have liver or kidney disease? 

 Do you have a history of kidney, liver, or 
myeloproliferative disease 

 Is there malnutrition? 

 Is there a family history of bleeding disorders? 

  Additional for women : 

 Do you bleed profusely with menstruation? 

 Have you had major bleeding after childbirth? 

  Additional for young children/infants : 

 Was there a cephalohematoma or unusual umbilical 
stump bleeding at birth? 

   Table 21.3    Selected medications at risk for affecting 
 surgical bleeding     

 Platelet inhibitors  Anticoagulants—
parenteral 

 Aspirin  Argatroban (Acova) 

 Abciximab (ReoPro)  Dalteparin (Fragmin) 

 Clopidogrel (Plavix)  Enoxaparin (Lovenox) 

 Dipyridamole 
(Persantine) 

 Heparin 

 Eptifi batide (Integrilin)  Anticoagulants—Enteral 

 Ticlopidine (Ticlid)  Dabigatran (Pradaxa) 

 NSAIDs (examples)  Rivaroxaban (Xarelto) 

 Celebrex  Warfarin (Coumadin) 

 Ibuprofen  Vitamins, Herbal 
Supplements 

 Meloxicam (Mobic)  Feverfew 

 Naprosyn (Aleve)  Garlic = high dose 

 Salsalate (Disalcid)  Ginger—high dose 

 Sulindac (Clinoril)  Ginseng 

 Piroxicam (Feldene)  Gingko 

 Anticonvulsants  Omega 3 fatty acids 

 Valproic acid (Depakote)  Saw Palmetto 

 Vitamin E—high dose 

  See also:   https://www.facs.org/~/media/fi les/education/
patient%20ed/medicationsform.ashx      
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        Neurosurgery-Specifi c Studies 

 A modest body of literature deals specifi cally 
with preoperative testing in neurosurgery patients. 
Schramm et al. reported on 1211 patients under-
going cranial (56 %), spinal (33 %), and other 
(11 %) neurosurgical procedures. Three quarters 
of patients underwent preoperative coagulation 
testing and 7.2 % of these had either low platelet 
count, or prolonged PT or aPTT. Postoperative 
bleeding was predicted by preoperative elevated 
aPTT, but not PT or platelet count, and most of 14 
patients with both elevated aPTT and postopera-
tive bleeding had an identifi able risk factor on 
clinical history [ 38 ]. Dutzmann and colleagues 
sought to evaluate whether preoperative assess-
ment of prothrombin time (PT)    was essential in 
routinely planned neurosurgical procedures [ 39 ]. 
They studied 4310 consecutive patients undergo-
ing elective cranial and spinal procedures. 
Considering a PT of >1.28 as abnormal, 1.8 % 
(78 patients) were found to have an abnormally 
elevated PT preoperatively, but all but fi ve of 
these had obvious causes for the PT elevation 
such as coumadin use or liver disease. Thus the 
sensitivity of history for elevated PT was 93.5 %. 
Of the fi ve with unexpectedly elevated PTs, two 
were given replacement factor, three were not, 
and none had hemorrhagic complications. Among 
the >4000 patient cohort, 33 patients (0.77 %) 
suffered a bleeding complication requiring reop-
eration and 31 patients of these had a normal pre-
op PT. Of the two patients who had abnormal PTs 
and suffered bleeding complications, both had 
concerning histories (cancer, recent Warfarin use, 
and hepatocellular carcinoma). The authors noted 
a  positive predictive value (PPV)      of preoperative 
elevated PT to indicate hemorrhage was 2.5 % 
(2/78), although this rate appears to discount that 
many or most patients in this study who had pre-
operatively elevated PTs were treated with factor 
replacement [ 39 ]. 

 The largest analysis of preoperative coagula-
tion testing in  neurosurgery  , by number of 
patients included, also assessed the relative util-
ity of preoperative history for bleeding risk vs. 
preoperative coagulation studies using the 
 National Surgical Quality Improvement Program 

database (NSQIP)  . Patients were considered to 
have a positive history for bleeding history based 
on self-reported medical history of bleeding dis-
orders, high-risk medication use, chronic steroid 
use, disseminated cancer, and renal or liver dis-
ease. The study included 11,804 patients. Sixty 
percent of patients underwent PT and aPTT test-
ing and 90 % had preoperative platelet count. 
While 4 % had at least one abnormal result, less 
than 1 % had a severely abnormal result. Given 
the large sample size, it is unsurprising that each 
of the abnormal laboratory values was statisti-
cally associated with a variety of outcome mea-
sures including mortality, transfusion, and return 
to the OR. However, all coagulation measures 
had low sensitivity (<0.2) for the outcome mea-
sures. A positive clinical history was associated 
with a 3.5-fold increasing the likelihood of one or 
more abnormal coagulation tests, and the likeli-
hood of detecting the various clinical outcomes 
was similar with history vs. one or more abnor-
mal coagulation tests. Concerningly, even when 
history and abnormal laboratory assessment were 
combined, only about 1/3 of patients with the 
outcomes of interest were identifi ed. The authors 
concluded that there was “limited or absent ben-
efi t from routine or standing preoperative  hemo-
static screening  .” They further estimated that 
limiting testing to those with an abnormal history 
would save $82 million annually in the United 
States (2012 dollars) [ 40 ]. 

 As noted above,  Factor XIII   plays an impor-
tant role in the stabilization phase of clot forma-
tion, being essential for cross-linking of the fi brin 
to create a stable polymer. Gerlach and col-
leagues assessed Factor XIII levels preopera-
tively in 910 patients undergoing cranial 
neurosurgery in addition to PT, aPTT, and 
 fi brinogen. In 4.3 % there was a postoperative 
hemorrhage requiring surgical intervention. 
Preoperative Factor XIII and Fibrinogen levels 
were correlated with hemorrhage, whereas PT 
and aPTT were not. Specifi cally, patients with 
Factor XIII levels less than 80 % had a fourfold 
increase in risk of hematoma [ 41 ]. However these 
study results have not been reproduced [ 42 ]. 
Additionally, Adelman et al. studied 290 patients 
undergoing craniotomy with a 2.4 % rate of 
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severe bleeding requiring reoperation. No differ-
ences in preoperative Factor XIII were seen 
between the groups, nor were differences in PT, 
PTT, or platelet count. A fi brinogen level of 
<200 mg/dl was associated with a tenfold increase 
in the odds of postoperative hemorrhage, and had 
a sensitivity of 86 % and specifi city of 62 % [ 43 ]. 

 Evaluating pediatric patients undergoing  cra-
niofacial reconstruction  , Genecov et al. retro-
spectively assessed 168 patients. All had a normal 
PT, but 6 (3.6 %) had an abnormal PTT and were 
found to have Factor XI defi ciencies (3pts), von 
Willebrand+low FXII (1 patient), and circulating 
inhibitors (2 patients) [ 44 ]. 

 Karger and colleagues assessed the role of 
 Platelet Function Analysis  , specifi cally the PFA- 
100, in 93 patients undergoing craniotomy for 
mass lesion. Patients with abnormally elevated 
closure times were administered DDAVP. Surgical 
outcomes were compared to a retrospective 
cohort and were found to be similar with no 
reduction in bleeding events in the screened and 
treated group vs. historical controls. The authors 
concluded that routine screening and treatment 
was unnecessary [ 18 ]. 

 Patients undergoing epilepsy surgery would 
appear to have a number of treatment-specifi c 
risk factors for hemorrhage. Valproic acid, a 
common anticonvulsant, has been demonstrated 
to produce both platelet and coagulation pathway 
dysfunction, although the clinical importance of 
these fi ndings has been debated. The ketogenic 
diet has been reported to induce platelet aggrega-
tion defi ciencies. Pacione et al. prospectively 
evaluated 39 children undergoing epilepsy sur-
gery with an extensive battery of laboratory test-
ing through a hematology clinic that included 
von Willebrand antigen, ristocetin cofactor test-
ing (as part of a vWD work-up), factor VIII assay, 
and platelet aggregation tests. Fifteen children 
had  Tuberous Sclerosis (TS)     . Twenty-fi ve per-
cent of patients had abnormal platelet function or 
a coagulation panel abnormality. One third of 
children with TS were affected, all with platelet 
abnormalities. Two of these fi ve children had a 
negative clinical history screen and one devel-
oped a subdural hematoma, despite preoperative 
platelet transfusion. Twenty percent of children 

without TS were affected with all suffering coag-
ulation abnormalities. Three of these had nega-
tive history, but two had minor enough 
abnormalities that no treatment was prescribed 
and no bleeding complications occurred. The 
authors suggest that children with TS undergoing 
epilepsy surgery may be at increased risk for 
hemorrhage and may benefi t from more exten-
sive preoperative testing [ 45 ]. 

 As noted above, the platelet inhibitor  clopido-
grel   plays an important role in preventing ischemic 
complications after neuroendovascular proce-
dures. Kashiwazaki and colleagues prospectively 
evaluated 66 Asian patients undergoing carotid 
stenting and intracranial stent/coiling procedures, 
who were all receiving both aspirin and clopido-
grel preoperatively. Prior to the procedure, platelet 
function was assessed using the VerifyNow P2Y12 
assay. Based on ROC curve analysis, response to 
clopidogrel therapy was considered subtherapeu-
tic, when the percent inhibition was <25 % (19 
patients), adequate when between 25 % and 75 % 
(32 patients), and supratherapeutic when >75 % 
(15 patients). The rates of ischemic complications 
in the three groups were 37 %, 19 %, and 0 % 
while the rates of bleeding complications were 
0 %, 6 %, and 40 % respectively. All ischemic 
complications were abnormalities on postproce-
dure diffusion- weighted imaging and did not 
appear to have a clinical correlation. Bleeding 
complications were groin hematomas in six 
patients, optic disc hemorrhage, and epistaxis [ 46 ].  

    Putting It All Together 

 Preoperative assessment for bleeding risk 
should be based primarily on history and physi-
cal exam including the identifi cation of medica-
tions that increase bleeding risk. Laboratory 
tests, such as PT/PTT and Platelet Count or 
other more specifi c tests, can be reserved for 
situations in which there are concerning fea-
tures by history or exam, although given the 
lack of prospective evidence specifi c to neuro-
surgery, the practice of routine laboratory 
assessment cannot be completely excluded for 
neurosurgical procedures,  particularly where 
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there is limited opportunity to identify and 
 manage hemorrhage, such as in ventriculostomy 
or deep brain electrode  placement  . Patients 
 presenting with  hemorrhagic events  , either 
 spontaneous or traumatic, should be considered 
at high risk for coagulopathy and assessed 
accordingly. Preoperative consultation with a 
hematologist is appropriate in the setting of 
either a worrisome clinical or laboratory 
assessment.     
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         Introduction 

 Neurosurgeons are performing more elective 
operations on patients taking anticoagulants. The 
reasons for this are multifactorial, but include 
advancing population age with more comorbid 
disease, newer anticoagulants and the continued 
expansion of the indications for older drugs such 
as aspirin and warfarin, as well as a larger breadth 
of treatment options for various neurosurgical 
conditions. 

 The suspension of  anticoagulation   before elec-
tive surgery—and its subsequent reinstitution—is 
a source of great debate in neurosurgery. This 
involves a delicate balance that takes into account 
the daily risk of thromboembolism—stroke, deep 
venous thrombosis (DVT), pulmonary embolism 
(PE)—versus the potentially severe consequences 
of a postoperative hematoma in the central ner-
vous system (CNS). This debate is further inten-
sifi ed by the general lack of high-quality evidence 
regarding the risks and benefi ts of chemical anti-
coagulation in neurosurgical patients. There are 
high-quality data supporting its use in other surgi-
cal specialties, in addition to the wealth of data 

regarding the use and management of oral and 
parenteral anticoagulants in “medical patients”. 

 Neurosurgical patients often harbor disease 
processes that increase the risk of venous  throm-
boembolism   (i.e. CNS malignancy, hemiparesis 
from stroke, morbid obesity, and HTN), and this 
coupled with a pre-existing reason for systemic 
anticoagulation raises the stakes even higher. 
Additionally, the treatment of conditions such as 
 atrial fi brillation (AF)   has improved in modern 
times, and patients are living more productive 
lives with this condition—which, as an example, 
may lead to injury or degeneration and the need 
for spine surgery. 

 The fi eld of  iatrogenic anticoagulation   has 
changed signifi cantly with the recent emergence 
of a new generation of oral anticoagulants. The 
evidence continues to point to the overall 
improved safety—with comparable or improved 
effi cacy—of these medications. The signifi cant 
caveat to the rapid increase in utilization of these 
medications lies in the fact that these medications 
currently have no reliable antidote. That is, their 
effect is not easily or quickly mitigated in the cir-
cumstance of life-threatening bleeding. 

 The mounting evidence of safety from well- 
done  randomized controlled trials (RCTs)   is in 
stark contrast to the anecdotal experience of neu-
rosurgeons caring for patients on one of these 
“new drugs” with a signifi cant hemorrhage that is 
functionally untreatable in many cases. As stated 
previously, neurosurgical patients can—in many 
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instances—already carry diagnoses that require 
anticoagulation. A common neurosurgical comor-
bidity for this is malignant glioma. In a study by 
Semrad et al., the rate of VTE was seven times 
that of the general population.{Semrad:2007eo} 

 Regarding direct thrombin inhibitors, there is 
much anxiety among neurosurgeons due to the 
current inability to reverse these drugs in the case 
of severe life-threatening bleeding (i.e. intracra-
nial hemorrhage). Multiple large randomized 
controlled trials have demonstrated statistically 
equivalent—if not lower—rates of  ischemic 
stroke   and VTE events with these new drugs, as 
compared with warfarin, with a lower side effect 
profi le. That side effect profi le includes a lower 
risk of  intracranial hemorrhage  . Studies have also 
failed to demonstrate an increase in mortality 
from intracranial hemorrhage due to these medi-
cations. While many neurosurgeons have already 
cared for a patient presenting with an ICH on a 
new oral anticoagulant, what they are unable to 
visualize are the patients who are spared from 
hemorrhage because of the improved safety of 
newer oral anticoagulants. 

 The goal of this chapter is not to address neu-
rosurgical emergencies, but rather to give an 
overview and recommendations regarding the 
management of the patient on chronic anticoagu-
lant therapy that is in need of an elective neuro-
surgical operation. 

 We will begin with the risks and benefi ts of 
gradual suspension of individual medications, 
followed by a discussion of their reinstatement 
during the postoperative period. Inherent in the 
discussion of suspension is a further elucidation 
of the risks for the patient who requires  chronic 
anticoagulation  , but cannot receive it due to the 
proximity of an invasive procedure.  

    Preoperative Suspension 
of Anticoagulants—What Is 
 the Risk?   

 Suspension of anticoagulation for an elective 
neurosurgical procedure involves exposing 
the patient to a period of risk due to a “ relative 

hypercoagulable  ” state in order that their blood 
clotting cascades are functioning normally on the 
day of surgery. We use this term “relative” 
because these patients have a condition that 
requires therapeutic anticoagulation to prevent 
thromboembolic events. We will begin by review-
ing the thromboembolic risk in common condi-
tions seen by neurosurgeons—if left untreated. 

        Atrial Fibrillation (AF)   

 The chief hazard of AF is stroke, the risk of 
which is increased four- to fi ve-fold compared 
with patients not in AF. Because of its high prev-
alence in advanced age, AF assumes great impor-
tance as a risk factor for stroke and by the ninth 
decade becomes a dominant factor. The attribut-
able risk for stroke associated with AF increases 
steeply from 1.5 % at age 50–59 years to 23.5 % 
at age 80–89 years.{Kannel:1998ws} 

 Patients with  non-valvular atrial fi brillation   
have an approximately 4.5 % rate of stroke per 
year without treatment.{Investigators:1994vd} 
This yields an approximately 0.01 % daily risk of 
stroke with untreated atrial fi brillation. There is 
no current evidence that surgery itself increases 
the risk of   arterial  embolism   in patients with 
atrial fi brillation or prosthetic heart valves. An 
extrapolation of this daily risk would lead to a 
baseline 0.1 % risk of stroke for every 10 days 
that a patient with AF is “untreated” for periop-
erative purposes. However, it must be stated that 
evidence in the literature exists to support the fact 
that surgery and anesthesia (including non- 
neurosurgical and non-cardiac procedures) is an 
independent risk factor for stroke in patients who 
do not carry a diagnosis of AF.{Wong:2000vd}
{Urbanek:2014bt} This risk is well-documented 
in the fi rst 30 postoperative days, and may extend 
beyond this period to at least 90 days.
{Urbanek:2014bt} 

 Known risk factors for stroke in atrial fi bril-
lation have been validated in the widely used 
CHADS 2  score{Lip:2010io, NavarBoggan:
2015bs}, as well as the updated CHA 2 DS 2 -
VASc score{Lip:2010ioa}, which is the current 
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 recommended scoring system for the risk and 
treatment of thromboembolic  complications in 
patients with non-valvular atrial fi brillation.
{January:2014gm} These include history of 
CHF, HTN, age > 75 years, diabetes mellitus, 
any history of prior  ischemic stroke  , TIA, or 
systemic embolic events. Patients with a 
CHADS 2  score ≥ 2 have an annual stroke risk of 
4 %, and warfarin has been shown to decrease 
hospitalization for stroke, MI, or hemorrhage. 
Patients with a higher CHADS 2  or CHA 2 DS 2 -
VASc score would be at a higher interval risk 
during cessation of  anticoagulation     .  

        Prosthetic Heart Valves   

 In patients with  mechanical heart valves  , the 
 thromboembolism   risk is roughly 8 % if they are 
given no anticoagulants, which have been shown 
to decrease this risk by 75 %.{Jafri:2004ht} This 
risk is adjusted based on the type and location of 
the valve—with mitral and older valves having 
higher risks of thromboembolic complications 
than a newer valve or aortic location. It is common 
to stop warfarin 5 days before elective procedures, 
but if the INR is maintained at a level of 3.0 or 
greater—as is the case in most situations involving 
mechanical heart valves—this window may need 
to be extended. This prolongs the period during 
which a patient who needs intensive anticoagulant 
therapy is “sub-therapeutic”.{Jaffer:2003iw}  

       The Patient with a History 
of  Cryptogenic Stroke   

 The standard medical treatment for secondary pre-
vention in patients with cryptogenic stroke is anti-
platelet therapy. Recurrent stroke was seen in 6.8 % 
of patients in the medical arm of a recent RCT 
comparing PFO closure with medical management 
in patients with stroke of unknown origin and a 
documented PFO during work-up.{Carroll:2013cz}
{Mattle:2013cu}{Tai:2014bz} Many of these 
patients will present with a current prescription for 
aspirin, possibly in conjunction with clopidogrel or 
another glycoprotein IIb/IIIa  inhibitor     .  

       Guidelines from the Medical Literature 

    The most recent guidelines document from the 
 American College of Chest Physicians (ACCP)   
regarding perioperative management of anticoagu-
lant and antiplatelet drugs has no direct references 
to neurosurgical patients. This stems from the pre-
viously discussed paucity of RCTs in neurosurgi-
cal patients regarding chemical VTE prophylaxis 
as well as the fact that neurosurgical patients—due 
to a perceived risk of hemorrhage—were left out 
of most of the major trials involving perioperative 
use of anticoagulants.{Douketis:2012ja} In fact, 
searching this 2012 paper for the word “neuro” 
returns only three results: a single mention of neu-
rologic defi cits after CABG in patients as it relates 
to ASA usage, and two instances from a single 
citation in the bibliography. Clearly, the manage-
ment of these drugs must be carefully considered, 
and extrapolations from more generalized recom-
mendations are required.  

          Bridging Therapy 

 Further nuance arises in the choice for or against 
postoperative bridging. While there is no disput-
ing the fact that warfarin must be stopped before 
elective operations, considerable variability and 
uncertainty exists in regards to the decision of 
“to bridge or not to bridge” these patients with 
heparin (either unfractionated or low molecular 
weight) during the perioperative period. The 
 ACCP   guidelines{Douketis:2012ja} recommend 
bridging therapy in patients with “a mechanical 
heart valve, atrial fi brillation, or VTE at high risk 
for  thromboembolism  ”. This is qualifi ed, how-
ever with the following statement: “Patients 
who place a higher value on avoiding periopera-
tive bleeding than on avoiding periopera-
tive thromboembolism are likely to decline 
heparin bridging.”{Douketis:2012ja} The British 
Committee for Standards in Haematology attri-
bute a classifi cation of “high-risk” to any 
patient with AF and a prior stroke or TIA. In these 
patients, bridging is recommended during 
 warfarin cessation.{vanVeen:2015dd}{Keeling:
2011gk} 
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 In most elective situations, neurosurgery is not 
a contraindication for preoperative bridging with 
unfractionated (UF) or low molecular weight 
heparin (LMWH).    Current recommendations are 
to stop UF 4–6 h before surgery and LMWH 24 h 
before surgery{Douketis:2012ja}. This is impor-
tant as a patient on a LMWH bridge must be told 
not to administer the last dose of this medication 
the night before surgery—which could lead to a 
dose within 12 h of a “fi rst start” procedure. 

 Neurosurgical patients who are deemed to be 
at a low risk of a perioperative hemorrhage, such 
as the patient undergoing a minimally invasive 
spine procedure, would be a better candidate for 
 bridging therapy   than the patient with an incom-
pletely resected vascular tumor, or a large crani-
otomy. Neurosurgical postoperative hemorrhage 
rates are typically quoted to be around 1 %.
{Palmer:1994tu, Kalfas:1988vf} An important 
point should be made regarding postoperative 
bridging. The issue must not be confused with 
postoperative use of “prophylactic” doses of UF 
or LMWHs. Bridging therapy often involves ther-
apeutic doses of these medications, to a level that 
is consistent with the antithrombotic effects of 
warfarin. Therefore, the initiation of full bridging 
therapy must not commence before the neurosur-
geon is comfortable with a full anticoagulant 
effect being in force. A middle ground may be 
forged with lower doses of UF or LMWH, but an 
anticoagulant effect is still present and evidence 
for this practice in patients requiring long-term 
anticoagulant therapy is lacking. The same guide-
lines recommend withholding bridging therapy 
for 48–72 h after undergoing “ high-bleeding-risk 
surgery  ”.{Douketis:2012ja} Neurosurgical pro-
cedures may not have a higher risk of posto-
perative bleeding, but postoperative bleeding 
represents  a higher risk  to these patients as a result 
of the disastrous effects of even small- volume 
hematomas in critical areas of the neuraxis.        

          Antiplatelet Therapy 

  Aspirin   is associated with platelet inhibition within 
60 min of administration{Awtry:2000ux} and the 
effect is irreversible for the life of the exposed 

platelets. This owes to their inability to generate 
new  cyclooxygenase (COX)  . The average  platelet 
lifespan   is 10 days. Estimates are that approxi-
mately 10 % of platelet function is recovered per 
day after cessation of ASA.{Awtry:2000ux} Some 
investigators have demonstrated that normal levels 
of hemostasis may be possible with only 20 % 
of platelets being functional.{Bradlow:1982wh, 
Patrono:1985uj} While this may imply that 2 days 
of cessation would be adequate for surgical hemo-
stasis, there is clinical evidence that bleeding com-
plications are increased in patients who are 
continued on aspirin during cardiac and non-car-
diac procedures.{Palmer:1994tu, Burger:2005bn, 
Alghamdi:2007hn} This risk was increased 1.5 
times in the study by Burger and this was signifi -
cant for patients undergoing intracranial surgery.
{Burger:2005bn} 

 Current recommendation after  coronary stent 
placement   is for uninterrupted dual antiplatelet 
therapy for 6 weeks after placement of a  bare 
metal stent (BS)  , and 6 months after placement of 
a  drug-eluting stent (DES)  . Truly elective neuro-
surgical procedures should not be performed dur-
ing this time as even a brief interruption of these 
agents involves a signifi cant risk of in-stent 
thrombosis or  acute coronary syndrome  . 

 A study by Burger et al. in 2005 looked spe-
cifi cally at the risk of thrombotic events after ces-
sation of low-dose  aspirin therapy   as well as 
concomitant bleeding risks when this drug was 
continued during the procedure. Acute cerebral 
events occurred on average 14 days after with-
drawal of aspirin, while the average time between 
aspirin cessation and acute coronary syndrome 
was only 8.5 days in this study.{Burger:2005bn} 
This is weighed against studies of postoperative 
neurosurgical hematomas in which the most 
common risk factor was administration of aspirin 
or  NSAIDs     .{Palmer:1994tu}  

    Daily  Risk of    Venous 
Thromboembolism (VTE)   

 The risk of recurrent VTE drops rapidly over the 
fi rst 3 months after an initial VTE event.
{Jafri:2004ht} The rate is roughly 40 % in the fi rst 
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month after an initial event—without anticoagula-
tion—but drops to 10 % within 2 months.
{Jafri:2004ht} Oral anticoagulation can decrease 
this risk by 80 %. This is, again, a situation where 
the benefi ts of any elective surgical procedure 
need to be substantial in order to counterbalance 
the signifi cantly elevated risk of recurrent VTE. 
This increase in the risk of VTE is independent of 
the fact that both hospitalization and a surgical 
procedure are independent risk factors for devel-
opment of a VTE in patients with no such history.   

    Reinstitution of  Anticoagulant 
Therapy After Neurosurgical 
Procedures   

 The primary concern with reinstitution of antico-
agulants after neurosurgical  procedures   involves 
postoperative hemorrhage at the operative site 
and wound healing complications that can delay 
other treatments (e.g. adjuvant radiation therapy 
for malignant brain tumors). 

     Hemorrhage Risk   

 High-quality studies are lacking in regards to the 
risks of hemorrhage with reinitiation of chronic 
anticoagulant therapy after elective (or urgent) 
neurosurgical procedures. There have been 
 multiple small RCTs investigating the use of 
chemical VTE prophylaxis after neurosurgical 
procedures. Various anticoagulants—including 
unfractionated and low molecular weight hepa-
rins—have demonstrated a reduction  in   VTE risk 
with use of these medications, however, there was 
an increase seen in clinically signifi cant hemor-
rhages despite the small sizes of the studies and 
their being underpowered to detect an increase in 
hemorrhage risk. A single study of patients under-
going craniotomy who were randomized to pre-
operative enoxaparin versus placebo was stopped 
on interim analysis due to a higher rate of hemor-
rhage in the enoxaparin arm.{Dickinson:1998wy} 
The applicability of such studies to the question 
of when to restart  chronic anticoagulation   is lim-
ited, as these were studies using prophylactic 

doses of, primarily, heparins (unfractionated and 
low-molecular weight). The dosing of heparins 
are different when the intent is full anticoagula-
tion, and there are several classes of drugs that are 
not typically used for prophylaxis, but rather, 
treatment of the hypercoagulable state.   

    Recommendations 

    Informed Consent 

 Reasonable strategies for cessation of  anticoagu-
lants      for the purposes of elective neurosurgical 
procedures would begin with a full discussion 
with the individual patient of the risks surround-
ing the cessation and reinstitution of their partic-
ular medication. This discussion should be 
tailored to the patients’ specifi c drug and under-
lying diagnosis. A clear understanding of the 
expected benefi ts of surgery, as well as the risks 
during this period is of paramount importance. 
Issues of perioperative ischemic (stroke, TIA, 
VTE) as well as postoperative hemorrhagic 
events (hematoma, wound healing issues, infec-
tion, and delay in adjuvant therapy) must be care-
fully balanced. 

 There should be no hesitation in conferring 
with physicians from the various specialties that 
prescribe these anticoagulant drugs, especially 
colleagues from cardiology and hematology.  

    Cessation of  Warfarin      

 Chest guidelines from 2004 recommend various 
schedules for warfarin cessation and reinitiation 
in the perioperative period. The variability 
involves the use or omission of bridging therapy 
and the duration of cessation postoperatively. 
The 2014 Chest guidelines for the treatment of 
patients with atrial fi brillation recommend the 
use of  bridging therapy   in patient with AF and a 
mechanical heart valve requiring interruption of 
warfarin (or new anticoagulants) for surgical pro-
cedures.{January:2014gm} It must be reinforced 
that these recommendations are not specifi c to 
neurosurgical patients. The authors of these 
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guidelines merely state that a “normal INR” is 
important at the time of neurosurgical procedures 
and that reinstitution of anticoagulation may 
need to be delayed in the postoperative period out 
of concern for surgical site hematoma formation.
{January:2014gm} 

 The effective half-life of warfarin ranges 20 to 
60 h with an average of 40 h. General recommen-
dations include cessation of warfarin between 3 
and 7 days preoperatively. The INR should be 
checked the morning of the procedure to confi rm 
that it is in the normal range. The length of war-
farin cessation should be informed by the under-
lying reason for its prescription and intensity of 
therapy. Patients with mechanical heart valves are 
at an inherently higher risk of  thromboembolism   
than are patients with atrial fi brillation, however 
warfarin may need to be held for a longer dura-
tion to allow its effects to fully reverse and strong 
consideration should be given to bridging these 
patients with a low molecular weight  heparin     .  

    Reinstitution of  Warfarin      

 The anticoagulant effect of warfarin is not imme-
diate. Additionally, there is an early time window 
during which warfarin appears to exert a pro- 
coagulant effect. This is mediated by a rapid 
decrease in protein C levels—outpacing the dimi-
nution of factors II and X during the initial 48 h 
of warfarin administration.{Harrison:1997wc} 
This precipitous drop counterbalances the drop in 
factor VII levels that lead to the INR prolonga-
tion.{Harrison:1997wc} 

 This change in the coagulation cascade—and 
the potential for a transient period of relative 
hypercoagulability—underlies the recommenda-
tion for initial use of heparin or LMWHs during 
institution of warfarin therapy. Other surgical 
specialties have utilized this delayed effi cacy and 
commenced warfarin therapy on the day of sur-
gery.{Rokito:1996ti} There is no evidence that 
this strategy is either safe or effective for neuro-
surgical patients. Neurosurgical patients are felt 
to be at a higher risk  for   VTE events for multiple 
reasons relating to their underlying disease. 

These include, but are not limited to, conditions 
such as spinal cord injury, hemiplegia, brain 
tumors, subarachnoid hemorrhage, and trauma. 
Most neurosurgical centers do not advocate—
owing to the dearth of evidence—use of chemical 
prophylaxis in the immediate postoperative period. 

 Given the requirement for bridging chemical 
prophylaxis, warfarin should be resumed postop-
eratively when the neurosurgeon has weighed the 
risks and benefi ts of an immediate anticoagulant 
effect (owing to the immediate effects of heparin 
or LMWHs used in bridging). This will be dic-
tated, once again, by the balance between the 
underlying reason for  chronic anticoagulation 
  and the perceived risk of hemorrhage. While this 
judgment is variable, very rarely is full anticoag-
ulation started within 24 h of a neurosurgical pro-
cedure. Patients with mechanical heart valves 
should resume their anticoagulation regimen ear-
lier than a patient with paroxysmal atrial fi brilla-
tion or DVT, owing to the higher thromboembolic 
risk associated with this  condition     .  

    Cessation of  Antiplatelet Agents      

 Patients with drug-eluting stents (DES)    are at a 
high risk of stent thrombosis, and the factor most 
closely associated with this event is the cessation 
of dual antiplatelet therapy.{Abualsaud:2010 cm, 
Chassot:2007gk, Burger:2005bn} Guidelines for 
the perioperative management of antiplatelet 
agents stress the need for continuation of dual 
antiplatelet therapy whenever possible to reduce 
the incidence of in-stent thrombosis. It should be 
noted, however, that intracranial and intraspinal 
surgery are singled out—along with posterior 
chamber ocular surgery—as procedures at a high 
enough risk of bleeding that warrant the cessation 
of antiplatelet therapy.{Abualsaud:2010 cm} 

 Additional factors that can coexist between 
these populations—patients with cardiac stents 
and the need for neurosurgical procedures—
include diabetes mellitus and malignancy, both of 
which are “patient” risk factors for in-stent 
thrombosis. The mainstay of prevention of in- 
stent thrombosis is the uninterrupted use of dual 
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antiplatelet therapy with aspirin and thienopyri-
dines (clopidogrel, ticlopidine, and prasugrel) for 
a minimum of 6—and ideally 12 months after 
stent placement. Any truly elective neurosurgical 
procedure should be delayed until after this win-
dow has passed. There are very few situations 
where neurosurgeons do not stop all antiplatelet 
agents before elective procedures, with carotid 
endarterectomy being a notable exception. 

 ASA and thienopyridines must be stopped 
well enough in advance of elective neurosurgical 
procedures to allow their irreversible effect on 
platelet function to diminish. Studies have dem-
onstrated complete recovery of platelet function 
seven days after discontinuation of  clopidogrel     .
{KamPCA:2003cv, Weber:2001wv}  

    Reinstitution of  Antiplatelet Agents      

 ASA and  thienopyridines   exhibit an antiplatelet 
effect within hours of administration, if given in a 
loading dose. As an example, maximal inhibition 
of platelet aggregation is seen between 2 and 6 h 
after an oral load of clopidogrel (375–500 mg). 
This same effect takes 3–7 days of the standard 
daily clopidogrel dose (75 mg).{KamPCA:
2003cv} A gradual antiplatelet effect, therefore, 
is achieved with reinstitution of daily clopidogrel 
dosing without an oral load. It should be noted 
that while this make some sense as a “middle 
ground” for neurosurgeons there is no high-level 
evidence that such a practice is either safe or 
effective. The only known reversal mechanism 
for these drugs is platelet transfusion—which 

carries well-documented risks. Some advocate 
the use of DDAVP to improve platelet function in 
cases of emergency,{Korinth:2006kl, Korinth:
2007bk} but its use in neurosurgery is not 
well-studied.  

    Cessation of  New Oral Anticoagulants      

 There are three FDA-approved Factor Xa inhibi-
tors on the market—rivaroxaban, apixaban, and 
most recently edoxaban. These  join dabigatran  , a 
direct thrombin inhibitor, as the new generation 
of oral anticoagulants indicated for treatment of 
patients with atrial fi brillation. The most com-
mon of these, currently, is dabigatran. The half- 
life and clearance of this drug is highly dependent 
on the patient’s renal function. With the under-
standing that neurosurgical patients should have 
normal clotting function before elective surgery, 
it is reasonable to stop dabigatran 2–4 days before 
the scheduled operation. Impaired renal function 
should cause this time interval to be extended.
{vanRyn:2010wu} 

 A consensus statement on the use of rivaroxa-
ban suggests that the last dose be 24 h or more 
before surgery.{Turpie:2012wf} This stems from 
the short half-life of the drug (5–13 h depending 
on age and renal function).  Apixaban   and  edoxa-
ban   have similar half-lives to dabigatran (9–14 h 
for apixaban and 9–11 h for edoxaban)
{Cabral:2013ic}, and would therefore require the 
same interval of cessation before elective surgical 
procedures for normal clotting to be expected 
(Table  22.1 )      .

   Table 22.1    Pharmacodynamic properties of direct oral anticoagulants compared with warfarin. Adapted from infor-
mation contained in {Cabral:2013ic, Wang:2014cb}   

 Half-life 

 Peak 
action 
(Tmax) 

 Time to reach 
full steady state 

 Time for anticoagulant 
effect to reverse 
(fi ve half-lives) a  

 Warfarin  20–60 h  72–120 h  1 week or longer  8.3 days 

 Dabigatran  12–17 h  1.25–3 h  2 days  3 days 

 Rivaroxaban  5–9 h  2–4 h  2 days  1.5 days 

 Apixaban  9–14 h  1–4 h  2 days  2.4 days 

 Edoxaban  9–11 h  1–2 h  2 days  2.1 days 

   a (Average of half-life range × 5)/24  
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       Reinstitution of  New Oral 
Anticoagulants      

 These drugs are becoming more widely utilized 
due to their mild side effect profi le and the elimi-
nation of the intensive laboratory monitoring 
required of patients on warfarin. The reason for 
unease among the neurosurgical community is 
the currently irreversible nature of these medica-
tions. While intracranial hemorrhage may be sig-
nifi cantly lower with these newer agents, the 
outcome for that patient can be severe disability 
or death with no acceptable treatment options. 

  Rivaroxaban   has a rapid onset and short half- 
life. The peak plasma concentration is achieved 
within 2–4 h after a single dose, which is similar 
to the onset of LMWHs. Institution of this medi-
cation should not begin until the judgment of the 
neurosurgeon is that bleeding risk is low enough 
to commit to full anticoagulation. The current 
recommendation for emergency reversal is 
with PCC as this was shown to completely 
reverse the effects of rivaroxaban in healthy 
subjects{Eerenberg:2011cn}, with or without 
activated charcoal if the last oral dose was within 
8 h.{Wang:2014cb} Dialysis is not an option 
with rivaroxaban or apixaban, as it is with dabi-
gatran, owing to the high plasma protein binding 
of these drugs. 

 Apixaban reaches a maximum plasma con-
centration in an average of 3 h after administra-
tion of a 20 mg dose.{Frost:2015iz} The 
concentration and effect of drug was noted to be 
slightly higher in older patients, which is of 
importance given its indication for prevention of 
 VTE   after orthopedic surgery and stroke in non- 
valvular atrial fi brillation. The half-life, route of 
excretion, and use in renally impaired patients 
are similar to that of rivaroxaban. As with all 
Factor Xa inhibitors, there is no direct antidote, 
and minimal evidence-based experience with 
reversing this agent. Activated charcoal is advo-
cated by some, if the need for emergent reversal 
(hemorrhage) occurs within 3 h of the last dose.
{Wang:2014cb} 

  Dabigatran   is the only direct thrombin inhibi-
tor on the market in the United States that is used 
for long-term anticoagulation. Bivalirudin is a 
direct thrombin inhibitor that is typically used 

during interventional procedures in patients who 
are allergic to heparin. Dabigatran has a rapid 
onset in action that is correlated with a rapid rise 
in its plasma levels. The maximal anticoagulant 
effect is achieved in 2–3 h with half-life mea-
sured at 14–17 h in patients with normal renal 
function.{vanRyn:2010wu}{Eerenberg:2011cn} 
Dabigatran plasma levels will accumulate in 
patients with renal failure, and its excretion rate 
is prolonged in patients with moderate or severe 
kidney disease.{vanRyn:2010wu} 

 Its use has been increasing rapidly since trials 
such as RE-COVER{Schulman:2009is}—com-
paring warfarin with dabigatran—demonstrated 
no difference in recurrent  VTE   or death with an 
improved side effect and safety profi le. 
Specifi cally, they demonstrated a 3.2 % absolute 
risk reduction for overall bleeding events in the 
group receiving dabigatran. A randomized cross- 
over trial of dabigatran and rivaroxaban demon-
strated the ineffectiveness of PCC in improving 
 partial thromboplastin time (PTT)  ,  prothrombin 
time (PT)  , and  ecarin clotting time (ECT)   in 
patients taking dabigatran.{Eerenberg:2011cn} 
The only documented way to defi nitively reverse 
dabigatran is with hemodialysis. This is of obvi-
ous concern to neurosurgeons who may need to 
perform an emergency surgical procedure, but 
that is outside the scope of this chapter. The irre-
versibility of dabigatran is pertinent here in 
regards to its reinstitution after elective proce-
dures, as a surgical site hematoma would be 
extremely diffi cult—if not impossible—to treat 
urgently at that point. 

 Given the short half-life of dabigatran, similar 
to the factor Xa inhibitors, it does not need to be 
held preoperatively as long as  warfarin     .   

    Conclusions 

 The process of safely suspending and reinstituting 
chronic anticoagulants in the perioperative period 
for a neurosurgical procedure involves several 
key decision points. The initial decision in this 
process is determining that the potential benefi ts 
of the proposed procedure outweigh the risks of a 
pause in  chronic anticoagulation  . This involves 
considering the underlying medical condition of 
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the patient, with special attention to the reason for 
chronic anticoagulation and the risks attendant 
with suspension of anticoagulation. 

 There is very little high-quality literature 
regarding any of these medications that has 
included neurosurgical patients. Recommendat-
ions and considerations are extrapolated from the 
data of other specialties and this will inevitably 
result in practices that are highly tailored to the 
individual patient with a large amount of institu-
tional, regional, and national variability. Patients 
and families will have an easier time accepting 
this if the issues surrounding chronic anticoagu-
lation and elective surgery are clearly explained 
to them during discussions surrounding the over-
all risk/benefi t ratio of any proposed procedure. 
This issue should be a primary discussion point 
during the informed consent process for chroni-
cally anticoagulated patients, not included merely 
as an afterthought.  

    Summary Considerations 

•     For patients on warfarin:
 –    A preoperative use of a LMWH bridge may 

be benefi cial in patients with prosthetic 
heart valves (especially older, mechanical, 
and mitral valves) and atrial fi brillation 
with a history of cardioembolic stroke or 
TIA.  

 –   Check an INR preoperatively to assure that 
lab values have completely normalized 
after warfarin suspension.  

 –   Postoperative bridging with LMWH or 
heparin (heparin has higher bleeding events 
but its effect is reversible with protamine) 
when reinstituting warfarin therapy due to 
the transient hypercoagulable state seen 
with this drug is important.     

•   For patients on antiplatelet agents with a his-
tory of coronary stents:
 –    Discuss the need for any elective case with 

the patient’s cardiologist and be certain that 
the type of coronary stent (bare metal ver-
sus drug-eluting) is known as this affects 
the duration of uninterrupted antiplatelet 
therapy that is recommended.  

 –   Do not perform elective neurosurgical 
cases during the fi rst 6–12 months (institu-
tion and local practices may vary) after 
placement of drug-eluting stents as dual 
antiplatelet therapy is vital to preventing 
in-stent thrombosis.  

 –   All antiplatelets (including ASA) should 
be discontinued before performing intra-
cranial or intraspinal procedures.  

 –    Antiplatelet therapy   should be resumed as 
soon as the neurosurgeon feels the chances 
of a hematoma or wound-healing compli-
cation are low, with the knowledge that 
platelet transfusion is currently the only 
way to acutely restore adequate platelet 
function in patients taking these agents.     

•   For the patient on a new oral  anticoagulant  :
 –    While short half-lives of these drugs may 

allow for later suspension and obviate the 
need for bridging therapy, consultation 
with the specialist prescribing the medica-
tion for that patient is important as the 
clearance of these drugs is dependent on a 
variety of patient-specifi c factors, includ-
ing, but not limited to, age and renal 
function.  

 –   The full anticoagulant effect is achieved 
within hours of administration and acute 
reversal of these effects is not often easily 
facilitated—if it is possible at all. This 
must be taken into account when reinsti-
tuting these drugs in the postoperative 
period.  

 –   In situations where anticoagulation is required 
earlier than it is felt safe to reinstitute an oral 
anticoagulant, consideration may be given to 
short-term use of LMWH (reversible with 
platelet transfusion) or heparin (reversible 
with protamine administration).         
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          Introduction 

  Intracerebral hemorrhage (ICH)   has an incidence 
of 24.6 cases per 100,000 person-years and is 
associated with both early mortality and long- 
term morbidity. Mortality at 1 month is 40 %, and 
only 12–39 % of patients achieve long-term func-
tional independence following ICH [ 1 ]. While 
the incidence of ICH is decreasing in high- 
income countries, there has been a substantial 
rise in low- and middle-income countries, 
accounting for a 47 % increase in ICH, and a 
20 % increase in mortality worldwide; this trans-
lates into a 14 % increase in  disability-adjusted 
life years (DALYs)   lost [ 2 ]. 

 While hypertension and cerebral amyloid 
angiopathy are the most common causes of pri-
mary ICH, patients with coagulation disorders, 

particularly those taking oral anticoagulants, are 
at risk of developing lobar ICH which, compared 
with hypertension, features larger hematoma vol-
umes, more frequent hematoma expansion, and 
worse outcomes (Figs.  23.1  and  23.2 ) [ 3 – 11 ]. 
Mortality at 1 month exceeds 50 % for patients 
with oral anticoagulant-associated ICH, likely 
driven in part to hematoma expansion following 
the initial hemorrhage [ 12 ,  13 ]. While the use of 
oral anticoagulants is increasing due to a higher 
prevalence of cardiovascular diseases such as 
 atrial fi brillation   [ 14 – 16 ], consensus about how 
to manage this serious complication is lacking 
[ 17 ,  18 ].

    Antiplatelets, thrombolytic therapy, and oral 
anticoagulants (including vitamin K antagonists, 
direct thrombin and factor Xa inhibitors) may all 
contribute to ICH. Less common risk factors are 
acquired or congenital platelet and factor defi -
ciencies, such as thrombocytopenia and hemo-
philia. This chapter focuses on coagulation 
disorders contributing to ICH and management 
of patients with ICH and abnormal coagulation.  

    Antiplatelets and  Oral 
Anticoagulants   

  Antiplatelets  , like aspirin, clopidogrel, and dipyri-
damole, vitamin K antagonists, direct thrombin 
inhibitors, and factor Xa inhibitors all increase the 
risk  of    ICH. Patients taking aspirin or other 
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 antiplatelets have a small increased risk of ICH, 
while patients on  warfarin   are at highest risk [ 6 , 
 19 ]. Direct thrombin and  factor Xa inhibitors   

have a signifi cantly lower risk of ICH compared 
to warfarin, but their risk still far exceeds that 
associated with antiplatelet medications [ 20 – 24 ]. 

  Fig. 23.1    Non-contrast CT showing right basal ganglia 
( right ) and lobar ICH ( left ). Hypertension is commonly 
associated with deep hemorrhage, while lobar hemor-

rhage is associated with cerebral angiopathy. ICH associ-
ated with hemostatic abnormalities is disproportionately 
lobar       

  Fig. 23.2    Non-contrast CT demonstrating basal ganglia 
ICH with intraventricular extension ( left ) in patient with 
INR of 1.7. Repeat non-contrast CT ( right ) showing 

hematoma expansion. The patient received 6 units of 
FFP over approximately 6 h before correction of INR 
to 1.4       
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        Antiplatelet- Associated ICH   

 Aspirin irreversibly inactivates the enzyme  cyclo-
oxygenase (COX)  , inhibiting production of pros-
taglandin and thromboxane and the aggregation of 
platelets. Other antiplatelet medications such as 
clopidogrel inhibit glycoprotein IIb/IIIa, similarly 
inhibiting platelet aggregation. While some obser-
vational studies have found an association between 
aspirin and worse outcomes, including mortality at 
30 days [ 25 – 27 ], others have found no relationship 
between antiplatelets and the volume of ICH on 
baseline CT, hematoma expansion, or outcomes 
[ 28 – 30 ]. Although patients taking aspirin or other 
antiplatelets have some increased risk of ICH, the 
benefi ts of these medications, including preven-
tion of myocardial infarction and ischemic stroke, 
far outweigh the risks of ICH.  

        Oral Anticoagulant- Associated ICH   

 Unlike antiplatelets, oral anticoagulants are 
clearly associated with a much higher risk of 
ICH. Anticoagulants are used to treat a variety of 
common medical conditions including deep 
venous thrombosis, pulmonary embolism, and 
atrial fi brillation [ 14 – 16 ]. The vitamin K antago-
nist warfarin is the most widely used anticoagu-
lant, however novel oral anticoagulants such as 
 dabigatran   (Pradaxa),  rivaroxaban   (Xarelto), and 
 apixaban   (Eliquis) are being used with increasing 
 frequency      [ 21 ,  22 ,  24 ].  

     Vitamin K Antagonists   

  Warfarin   is the most widely used vitamin K 
antagonist and its mechanism of action 
involves inhibiting hepatic formation of vitamin 
K-dependent clotting factors, including factors II, 
VII, IX, and X as well as protein C and S, ulti-
mately resulting in decreased fi brin production. 
Warfarin has a narrow therapeutic window and 
despite frequent drug monitoring, sub- therapeutic 
and supra-therapeutic levels are common. Patients 
taking warfarin have a two- to fi vefold increased 
risk of ICH that is level dependent [ 6 ,  11 ]. 
The intensity of anticoagulation is a strong pre-

dictor of ICH volume and hematoma expansion 
[ 4 ,  8 ]. Warfarin-associated ICH has been associ-
ated with large hematoma volumes, hematoma 
expansion, and mortality [ 5 ,  12 ,  31 ]. ICH accounts 
for 90 % of the deaths from hemorrhagic compli-
cations of warfarin [ 13 ].  

    Direct Thrombin and Factor Xa 
Inhibitors 

  Novel oral anticoagulants   such as dabigatran, 
rivaroxaban, and apixaban, are  United States 
Food and Drug Administration (FDA)   approved 
for the prevention of stroke in patients with non- 
valvular atrial fi brillation [ 21 ,  22 ,  24 ]. These 
agents have a wider therapeutic window and do 
not require monitoring like warfarin. Dabigatran 
is a direct thrombin antagonist and inhibits the 
conversion of fi brinogen to fi brin. Rivaroxaban 
and apixaban are antagonists of factor Xa and 
inhibit conversion of prothrombin to thrombin. 
Both direct thrombin inhibitors and factor Xa 
inhibitors have a lower incidence of ICH 
 compared to warfarin [ 20 – 22 ,  24 ]. In a study 
comparing ICH in patients taking rivaroxaban 
and those taking warfarin, patients on rivaroxa-
ban had smaller hematoma volumes, less hema-
toma expansion, and more favorable outcomes. 
Similarly, in a study comparing dabigatran to 
warfarin, the rate of hemorrhagic stroke was 
0.38 % per year in patients on warfarin compared 
with 0.12 % per year with 110 mg of dabigatran 
( P  < 0.001) or 0.10 % per year with 150 mg of 
dabigatran ( P  < 0.001) [ 21 ]. However, unlike 
warfarin the novel anticoagulants have no spe-
cifi c antidotes, leading to diffi culties with man-
agement when ICH does occur with these agents.  

     Hemophilia   and Other Congenital 
and Acquired Coagulation Disorders 

 ICH is a serious complication for patients with 
hemophilia and an important cause of morbidity 
and mortality in this population. It has a preva-
lence and incidence as high as 12 % and 2 % per 
year, respectively [ 32 ,  33 ].  Von Willebrand factor 
(vWF) defi ciency  , congenital afi brinogenemia, 
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and factor defi ciencies including V, VII, and XIII 
are other congenital disorders that increase the 
risk of ICH.   

       Management of ICH 
due to Coagulation Disorders 

 Current management of ICH associated with 
coagulation disorders is aimed at reducing hema-
toma expansion by rapidly reversing coagulopathy 
and controlling blood pressure. However, quality, 
high-level evidence supporting these strategies 
from randomized controlled trials is lacking. 

 All anticoagulant and antiplatelet drugs should 
be discontinued immediately following 
ICH. While reversal of coagulopathy has not 
been shown to improve outcomes, current guide-
lines recommend rapid reversal of coagulopathy 
to an  international normalized ratio (INR)   less 
than 1.4 to prevent further bleeding and hema-
toma expansion (see below). 

    Elevated blood pressure after ICH is associated 
with hematoma enlargement and poor outcomes 
[ 34 – 38 ]. The INTERACT and INTERACT-2 tri-
als showed intensive blood pressure reduction 
attenuates hematoma growth after acute ICH and 
targeting a SBP <140 may be superior to higher 
targets; however, this more aggressive strategy did 
not result in a signifi cant reduction in the rate of 
death or disability [ 39 – 42 ]. 

 More recent evidence suggests reversal of 
coagulopathy combined with intensive reduction 
of blood pressure improves clinical outcomes 
specifi cally among patients with anticoagulant- 
associated ICH. Patients with oral anticoagulant-
associated ICH who had an INR less than 1.3 and 
a systolic blood pressure less than 160 within 4 h 
had lower rates of hematoma enlargement  and   
decreased in-hospital mortality compared with 
those who did not [ 43 ]. 

    Options to Reverse Coagulopathy 

 Options for  reversal of coagulopathy   in warfarin- 
associated ICH include vitamin K,  fresh-frozen 
plasma (FFP),   prothrombin complex concen-
trates (PCC), and recombinant activated factor 7 

(rFVIIa). For patients taking heparin, intravenous 
protamine sulfate is the reversal agent of choice. 

 Patients with antiplatelet-associated traumatic 
and spontaneous ICH are often given platelet 
transfusions to replace non-functional thrombo-
cytes; however, there are few studies and no high-
quality evidence that platelet transfusions prevent 
hematoma expansion or improve outcomes [ 44 , 
 45 ]. 

 Vitamin K fully reverses warfarin-induced 
anticoagulation, but its effect may be delayed up 
to 24 h. Current recommendations are to admin-
ister intravenous vitamin K while replacing vita-
min K-dependent factors with FFP or PCCs [ 17 ]. 

 FFP is widely available and inexpensive rela-
tive to other reversal agents, however the number 
of units required depends on the extent  of 
  INR prolongation, and large volumes are often 
required. FFP is also associated with a substantial 
time delay to INR normalization due in part to 
delays in cross-matching and thawing the drug, 
risking hematoma expansion [ 46 ]. 

 In contrast to FFP, PCCs can be administered 
faster than FFP and require less volume of infu-
sion [ 47 ]. In April of 2013, the FDAs approved a 
4-factor PCC (Kcentra) for reversal of ICH associ-
ated with vitamin K antagonists. While PCCs have 
some advantages over FFP, there is no evidence 
that their use reduces hematoma expansion or 
improves clinical outcomes. Ongoing randomized 
controlled trials are comparing FFP with PCCs. 

 Recombinant human coagulation Factor VIIa 
(NovoSeven) is a hemostatic agent approved for 
hemophilia that binds to tissue factor and acti-
vates platelets, increasing local thrombin 
 generation and promoting clot formation. rVIIa 
rapidly decreases the INR in patients taking war-
farin and signifi cantly reduces hematoma expan-
sion after ICH, but has not been associated with 
improvement in clinical outcomes, including 
mortality, modifi ed Rankin Scare (mRS) score, 
or Glasgow Outcome Scale (GOS-E) score. rVIIa 
also increases the risk of arterial thromboembolic 
events [ 48 – 52 ]. 

 While direct thrombin and  Factor Xa inhibi-
tors   are associated with a lower incidence of ICH, 
there are currently no direct antidotes or reversal 
agents for these drugs. Prothrombin complex con-
centrates are typically used, based on preclinical 
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data [ 53 ]. A number of agents are in development 
to rapidly reverse these agents. 

 Hemophiliac patients with life-threatening 
ICH are treated with infusions of defi cient coagu-
lation factors, including von Willebrand factor 
and factor VIII [ 54 ,  55 ]. Patients with inhibitors 
often require rVIIa. Prophylaxis may also reduce 
the likelihood of ICH occurrence [ 56 ].  

    Surgery for Anticoagulant-
Associated ICH       

 Large randomized clinical trials comparing sur-
gery to medical therapy among patients with 
spontaneous ICH have not shown differences in 
outcomes. In the fi rst International  Surgical Trial 
in Intracerebral Haemorrhage (STICH)  , compar-
ing surgery to medical therapy, patients random-
ized to surgery, who underwent hematoma 
evacuation within 24 h, demonstrated no differ-
ence in outcome at 6 months [ 57 ]. Other studies 
have suggested early surgery may improve out-
comes [ 58 ]; however, in a second randomized 
trial (STITCH II), comparing early surgery 
(within 12 h of randomization) to medical ther-
apy, there was again no difference found in out-
comes at 6 months. Patients with superfi cial ICH 
without intraventricular extension may benefi t 
from early surgery [ 59 ]. Patients with ICH associ-
ated with oral anticoagulants were excluded from 
these studies, as were cerebellar hemorrhages.  

    Resumption of  Anticoagulants   

 Whether to resume anticoagulation in survivors 
of anticoagulant-associated ICH remains contro-
versial. Observational studies suggest the risk of 
recurrent ICH is low and most experts recom-
mend resumption following a variable delay [ 60 –
 62 ]. In a recent study, there were signifi cantly 
fewer ischemic complications among patients 
who resumed oral anticoagulants after ICH com-
pared to patients who did not and no signifi cant 
difference in hemorrhage rates. There was a mor-
tality benefi t for patients with atrial fi brillation 
who resumed their anticoagulants [ 43 ].   

    Conclusions 

 Spontaneous ICH due to hemostatic abnormali-
ties is fatal in approximately 50 % of cases. 
Patients on oral anticoagulants have larger hema-
tomas and greater mortality compared to patients 
without coagulopathy. The management of 
patients with ICH and hemostatic abnormalities 
is controversial, particularly in regards to correc-
tion of coagulopathy. The  2014 European Stroke 
Organization (ESO) guidelines   do not make 
strong recommendations about how, when, and 
for whom to normalize coagulation, as “no mod-
erate- to high-quality evidence supports the use 
of acute hemostatic therapies… benefi t from pre-
vention of hematoma expansion [seems] to be 
counterbalanced by thromboembolic complica-
tions with no overall benefi t” [ 18 ]. Current guide-
lines from the American Heart Association/
American Stroke Association (AHA/ASA)    rec-
ommend therapy to replace vitamin K-dependent 
factors and correction of the INR as rapidly as 
possible despite Level C evidence (very limited 
populations evaluation, only expert opinion, case 
studies, or standard of care) [ 17 ]. Intensive blood 
pressure reduction along with rapid reversal of 
coagulopathy may prevent hematoma expansion 
and improve outcomes.     
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      Prophylactic Screening 
for Venous Thromboembolism 
in Neurosurgical Patients                     

     Michael     J.     Schneck     

        Venous thromboembolism (VTE)   is a term that 
typically encompasses  pulmonary embolism 
(PE)   or venous thrombosis of the extremities. 
VTE may also occur in the central nervous sys-
tem as  cerebral venous sinus thrombosis (CVST)   
or in the abdominal and pelvic veins. Diagnosis 
of CVST represents a unique challenge outside 
the framework of this chapter. 

  Deep venous thromboses (DVT)   or  superfi cial 
venous thromboses (SVT)   consist of either par-
tial or total occlusions of draining veins of the 
upper or lower extremities. SVT and DVT may 
result in thrombophlebitis with fever, local ery-
thema, or leg swelling. Additionally, early identi-
fi cation of extremity thrombosis is important 
because of the potential for propagation of emboli 
to the pulmonary circulation with resultant PE 
increasing the risk of hypoxia, right heart strain, 
and death. 

 DVT is the primary cause of PE [ 1 ,  2 ]. Even 
clinically asymptomatic DVT is associated 
with increased PE-related death with fatality 

rates ranging from 13 % to 15 % [ 2 – 4 ]. Distal 
(calf vein) DVT has a lower fatality rate com-
pared with proximal lower extremity DVT, but 
approximately 25 % of patients with distal DVT 
have concomitant proximal DVT or PE, with 
40–50 % risk of calf vein thromboses extending 
to proximal leg veins [ 2 ,  3 ,  5 ,  6 ]. Upper extremity 
DVT, typically the result of  peripherally inserted 
central catheters (PICC)   and central venous lines, 
occurs less frequently than lower extremity DVT 
but with a 36 % PE rate that is higher than the PE 
rate associated with lower extremity DVT [ 7 ]. 
Upper extremity DVT is being increasingly rec-
ognized; one series reported that one-fourth of all 
patients screened for DVT had an upper extrem-
ity thrombus [ 8 ]. In these patients, cancer and/or 
presence of an indwelling PICC were the major 
risk factors for DVT [ 8 ]. 

 DVT mortality related to subsequent PE ranges 
from 10 % to 25 % and up to three- quarters of 
untreated PE patients will die within the fi rst week 
of symptom onset [ 2 ,  9 ]. Approximately 25 % 
of PE patients die suddenly, and long-term sur-
vival of PE patients is approximately 71 % [ 4 ]. 
Identifi cation of VTE risk in high-risk neurosurgi-
cal patients is therefore critical for reduction of 
postoperative morbidity and mortality and under-
standing the inherent VTE risk is therefore neces-
sary in determining the benefi t of VTE screening. 

  VTE   screening is a complicated task because 
patients may not have obvious clinical symptoms 
or signs. For )   DVT, the clinical examination may 
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be highly variable, and the clinical presentation 
of an acute painful, enlarged, swollen, and ery-
thematous extremity only occurs in about one- 
half of patients [ 9 ]. A Homan’s sign, in which 
there is pain in the calf with rapid dorsifl exion of 
the patient’s foot with the knee in extension, is 
very unreliable with accuracy of this sign being 
less than 50 % for patients with confi rmed DVT 
[ 10 ]. Additionally, DVT semiology may be con-
fused with other co-morbid conditions such as 
painful symptoms that might be wrongly attrib-
uted to neuropathy, or lower extremity edema 
associated with cardiac disease or limb paralysis. 

 Similarly, the classical PE presentations of 
 pleuritic chest pain  , variable degrees of short-
ness of breath, and/or cardiac arrhythmias are 
not suffi ciently pathognomonic to serve as valid 
diagnostic criteria. For patients with PE, close to 
half may be clinically without overt symptoms; 
for example,  a   PE may have been discovered as 
an incidental part of an evaluation in which a 
DVT was fi rst discovered or incidental to an 
evaluation for pulmonary neoplasm [ 2 ]. Clinical 
VTE prediction tools such as Well’s criteria for 
DVT or PE are of limited utility in hospitalized 
neurosurgical patients, the majority of who, by 
defi nition, are at high risk [ 11 – 16 ]. Table  24.1  
lists the main clinical risk factors for hospital-
ized neurosurgical patients.

    Arterial blood gas (ABG)   and electro-
cardiogram may be suggestive tests for PE. 
Electrocardiographic ( ECG)      fi ndings may refl ect 

acute pulmonary hypertension but are insuffi -
cient to conclusively make a PE diagnosis. ECG 
fi ndings in PE patients may include sinus tachy-
cardia (44 %), right ventricular strain (34 %), 
right axis deviation (16 %), right bundle branch 
block (18 %), right axial enlargement (9 %), and 
atrial tachycardia (8 %). Upwards of 50 % of 
patients have non-specifi c ST segment or T wave 
changes and the classic fi nding of a deep S wave 
in lead I, Q wave in lead III, and inverted T wave 
in lead III, is seen only 20 % of patients. Eighteen 
percent of PE patients will have a completely 
normal ECG [ 17 ]. 

 Echocardiographic signs of increased pulmo-
nary arterial resurges may suggest but are not 
defi nitive for PE either. McConnell’s sign, which 
refl ects right heart strain, is an echo fi nding that 
may lead to the diagnosis of otherwise unsus-
pected moderate to large PE [ 18 ]. 

 The d-dimer test is the serum assay most often 
used to evaluate patients with possible VTE. An 
elevated d-dimer may suggest possible VTE but 
is of limited utility in most neurosurgical patients 
because elevated d-dimer levels may also occur 
in the context of the perioperative setting, recent 
trauma, acute vascular events (myocardial infarc-
tion (MI) or stroke), and in the context of under-
lying malignancy or autoimmune states. The 
 d-dimer test   is mainly useful as a VTE exclusion 
criterion [ 12 – 15 ]. In the outpatient setting, a neg-
ative d-dimer has a negative predictive value of 
99 % whereas false-positive d-dimer assays are 
common in hospitalized patients [ 13 ,  19 ,  20 ]. 

 In screening for DVT or PE, imaging becomes 
necessary for a conclusive diagnosis. Contrast 
venography of the extremities, for DVT diagno-
sis, or pulmonary catheter directed angiography, 
for PE diagnosis, are the defi nitive diagnostic 
procedures but the invasive risk and cost associ-
ated with these procedures has limited their use 
to those patients in which intravascular throm-
bolysis is being considered. In the extremities, 
duplex ultrasound is the mainstay for DVT diag-
nosis, whereas chest  computerized tomographic 
angiography (CTA)   or ventilation/perfusion 
(V/Q)  imaging   are used for PE diagnosis [ 1 ,  21 ]. 

  Venous ultrasonography   of the extremities has 
the advantage of being non-invasive, portable, 

   Table 24.1     VTE   risk factors   

 Age > 60 years 

 Cancer (increased risk with chemotherapy) 

 Central lines or PICC lines 

 Family history of DVT or PE 

 History of heart disease 

 History of prior DVT or PE 

 Major trauma 

 Nephrotic syndrome 

 Oral contraceptive or hormone replacement therapy 

 Prolonged motor weakness (especially of lower 
extremity(ies)) 

 Surgery (see text) 

 Stroke (hemorrhagic or ischemic) 

 Thrombophilias (acquired or inherited) 
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and easily repeated, but it is operator dependent, 
and provides limited visualization of clot in the 
pelvic and iliac veins (see Fig.  24.1 ). Lower 
extremity venous ultrasonography has sensitivi-
ties of 89–96 % and specifi cities 96–100 % for 
clinically signifi cant DVT, though for distal 
lower extremity (calf) vein thrombosis, sensitivi-
ties are only 75 % [ 1 ,  3 ,  20 ,  22 ,  23 ]. For imaging 
of the iliac and pelvic veins,  magnetic resonance 
imaging (MRI)   becomes necessary and may be 
more sensitive than ultrasound in imaging of calf 
vein thrombosis. MRI has a sensitivity of 91.5 % 
for lower extremity DVT in comparison with the 
gold standard of contrast venography [ 24 ]. By 
comparison to MRI, ultrasound has a sensitivity 
of 93.5 % and CT venography has a sensitivity of 
89–100 % [ 21 ,  24 ].

   For the diagnosis of PE there are two major 
options: spiral CT angiography (CTA) and  venti-
lation/perfusion (V/Q) scanning   [ 25 ,  26 ]. A nor-
mal V/Q scan excludes PE with high sensitivity 
and specifi city, and a high probability V/Q scan 

had a 95 % positive predictive value in patients 
deemed at high PE risk [ 25 ]. Unfortunately, V/Q 
scans, using standard techniques, are frequently 
non-diagnostic in patients with intermediate to 
high pre-test probability. In one series, high prob-
ability V/Q scans were reported in just 41 % of 
patients with angiographic proven PE [ 27 ]. Thus, 
spiral CTA has become a preferred test compared 
to VQ scans except for those patients with con-
trast dye allergies or impaired renal function. 
CTA has a sensitivity of 99 % and a specifi city of 
95 % in comparison to catheter-based pulmonary 
angiography [ 26 ] (see Fig.  24.2 ).

   Other testing considerations in VTE screening 
include serum markers for hypercoaguable states. 
These include the hereditary and acquired throm-
bophilias: activated protein C resistance, factor V 
Leiden mutation, prothrombin G20210A muta-
tion, antiphospholipid antibodies, lupus antico-
agulant, elevated factor VIII levels, protein C or 
protein S defi ciency, hyperhomocysteinemia, 
dysfi brinogenemia, antithrombin defi ciency, and 

  Fig. 24.1    Lower extremity venous duplex ultrasound demonstrating evidence of an acute deep venous thrombosis of 
the posterior tibial vein       
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heparin-induced thrombocytopenia [ 1 ,  28 – 35 ]. 
Factor V Leiden and prothrombin G20210A 
mutations are the two hereditary thrombophilia 
markers most strongly associated with increased 
VTE risk [ 28 – 30 ,  33 ,  35 ]. Factor V Leiden preva-
lence is approximately 5 %, and prothrombin 
G20210A mutation prevalence is approximately 
2 %, in white patients though these markers are 
less common in African-Americans and Asians 
[ 28 ,  33 – 35 ]. While the VTE risk is signifi cant, 
heterozygous carriers of each mutation alone do 
not have an increased risk compared to non- 
carriers [ 33 ]. Double heterozygous carriers of 
factor V Leiden and the prothrombin G20210A 
mutation have a 20-fold increased VTE risk and 
homozygous factor V Leiden carriers have an 
80-fold increased VTE risk.  Antiphospholipid 
(APL) antibodies   are the most common acquired 
thrombophilia marker and, in the presence of con-
comitant lupus anticoagulants, VTE risk is ele-
vated but the degree of that risk is ill defi ned. For 
recurrent VTE the risk in patients with APL anti-
bodies, off warfarin, is 1.53 and with concomitant 
lupus anticoagulants, the risk is 2.83 [ 36 ]. Routine 
preoperative screening for thrombophilias is 
not recommended for clinically asymptomatic 
patients with no prior medical VTE history, or 
family history of thrombophilia [ 34 ,  35 ]. At least 
in one series of patients with spinal cord injury, 
there was no specifi c association between spinal 
cord injury, thrombophilia, and VTE [ 37 ]. 

 Indications  for   VTE screening are based on an 
awareness of the underlying risk rates. In the out-
patient or emergency department settings, clini-
cal prediction scores may have some utility but 
the standard clinical prediction scores for hospi-
talized patients are little better than chance in 
predicting    DVT [ 38 ]. Hospitalized patients, how-
ever, have a signifi cant VTE risk with estimated 
hospital VTE prevalence of 10–40 % in moder-
ate-risk patients and upwards of 80 % among 
high-risk patients with the risk particularly high 
in patients with neurologic or neurosurgical dis-
eases [ 2 ]. DVT prevalence ranges from 15 % to 
40 % in neurosurgical patients and 20 % to 40 % 
in stroke patients. DVT incidence approaches 
50 % in neurosurgical patients and PE incidence 
is estimated at 1.5–5 % with an associated PE 
mortality of 9–59 % in neurosurgical patients [ 1 , 
 39 ]. Risk factors for VTE in these patients include 
concomitant stroke, spinal cord injury, brain neo-
plasms, degree and duration of immobility, and 
the type and length of the surgical procedure. 
Other factors include ventilator dependence, 
chronic steroid use, and sepsis [ 1 ,  15 ,  40 – 45 ]. 
The estimated 30-day postoperative VTE rate, 
derived from a large administrative database of 
neurosurgical patients, was 1.7 %; with DVT fre-
quency of 1.3 % and PE frequency of 0.6 % [ 15 ]. 
In that series, cranial surgeries were associated 
with greater VTE risk than spine surgeries. For 
elective neurosurgical and spine procedures, the 
risk of DVT is lower, particularly if patients 
receive pharmacologic prophylaxis, with an esti-
mated DVT rate in elective cases of 1.09 % and 
PE rate of 0.06 % [ 46 ]. 

 The  Scoliosis Research Society   reported the 
2004–2007 VTE complication rates for lumbar 
microdiscectomy, anterior cervical discectomy 
and fusion, and lumbar spinal stenosis decompres-
sion. The DVT rate was 1.18/1000, and the PE 
rate was 1.38/1000 cases with a mortality rate of 
0.34/1000 cases. Type of surgery defi ned VTE 
risk with rates being lowest for lumbar microdis-
cectomy, and highest for spine tumor surgeries 
[ 47 ]. VTE risk is also increased for patients under-
going combined anterior and posterior procedures 
versus posterior spine procedures alone [ 48 ]. 
A study of the United States (US)  Nationwide 

  Fig. 24.2    CT angiogram of the pulmonary vessels dem-
onstrating acute pulmonary emboli in the segmental arter-
ies of the left lower lobe (see  arrow )       
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Inpatient Sample (NIS) database   from 2002 to 
2009, of 273,396 cervical procedures, reported 
that posterior cervical fusions were associated 
with the highest incidence and anterior cervical 
fusions were associated with the lowest incidence 
of DVT and PE ( P  < 0.0005) [ 49 ]. 

 Spinal cord injury patients have rates esti-
mated at upwards of 60–80 % [ 1 ,  42 ]. VTE risk 
for patients with spinal cord injury is highest in 
the initial 3 months post injury with one large 
Taiwanese longitudinal cohort study reporting 
hazard ratios of 16.9 for DVT and 3.6 for PE 
[ 50 ]. Risks were higher for older patients. The 
DVT risk was highest for patients with cervical 
spine injury and the PE risk was highest for 
patients with thoracic cord injuries [ 50 ]. Another 
series of 18,302 patients with spinal cord injury 
entered into the  National Trauma Data Bank   (for 
2007–2008) reported a 4.3 % VTE rate [ 51 ]. This 
study also reported that spinal cord level was an 
independent VTE risk factor along with older 
age, higher Injury Severity Score, being male, 
traumatic brain injury, and chest trauma. The 
highest VTE rate (6.3 %) occurred in patients 
with T1-6 spine injury. Patients with C1-4 injury 
had VTE rates of 3.4 % whereas patients with 
lumbar injury had VTE rates of 3.2 %. A large 
California administrative hospital discharge data-
base of 267,743 trauma patients admitted with 
traumatic pelvic fractures, vertebral fractures, 
and spinal cord injuries, found that 3.97 % devel-
oped VTE [ 52 ]. Patients with vertebral fractures 
were less likely to develop VTE as compared 
with patients with associated pelvic fractures 
(hazard ratio (HR) 0.85) but patients with spinal 
cord injury were more likely to develop VTE 
(HR 3.17). As with the other series, patients in 
the California database with cervical (HR 1.49) 
or thoracic (HR 1.87) spinal cord injuries had an 
increased VTE risk as compared with patients 
with lumbar spine trauma. 

 The DVT rate has been reported to range from 
40 % to 80 % for patients with major head trauma 
though that rate is estimated at only 25 %, among 
patients with isolated head injuries [ 1 ,  41 ,  42 ]. 
Factors associated with increased VTE risk in 
patients with head trauma include: subarachnoid 
hemorrhage (SAH), associated lower extremity 

injury, higher injury severity scores, and older 
age [ 42 ,  45 ]. 

 VTE rates are increased in neurosurgical 
patients with cancer. In general, neoplasms are 
associated with increased VTE risk but this is espe-
cially true for patients with  central nervous system 
(CNS) tumors   [ 40 ,  53 ]. DVT is actually the most 
common postoperative adverse event in patients 
undergoing craniotomy for brain tumors with a 
reported incidence ranging from 3 % to 26 % [ 54 ]. 

 Patients with intracranial tumors appear to 
have a higher VTE rate than patients with spinal 
cord tumors [ 55 ]. Symptomatic VTE prevalence 
rates are estimated at up to 30 % of all patients 
with intracranial neoplasms [ 56 ]. This VTE risk 
is attributed to tumor-induced hypercoaguable 
states that may be particularly prevalent in 
patients with astrocytoma [ 40 ]. In a California 
registry of 9489 cases of hospitalized patients 
with malignant glioma, the cumulative 2-year 
incidence of VTE was 7.5 % with over half of 
those diagnosed within 60 days of the initial sur-
gery. VTE in these patients was associated with 
an increased mortality risk (HR 1.3) [ 53 ]. Factors 
associated with increased VTE risk included 
higher-grade tumors, older age, multiple medical 
co-morbidities, worse functional capacity 
(assessed by Karnofsky Performance Scale 
scores), and presence of a motor defi cit [ 53 ,  57 ]. 
Patients with astrocytoma and associated VTE 
have a 30 % increased risk of death within 2 years 
[ 1 ]. Even for other CNS tumor types, there is an 
increased though lesser VTE risk. Thus, in one 
series of 834 patients who had craniotomies for 
meningioma, 6.8 % had signifi cant medical com-
plications, and clinically symptomatic VTE com-
prised 0.8 % of all complications [ 58 ]. 

 For ischemic stroke, the estimated DVT prev-
alence rate was 0.8 % and the PE rate was 0.3 % 
[ 59 ]. The risk in stroke patients is related to 
immobility as well as increased hypercoagulabil-
ity. Clinical risk predictors cannot distinguish 
between those immobile stroke patients at low 
versus high risk of DVT [ 60 ]. Without medical 
prophylactic therapies, 75 % of stroke patients 
may get a DVT, and upward of 25 % of early 
post-stroke deaths may be the result of a 
PE. PE-related deaths typically occur within the 
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fi rst 4 weeks post hemorrhagic or ischemic stroke 
[ 61 – 63 ]. The VTE rate for hemorrhagic stroke is 
approximately 65 % higher than for ischemic 
stroke [ 64 ]. The DVT rate among 7651 patients, 
who underwent aneurysm clipping from the NIS 
database for the years 2005 through 2009 (48.1 % 
of whom had unruptured aneurysms and 51.9 % 
with SAH), was 0.6 % for patients with unrup-
tured aneurysms and 2.8 % for patients with 
SAH; the PE rate was 2 % for unruptured aneu-
rysm patients and 2.7 % for SAH patients [ 65 ]. A 
smaller study suggested there was no association 
for VTE risk with coiling versus clipping in SAH 
patients [ 66 ]. For patients with SAH, DVT rates 
were increased with higher aneurysmal grades, 
prolonged intensive care unit (ICU) duration, and 
increased total hospital duration [ 67 ]. Smoking 
and African American race/ethnicity were other 
predictors for DVT risk in SAH patients [ 66 ]. 

 Given the generally higher VTE risk in neuro-
surgical patients, screening ultrasound for clini-
cally asymptomatic VTE would seem logical—but 
current ACP guidelines do not support routine 
screening for DVT despite observations that 
patients in neuro-critical care units are at particu-
lar risk for DVT and PE [ 2 ,  12 ,  41 ,  68 – 72 ]. 
Screening ultrasonography can result in overuti-
lization of hospital resources [ 16 ]. Furthermore, 
hospitals with more aggressive screening proto-
cols may actually undergo penalties via adminis-
trative scorecards that suggest a  higher   VTE rate, 
even though this refl ects ascertainment biases 
[ 16 ,  72 – 75 ]. The wide variability in opinions 
about DVT screening and lack of uniform report-
ing standards has profound implications in com-
paring VTE rates at different institutions [ 73 – 76 ]. 
Those who argue against screening acknowledge 
possible improvements in outcomes associated 
with screening protocols but claim that screening 
is less necessary if all eligible patients are treated 
with aggressive mechanical and chemoprophy-
laxis. Even with appropriate prophylaxis, how-
ever, the DVT rate remains high and while 
chemical prophylaxis can signifi cantly reduce 
)   DVT risk, there are specifi c predictive factors 
that would exclude patients from the discovery of 
otherwise asymptomatic DVT in high-risk neuro-
surgical or trauma patients [ 16 ,  72 – 75 ]. 

 In support of screening protocols for cerebro-
vascular patients, the  Prevention of Venous 
Thromboembolism after Acute Ischaemic Stroke 
(PREVAIL)   Study found a prevalence of close to 
50 % in stroke patients with limited mobility 
screened for asymptomatic DVT [ 62 ]. In one 
study of early versus late DVT, where stroke 
patients were screened with duplex ultrasound at 
Day 3 and Day 9, the DVT rate was 8 %; 83 % of 
DVT were discovered by Day 3 and just 3 % 
more were discovered by Day 9 [ 76 ]. These 
stroke patients with DVT, identifi ed by screening 
ultrasound, had a signifi cantly increased mortal-
ity risk with a 3-month mortality odds ratio of 
12.4 [ 75 ]. Additionally, for SAH patients, the 
DVT frequency for symptomatic patients who 
underwent surveillance ultrasound was 24 %. 

 The main rationale for DVT screening in these 
high-risk asymptomatic patients is prevention of 
subsequent PE. Overall, the VTE rate in neuro-
surgical patients screened weekly or biweekly 
with lower extremity venous ultrasound was 
approximately 7.5–10 % [ 68 ,  69 ]. The risk of PE 
subsequent to DVT in asymptomatic patients 
appears to be much lower than for PE subsequent 
to symptomatic DVT. 

 In one of the screening studies, the DVT rate 
was 9 % in neurosurgical patients screened 
biweekly with lower extremity ultrasound on 
pharmacologic prophylaxis [ 68 ]. In that study, 
however, only 94 of 2638 patients had signs of a 
possible PE and only 22 of those patients (0.8 %) 
had CTA confi rmed PE raising questions about 
the cost-effectiveness of DVT screening. Still, 
even with a lower PE rate, screening may indeed 
be cost-effective. Malhotra et al. suggested that 
for trauma patients who underwent twice-
weekly surveillance, the DVT rate did increase 
(2.8 % with a screening protocol versus 1.3 % 
prior to screening implementation) but that PE 
rates with the surveillance protocol declined 
from 1.5 % prior to screening to 0.7 % using the 
screening DVT protocol [ 72 ]. Signifi cantly, this 
was a cost- effective approach, because the 
authors calculated the incremental costs gained 
based on  Quality Adjusted Life Years (QALY)   
and estimated a favorable cost of 18,661 to 
$48,821 per QALY. 
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 In conclusion, a low threshold in postoperative 
neurosurgical patients for considering VTE is 
essential as the clinical presentation of DVT or 
PE may be subtle. Recognition of VTE risk fac-
tors is a crucial aspect for reduction of neurosur-
gical morbidity and mortality. While the screening 
of asymptomatic patients with neurosurgical dis-
ease remains controversial, it may be appropriate 
in those at particularly high risk such as patients 
with traumatic spinal cord injury, stroke, or recur-
rent malignant central nervous system neoplasms. 
Table   24.2   lists some suggested recommenda-
tions derived from current guidelines and tailored 
for the neurosurgical population based on the 
data reviewed in this chapter. The benefi t of early 
VTE identifi cation has to be tempered by the risk 
of anticoagulation in otherwise clinically asymp-
tomatic postoperative neurosurgical patients.
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          Introduction 

  Deep vein thrombosis (DVT)         is the formation of 
a blood clot or blood clots within the deep veins 
of the upper or lower extremities or the pelvic 
veins; dislodgement of all or a portion of the clot 
with migration to the pulmonary vasculature 
results in the syndrome of  pulmonary embolism 
(PE)  . Venous thromboembolism (VTE) is a more 
encompassing term now used to collectively 
refer to the syndromes of DVT and PE [ 1 – 3 ]. 
Extremity DVT classically presents as a painful, 
swollen, and erythematous limb, while PE usu-
ally manifests with shortness of breath, pleuritic 
chest pain, and tachycardia [ 1 ,  4 ,  5 ]. It is a health 
problem that affects a signifi cant portion of hos-
pitalized or infi rm individuals, particularly those 
with neurological conditions or undergoing sur-
gical procedures; healthy adults are also at risk 
for VTE [ 1 ,  2 ,  6 – 18 ]. Venous thromboembolism 
is the third most common vascular disease after 
 myocardial infarction and ischemic stroke  ; it 
adds a signifi cant expense to an already overbur-
dened health-care system, and the prevention of 
VTE is a metric that hospitals and individual 

physicians are increasingly assessed upon [ 1 – 3 , 
 7 – 15 ,  19 – 21 ]. And the extent of the problem may 
yet be underestimated; neither of the clinical syn-
dromes described above is  sine qua non ; silent 
DVT or PE without overt clinical signs is rela-
tively common and a more insidious threat that 
can frequently result in sudden death [ 2 ,  6 ,  7 ,  10 , 
 14 ,  15 ]. 

 The occurrence of VTE adds  morbidity and 
mortality  , extends the length of stay in intensive 
care units and general fl oor beds, and necessi-
tates diagnostic testing and therapeutic interven-
tions [ 22 ]. Neurosurgical patients or those 
admitted with  neurological diseases   are consid-
ered at moderate to high risk for VTE; this is the 
most frequent systemic complication in these 
patients [ 2 ,  8 ,  10 ,  12 ,  13 ,  15 ,  17 – 20 ,  22 ]. The risk 
is further increased in those with a brain tumor, 
traumatic brain injury, ischemic or hemorrhagic 
stroke, a paralyzed or weak extremity, or in the 
fi rst week after a surgical procedure [ 1 ,  2 ,  8 ,  11 , 
 13 ,  16 ,  17 ,  19 ,  22 – 27 ]. 

 Prophylactic measures against VTE can have 
a signifi cant impact on reducing the incidence 
and associated  morbidity and mortality   [ 1 ,  3 ,  6 , 
 7 ,  9 ,  10 ,  14 ,  17 – 19 ]. They are generally divided 
into mechanical and pharmacological modalities 
and both are effective; however, while the former 
is largely without risk, the latter is associated 
with the risk of fresh or worsening cranial or spi-
nal hemorrhage precluding its ubiquitous imple-
mentation [ 6 ,  28 ]. With appropriate  prophylaxis  , 
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VTE can be prevented or largely reduced. In fact, 
a common cause of VTE is simply not adminis-
tering appropriate prophylaxis or not doing so for 
adequate duration [ 6 ,  22 ,  29 ]. A more nuanced 
approach to the problem of VTE in neurosurgical 
patients with identifi cation of high-risk groups 
that may benefi t maximally from prophylactic 
measures is prudent to avoid complications [ 1 ,  2 , 
 16 – 18 ,  26 ].  

    Pathophysiology of VTE 

 Under natural conditions, the  vascular endothe-
lium   maintains a vasodilatory and fi brinolytic 
state in which coagulation, platelet activation and 
aggregation, and infl ammation and leukocyte 
activation are inhibited [ 30 ]. This occurs through 
a variety of local mechanisms, production of 
 thrombomodulin   and activation of protein C, 
expression of heparan sulfate and dermatan sul-
fate, expression of tissue factor (TF) pathway 
inhibitor, production of tissue plasminogen acti-
vator (tPA) and urokinase-type plasminogen acti-
vator, and elaboration of nitrous oxide, 
prostacyclin, and interleukin-10 [ 31 ]. Three 
major  intravascular anticoagulant pathways   (the 
heparin–antithrombin, protein C anticoagulant, 
and TF inhibitor pathways) exist that use these 
mechanisms to maintain an antithrombotic state. 
By contrast, conditions such as immobility, 
malignancy, trauma, surgery, or sepsis create an 
intravascular environment that favors thrombus 
formation by actively countering the above 
mechanisms and inhibiting the anticoagulant 
pathways and releasing factors that activate plate-
lets, promote infl ammation, and favor vasocon-
striction [ 8 ,  9 ,  30 ,  31 ].  Rudolph Virchow’s 
prescient analysis   of the causes of VTE dates 
back to 1856 and remains relevant today [ 30 ,  31 ]. 
He postulated that  intravascular thrombosis   was 
the result of changes in a triad of factors: the 
inner vessel wall, composition of blood, and 
blood fl ow velocity and pattern [ 21 ,  30 ,  31 ]. 
Modern science has built on that. Prolonged sta-
sis in a vein, particularly in the recesses of the 
valves, causes lowered local oxygen tension lead-
ing to the upregulation of stress response pro- 

infl ammatory genes including  hypoxia-inducible 
factor 1-alpha and P-selectin  ; this leads to plate-
let activation and recruitment of microparticles 
and immune-modulatory cells such as monocytes 
and granulocytes that express TF and initiate the 
extrinsic coagulation pathway [ 21 ,  30 – 32 ]. 
 Inorganic polyphosphates   released by activated 
platelets and factors released by the immune- 
modulatory cells also activate factor XII trigger-
ing the intrinsic coagulation pathway [ 21 ]. Thus, 
 intrinsic intravascular factors   under certain con-
ditions trigger both coagulation pathways initiat-
ing the formation of a thrombus without any 
injury or violation of the vessel wall [ 21 ,  30 – 32 ]. 
These factors are even more implicated in VTE 
formation in large vessels (arterial or venous) 
where the ratio of blood to endothelial cell sur-
face components is less than that seen in smaller 
 capillary or venule beds  ; the greater the exposure 
of the endothelial cell surface to circulating anti-
coagulants, the less the risk of VTE [ 30 ]. In fact, 
most proximal vein DVT form de novo in major 
veins rather than propagating or extending from 
calf veins [ 14 ]. 

  Venous valves   play a critical role in maintain-
ing blood fl ow in the extremities, particularly the 
legs [ 8 ,  21 ,  30 ,  31 ]. They are also prone to decay 
or dysfunction and become a site for stasis and 
hypoxia leading to a local hypercoagulable 
microenvironment with upregulation of procoag-
ulant proteins and downregulation of  anticoagu-
lant proteins  ; in effect, they become the nidus for 
thrombus formation and subsequent propagation 
of the clot, and hypoxic changes can even be seen 
in as little as 2 h of immobility [ 8 ,  21 ,  30 ,  31 ]. 
 Venous blood clots   are composed of successive 
layer of fi brin, platelets, red blood cells, and leu-
kocytes [ 30 ,  32 ]. The role of platelets in the for-
mation of  venous thrombi   was not recognized 
until recently [ 33 ]. It is now postulated that not 
only are platelets important activators of the 
intrinsic and extrinsic coagulation pathways 
leading to intravascular thrombosis, but they may 
also be the link between chronic conditions such 
as obesity and the occurrence of VTE [ 21 ]. 
 Microparticles   are submicron vesicles shed from 
the surface of intravascular cells, in particular 
platelets that express TF essential in the initiation 
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of the extrinsic coagulation pathway. They may 
be mediators of VTE in patients undergoing sur-
gery, following trauma, during pregnancy and 
delivery, or in malignant states [ 21 ]. Surgery 
causes direct damage to veins but also elicits an 
infl ammatory response and the release of proco-
agulants into the bloodstream patients [ 1 ,  8 – 10 , 
 22 ,  30 ]. Pregnancy (all trimesters) and  postpar-
tum   and the use of oral contraceptives and 
estrogen- hormone replacement therapy also have 
a prothrombotic effect increasing the risk of VTE 
[ 13 ,  19 ,  21 ,  30 ]. 

 Changes in  intravascular physiology   observed 
with age provide an excellent window into the 
process of VTE: increase in procoagulant levels 
without a concomitant increase in natural antico-
agulant (like protein C) levels, increase in body 
mass, decrease in activity, and an increase in fre-
quency of infections, and systemic comorbidities 
make older patients more susceptible to VTE 
[ 14 ,  30 ]. An increase in  intravascular thrombosis 
markers   such as D-dimer and prothrombin frag-
ment 1–2 and infl ammatory markers such as inter-
leukin-6 and C-reactive protein is seen in elderly 
patients [ 30 ].  Malignancy   is also more common in 
older individuals and is another reason for the 
greater incidence of VTE in that age group. 

 Malignant tumors shed membrane particles 
that express TF, and the membrane lipids on 
tumor cells serve to augment the coagulation 
response [ 13 ,  21 ,  30 ,  34 ]. The relationship of 
VTE and malignant glioma is unique and well 
described. Plasmin inhibition, thromboplastin 
release, and increased procoagulant activity and 
platelet aggregation are some of the mechanisms 
that predispose brain tumor patients to VTE [ 14 , 
 34 ,  35 ]. At surgery, intraluminal thrombosis is 
commonly seen in malignant gliomas, especially 
GBM. This is due to a combination of factors: 
slow and abnormal blood fl ow, distorted vessel 
lumen, increased interstitial pressure, and an 
imbalance in favor of procoagulant proteins. 
Histologically, zones of necrosis are seen in 
GBM that express hypoxia-inducible factor-1 
and that may be the result of intravascular throm-
bosis within tumor vessels.  Cells   in the pseudo-
palisading belt that surrounds the necrotic zone 
secrete pro-angiogenic factors that promote 

microvascular proliferation and express higher 
levels of TF via induction of the transcription fac-
tor early growth response protein-1 [ 36 ]. The loss 
of  phosphatase and tensin homolog (PTEN)  , 
overexpression or mutations of epidermal growth 
factor receptor (EGFR), and VEGF overexpres-
sion are hallmarks of primary glioblastoma that 
are more common in elderly individuals; these 
have been shown to further upregulate TF expres-
sion. Other  malignant glioma pathways   such as 
Ras/MEK/ERK and PI3K/Akt/mTOR modulate 
TF expression as well, particularly under hypoxic 
conditions [ 36 ]. Some of the  chemotherapy agents   
used to treat malignant gliomas such as bevaci-
zumab, a monoclonal antibody against VEGF that 
is used to treat recurrent malignant gliomas, may 
also contribute to changes in the vasculture and 
endothelium. The sum total of these processes is a 
 prothrombotic environment   that favors intravas-
cular thrombosis [ 36 ]. 

 A small percentage of the population harbors 
one or more of six defi ned genetic factors that 
increase the risk of VTE nearly tenfold [ 6 ,  14 ,  21 , 
 30 ].  These include heterozygous defi ciencies   of 
the natural anticoagulants antithrombin, protein C, 
and protein S and an increase of procoagulants 
factor V Leiden, prothrombin G20201A, and 
blood group type non-O [ 6 ,  14 ,  21 ]. Elevations of 
factor  V Leiden and prothrombin G20201A   are 
more common among Caucasians [ 21 ]. Blood 
group non-O is the most common genetic risk fac-
tor for VTE and is seen in all races [ 21 ]. The pres-
ence of  lupus anticoagulant antibodies   in the blood 
also increases the risk of thrombosis by several 
mechanisms, binding to platelets and endothelium 
and activating complement eliciting an infl amma-
tory response and inhibiting the protein C path-
way [ 21 ,  30 ]. Other conditions that may infl uence 
the formation of VTE include  myeloproliferative 
disorders   such as polycythemia vera and throm-
bocytosis or erythrocytosis.  

    Epidemiology of VTE 

 The incidence of VTE varies widely as the meth-
ods used to detect it are not consistently applied; 
it is estimated that almost one million persons are 
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affected by VTE in the United States annually 
and that VTE may be the cause of almost 300,000 
deaths [ 6 ,  21 ,  37 ]. The incidence of VTE is esti-
mated at 2–3/1000 individuals [ 37 ]. And the inci-
dence of VTE is even higher in patients who 
enter a rehabilitation facility, particularly those 
with a paretic limb and mobility constraints [ 26 , 
 38 ]. The  infl uence of age   is signifi cant, and the 
rate of VTE sharply increases after the fourth 
decade and peaks in the eighth and ninth decades; 
the incidence among children is estimated at 
0.1/1000 compared with 8/1000 among older 
adults [ 37 ]. And the associated morbidity and 
incidence of PE is also signifi cantly higher in 
older patients with increased mortality [ 30 ]. 

  Gender and racial differences   are noted as 
well; the rates of VTE are slightly higher in men 
and among African-Americans [ 17 ,  19 ]. Two- 
thirds of VTE manifest as DVT, while one-thirds 
present as PE with or without DVT [ 10 ,  21 ,  39 ]. 
Most DVT develop in the lower extremities [ 10 , 
 14 ].  Infrapopliteal DVT   in the calf veins are more 
common but are less likely to contribute to the 
development of PE; nonetheless, they do require 
close follow-up as approximately 15 % will go 
on to affect more proximal veins, especially in 
the fi rst 2 weeks following surgery [ 10 ,  14 ]. 
Upper extremity DVT, particularly in hospital-
ized patients with central venous access cathe-
ters, occur less frequently but are also a concern 
and may be the source for PE [ 6 ,  7 ]. 

 The  Center for Disease Control and Prevention 
estimates   that 10–30 % of patients with VTE will 
die within a month of the diagnosis, and 33 % of 
patients will have a recurrence of the VTE within 
10 years. Among patients who develop a DVT, 
50 % will develop a  post-thrombotic syndrome   in 
the affected limb. Proximal above-knee DVT are 
the source of emboli causing PE in 90 % of cases 
[ 7 ,  14 ]. Among patients who develop a PE, 25 % 
will suffer a sudden death as a result of it; 90 % of 
patients in whom a PE occurs outside a hospital 
setting die within an hour of the event [ 1 ]. 
 Pulmonary embolism   is the leading cause of pre-
ventable death in hospitalized patients and may 
account for almost 16 % of all deaths in this group; 
in addition, mortality rates are highest when VTE 
occurs in patients with a malignancy [ 9 ,  15 ,  40 ]. 

  There is absolutely no doubt that    prophylaxis 
against     VTE works : the rate of DVT among neuro-
surgical patients who do not receive DVT prophy-
laxis can be as high as 50 % [ 1 ,  7 ,  12 ,  16 ,  18 ,  19 ,  41 , 
 42 ]; one study reported a 24 % incidence of DVT in 
the fi rst 17 months following cranial surgery for 
high-grade gliomas [ 43 ]. The rate of PE in neuro-
surgical patients who do not receive VTE prophy-
laxis can be as high as 25 %; autopsy studies 
suggest the rate may actually be higher [ 7 ]. On the 
other hand, with  prophylaxis  , the incidence of VTE 
is lower. Black et al. reported a 2.3 % incidence of 
DVT and 1.8 % incidence of PE in craniotomy 
patients who receive mechanical VTE prophylaxis 
[ 44 ]. Auguste et al. reported a 2.2 % incidence of 
DVT and a 1.1 % incidence of PE in glioma patients 
undergoing motor mapping procedures in which 
mechanical prophylaxis during surgery was only 
used on the non-monitored lower extremity [ 8 ]. 

 Recent reports provide a reasonable snapshot 
of the extent of the problem in neurosurgical 
patients [ 3 ,  9 ,  20 ,  45 ]. Kimmell and Jahromi 
reported a VTE rate of 3.5 % (DVT 2.6 % and PE 
1.4 %) among 4844 adult patients who under-
went cranial procedures; this data was collated 
from a national surgical quality database main-
tained by the  American College of Surgeons  . 
Given that the  database sampling   extended from 
2006 to 2010, it is a safe assumption that at the 
minimum, these patients received mechanical 
prophylaxis against DVT during surgery and for 
the next few days following surgery as has been 
the customary practice for the past decade [ 8 , 
 14 ]. Rolston et al. estimated a VTE incidence of 
1.7 % among a database sampling of 38,058 neu-
rosurgical cases over a similar time period 
(2006–2011); DVT occurred in 1.3 % and PE in 
0.6 % [ 45 ]. Kshettry et al. reported an overall 
VTE rate of 4.4 % (DVT 3.5 % and PE 1.2 %) 
among 15,968 patients with  aneurysmal SAH  ; 
VTE rates were similar in patients who under-
went clipping or coiling procedures [ 19 ]. The 
rate of VTE following spine surgery is in the 
2–4 % range [ 9 ]. Strom and Frempong-Boadu 
reported a 3.8 % DVT rate in patients undergoing 
 cervical and lumbar laminectomy   who received a 
combination of mechanical and pharmacological 
prophylaxis [ 3 ].  
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     Risk Factors   for VTE 

 Conditions that predispose to VTE may be com-
monly seen in the general population and in hos-
pitalized patients; prolonged immobility even 
among healthy travelers, soldiers being evacu-
ated from faraway battlefi elds who may be 
immobilized for many hours on long fl ights, pel-
vic or lower extremity fractures, use of oral con-
traceptives, pregnancy, smoking, obesity or 
increased body mass index, heart failure, sleep 
apnea, acute infections or sepsis, lupus anticoag-
ulant antibodies, and chronic infl ammatory states 
such as rheumatoid arthritis have all been impli-
cated in the predisposition to VTE [ 6 ,  19 ,  21 ,  23 , 
 25 ,  26 ]. In addition to these, neurosurgical 
patients have unique characteristics that make 
them even more susceptible to VTE [ 1 ,  2 ,  6 ,  8 ,  9 , 
 13 ,  14 ,  22 ]. Head trauma or spinal cord injury, 
ischemic or hemorrhagic stroke, and benign or 
malignant tumors are major risks [ 1 ,  2 ,  7 ,  11 ,  16 , 
 26 ]. Others risk factors include pre- or postopera-
tive paresis or weakness, active cancer, longer 
intensive care or general hospital stay, prolonged 
central venous access, prolonged immobility or 
delayed ambulation, and the use of corticoste-
roids or dehydrating agents [ 2 ,  7 ,  9 ,  10 ,  13 ,  16 , 
 18 ,  35 ]. Intraoperative factors include ventilation 
time and duration of surgery, and craniotomy 
patients may be at higher risk than those under-
going spinal procedures [ 6 – 8 ,  14 ,  22 ]. The use of 
regional anesthesia does not increase the risk of 
VTE [ 46 ]. 

 Patients with brain tumors, particularly malig-
nant gliomas and meningiomas, are uniquely sus-
ceptible to VTE; the overall risk of DVT in brain 
tumor patients is reported to be as high as 45 % 
[ 1 ,  2 ,  8 ,  13 ,  17 ,  22 ,  24 ,  25 ,  35 ,  47 ,  48 ]. Even 
patients with pituitary tumors such as ACTH- 
secreting adenomas and Cushing’s disease are at 
increased risk for VTE [ 49 ]. In particular, the 
presence of extremity paresis, diagnosis of malig-
nant glioma, age >60 years, large tumor size, 
length of surgery >4 h, the use of corticosteroids 
and dehydrating agents, and the use of chemo-
therapy with nitrosureas or cisplatin all increase 
the risk of VTE in these patients [ 2 ,  50 ]. Ray 
et al. reported a DVT incidence of 18 % among 

patients with subarachnoid hemorrhage, and 
symptomatic PE developed in 2 % despite early 
initiation of mechanical  and   pharmacological 
prophylaxis on admission to the neurosurgical 
ICU or at least within 24 h of admission [ 51 ].  

     Diagnosis and Surveillance   for VTE 

 Estimates of the incidence of VTE vary; the clini-
cal syndrome is not always overt, and diagnostic 
tests are not consistently employed. Utilization of 
diagnostic studies varies tremendously among 
different neurosurgical units or rehabilitation 
facilities; those that maintain a high index of sus-
picion and attentiveness to the problem of VTE 
may report higher rates simply because they 
detect the problem better. The mode and use of 
prophylaxis is not uniform either. But surveil-
lance for VTE allows early detection and institu-
tion of treatment to minimize complications [ 2 , 
 12 ,  52 ]. Three tests have proven robust: serum 
D-dimer assay, Doppler ultrasonography, and 
multidetector computed tomography (CT) angi-
ography [ 2 ,  12 ,  52 ]. D-dimer  levels   can be rap-
idly assessed in the outpatient or inpatient 
settings. A low D-dimer assay is very sensitive in 
ruling out VTE [ 10 ]. On the other hand, elevated 
levels are not specifi c and may be seen in postop-
erative patients even in the absence of VTE [ 10 ]. 
However, there may be a difference in physiolog-
ical elevations of D-dimer and those associated 
with VTE; 2 mg/l may be a reasonable threshold 
with values above that indicating the presence of 
VTE even in postoperative patients [ 10 ]. 

 Doppler ultrasonography detects abnormal 
venous blood fl ow patterns in the presence of a 
thrombus; it has a high sensitivity (96 %) and 
specifi city (99 %) in detecting a DVT of the prox-
imal lower extremity particularly in a symptom-
atic patient [ 12 ,  51 ,  52 ]. In asymptomatic patients, 
“silent DVT,” the sensitivity of this test is 
reduced, but it remains highly specifi c. It has 
some other limitations; it has a lower sensitivity 
and specifi city for DVT of the calf or upper 
extremity or pelvic veins and does not reliably 
distinguish between old and new clots. However, 
these limitations aside, it is a useful and portable 
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bedside test with excellent availability in practi-
cal hospital settings and has largely supplanted 
other tests for DVT such as impedance plethys-
mography and contrast venography [ 12 ,  52 ]. 
Real-time B-mode imaging allows better defi ni-
tion of the venous anatomy and clot structure. 
Multidetector CT angiography is the test of 
choice and most commonly used to detect PE, 
and it has supplanted other traditional tests such 
as ventilation–perfusion (V/Q) scans and pulmo-
nary angiography [ 7 ,  22 ,  51 ]. 

 The frequency of testing varies. Patients 
undergoing routine spine surgery, mobilized 
within 24 h after surgery, may not warrant any 
testing or screening for DVT [ 41 ]. In patients 
who have a hospital stay exceeding 3 days, it 
would seem reasonable to perform routine 
Doppler ultrasound screening during the fi rst 
week of hospitalization and then repeating the 
test in those with clinical suspicion of new DVT 
or progression of existing DVT [ 2 ,  12 ,  52 ]. 
   Multidetector CT angiography is usually obtained 
with clinical suspicion for PE; however, a low 
threshold of suspicion is helpful in high-risk 
patients or those with known DVT given the 
inconsistent or surreptitious nature of clinical PE 
presentations [ 7 ,  22 ].  

    Prophylactic Agents Against VTE 

     Mechanical Prophylaxis   

 Early ambulation following hospitalization or 
surgery is the simplest and most effective form of 
VTE prophylaxis. However, prior to that, mea-
sures are employed to reduce the risk of 
VTE. Regional anesthesia is considered to have 
less associated DVT risk than general anesthesia 
and should be considered where appropriate [ 46 , 
 53 ]. During surgery or following admission to a 
neurological or neurosurgical unit, mechanical 
VTE prophylaxis in the form of graduated com-
pression stockings (CS) and intermittent pneu-
matic compression (IPC) devices is standard [ 2 , 
 3 ,  9 ,  13 ,  16 ,  54 ]. Graduated CS are elastic, con-
toured, circumferential leg compression devices 
that apply pressure in a staggered fashion, greater 

lower down around the ankles (~18 mmHg) and 
progressively lesser as one ascends up the thigh 
(~8 mmHg). Intermittent pneumatic compression 
devices are comprised of segmental diaphragms 
wrapped around the leg; a microprocessor directs 
pressurized air into them in an automated sequen-
tial manner producing a cyclical, wave line milk-
ing effect to evacuate the blood from the extremity 
mimicking the action of calf muscles. 

 Both graduated CS and IPC reduce the cross- 
sectional area of the limb, decrease venous wall 
distension and venous stasis, improve venous 
return from the extremities, and improve venous 
valve function. They  are   independently effective 
and may work synergistically when used together; 
in fact, most neurosurgical surgeries employ 
them together [ 1 ,  3 ,  54 ]. In addition to this 
mechanical effect, they promote fi brinolysis by 
increasing the amount of tPA release [ 1 ,  8 ]. This 
is why they can be effective even when they are 
applied to just one extremity or applied to the 
upper extremity [ 8 ]. They are simple to use, ubiq-
uitously available, and relatively risk-free. Both 
graduated CS and IPC have been shown to reduce 
the incidence of DVT signifi cantly and that of PE 
to a lesser extent [ 2 ,  9 ,  54 ,  55 ]. They are also aug-
mented in their effectiveness when used along 
with pharmacological prophylaxis in the form of 
SC UFH or LMWH [ 1 ,  3 ,  7 ,  56 ]. Graduated knee 
or thigh high CS are reported to be equivalent to 
IPC, but the latter are more commonly used and 
considered more effective at reducing DVT and 
PE, even when applied to just one extremity [ 8 ]. 
In a series of patients who underwent motor map-
ping glioma surgery, where only one lower 
extremity was targeted with mechanical prophy-
laxis, no increase in DVT was noted in the contra-
lateral extremity [ 8 ]. The use of CS and IPC alone 
without any pharmacological prophylaxis in 
patients undergoing routine spinal surgery is also 
common and reported to be effective in reducing 
VTE [ 6 ,  54 ]. 

 Contraindications or conditions that preclude 
the use of CS or IPC are few: morbid obesity, 
severe dermatitis or skin reactions, gangrene, 
recent skin grafts, severe ischemic peripheral 
vascular disease or ulcers, severe lower extremity 
edema, and leg deformity [ 57 ]. Unless specifi cally 
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contraindicated, mechanical prophylaxis with IPC 
should be employed universally in all patients 
[ 1 ,  6 ,  18 ]. Even patients undergoing cortical 
mapping procedures may have the IPC placed 
and used on the limb being tested; the IPC is sim-
ply disconnected during the testing portion of the 
case and then reconnected. Additionally, mechan-
ical devices such as IPC or CS are generally 
avoided on a limb that has an existing DVT to 
avoid breaking up the clot and precipitating a PE. 
Complications of IPC or CS are rare: common 
peroneal nerve  compression   or rare instances of 
allergic reaction to the component materials.  

    Pharmacological Prophylaxis 

 Pharmacological agents used for VTE prophy-
laxis include subcutaneous (SC) low-dose unfrac-
tionated heparin (UFH) and low molecular 
weight heparin (LMWH) [ 2 ,  16 ,  53 ]. They are 
effective in combating the  intravascular factors   
that dispose toward a hypercoagulable state and 
VTE and augment the effectiveness of mechani-
cal prophylaxis agents [ 9 ,  23 ,  46 ,  53 ]. Khaldi 
et al. evaluated 2638 neurosurgical patients over 
a 3-year span and estimated the risk of DVT with 
mechanical prophylaxis only to be 16 %; this was 
reduced to 9 % when  mechanical prophylaxis   
was augmented with pharmacological prophy-
laxis using twice daily SC UFH (5000 units), a 
43 % risk reduction [ 7 ]. 

 The routine use of pharmacological prophy-
laxis is mitigated by concerns that they may 
increase the risk of intracranial or intraspinal 
 hemorrhage  ; hence, their use is not universal 
among neurosurgical patients [ 1 ,  14 ,  58 – 60 ]. A 
survey published in 2003 indicated that 76 % of 
neurosurgeons in the United States used mechan-
ical prophylaxis only when operating on  brain 
and spine tumors   [ 58 ]. The risk of hemorrhage or 
bleeding  complications   is clear with oral antico-
agulants such as  Coumadin and dextran  , and 
they are rarely used as primary VTE prophylaxis 
[ 53 ,  61 ]. However, with SC UFH and LMWH, 
the evidence suggesting risk of intracranial or 
spinal hemorrhage is not clear; recent studies 
refute the notion of increased hemorrhage risk 

with these agents and suggest that they have an 
acceptable safety profi le [ 3 ,  9 ,  16 ]. Clearly phar-
macological prophylaxis should be avoided in 
patients with acute intracranial or intraspinal 
blood or those with hemorrhagic primary brain 
tumors or with metastatic tumors that have a 
known propensity to bleed (choriocarcinoma, 
renal cell carcinoma, melanoma, thyroid cell car-
cinoma) [ 2 ]. Pharmacological VTE prophylaxis 
should also be used cautiously or not at all in 
patients with  bleeding diatheses   such as hemo-
philia, thrombocytopenia or thrombocythemia, 
or coagulation disorders, patients who have had 
recent bleeding problems such as epistaxis or 
gastrointestinal bleeds, or those who need to 
undergo lumbar puncture or placement of lum-
bar subarachnoid drains. 

  Heparin   is a naturally occurring anticoagulant 
synthesized and secreted by mast cells in the 
body [ 14 ]. It binds to antithrombin III and inacti-
vates factor IIa and Xa, thereby inhibiting throm-
bus formation [ 1 ]. Larger heparin fragments can 
also bind directly to thrombin inactivating it; this 
may elevate the partial thromboplastin time [ 1 , 
 14 ]. Heparin used for clinical purposes is obtained 
from animal sources; it is a heterogenous mixture 
of negatively charged, sulfated glycosaminogly-
cans administered by SC injection (5000 units) 
either twice or three times a day [ 9 ,  62 ]. 
Unfractionated heparin has a short half-life of 
1.5 h and variable binding to plasma proteins. It 
has compared effi cacy at VTE prevention as 
LMWH and may have a less risk of bleeding 
complications and intracranial hemorrhage 
[ 62 – 65 ]. 

 Low molecular weight heparins are fragments 
formed by  enzymatic depolymerization   of 
UFH. They have a shorter glycosaminoglycan 
chain length that prevents them from binding to 
thrombin; they preferentially inactivate factor Xa 
[ 1 ,  14 ]. They are as effective as UFH for VTE pro-
phylaxis and have several advantages over unfrac-
tionated heparin: greater bioavailability, longer 
half-life, and a more predictable anticoagulant 
response [ 3 ,  16 ,  23 ,  46 ,  63 ,  66 ,  67 ]. In addition, 
there is less inhibition of platelet function and 
lower incidence of  heparin-induced thrombocyto-
penia (HIT)   than with UFH, a factor that can be 
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of signifi cant importance in neurosurgical patients 
[ 16 ]. Various formulations of  LMWH   are available: 
nadroparin (Fraxiparine), enoxaparin (Lovenox), 
dalteparin (Fragmin), tinzaparin (Innohep), arde-
parin (Normifl o), reviparin (Clivarine), and dan-
aparoid (Orgaran) [ 2 ,  16 ,  46 ]. They each have 
different potencies and availability varies. Among 
these,  enoxaparin (Lovenox)   is the formulation 
most commonly used in neurosurgical practices in 
the United States at a dose of 40 mg once a day or 
30 mg twice daily SC [ 46 ].  Fondaparinux (Arixtra)   
is a non-heparin synthetic pentasaccharide that 
selectively inhibits factor Xa [ 27 ]. It has an effi -
cacy that is similar to LMWH and does not carry 
the risk of thrombocytopenia. It has been studied 
in hip fracture patients and those undergoing gen-
eral surgery procedures and found to be effective 
with an acceptable safety profi le; it may be useful 
in patients with HIT [ 27 ,  68 ].   

     Heparin-Induced 
Thrombocytopenia      

 Heparin‐induced thrombocytopenia is the most 
frequent drug‐induced thrombocytopenia [ 68 –
 70 ]. It can occur in patients of all ages and as a 
response to any form of heparin regardless of dose 
or route of administration. The risk, estimated at 
1–5 %, is greater with bovine rather than porcine 
heparin, with UFH rather than LMW, in postsur-
gical patients, and with longer duration of heparin 
administration [ 69 ,  70 ]. Thrombocytopenia 
results due to the clearance of activated platelets 
and antibody‐coated platelets by the reticuloendo-
thelial  system      and typically starts 5–14 days after 
initiation of heparin; although if a patient has cir-
culating antibodies from prior heparin exposure, 
HIT could be seen more rapidly [ 69 ,  70 ]. 
Paradoxically, despite thrombocytopenia, bleed-
ing is rare; rather, HIT is strongly associated with 
thromboembolic complications involving both 
the arterial and venous systems [ 69 ,  70 ]. 

 There are two distinct forms of HIT: type I and 
type II. HIT type I is a non‐immunologic and 
occurs due to direct interaction between heparin 
and circulating platelets causing platelet clump-
ing or sequestration [ 68 – 70 ]. It usually starts 

48–72 h after initiation of heparin treatment and 
is characterized by a mild and transient thrombo-
cytopenia (rarely <100,000/mm 3 ) that rapidly 
returns to normal within a few days after the hep-
arin is stopped. It is not associated with an 
increased risk of thrombosis [ 69 ,  70 ]. Type II 
HIT, on the other hand, is immune mediated, 
results in specifi c antibody formation, and associ-
ated with a risk of thrombosis. The main antigen 
is a complex of heparin and platelet factor 4 (PF4) 
that is normally found in α‐granules of platelets. 
Heparin’s affi nity for PF4 varies with different 
heparin formulations [ 68 – 70 ]. When heparin 
binds PF4 it becomes immunogenic leading to the 
generation of heparin–PF4 IgG antibodies (HIT 
antibodies). These antibodies activate platelets 
via their FcγIIa receptors causing the release of 
platelet‐derived microparticles and platelet con-
sumption. Platelet-derived microparticles and the 
antigen–antibody complexes also cause endothe-
lial injury and interact with monocytes leading to 
TF production activating the coagulation cascade 
and promoting thrombosis [ 69 ]. 

 The risk of thrombosis with HIT is signifi cant. 
It can take the form of DVT, PE, myocardial 
infarction, ischemic stroke, or arterial occlusion. 
Postsurgical patients or those with indwelling 
central venous catheters are at particular risk for 
DVT and PE [ 68 – 70 ]. For patients with HIT, the 
heparin formulation should be immediately dis-
continued allowing the platelet count to recover. 
 Direct      thrombin inhibitors such as lepirudin, arg-
atroban, or bivalirudin are considered; these are 
anticoagulant medications that do not cause HIT 
and they are administered intravenously. An 
alternative agent such as fondaparinux may also 
be used; the risk of HIT with fondaparinux is 
very low but not negligible. A transition to cou-
madin is made only after the platelet counts have 
recovered; consultation with a hematologist is 
essential under these circumstances [ 68 – 70 ].  

    Timing of VTE Prophylaxis 

 It is postulated that VTE evolves during the pro-
longed immobilization of a surgical procedure or 
in patients with impaired mobility following 
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admission to a critical care or other unit; mechan-
ical prophylaxis with graduated CS or IPC is 
most effective when initiated at that time and 
should be universally employed unless specifi -
cally contraindicated or unfeasible due to physi-
cal constraints [ 9 ,  16 – 18 ,  24 ]. It would make 
sense to also initiate  pharmacological prophy-
laxis   at that stage; some authors have reported it 
to be safe [ 13 ,  47 ,  71 ], but others have reported 
higher risks of bleeding complications and cau-
tioned against this practice [ 24 ,  60 ,  65 ]. 

 Initiating SC low-dose UFH (5000 units three 
times a day; twice a day in patients older than 75 
years and weighing less than 50 kg), or LMWH, 
24 h following a cranial or spinal surgical  proce-
dure   or 24 h after a head CT showing stable ICH 
or ischemic  stroke   has been shown to be safe and 
is a reasonable measure which has an additive 
prophylactic effect to the mechanical devices 
employed [ 2 ,  3 ,  9 ,  11 ,  16 ]. Even perioperative SC 
UFH administration is considered safe in patients 
undergoing cranial procedures [ 13 ,  42 ,  71 ], but 
this is not universally employed. Tanveer et al. 
also reported that initiation of early pharmaco-
logical prophylaxis within 24 h of admission did 
not increase the risk of ICH in patients with 
 external ventricular drains   [ 72 ]. For patients 
undergoing  deep brain stimulation procedure  , 
Bauman et al. recommended perioperative 
mechanical prophylaxis with graduated CS and 
IPC devices supplemented with SC heparin peri-
operatively [ 73 ]. 

 For patients who present with traumatic brain 
injury, spontaneous intracranial hemorrhage, or 
ischemic cerebrovascular events, mechanical 
prophylaxis is standard, and SC UFH or LMWH 
may be initiated 24 h after a cranial CT docu-
menting stability of any intracranial blood and 
the absence of new  hemorrhage   [ 11 ,  16 ]. The 
 PREVAIL   (prevention of VTE following acute 
ischemic stroke with enoxoparin) demonstrated a 
43 % risk reduction of VTE with enoxaparin as 
compared to UFH; symptomatic hemorrhage rate 
was <1 % although slightly higher in the LMWH 
group [ 74 ]. Recent  ACCP guidelines   recommend 
LMWH or UFH for patients with acute ischemic 
stroke and impaired mobility starting 24 h after 
the ictus [ 2 ,  75 ]. Special circumstances that 

warrant withholding pharmacological prophy-
laxis include the administration of recombinant 
tPA or thrombolytics or hemorrhagic transforma-
tion of an  ischemic stroke  ; a 24 h waiting period 
following radiographic stability of any intracra-
nial blood would be reasonable before initiating 
pharmacological prophylaxis [ 2 ,  16 ]. Similarly, 
in patients who present with  aneurysmal sub-
arachnoid hemorrhage  , it is prudent to wait until 
the aneurysm is secured and the intracranial 
bleeding is stable [ 2 ]. The use of  antiplatelet 
agents   in patients with ischemic cerebrovascular 
disease does not preclude the use of SC UFH or 
LMWH [ 16 ]. 

 For patients undergoing routine and elective 
spinal surgery, intraoperative IPC or CS prophy-
laxis is mandatory; given the relatively short 
duration of surgery, early ambulation and dis-
charge, and low incidence of VTE, the use of 
mechanical prophylaxis alone with uncompli-
cated elective spine surgery is reasonable and 
effective in maintaining a low VTE rate [ 6 ,  41 , 
 76 ]. In select patients at high risk for VTE, SC 
UFH or LMWH can be safely initiated 24–36 h 
following surgery and reduces the risk of DVT 
without an increased risk of  spinal epidural 
hematoma formation   [ 3 ,  6 ,  9 ,  41 ,  77 ]. With com-
plex and staged spinal procedures, a different 
approach that avoids pharmacological prophy-
laxis may be considered; standard mechanical 
prophylaxis combined with IVC fi lter placement 
may be an option to minimize the risk of DVT 
and PE, respectively, without increasing the risk 
of bleeding complications [ 15 ]. Patients with  spi-
nal cord injury   are a very high-risk group, and 
while the risk of VTE in these patients is lifelong, 
it is most signifi cant in the fi rst 2 weeks following 
the injury [ 26 ].  Enoxaparin   is standard of care 
prophylaxis for all patients with spinal cord 
injury and should be initiated within 72 h of the 
injury to minimize the risk of VTE; IVC fi lters 
may be considered in select cases of established 
DVT in which anticoagulant therapy is contrain-
dicated [ 2 ,  77 ]. 

 Continuation of mechanical (IPC or CS) and 
pharmacological (SC UFH or LMWH)  prophy-
laxis   is generally employed for the fi rst 1–2 
weeks following surgery or admission or until the 
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patient is fully ambulatory, whichever occurs fi rst 
[ 7 ,  13 ,  17 ]. The majority of VTE events occur 
during this period and would be effectively cov-
ered by this regimen. Given the high risk of VTE 
in brain tumor patients, the option of outpatient 
prophylaxis with LMWH (dalteparin) was stud-
ied. The study was reportedly not completed (or 
published, except in abstract form) due to unavail-
ability of the study drug. However, among the 
186 patients who did get enrolled, some impor-
tant information was gleaned; while the risk of 
DVT was slightly higher in the placebo group 
(17 %) versus the LMWH group (11 %), there 
was a 5 % annual risk of bleeding in the LMWH 
group compared to 1 % in the placebo group. An 
analysis of this study suggested that the routine 
use of outpatient VTE prophylaxis with LMWH 
was not advisable [ 2 ].  

    Risk of Hemorrhage with VTE 
Prophylaxis 

 The risk of hemorrhage associated with SC low- 
dose UFH and LMWH has been reviewed exten-
sively [ 53 ]. Constantini et al. found no increase in 
 intraoperative bleeding or postoperative bleeding 
complications   among 103 patients who underwent 
brain tumor surgery and received SC UFH 2 h 
prior to surgery compared to placebo [ 78 ]. Wen 
and Hall presented data on 2400 craniotomy 
patients; risk of ICH was 1.2 % in patients receiv-
ing low-dose SC UFH and 1.6 % in those who did 
not receive pharmacological VTE prophylaxis 
[ 42 ]. Raabe et al. reported a 2 % risk of hemor-
rhage in 1500 patients undergoing craniotomy 
with  LMWH prophylaxis   [ 60 ]. Gerlach et al. 
reported a 1.5 % risk of ICH with LMWH (nad-
roparin) prophylaxis administered 24 h following 
a craniotomy and a slightly less than 1 % risk 
using the same regimen with spinal procedures 
[ 79 ,  80 ]. Khaldi et al. noted no increase in the rate 
of surgical site or other hemorrhage when subcuta-
neous heparin was initiated 24 h following a  neu-
rosurgical procedure   [ 7 ]. Chibbaro et al. reported a 
1 % rate of signifi cant postoperative hemorrhages 
following cranial surgery and reported no objec-
tive clotting or hematological abnormalities with 

the use of LMWH (tinzaparin 3500 units daily 
starting 24 h after surgery); in fact, they doubled 
the dose of heparin in high-risk patients and began 
the administration preoperatively [ 13 ]. Bauman 
et al. reported a 3.8 % risk of  intracranial hemor-
rhage   with perioperative SC UFH; prior to intro-
duction of this protocol and with mechanical 
prophylaxis only, they noted an intracranial hem-
orrhage rate of 0.8 %. However, none of the 
patients who received SC UFH prophylaxis devel-
oped clinically signifi cant VTE while three of the 
non-SC heparin group developed VTE, of which 
two were PE [ 73 ]. Other groups have demon-
strated that LMWH is safe and does not increase 
bleeding risk when started approximately 24 h fol-
lowing cranial surgery while still being effective at 
reducing the risk of DVT [ 81 ,  82 ]. Farooqui et al. 
reported similar results in patients with  traumatic 
brain injury  ; initiation of SC UFH or LMWH 24 h 
after a head CT showed stable ICH did not increase 
the risk of hemorrhage progression while reducing 
the risk of DVT formation [ 11 ]. Hackett et al. 
noted no increase in risk of hemorrhage with the 
use of SC UFH or LMWH in ischemic stroke 
patients; 98 % of the patients received simultane-
ous  antiplatelet agents   as well [ 16 ]. 

 Recent results using combination (mechanical 
and pharmacological) prophylaxis with spine 
surgery have been promising [ 3 ,  9 ]. Strom and 
Frempong-Boadu reported no postoperative 
hemorrhages or bleeding complications in 367 
patients who underwent  cervical and lumbar lam-
inectomy   with perioperative mechanical prophy-
laxis and LMWH administered approximately 
24 h following surgery; they concluded that this 
regimen was effective VTE prophylaxis in this 
population of patients, and the addition of 
LMWH 24–36 h after surgery added no increased 
bleeding risk [ 3 ]. Cox et al. reported a 0.4 % rate 
of symptomatic spinal epidural hematoma forma-
tion requiring surgical evacuation in 992 patients 
who received intraoperative mechanical IPC pro-
phylaxis along with SC UFH (5000 units two or 
three times a day) administered preoperatively if 
they were admitted before surgery or immedi-
ately postoperatively if the patient was admitted 
the day of surgery [ 9 ]. Goldhaber et al. compared 
the bleeding risk with UFH against LMWH and 
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were unable to detect a statistical difference; 
although two patients in the LMWH group suf-
fered major bleeding episodes [ 63 ]. Similarly, 
MacDonald et al. did not note a statistical differ-
ence in terms of bleeding risk between unfrac-
tionated heparin and LMWH, but two patients in 
the LMWH group had hemorrhages compared 
with one in the UFH group [ 66 ]. 

 These studies are counterbalanced by concerns 
that even though a low incidence of  bleeding 
complications   is reported, when they do occur, 
they can have signifi cant neurological conse-
quences and necessitate additional surgery [ 6 ]. In 
the study by Gerlach and colleagues using 
LMWH prophylaxis 24 h following spine sur-
gery, 13 postoperative hemorrhages occurred in 
1954 patients; however, 10 of the 13 patients 
developed neurological defi cits and four were 
permanent [ 79 ]. The risk of intracranial or spinal 
 hemorrhage   may be related to the timing of 
administration; one study that showed increased 
incidence of intracerebral hemorrhage initiated 
enoxaparin preoperatively [ 65 ]. In a  meta- 
analysis   of previous studies using LMWH pro-
phylaxis for VTE, Iorio and Agnelli noted a 
bleeding risk from 4 to 11 % in the LMWH group 
compared with a risk of 1–7 % in the control 
group that did not receive  LMWH prophylaxis  ; 
the risk of major ICH was 2.2–2.6 % in the for-
mer group and 0.8–2.6 % in the control group 
[ 67 ]. Danish et al. used a decision analytic model-
ing process and noted that VTE risk reduction 
gained by adding pharmacological prophylaxis 
with UFH or LMWH to standard mechanical pro-
phylaxis in neurosurgical patients was out-
weighed by the risk of ICH; this was especially 
true with LMWH. They advocated mechanical 
prophylaxis only for patients undergoing craniot-
omy procedures [ 83 ].  Epstein   performed an 
extensive review on the topic of VTE in neurosur-
gical patients in 2005 and concluded that mechan-
ical prophylaxis alone had a signifi cant impact in 
reducing the incidence of VTE with both  cranial 
and spinal procedures   [ 6 ]. Based on her review of 
the existing literature at the time, she further 
concluded that the addition of low- dose SC UFH 
or LMWH increased the risk of postoperative 
hematoma in neurosurgery patients [ 6 ].  

     Treatment   of Established VTE 

 Prevention of recurrent VTE is also a priority in 
terms of prophylaxis; a prior history of VTE is 
highly predictive of a postoperative DVT [ 17 ]. 
One in fi ve patients who suffer a DVT will have a 
recurrence within 5 years, and the risk of recur-
rent DVT increases with each episode [ 84 ]. 
Factors that contribute to recurrent DVT include 
the presence of cancer or malignancy, repeat sur-
gical procedures, and an inadequate length or 
course of anticoagulant treatment [ 6 ,  84 ,  85 ]. The 
standard treatment of established above-knee or 
pelvic DVT, or PE, is anticoagulation therapy for 
3–6 months [ 15 ]. With therapeutic anticoagula-
tion, up to 85 % of DVT of thrombosed veins will 
recanalize [ 86 ]. Patients with below-knee DVT 
require no treatment other than careful follow-up 
with compression ultrasonography; however 
anticoagulation may be considered in patients 
who have risk factors such as active cancer or 
those who are hospitalized. The incidence of PE 
in these patients is 7 % [ 86 ]. Most practitioners 
do not use mechanical devices such as IPC or CS 
on a limb that has an existing DVT to avoid 
breaking up the clot and precipitating a PE. 

 Warfarin (coumadin) is a vitamin K antagonist 
that is orally administered and is approved for the 
prophylaxis and treatment of VTE. It has a nar-
row therapeutic index and dosage, and effective-
ness varies among individuals based on diet, 
metabolism, and interaction with other drugs. It 
can interact with antibiotic and antifungal agents 
and must be used with caution in patients on anti-
platelet agents, anticoagulants, nonsteroidal 
 anti- infl ammatory drugs, and serotonin reuptake 
inhibitors [ 86 ]. Regular monitoring of prothrom-
bin time and international normalized ratio (INR) 
is essential in patients on coumadin as supra- 
therapeutic levels  may   predispose to cranial or 
spinal hemorrhage. 

 With anticoagulation therapy, the risk of 
bleeding complications in patients who have 
undergone cranial or spinal procedures or who 
harbor malignant brain tumors is not insignifi -
cant. Additionally, although effective prophylaxis 
against DVT (mechanical and pharmacological 
combined) is the best way to prevent PE, some 
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studies do not note a concomitant decrease in the 
PE rate with these regimens [ 7 ,  51 ]. Additional 
PE protection strategies may be considered under 
these circumstances. Inferior vena cava (IVC) fi l-
ters are small cone-shaped devices that are 
deployed through the femoral vein and placed in 
the inferior vena cava just below the kidneys. 
They are useful devices that can reduce the risk 
of PE in patients with an established above-knee 
DVT or patients with below-knee DVT with 
additional risk factors for clot propagation who 
are not good candidates for therapeutic systemic 
anticoagulation or who may have developed a PE 
despite therapeutic anticoagulation [ 6 ,  23 ]. They 
are particularly effective in lowering PE rates 
from established proximal DVT in postsurgical 
patients and in spinal cord injury patients with 
paraplegia [ 87 ]. However, they have potential 
risks: they may actually induce a hypercoagula-
ble state and complications such as caval obstruc-
tion and lower extremity swelling may occur, and 
complications with IVC fi lters may be higher in 
patients with malignant glioma [ 2 ,  88 ]. Newer 
fi lters are known as optional retrievable fi lters; 
they can be left in place permanently or used for 
temporary protection during a period of high 
VTE risk or until the resolution of a known DVT 
and then retrieved successfully. However, IVC 
fi lter retrieval is not consistently done. The use of 
IVC fi lters as prophylaxis against DVT is not rec-
ommended; they should be used cautiously and 
with careful consideration to a specifi c patient 
circumstance [ 88 ]. 

 Xarelto (rivaroxaban) is a factor Xa inhibitor 
that indirectly inhibits platelet aggregation 
induced by thrombin; it does not have a direct 
effect on platelet aggregation by itself. It is 
administered orally in a fi xed dose and has a 
rapid onset of action in 2–4 h, a wide therapeutic 
window, minimal drug interactions, and requires 
no blood monitoring. It is FDA approved for the 
treatment of atrial fi brillation, DVT and PE, for 
reducing the risk of recurrent DVT or PE, and for 
prophylaxis against DVT and PE in patients 
undergoing hip and knee replacement surgery 
[ 31 ,  89 ]. It is associated with an increased bleed-
ing risk and spinal or epidural hematoma in 
patients receiving spinal anesthesia, and prema-

ture discontinuation may increase the  risk   of 
thrombosis [ 89 ]. There is no reversal agent for 
rivaroxaban; if bleeding complications occur, it is 
stopped and mechanical compression employed. 

 Pradaxa (dabigatran) is a thrombin inhibitor 
that is administered orally in a fi xed dose; has a 
rapid onset of action in 2–4 h, a wide therapeutic 
window, and minimal drug interactions; and 
requires no blood monitoring. It is FDA approved 
to treat DVT and PE in patients who have 
received parental anticoagulation for 5–10 days 
and also to reduce the risk of recurrent DVT and 
PE. It should not be used in patients with a cre-
atine clearance <50 ml/min or patients on prosta-
glandin- p inhibitors. It is also associated with an 
increased bleeding risk and spinal or epidural 
hematoma in patients receiving spinal anesthe-
sia, and premature discontinuation may increase 
the risk of thrombosis [ 89 ]. There is no reversal 
agent for dabigatran; if bleeding complications 
occur, it is stopped and mechanical compression 
employed.  

    Recommendations for VTE 
Prophylaxis in  Neurosurgery 
Patients   

 The complexity of neurosurgical practice neces-
sitates a careful approach to VTE and precludes 
absolute guidelines. Familiarity with the patho-
physiology and extent of the problem, under-
standing the prophylactic measures and their 
risks and benefi ts, and an individualized approach 
tailored to patient-specifi c circumstances are 
 prudent. Some general cues are available and can 
be useful with  the   decision-making process:

    1.    Graduated CS and IPC devices provide 
excellent prophylaxis for almost every neu-
rosurgical patient with minimal risk and 
should be ubiquitously employed. They are 
most effective when used on both lower 
extremities during surgery and for at least 1 
week following surgery or until the patient is 
ambulatory.   

   2.    Pharmacological prophylaxis augments the 
effectiveness of mechanical prophylaxis and 
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should be considered in patients at higher 
risk for VTE. It is in the form of SC UFH or 
LMWH and may be safely initiated 24 h fol-
lowing an uncomplicated cranial or spinal 
neurosurgical procedure if indicated.   

   3.    For patients who present with traumatic 
brain injury, spontaneous intracranial hem-
orrhage, or ischemic cerebrovascular events, 
mechanical prophylaxis is standard and SC 
UFH or LMWH may be initiated 24 h after a 
cranial CT documenting stability of any 
intracranial blood and the absence of new 
hemorrhage. In patients with aneurysmal 
SAH, securing the aneurysm prior to initiat-
ing pharmacological prophylaxis is a pru-
dent measure. There does not appear to be an 
increased risk of ICH with the use of SC 
UFH or LMWH in patients with external 
ventricular drains.   

   4.    For patients undergoing elective spinal sur-
gery, intraoperative CS and IPC prophylaxis 
is mandatory. The addition of pharmacologi-
cal prophylaxis is not mandatory; however, 
in select high-risk patients, SC UFH or 
LMWH can be safely initiated 24 h follow-
ing surgery.   

   5.    With complex and staged spinal procedures, 
standard mechanical prophylaxis (CS and 
IPC) combined with IVC fi lter placement 
may be an option.   

   6.    Patients with established DVT in proximal 
leg veins who are not candidates for antico-
agulant therapy or who have progression of 
DVT despite anticoagulant therapy may be 
considered for IVC fi lter placement; retriev-
able fi lters are an option in these cases.   

   7.    Inferior vena cava fi lters in and of them-
selves are not standard prophylaxis against 
VTE.   

   8.    Coumadin or intravenous heparin or dextran 
infusion is not used for primary VTE 
prophylaxis.   

   9.    D-dimer levels may be used for surveillance 
for DVT but false-positive elevations may 
occur.   

   10.    In admitted patients, weekly or biweekly 
ultrasound examination of the lower extrem-
ities, and similar evaluation of the upper 

extremities if indicated, is reasonable sur-
veillance for DVT. Multidetector CT angiog-
raphy is optimal to detect PE.   

   11.    Clinical signs of DVT and PE may not 
 always   be present and a high index of suspi-
cion helps detect occult VTE.   

   12.    For patients with HIT, the heparin formula-
tion should be immediately discontinued, 
and an alternative agent such as fondaparinux 
or a direct-thrombin inhibitor may be consid-
ered; it is transitioned to coumadin after the 
platelet counts have recovered. Consultation 
with a hematologist is essential under these 
circumstances.    

        References 

                        1.    Browd SR, Ragel BT, Davis GE, Scott AM, Skalabrin 
EJ, Couldwell WT. Prophylaxis for deep venous 
thrombosis in neurosurgery: a review of the literature. 
Neurosurg Focus. 2004;17(4):E1.  

                            2.    Raslan AM, Fields JD, Bhardwaj A. Prophylaxis for 
venous thrombo-embolism in neurocritical care: a criti-
cal appraisal. Neurocrit Care. 2010;12(2):297–309.  

                 3.    Strom RG, Frempong-Boadu AK. Low-molecular- 
weight heparin prophylaxis 24 to 36 hours after 
degenerative spine surgery: risk of hemorrhage and 
venous thromboembolism. Spine (Phila Pa 1976). 
2013;38(23):E1498–502.  

    4.    Bounameaux H, Perrier A, Righini M. Diagnosis of 
venous thromboembolism: an update. Vasc Med. 
2010;15(5):399–406.  

    5.    Schulte LM, O’Brien JR, Bean MC, Pierce TP, Yu 
WD, Meals C. Deep vein thrombosis and pulmonary 
embolism after spine surgery: incidence and patient 
risk factors. Am J Orthop (Belle Mead NJ). 2013;
42(6):267–70.  

                        6.    Epstein NE. A review of the risks and benefi ts of dif-
fering prophylaxis regimens for the treatment of deep 
venous thrombosis and pulmonary embolism in neu-
rosurgery. Surg Neurol. 2005;64(4):295–301. discus-
sion 302.  

                   7.    Khaldi A, Helo N, Schneck MJ, Origitano TC. Venous 
thromboembolism: deep venous thrombosis and pul-
monary embolism in a neurosurgical population. 
J Neurosurg. 2011;114(1):40–6.  

                  8.    Auguste KI, Quinones-Hinojosa A, Gadkary C, Zada 
G, Lamborn KR, Berger MS. Incidence of venous 
thromboembolism in patients undergoing craniotomy 
and motor mapping for glioma without intraoperative 
mechanical prophylaxis to the contralateral leg. 
J Neurosurg. 2003;99(4):680–4.  

                    9.    Cox JB, Weaver KJ, Neal DW, Jacob RP, Hoh 
DJ. Decreased incidence of venous thromboembolism 

25 Venous Thromboembolism Prophylaxis in Neurosurgery



340

after spine surgery with early multimodal prophy-
laxis: clinical article. J Neurosurg Spine. 2014;21(4):
677–84.  

              10.    Prell J, Rachinger J, Smaczny R, et al. D-dimer 
plasma level: a reliable marker for venous thrombo-
embolism after elective craniotomy. J Neurosurg. 
2013;119(5):1340–6.  

        11.    Farooqui A, Hiser B, Barnes SL, Litofsky NS. Safety 
and effi cacy of early thromboembolism chemopro-
phylaxis after intracranial hemorrhage from traumatic 
brain injury. J Neurosurg. 2013;119(6):1576–82.  

          12.    Patel AP, Koltz MT, Sansur CA, Gulati M, Hamilton 
DK. An analysis of deep vein thrombosis in 1277 con-
secutive neurosurgical patients undergoing routine 
weekly ultrasonography. J Neurosurg. 2013;118(3):
505–9.  

               13.    Chibbaro S, Tacconi L. Safety of deep venous throm-
bosis prophylaxis with low-molecular-weight hepa-
rin in brain surgery. Prospective study on 746 
patients. Surg Neurol. 2008;70(2):117–21. discus-
sion 121.  

                    14.    Danish SF, Burnett MG, Stein SC. Prophylaxis for 
deep venous thrombosis in patients with cranioto-
mies: a review. Neurosurg Focus. 2004;17(4):E2.  

         15.    Rosner MK, Kuklo TR, Tawk R, Moquin R, Ondra 
SL. Prophylactic placement of an inferior vena cava 
fi lter in high-risk patients undergoing spinal recon-
struction. Neurosurg Focus. 2004;17(4):E6.  

                    16.    Hackett CT, Ramanathan RS, Malhotra K, et al. 
Safety of venous thromboembolism prophylaxis with 
fondaparinux in ischemic stroke. Thromb Res. 2015;
135(2):249–54.  

          17.    Smith TR, Nanney III AD, Lall RR, et al. Development 
of venous thromboembolism (VTE) in patients under-
going surgery for brain tumors: results from a single 
center over a 10 year period. J Clin Neurosci. 
2015;22(3):519–25.  

         18.    Schneck MJ. Venous thromboembolism in neurologic 
disease. Handb Clin Neurol. 2014;119:289–304.  

           19.    Kshettry VR, Rosenbaum BP, Seicean A, Kelly ML, 
Schiltz NK, Weil RJ. Incidence and risk factors asso-
ciated with in-hospital venous thromboembolism 
after aneurysmal subarachnoid hemorrhage. J Clin 
Neurosci. 2014;21(2):282–6.  

     20.    Kimmell KT, Walter KA. Risk factors for venous 
thromboembolism in patients undergoing craniotomy 
for neoplastic disease. J Neurooncol. 2014;120(3):
567–73.  

                      21.    Reitsma PH, Versteeg HH, Middeldorp S. Mechanistic 
view of risk factors for venous thromboembolism. 
Arterioscler Thromb Vasc Biol. 2012;32(3):563–8.  

             22.    Smith SF, Simpson JM, Sekhon LH. Prophylaxis for 
deep venous thrombosis in neurosurgical oncology: 
review of 2779 admissions over a 9-year period. 
Neurosurg Focus. 2004;17(4):E4.  

       23.    Phelan HA. Venous thromboembolism after traumatic 
brain injury. Semin Thromb Hemost. 2013;39(5):
541–8.  

      24.    Salmaggi A, Simonetti G, Trevisan E, et al. 
Perioperative thromboprophylaxis in patients with 

craniotomy for brain tumours: a systematic review. 
J Neurooncol. 2013;113(2):293–303.  

     25.    Hoefnagel D, Kwee LE, van Putten EH, Kros JM, 
Dirven CM, Dammers R. The incidence of postopera-
tive thromboembolic complications following surgi-
cal resection of intracranial meningioma. A 
retrospective study of a large single center patient 
cohort. Clin Neurol Neurosurg. 2014;123:150–4.  

        26.    Chung SB, Lee SH, Kim ES, Eoh W. Incidence of 
deep vein thrombosis after spinal cord injury: a pro-
spective study in 37 consecutive patients with trau-
matic or nontraumatic spinal cord injury treated by 
mechanical prophylaxis. J Trauma. 2011;71(4):867–
70. discussion 870–1.  

      27.    Toker S, Hak DJ, Morgan SJ. Deep vein thrombosis 
prophylaxis in trauma patients. Thrombosis. 2011;
2011:505373.  

    28.    Gnanalingham KK, Holland JP. Attitudes to the use of 
prophylaxis for thrombo-embolism in neurosurgical 
patients. J Clin Neurosci. 2003;10(4):467–9.  

    29.    Bryson DJ, Uzoigwe CE, Braybrooke J. 
Thromboprophylaxis in spinal surgery: a survey. 
J Orthop Surg Res. 2012;7:14. doi:  10.1186/1749-
799X-7-14    .  

                     30.    Esmon CT. Basic mechanisms and pathogenesis of 
venous thrombosis. Blood Rev. 2009;23(5):225–9.  

          31.    Wakefi eld TW, Myers DD, Henke PK. Mechanisms of 
venous thrombosis and resolution. Arterioscler 
Thromb Vasc Biol. 2008;28(3):387–91.  

      32.    Bovill EG, van der Vliet A. Venous valvular stasis- 
associated hypoxia and thrombosis: what is the link? 
Annu Rev Physiol. 2011;73:527–45.  

    33.    Vanschoonbeek K, Feijge MA, Van Kampen RJ, 
et al. Initiating and potentiating role of platelets in 
tissue factor-induced thrombin generation in the 
presence of plasma: subject-dependent variation in 
thrombogram characteristics. J Thromb Haemost. 
2004;2(3):476–84.  

     34.    Bick RL. Cancer-associated thrombosis. N Engl 
J Med. 2003;349(2):109–11.  

      35.    Sawaya RE, Ligon BL. Thromboembolic complica-
tions associated with brain tumors. J Neurooncol. 
1994;22(2):173–81.  

      36.    Jenkins EO, Schiff D, Mackman N, Key NS. Venous 
thromboembolism in malignant gliomas. J Thromb 
Haemost. 2010;8(2):221–7.  

      37.    Naess IA, Christiansen SC, Romundstad P, 
Cannegieter SC, Rosendaal FR, Hammerstrom 
J. Incidence and mortality of venous thrombosis: a 
population-based study. J Thromb Haemost. 2007;
5(4):692–9.  

    38.    Kelly BM, Yoder BM, Tang CT, Wakefi eld 
TW. Venous thromboembolic events in the rehabilita-
tion setting. PM R. 2010;2(7):647–63.  

    39.    Wong JM, Panchmatia JR, Ziewacz JE, et al. Patterns 
in neurosurgical adverse events: intracranial neo-
plasm surgery. Neurosurg Focus. 2012;33(5):E16.  

    40.    Geerts WH, Bergqvist D, Pineo GF, et al. Prevention 
of venous thromboembolism: American College of 
Chest Physicians evidence-based clinical practice 

V.C. Prabhu

http://dx.doi.org/10.1186/1749-799X-7-14
http://dx.doi.org/10.1186/1749-799X-7-14


341

guidelines (8th edition). Chest. 2008;133(6 
Suppl):381S–453.  

       41.    Glotzbecker MP, Bono CM, Wood KB, Harris 
MB. Thromboembolic disease in spinal surgery: a 
systematic review. Spine (Phila Pa 1976). 2009;34(3):
291–303.  

      42.    Wen DY, Hall WA. Complications of subcutaneous 
low-dose heparin therapy in neurosurgical patients. 
Surg Neurol. 1998;50(6):521–5.  

    43.    Brandes AA, Scelzi E, Salmistraro G, et al. Incidence 
of risk of thromboembolism during treatment high- 
grade gliomas: a prospective study. Eur J Cancer. 
1997;33(10):1592–6.  

    44.    Black PM, Baker MF, Snook CP. Experience with 
external pneumatic calf compression in neurology and 
neurosurgery. Neurosurgery. 1986;18(4):440–4.  

     45.    Rolston JD, Han SJ, Bloch O, Parsa AT. What clinical 
factors predict the incidence of deep venous thrombo-
sis and pulmonary embolism in neurosurgical 
patients? J Neurosurg. 2014;121(4):908–18.  

         46.    Holley AB, Petteys S, Mitchell JD, et al. Venous 
thromboembolism prophylaxis for patients receiving 
regional anesthesia following injury in Iraq and 
Afghanistan. J Trauma Acute Care Surg. 2014;76(1):
152–9.  

     47.    Eisenring CV, Neidert MC, Sabanes Bove D, Held L, 
Sarnthein J, Krayenbuhl N. Reduction of thromboem-
bolic events in meningioma surgery: a cohort study of 
724 consecutive patients. PLoS One. 2013;8(11):
e79170.  

    48.    Levi AD, Wallace MC, Bernstein M, Walters BC. 
Venous thromboembolism after brain tumor surgery: 
a retrospective review. Neurosurgery. 1991;28(6):
859–63.  

    49.    Barbot M, Daidone V, Zilio M, et al. Perioperative 
thromboprophylaxis in Cushing’s disease: what we 
did and what we are doing? Pituitary. 2015;18(4):
487–93.  

    50.    Muchmore JH, Dunlap JN, Culicchia F, Kerstein 
MD. Deep vein thrombophlebitis and pulmonary 
embolism in patients with malignant gliomas. South 
Med J. 1989;82(11):1352–6.  

       51.    Ray WZ, Strom RG, Blackburn SL, Ashley WW, 
Sicard GA, Rich KM. Incidence of deep venous throm-
bosis after subarachnoid hemorrhage. J Neurosurg. 
2009;110(5):1010–4.  

        52.    Henwood PC, Kennedy TM, Thomson L, et al. The 
incidence of deep vein thrombosis detected by routine 
surveillance ultrasound in neurosurgery patients 
receiving dual modality prophylaxis. J Thromb 
Thrombolysis. 2011;32(2):209–14.  

        53.    Roderick P, Ferris G, Wilson K, et al. Towards 
evidence- based guidelines for the prevention of 
venous thromboembolism: systematic reviews of 
mechanical methods, oral anticoagulation, dextran 
and regional anaesthesia as thromboprophylaxis. 
Health Technol Assess. 2005;9(49):iii–iv, ix–x, 1–78.  

       54.    Papadimitriou K, Amin AG, Kretzer RM, et al. 
Thromboembolic events and spinal surgery. J Clin 
Neurosci. 2012;19(12):1617–21.  

    55.    Vanek VW. Meta-analysis of effectiveness of inter-
mittent pneumatic compression devices with a com-
parison of thigh-high to knee-high sleeves. Am Surg. 
1998;64(11):1050–8.  

    56.    Frim DM, Barker II FG, Poletti CE, Hamilton 
AJ. Postoperative low-dose heparin decreases throm-
boembolic complications in neurosurgical patients. 
Neurosurgery. 1992;30(6):830–2. discussion 832–3.  

    57.    Jeffery PC, Nicolaides AN. Graduated compression 
stockings in the prevention of postoperative deep vein 
thrombosis. Br J Surg. 1990;77(4):380–3.  

     58.    Carman TL, Kanner AA, Barnett GH, Deitcher 
SR. Prevention of thromboembolism after neurosur-
gery for brain and spinal tumors. South Med J. 2003;
96(1):17–22.  

   59.    Collen JF, Jackson JL, Shorr AF, Moores LK. 
Prevention of venous thromboembolism in neurosur-
gery: a metaanalysis. Chest. 2008;134(2):237–49.  

      60.    Raabe A, Gerlach R, Zimmermann M, Seifert V. The 
risk of haemorrhage associated with early postopera-
tive heparin administration after intracranial surgery. 
Acta Neurochir (Wien). 2001;143(1):1–7.  

    61.    Schaible KL, Smith LJ, Fessler RG, Rachlin JR, 
Brown FD, Mullan S. Evaluation of the risks of anti-
coagulation therapy following experimental craniot-
omy in the rat. J Neurosurg. 1985;63(6):959–62.  

     62.    Misra M, Roitberg B, Ebersole K, Charbel 
FT. Prevention of pulmonary embolism by combined 
modalities of thromboprophylaxis and intensive sur-
veillance protocol. Neurosurgery. 2004;54(5):1099–
102. discussion 1102–3.  

     63.    Goldhaber SZ, Dunn K, Gerhard-Herman M, Park JK, 
Black PM. Low rate of venous thromboembolism 
after craniotomy for brain tumor using multimodality 
prophylaxis. Chest. 2002;122(6):1933–7.  

   64.    McLeod RS, Geerts WH, Sniderman KW, et al. 
Subcutaneous heparin versus low-molecular-weight 
heparin as thromboprophylaxis in patients undergoing 
colorectal surgery: results of the Canadian colorectal 
DVT prophylaxis trial: a randomized, double-blind 
trial. Ann Surg. 2001;233(3):438–44.  

      65.    Dickinson LD, Miller LD, Patel CP, Gupta 
SK. Enoxaparin increases the incidence of postopera-
tive intracranial hemorrhage when initiated preopera-
tively for deep venous thrombosis prophylaxis in 
patients with brain tumors. Neurosurgery. 1998;
43(5):1074–81.  

     66.    Macdonald RL, Amidei C, Baron J, et al. Randomized, 
pilot study of intermittent pneumatic compression 
devices plus dalteparin versus intermittent pneumatic 
compression devices plus heparin for prevention of 
venous thromboembolism in patients undergoing cra-
niotomy. Surg Neurol. 2003;59(5):363–72. discussion 
372–4.  

     67.    Iorio A, Agnelli G. Low-molecular-weight and 
unfractionated heparin for prevention of venous 
thromboembolism in neurosurgery: a meta-analysis. 
Arch Intern Med. 2000;160(15):2327–32.  

         68.    Baroletti SA, Goldhaber SZ. Heparin-induced throm-
bocytopenia. Circulation. 2006;114(8):e355–6.  

25 Venous Thromboembolism Prophylaxis in Neurosurgery



342

        69.    Ahmed I, Majeed A, Powell R. Heparin induced 
thrombocytopenia: diagnosis and management 
update. Postgrad Med J. 2007;83(983):575–82.  

            70.    Linkins LA. Heparin induced thrombocytopenia. 
BMJ. 2015;350:g7566.  

     71.    Macdonald RL, Amidei C, Lin G, et al. Safety of peri-
operative subcutaneous heparin for prophylaxis of 
venous thromboembolism in patients undergoing cra-
niotomy. Neurosurgery. 1999;45(2):245–51. discus-
sion 251–2.  

    72.    Tanweer O, Boah A, Huang PP. Risks for hemorrhagic 
complications after placement of external ventricular 
drains with early chemical prophylaxis against venous 
thromboembolisms. J Neurosurg. 2013;119(5):
1309–13.  

     73.    Bauman JA, Church E, Halpern CH, et al. 
Subcutaneous heparin for prophylaxis of venous 
thromboembolism in deep brain stimulation surgery: 
evidence from a decision analysis. Neurosurgery. 
2009;65(2):276–80. discussion 280.  

    74.    Sherman DG, Albers GW, Bladin C, et al. The effi -
cacy and safety of enoxaparin versus unfractionated 
heparin for the prevention of venous thromboembo-
lism after acute ischaemic stroke (PREVAIL study): 
an open-label randomised comparison. Lancet. 2007;
369(9570):1347–55.  

    75.    Adams Jr HP, del Zoppo G, Alberts MJ, et al. 
Guidelines for the early management of adults with 
ischemic stroke: a guideline from the American 
Heart Association/American Stroke Association 
Stroke Council, Clinical Cardiology Council, 
Cardiovascular Radiology and Intervention Council, 
and the atherosclerotic peripheral vascular disease 
and quality of care outcomes in research interdisci-
plinary working groups: The American Academy of 
Neurology Affi rms the value of this guideline as an 
educational tool for neurologists. Stroke. 2007;38(5):
1655–711.  

    76.    Schuster JM, Fischer D, Dettori JR. Is chemical anti-
thrombotic prophylaxis effective in elective thoraco-
lumbar spine surgery? Results of a systematic review. 
Evid Based Spine Care J. 2010;1(2):40–5.  

     77.    Christie S, Thibault-Halman G, Casha S. Acute phar-
macological DVT prophylaxis after spinal cord injury. 
J Neurotrauma. 2011;28(8):1509–14.  

    78.    Constantini S, Kornowski R, Pomeranz S, Rappaport 
ZH. Thromboembolic phenomena in neurosurgical 
patients operated upon for primary and metastatic 

brain tumors. Acta Neurochir (Wien). 1991;109(3–4):
93–7.  

     79.    Gerlach R, Raabe A, Beck J, Woszczyk A, Seifert 
V. Postoperative nadroparin administration for pro-
phylaxis of thromboembolic events is not associated 
with an increased risk of hemorrhage after spinal sur-
gery. Eur Spine J. 2004;13(1):9–13.  

    80.    Gerlach R, Scheuer T, Beck J, Woszczyk A, Seifert V, 
Raabe A. Risk of postoperative hemorrhage after 
intracranial surgery after early nadroparin administra-
tion: results of a prospective study. Neurosurgery. 
2003;53(5):1028–34. discussion 1034–5.  

    81.    Agnelli G, Sonaglia F. Prevention of venous thrombo-
embolism in high risk patients. Haematologica. 1997;
82(4):496–502.  

    82.    Norwood SH, McAuley CE, Berne JD, et al. 
Prospective evaluation of the safety of enoxaparin 
prophylaxis for venous thromboembolism in patients 
with intracranial hemorrhagic injuries. Arch Surg. 
2002;137(6):696–701. discussion 701–2.  

    83.    Danish SF, Burnett MG, Ong JG, Sonnad SS, 
Maloney-Wilensky E, Stein SC. Prophylaxis for deep 
venous thrombosis in craniotomy patients: a decision 
analysis. Neurosurgery. 2005;56(6):1286–92. discus-
sion 1292–4.  

     84.    Hansson PO, Sorbo J, Eriksson H. Recurrent venous 
thromboembolism after deep vein thrombosis: inci-
dence and risk factors. Arch Intern Med. 2000;160(6):
769–74.  

    85.    Swann KW, Black PM. Deep vein thrombosis and 
pulmonary emboli in neurosurgical patients: a review. 
J Neurosurg. 1984;61(6):1055–62.  

      86.    Gillet JL, Perrin MR, Allaert FA. Short-term and mid- 
term outcome of isolated symptomatic muscular calf 
vein thrombosis. J Vasc Surg. 2007;46(3):513–9. dis-
cussion 519.  

    87.    Wilson JT, Rogers FB, Wald SL, Shackford SR, Ricci 
MA. Prophylactic vena cava fi lter insertion in patients 
with traumatic spinal cord injury: preliminary results. 
Neurosurgery. 1994;35(2):234–9. discussion 239.  

     88.    Gorman PH, Qadri SF, Rao-Patel A. Prophylactic 
inferior vena cava (IVC) fi lter placement may 
increase the relative risk of deep venous thrombosis 
after acute spinal cord injury. J Trauma. 2009;66(3):
707–12.  

      89.    Cabral KP, Ansell JE. The role of factor Xa inhibitors 
in venous thromboembolism treatment. Vasc Health 
Risk Manag. 2015;11:117–23.      

V.C. Prabhu



343© Springer International Publishing Switzerland 2016 
C.M. Loftus (ed.), Anticoagulation and Hemostasis in Neurosurgery, 
DOI 10.1007/978-3-319-27327-3_26

      Can Patients with Known 
Intracranial and Intraspinal 
Vascular Lesions 
Be Anticoagulated?                     

     Christopher     P.     Robinson     ,     Michael     Star      , 
and     José     Biller    

  26

         Introduction 

 Known intracranial and intraspinal vascular 
lesions are a particularly diffi cult problem to 
manage due to their wide range in behavior, from 
the completely benign to the emergently malig-
nant. That, along with the relative rarity of most 
of the lesions, makes it challenging to develop 
any evidence-based guidelines for their direct 
management, not to mention the management of 
secondary issues that arise, or unrelated medical 
issues whose treatment could have a major reper-
cussion on the stability of a given lesion. 

 It is with this understanding that we humbly 
attempt to address the balance of risk and benefi t 
in the rapidly growing body of patients requiring 
anticoagulant therapy for, among many other 
conditions, non-valvular atrial fi brillation 
(NVAF), mechanical heart valve prosthesis 
(MHVP), and pulmonary embolism (PE) and 
who have a known intracranial or intraspinal vas-
cular lesion. This has become an increasingly 
vital issue to address as, in today’s world of 
“defensive medicine,” many clinicians unfamiliar 

with the very complex literature on both of these 
topics might incorrectly assume that the risk of 
initiating anticoagulant therapy in a patient with 
any intracranial or intraspinal lesion poses too 
great of risk of hemorrhage. 

 We set out to provide a very rough roadmap 
for these diffi cult to manage patients with full 
knowledge that there are few or no clinical stud-
ies to rely on. Instead, we provide a review of the 
studied natural history of each of the major types 
of intracranial and intraspinal lesions, focusing 
on the risk of  hemorrhage   associated with each 
lesion and clinical factors that need to be taken 
into account that signifi cantly alter the risk of 
hemorrhage. It cannot be stressed enough that 
each patient is different and requires unique con-
sideration of all possible variables, of which we 
only cover the most notable. We also review the 
benefi ts and risks associated with major indica-
tions for anticoagulant therapy, focusing on the 
absolute risk reduction (ARR) associated with 
anticoagulant therapy in each indication. Finally, 
taking into account the signifi cant increase in 
mortality associated with patients suffering from 
intracranial bleeding while being treated with 
anticoagulant therapy, we propose a very crude 
system of comparing the known yearly risk of 
hemorrhage of a given lesion with the known 
yearly reduction in either mortality or severe 
morbidity associated with anticoagulant therapy 
in a given indication. As we will be relying on 
so-called “expert opinion” in piecing together 
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these recommendations, the level of evidence 
according to the Center for Evidence-Based 
Guidelines is Level E, at best, and the class/
strength of the recommendations is Class IIb [ 1 ].  

    Brain Arteriovenous Malformations 

 Brain arteriovenous malformations (AVMs) are 
lesions with a direct connection between one or 
more arteries to one or more draining veins with 
no intervening capillary bed. They are made up 
of three  parts:   arterial feeders, nidus, and venous 
outfl ow. They are congenital lesions thought to 
be due an incomplete resorption of vascular anas-
tomoses in early embryogenesis, though some 
believe they continue to form after birth [ 2 ]. 
Brain AVMs are the most common intracranial 
vascular malformation [ 3 ,  4 ]. Symptomatic brain 
AVMs usually present before 40 years of age and 
have roughly similar gender prevalence. 
Symptomatic and incidentally discovered lesions 
are usually found alone, unless associated with 
an underlying genetic disorder such as  hereditary 
hemorrhagic telangiectasia (HHT)   and the 
 Wyburn–Mason syndrome   [ 5 ]. Up to 22 % of 
AVMs are associated  with   intracranial aneu-
rysms, which affect either the arterial feeders or 
are within the nidus (intranidal aneurysms). Vein 
of Galen aneurysmal malformations are AVMs of 
the choroidal system that drain into the vein of 
Galen forerunner, not to be confused with an 
AVM with venous drainage into an already 
formed and dilated vein of Galen, termed a false 
vein of Galen malformation [ 6 ]. As a rule, vein of 
Galen aneurysmal malformations are symptom-
atic and treated with embolization at a young age, 
with 74 % of patients continuing on with a nor-
mal neurological outcome [ 6 ]. 

 There is low sensitivity for detection of AVMs 
on non-contrast head CT and contrast enhance-
ment can sometimes outline the lesion. MRI is 
much more sensitive, demonstrating fl ow voids 
and hemosiderin deposition on T1 and T2 
sequences. The prevalence of gradient echo 
(GRE) sequences has provided even  higher   sensi-
tivity for the hemosiderin deposition that is often 
found surrounding an AVM.  MR angiography 

(MRA)      can demonstrate further information 
regarding feeding and draining vessels, but the 
gold standard remains catheter angiography. The 
 Spetzler–Martin grading system   (Table  26.1 ) was 
developed to determine the safety of surgical 
excision of the lesion and is based on size (either 
<3 cm, 3–6 cm, >6 cm), venous drainage (super-
fi cial or deep), and eloquence of the AVM loca-
tion. While there is much literature on both 
surgical and endovascular treatment of these 
lesions, the recent “A Randomised trial of 
Unruptured Brain Arteriovenous  malformations  ” 
( ARUBA) tria  l has called into question their 
safety over standard medical management of the 
unruptured brain AVM [ 7 ].

    Table 26.1    Classifi cation scales  for   AVMs and DAVFs   

 Classifi cation of intracranial vascular lesions 

 AVMs 

 Spetzler–Martin 
Grading Scale 
[ 111 ]    

 Maximum diameter 
 – <3 cm, 1 point 
 – 3–6 cm, 2 points 
 – >6 cm, 3 points 
 Location 
 – Noneloquent cortex tissue, 

0 points 
 – In or adjacent to eloquent 

cortex tissue, 1 point 
 Venous drainage 
 – Superfi cial only, 0 points 
 – Deep, 1 point 

 DAVFs 

 Borden 
classifi cation [ 33 ]     

 1: Venous drainage directly into 
dural venous sinus or meningeal 
vein 
 2: Venous drainage into dural 
venous sinus with CVR 
 3: Venous drainage directly into 
subarachnoid veins (CVR only) 

 Cognard 
classifi cation [ 34 ] 

 I: Venous drainage into dural 
venous sinus with antegrade fl ow 
 IIa: Venous drainage into dural 
venous sinus with retrograde fl ow 
 IIb: Venous drainage into dural 
venous sinus with antegrade fl ow 
and CVR 
 IIa + b: Venous drainage into 
dural venous sinus with 
retrograde fl ow and CVR 
 III: Venous drainage directly into 
subarachnoid veins (CVR only) 
 IV: Type III with venous ectasias 
of the draining subarachnoid  veins   
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   Intracranial AVMs are more commonly dis-
covered due to symptoms compared to all other 
vascular lesions, and account for 1–2 % of all 
strokes [ 8 ,  9 ]. In the  Scottish Intracranial Vascular 
Malformation Study (SIVMS),   79 % of the 
AVMs reported were from symptomatic lesions 
[ 4 ]. Many natural history studies have demon-
strated that, among all AVMs, there is a 2–3 % 
annual risk of hemorrhage. However, these num-
bers can be misleading, as there are factors that 
are associated with signifi cantly higher and lower 
risks of hemorrhage. For example, a meta-analy-
sis of AVM natural history studies demonstrated 
that the annual hemorrhage rate for an unruptured 
AVM is 2.2 % versus the annual hemorrhage rate 
for a previously ruptured AVM of 4.5 % [ 10 ]. 
The other risk factors associated with subsequent 
hemorrhage were initial hemorrhagic presenta-
tion, deep AVM location, exclusive deep venous 
drainage, and associated intracranial aneurysm 

[ 10 – 13 ]. One natural history study proposed a 
risk model based on the presence or absence of 
the three risk factors found signifi cant in their 
study (Fig.  26.1 ).    There are many concerns, how-
ever, that all studies of AVM natural history have 
an inherent selection bias, as the most aggressive 
lesions are rarely included in these studies, either 
because the presenting episode is fatal or the 
lesion is necessarily operated upon. Also of note 
is the relatively low level of morbidity associated 
with AVM bleeding compared to other causes of 
intracranial hemorrhage, with studies reporting a 
rate as high as 61 % of AVM hemorrhages pre-
sented with an  National Institute of Health Stroke 
Scale (NIHSS)   of either 0 or 1 and up to 68 % 
with a follow-up modifi ed Rankin Score (mRS) 
of 0–2 [ 14 ]. AVM-related parenchymatous 
 hemorrhages were prognostically worse than 
AVM-related non-parenchymatous hemorrhages, 
though they still have improved outcomes 

Hemorrhagic AVM Presentation

Exclusive deep
venous
drainage

Deep brain
location

Non-Hemorrhagic AVM Presentation

4.5%
(95% CI 1.5-7.0)

11.4%
(95% CI 1.9-16.9)

14.8%
(95% CI 0.7-21.2)

8.0%
(95% CI 1.2-12.6)

0.9%
(95% CI 0.2-1.6)

34.3%
(95% CI 12.4-38.1)

2.4%
(95% CI 0.1-4.3)

3.1%
(95% CI 0.0-5.8)

  Fig. 26.1       Hemorrhagic risk based on three factors of an untreated AVM: previous hemorrhage, deep venous drainage, 
and deep brain location [ 13 ]       
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 compared to non- AVM- related parenchymatous 
hemorrhages [ 14 ]. This is consistent across most 
studies, with a meta-analysis demonstrating that 
around 80 % of patients with AVM-related hem-
orrhages have good long-term functional out-
come compared to only about 40 % of patients 
with non-AVM- related hemorrhages [ 15 ].

   Despite their relatively high incidence, there 
have been no studies directly studying the effect 
of antithrombotic therapy on the subsequent 
hemorrhage rate of AVMs. There have been two 
surveys of patients with HHT receiving either 
antiplatelets or anticoagulants, with no reports of 
intracranial hemorrhage in either report [ 16 ,  17 ]. 
As has been noted with cavernous malformations 
(CMs) and intracranial aneurysms (see below), 
there is no reason to believe that anticoagulant 
therapy increases the rate of hemorrhage of an 
unruptured AVM, though it is safe to assume that 
patient outcomes will be worse if an AVM rup-
tures while on anticoagulation.  

    Cavernous Malformations 

  CMs are   well-circumscribed lesions with tightly 
packed, sinusoidal low-fl ow vascular channels 
without intervening parenchyma. Grossly, they 
appear multilobulated and purple, as a small mul-
berry. They have a crude detection rate of 0.56 
per 100,000 adults per year [ 4 ], occur equally in 
men and women, and the mean age at presenta-
tion is 30 [ 18 ]. Though they were long thought to 
be congenital, they may also be secondary to 
radiation therapy, trauma, and viral infections 
[ 19 ]. CMs are usually solitary, though when there 
are multiple lesions, it is usually due to an under-
lying genetic disorder, which can be seen in 
approximately 19 % of patients [ 18 ], though is 
seen at higher rates in patients of Latin-American 
origin [ 19 ]. Mutations in three genes, CCM1 
(KRIT1), CCM2 (MGC4607), and CCM3 
(PDCD10), have been implicated in the majority 
of hereditary forms of CM, though the exact 
mechanism of action of these genes is unknown 
[ 20 ]. MRI is very sensitive at detecting CMs, 
 demonstrating the classic “popcorn-like”  lesion 
  on GRE and susceptibility-weighted imaging. 

Due to their low-fl ow nature, the lesions are 
 angiographically occult. CMs are associated with 
developmental venous  anomalies   (DVAs)       in 9 % 
of cases as well, and some theorize that these 
CMs are formed as a result of venous outfl ow 
restriction through the DVAs [ 18 ]. The clinical 
presentation of CMs can vary. Approximately 
10 % of lesions are discovered incidentally [ 18 ], 
but some screening studies have suggested the 
number may be as high as 40 % [ 20 ]. In a meta- 
analysis of natural history studies of CMs, the 
most common clinical presentation was noted to 
be a seizure (37 %), followed closely by hemor-
rhage (36 %) and headache (23 %) [ 18 ]. Prognosis 
after a clinical event in CMs is good: approxi-
mately 1/3 of patients have resolution of symp-
toms, 1/3 improve, and 1/3 suffer permanent 
sequelae, with no signifi cant difference between 
hemorrhagic and nonhemorrhagic lesions, deep 
and superfi cial lesions, and supratentorial and 
infratentorial lesions [ 21 ]. 

 The reported hemorrhage rate of CMs has var-
ied from study to study, ranging from 1.6 % per 
lesion-year to 3.1 % per patient-year, with an 
average of 2.4 % per patient-year [ 21 – 24 ]. This 
wide range is likely due to issues ranging from 
the broad range of defi nitions of the word “hem-
orrhage” to whether the hemorrhage rate was 
reported in patient-years or lesion-years. The 
average annual  hemorrhage rate   for all lesions 
across multiple studies was determined to be 
0.7 % per lesion-year. In patients with multiple 
lesions, the average hemorrhage rate is 5.1 % per 
patient-year, though only 0.8 % when calculated 
by lesion-year [ 18 ]. It is true across most of the 
literature that neither CM size nor the presence of 
multiple lesions increased the risk of hemor-
rhage. A few larger studies reported an increased 
risk of hemorrhage associated with female gen-
der [ 22 ,  23 ,  25 ] and prior hemorrhage [ 21 ,  24 , 
 25 ]. The rate of rebleeding has been reported as 
low as 3.1 % per lesion-year [ 21 ] and as high as 
22.9 % per lesion-year [ 25 ]. 

 Though previous reviews and case studies 
have recommended against anticoagulation in 
patients with CMs [ 26 – 28 ], there is only one 
study that reports a systematic study of patients 
with CM  receiving   anticoagulation. In that study, 
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fi ve patients receiving anticoagulant therapy 
were studied for a total of 56.4 patient-years, dur-
ing which none had any hemorrhage [ 29 ].  These 
results suggest that patients with CMs on antico-
agulants are at least at no higher risk of hemor-
rhage compared to those not on anticoagulation. 
Another study of patients receiving low molecu-
lar weight heparin postoperatively noted that 
nine patients had a CM, none of whom suffered 
any hemorrhagic complication  [ 30 ].  

    Dural Arteriovenous 
Fistulas ( DAVFs)   

 DAVFs, also known as dural AVMs,    are vascular 
lesions involving the intracranial venous sinuses. 
Grossly, they are made up of feeding arteries that 
can be both cerebral and extracranial and a nidus 
connecting to a cerebral venous sinus. They are 
rare lesions, with a crude detection rate of 0.16 
per 100,000 adults per year in the SIVMS study 
[ 4 ]. They are often acquired, formed secondary 
to a venous drainage obstruction, including cere-
bral venous thrombosis, as well as secondary to 
trauma, surgery, and congenital factors [ 31 ]. 
MRI scans can detect  the   surrounding dilated 
veins and feeding arteries, but are not as sensitive 
as MR angiography, which can incorrectly char-
acterize the lesions as a venous thrombosis [ 36 ]. 
Catheter angiography is the gold- standard for 
diagnosis of possible lesions [ 32 ]. DAVFs are 
graded by the Borden [ 33 ] and Cognard [ 34 ] 
grading scales based primarily on the venous 
drainage (Table  26.1 ), with higher ratings corre-
lating with more clinically aggressive lesions. 
The patients’ presenting symptoms and signs are 
usually directly related to the anatomical loca-
tion and nature of the lesion. For example, lesions 
that involve the superior sagittal sinus (SSS) are 
more likely to cause an increase in global venous 
pressure, which leads to raised intracranial 
 pressure (ICP), papilledema, and headaches. 
Alternatively, lesions affecting the transverse 
sinus can cause an increase in local venous pres-
sure, with more localized neurological defi cits, 
including pulsatile tinnitus. Lesion embolization 
is currently recommended as the treatment for 

more aggressive lesions, specifi cally Borden 2 or 
3 lesions [ 35 ]. 

 As higher grade lesions are very likely to 
bleed and there is strong evidence for endovascu-
lar or surgical treatment [ 31 ,  35 ,  36 ], there is little 
published on the natural history of these lesions. 
Brown et al. [ 32 ] studied the course of 52 patients 
treated conservatively, and noted a 1.8 % risk of 
hemorrhage per patient-year. Patients with 
lesions of the petrosal and straight sinuses, along 
with those with a venous varix on a draining vein, 
had an increased risk of hemorrhage. Other stud-
ies noted that drainage via leptomeningeal veins, 
drainage via the vein of Galen, tentorial, middle 
cranial fossa, and orbital lesions were noted to be 
associated with an aggressive clinical course, 
whereas drainage via the transverse sinuses, sig-
moid sinuses,  and   cavernous sinus were less 
aggressive [ 9 ,  31 ].  

     Developmental Venous Anomalies 
(DVAs)   

 DVAs, also known as  venous   malformations and 
previously as venous angiomas, are abnormally 
enlarged venous channels with normal interven-
ing neural parenchyma. Importantly, the lesions 
act as functional, draining veins, as opposed to 
other intracranial vascular lesions. The lesions 
are thought to be quite common, noted in one 
study to be present in 2.6 % of all autopsies [ 112 ]. 
DVAs are commonly discovered incidentally on 
either a contrast- enhanced CT head or MRI of the 
brain, which demonstrate a large draining vein 
and fl ow void, respectively, sometimes with the 
classic “caput medusae” pattern due to smaller 
veins converging in centrifugal fashion toward 
the DVA [ 9 ,  37 ]. 

 The lesions are rarely symptomatic, though 
they are occasionally associated with seizures, 
motor and sensory changes, and trigeminal 
 neuralgia [ 37 ]. While DVAs were thought to 
rarely present with intracranial hemorrhage and 
seizures, it is now believed that those were more 
likely due to associated CMs, as the observed 
hemorrhage rate is estimated well below 1 % [ 38 ]. 
There are cases reported of thrombosed DVAs that 

26 Can Patients with Known Intracranial and Intraspinal Vascular Lesions Be Anticoagulated?



348

caused both hemorrhagic and ischemic infarction; 
the recommended treatment in these cases, 
assuming a similar pathophysiology to  cerebral 
  venous thrombosis, is anticoagulation [ 37 ].  

    Unruptured Intracranial Aneurysm 

  Intracranial aneurysms  , including traumatic, 
saccular, fusiform, atherosclerotic, and oncotic 
aneurysms, are outpouchings of the arterial blood 
supply that are known to be susceptible to rupture 
causing subarachnoid hemorrhage (SAH) or 
other types of intracranial bleeding. Based on a 
systematic review of many prospective and retro-
spective studies, including ones based on autopsy 
studies and imaging studies, there is approxi-
mately a 2 % prevalence rate of all intracranial 
aneurysms [ 39 ]. The lesions are detected by both 
MRA and intracranial CT angiography (CTA). 
Approximately 85 % of aneurysms are found in 
the anterior circulation, with common sites 
 including   the internal carotid artery (ICA) poste-
rior communicating artery junction (PComm 
aneurysm), the anterior communicating artery to 
anterior cerebral artery junction, and the middle 
cerebral artery (MCA) branch points [ 40 ]. The 
occurrence of intracranial saccular aneurysms is 
increased in disorders such as autosomal domi-
nant polycystic kidney disease (ADPKD), multi-
ple endocrine neoplasia type I, HHT, Ehlers–Danlos 
syndrome type IV, Marfan’s syndrome, COL4A1, 
COL4A2, and neurofi bromatosis type I, and has 
higher rates of detection in those with a family 
member with a known aneurysm and with 
increasing age [ 40 ,  41 ]. 

 The rate of rupture of detected intracranial 
aneurysms varies according to size, location, and 
risk factors. A large meta-analysis of natural his-
tories of unruptured aneurysms found that the risk 
factors of: age older than 60, female gender, and 
Japanese or Finnish descent were all statistically 
signifi cant risk factors, with relative risks of 2.0, 
1.6, and 3.4, respectively [ 42 ]. Due to the varying 
nature of reporting statistics in many studies, an 
annual rate of hemorrhage per patient year is dif-
fi cult to compute for a meta-analysis. The overall 
risk of rupture of untreated aneurysms is 1.2 % 

per patient year [ 42 ]. The relative risk of various 
risk factors is noted  in   Table  26.2 . Another per-
spective is noted in a table from Wiebers et al. 
[ 43 ] who calculated the cumulative 5 year risk of 
rupture for lesions of various sizes and location 
(Table  26.3 ). It is important to note that smaller 
aneurysms (<5 mm) in the anterior circulation are 
not even calculated in this table, as their annual 
rate of rupture may be well below 1 %.

    The safety of using anticoagulants in  patients   
harboring intracranial aneurysms has not been 
studied extensively. One retrospective study fol-
lowed 42 patients with intracranial aneurysms 
taking anticoagulation for a total of 57 patient- 
years [ 44 ].  The study resulted in no aneurysmal 
SAH, which suggests that the rate of rupture for 
patients with an intracranial aneurysm receiving 
anticoagulant therapy is no higher than in 
patients with an intracranial aneurysm not receiv-
ing anticoagulation  [ 44 ]. Another retrospective 
study noted that the mortality in patients with 
aneurysmal SAH on oral anticoagulation was 

   Table 26.2     Risk factors for   rupture of intracranial 
unruptured aneurysms   

 Relative risk (95 % CI) 

 Age >60 years old  2.0 (1.1–3.7) 

 Female gender  1.6 (1.1–2.4) 

 Japanese or Finnish Population  3.4 (2.6–4.4) 

 Posterior circulation  2.5 (1.6–4.1) 

 Size 

 5–10 mm  2.3 (1.0–5.2) 

 >10 mm  2.9 (1.5–5.7) 

 >15 mm  11.9 (5.5–25.8) 

  Based on results from Wermer et al. [ 42 ]  

   Table 26.3    Cumulative 5-year rupture rate   

 Unruptured aneurysm risk 

 Carotid 
(%) 

 Anterior 
circulation (%) 

 Posterior 
circulation (%) 

 7–12 mm  0  2.6  14.5 

 13–24 mm  3.0  14.5  18.4 

 >24 mm  6.4  40  50 

  Anterior circulation includes the anterior communicating 
or anterior cerebral arteries, internal carotid artery, and 
middle cerebral artery. Posterior circulation includes 
aneurysms involving the vertebrobasilar artery, posterior 
cerebral arterial system, or the posterior communicating 
artery. Based on table from Wiebers et al. [ 43 ]  
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9/15 patients (60 %) compared to 38/126 patients 
(30 %) with aneurysmal SAH not on anticoagula-
tion [ 45 ].   While     the study does not have statistical 
power, it suggests that there may be a twofold 
increase in mortality for patients with known 
intracranial aneurysm on an anticoagulant  [ 45 ].  

     Capillary Telangiectasias   

 Noted to be mildly enlarged  ectatic   capillaries on 
pathological examination, capillary telangiecta-
sias are usually associated with other vascular 
malformations. These lesions are MRI, CT, and 
angiographically occult, noted to often be found 
in the posterior fossa or spinal cord, are unlikely 
to cause any symptoms, and are a common inci-
dental discovery at necropsy [ 9 ,  46 ]. When asso-
ciated with CMs, they should be treated the same 
as CMs in isolation [ 47 ].  

    Intracranial Arteriopathies 

 Intracranial arteriopathies include lesions such as 
intracranial dissections and moyamoya disease. 

  Intracranial artery dissections (IADs)   can 
present either as SAH or as brain ischemia. 
A  SAH   occurs when the dissection is caused due 
to a tear between the media and the adventitia or 
due to a transmural dissection, and it is occlusive 
when the tear is between the elastica interna and 
the media [ 48 ]. While relatively rare in Caucasian 
populations, they are more common than extra-
cranial cervicocephalic artery dissections in East 
Asian populations [ 49 ]. There has been increas-
ing ability to diagnose IADs with noninvasive 
imaging such as MRI/MRA and CT/CTA, though 
the gold standard remains digital subtraction 
angiography [ 50 ]. There is, however, diffi culty in 
diagnosing IADs due to their protean nature, with 
imaging features that can include the double 
lumen sign, the pearl-and-string sign, contrast 
media stasis, irregular stenosis (string sign), 
tapered occlusion, and focal fusiform dilatation 
[ 50 ]. Treatment of unruptured IADs is controver-
sial, with some studies recommending anticoagu-
lation for stroke prevention [ 49 ,  50 ], some 

reporting the relative safety of anticoagulation in 
these lesions [ 48 ], and some who continue to 
question whether it is safe [ 51 ]. 

  Moyamoya disease   is defi ned as stenosis or 
occlusion of the distal ICA or proximal MCA/
ACA causing the formation of a network of very 
fi ne vasculature near the circle of Willis without 
any predisposing factors, such as Down syn-
drome, radiation exposure, and neurofi bromatosis 
type 1 [ 52 ]. Those with a predisposing factor are 
called  moyamoya syndrome   [ 53 ]. The disease is 
relatively common in Japan, with a prevalence of 
3.16 per 100,000 people there, and only 10 % of 
that in Europe [ 52 ]. Moyamoya disease has a 
bimodal distribution of the age of presentation, 
with younger patients presenting usually with 
ischemic strokes and older patients presenting 
with hemorrhagic strokes. Recently, moyamoya 
syndrome has been described in cohorts with 
X-linked genetic mutations causing loss of 
expression of BRCC3 and MTCP1 genes [ 54 ,  55 ]. 
Intracerebral hemorrhage in patients with moy-
amoya occurs either due to rupture of the moy-
amoya vessels or rupture of an associated saccular 
aneurysm and occurs in about 20 % of all patients 
presenting in Japan [ 56 ]. In a Japanese cohort of 
hemorrhagic type moyamoya, the rebleeding rate 
is 7.09 % per patient year [ 56 ]. However, a US 
cohort with more ethnic diversity not only focus-
ing on rebleeding noted a hemorrhage rate of 
1.7 % per year [ 57 ].  Due to the increased risk of 
emboli forming at areas of arterial stenosis, 
patients are routinely treated with antiplate-
let medications, though rarely anticoagulant 
 therapy due to concern for hemorrhage  [ 53 ]. 
Revascularization surgery, both direct and indi-
rect,  is   increasingly viewed  as   primary treatment 
for moyamoya disease pediatric patients [ 58 ].  

    Spinal Cord Vascular Malformations 

  Vascular malformations   of the spinal cord are 
rare comprising 5–9 % of all central nervous sys-
tem (CNS) malformations. The fi rst documented 
classifi cation system of such lesions is traced to 
Virchow in 1865, who described them as vascular 
neoplasms [ 59 ]. With the advances in pathologic 
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and radiologic techniques, other cohorts have 
created their own  unique   classifi cation systems 
[ 60 – 62 ] (Table  26.4 ). Though several schemata 
for identifying such lesions exist today, no uni-
form system has yet been widely adopted. For 
the purpose  of   this text, spinal cord vascular mal-
formations are divided into fi ve pathologic 
categories:

•     Arteriovenous malformations (AVMs)  
•   Dural arteriovenous fi stulas (dAVFs)  
•   Pial arteriovenous fi stulas (pAVFs)  
•   Epidural arteriovenous fi stulas (eAVFs)  
•   Cavernous malformations (CMs)    

 Spinal cord  AVM’s   are rare and constitute 
2–4 % of all spinal vascular malformations [ 63 ]. 
These lesions can be extradural, intradural- 
extramedullary, or intramedullary. The dAVF’s 
are by far the most common vascular malforma-
tions of the spinal cord making up 70–80% of spi-
nal vascular malformations [ 64 ]. Most lesions 
arise in the thoracolumbar region, with cervical 
malformations being far less common. pAVF’s 
which differ from dAVF’s due to paraspinal 
venous drainage are also rare and constitute 3–5 % 

of all vascular malformations [ 65 ]. The eAVF’s 
usually arise as a sequelae of a metameric syn-
drome such as Klippel–Trenaunay Syndrome or 
Parkes–Weber Syndrome, which are also associ-
ated with lymphatic, bone, and skin malforma-
tions. They typically comprise 1–3 % of all spinal 
malformations. CMs of the spinal cord are 5–7 % 
of spinal cord vascular malformations, can be 
multifocal, and affect all parts of the neuraxis [ 66 ]. 

 Despite being pathologically distinct entities, 
each of the vascular malformations of the spinal 
cord may have similar clinical presentations and 
pathophysiology. Symptomatic patients may 
present with localized back pain, myelopathy, 
   radiculomyelopathy, sensory disturbances, motor 
disturbances, and bowel or bladder dysfunction 
[ 67 ]. Such symptoms result from distortion of 
normal functional anatomy leading  to   associated 
mass effect, venous hypertension, arterial steal, 
and hemorrhage. 

 Of importance, spinal cord hemorrhage due to 
vascular malformation is a greatly underrecog-
nized etiology. Such pathology, when combined 
with other comorbidities, carries an increased 
risk of bleeding and long term neurologic 
disability.  

   Table 26.4     Spinal vascular malformation classifi cations     

 Spinal cord vascular malformations: classifi cation  schemes   

 Kendall and Logue (1977) [ 61 ]     
 Spetzler classifi cation 
(2002) [ 62 ] 

 Jahan and Viñuela 
classifi cation (2002) [ 60 ] 

  Type I—Direct    AVF    
 Ia—single radiculomedullary feeder 
 Ib—≥2 radiculomedullary feeders 

  Type II—Glomus AVM  
 Intramedullary AVM 

  Type III—Juvenile AVM  
 Intramedullary and extramedullary AVM 

  Type IV—Pial AVF  
 IVa 

 Small, single AV shunts fed by a single artery 
 IVb 

 Several feeding arteries that drain directly 
into dilated veins 

 IVc 
 Giant shunts fed by dilated arteries draining 
into a giant perimedullary  vein   

  Neoplastic vascular lesions  
 Hemangioblastoma 
 Cavernous malformation 

  Spinal aneurysms  
  Arteriovenous malformations  

 Extradural-Intradural 
 Intradural 

  Intramedullary 
 Compact 
 Diffuse 
 Conus Medullaris 

  Arteriovenous fi stulas  
 Extradural 
 Intradural ventral 

 Small shunt 
 Medium shunt 
 Large shunt 

 Intradural dorsal 
 Single feeder 
 Multiple feeders 

  Arteriovenous malformations  
  Dural AVF  
  Epidural AVF  
  Cavernous malformation  
  Complex vascular 
malformations  
  Pial AVF  

 Type I 
 Small fi stula 

 Type II 
 Large fi stula 

 Type III 
 Giant fi stula 

   AVF  arteriovenous fi stula,  AVM  arteriovenous malformation  
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    Spinal Cord Hemorrhage 
from Vascular Malformations 

  Spinal canal hemorrhage   is a serious com-
plication of spinal vascular malformations and 
produces a variety of neurologic symptoms 
(Table  26.5 ). A variety of hemorrhage subtypes 
may occur including epidural hemorrhage 
(EDH), subdural hemorrhage (SDH), subarach-
noid hemorrhage (SAH), and hematomyelia. 
Spinal AVM’s have the highest spontaneous 
hemorrhage rates with a prevalence of 50 %, with 
greater risk occurring in intramedullary lesions 
compared to extradural lesions [ 68 ]. Another key 
factor in determining spontaneous hemorrhage 
rates in spinal AVMs is the venous drainage pat-
tern. The presence of one draining vein, severely 
impaired venous drainage, or deep venous drain-
age greatly increases the risk of hemorrhage [ 69 ].

   In comparison, AVFs have a decreased likeli-
hood of spontaneous hemorrhage. The risk of 
hemorrhage in dAVF’s is largely dependent on 
anatomic location. With dAVF’s confi ned to the 
thoracic and lumbar regions, the hemorrhage rate 
is 0–1 % [ 68 ]. In contrast, when dAVF’s are located 
in the cervical region, the spontaneous hemorrhage 
rate is far greater at 45 % [ 68 ,  70 ,  71 ]. With respect 
to pAVF’s, where a perimedullary drainage pat-
tern has been confi rmed via angiography, the 
 hemorrhage rate ranges from 30 to 32 % [ 68 ]. 
The eAVF’s carry a 15–17 % overall risk of hemor-
rhage and depend largely on etiology and other 
comorbidities including anticoagulation [ 72 ]. 

The vast difference in hemorrhage rates between 
categorical AVFs relates to anatomic variance and 
 localization  . Associated risk factors include peri-
medullary venous drainage, intracranial venous 
drainage, and venous drainage into a varix. 

 CMs of the spinal cord  are   a distinct entity 
with characteristics separate from intracranial 
lesions. The annual risk of symptomatic hemor-
rhage from a CM of the spinal cord is 4.5 % per 
person/year [ 73 ]. Following initial hemorrhage, 
intramedullary lesions have a disproportionately 
high re-hemorrhage risk of 66 % per patient year 
[ 73 ]. This risk highlights the need for surgical 
intervention following initial presentation to 
deter further decompensation. Symptomatic 
hemorrhage from spinal CMs present uniquely 
when compared to other vascular malformations 
of the spinal cord. Four distinct subtypes of hem-
orrhage exist, each with its own unique 
 characteristics [ 73 ] (Table  26.6 ). An associated 
risk factor for increased hemorrhage rates appears 
to be the presence of a high cervical lesion [ 73 ].

        Bleeding Complications   
in the Neuraxis with Target Specifi c 
Anticoagulation 

 Millions of patients worldwide suffer from con-
ditions requiring long term anticoagulation 
including atrial fi brillation, venous thromboem-
bolism, and mechanical valve prosthesis. To date, 
no studies have shown that anticoagulation 

   Table 26.5    Presence (+) or absence (−)  of   symptoms in major spinal cord hemorrhage disorders   

 Symptomatology of spinal canal hemorrhages 

 Back or neck pain 
with or without 
radicular pain  Headache  Meningismus 

 Motor 
defi cit 

 Sensory 
defi cit 

 Sphincter 
dysfunction 

  Epidural    +  −  −  +  +  + 

 Subdural  +  −  −  +  +  + 

 SAH  +  +  +  +/−  +/−  +/− 

 Hematomyelia  +  −  −  +  +  + 

    Table 26.6     Hemorrhage   subtypes in spinal CMs   

 Type I  Type II  Type III  Type IV 

 Isolated, relapsing episodes 
of neurologic  decline   

 Slow, progressive 
neurologic decline 

 Acutely symptomatic 
with rapid decline 

 Acutely symptomatic 
with gradual decline 

  Adapted from Sandalcioglu et al.  
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increases the risk of spontaneous spinal hemor-
rhage from known, previously unruptured central 
nervous system (CNS) vascular malformations. 
However, it is vital that clinicians have a fi rm 
knowledge of the risks associated with anticoag-
ulation, and those that may be potentiated in the 
presence of an underlying intracranial or spinal 
cord vascular malformation. 

 The use of anticoagulation in modern medi-
cine has advanced disease targeted therapy by 
improving outcomes and decreasing mortality. Its 
use is seen in a wide array of clinical scenarios 
including myocardial infarction, atrial fi brilla-
tion, PE, venous thrombosis, intracardiac throm-
bus, cardiac valve replacement, and arterial 
dissection. Along with the benefi ts sustained 
from such intervention, the associated side effects 
have serious implications that may alter function-
ality. Amongst the greatest concern for neuro-
logic specialists is CNS hemorrhage. 

 Unfractionated heparin and low-molecular 
weight heparins have long been used as initial or 
bridging therapy to oral anticoagulation in spe-
cifi c conditions. The overall risk of major bleed-
ing is comparable between unfractionated 
heparin  and   low-molecular weight heparins at 
0–2 %, and dependent on disease pathology, dose 
of medication, and length of treatment [ 74 ].  The 
only study quantifying intracerebral hemorrhage 
(ICH) risk with heparin use was in the 
International Stroke Trial which showed that 
heparin doses >5000 units twice daily carried a 
3.1 % risk of ICH compared to 0.6 % risk with 
placebo  [ 75 ]. 

 The oral anticoagulants include vitamin K 
antagonists (VKAs) and the newer target specifi c 
novel anticoagulants (NOACs). VKAs have been 
the standard of care when treating thromboembolic 
states. In association with the benefi t that has been 
shown with their use, the complication of major 
bleeding has a major effect on patient selection and 
overall outcome. Major bleeding rates associated 
with the use of VKAs range from 1.5 to 5.2 % 
per year [ 76 ]. Of those bleeding episodes, intracra-
nial hemorrhage is the most devastating, with an 
8.7 % frequency and a mortality of 46–55 % [ 77 ]. 
The frequency of VKA related spinal canal hemor-
rhage is not addressed in the literature. 

 However, over the past decade, the introduc-
tion of factor Xa and direct thrombin inhibitors 
( NOACs)   has changed the landscape of oral anti-
coagulation in the treatment of NVAF and venous 
thromboembolism (VTE).  When compared to 
VKA’s in NVAF, the NOACs are both noninferior 
and have less major bleeding.  In a meta-analysis 
comparing major bleeding rates between VKAs 
and NOACs, the overall rate was 4.64 % and 4 % 
respectively, with an intracranial bleeding risk of 
1.08 % with VKAs and 0.51 % with NOACs 
[ 76 ]. The frequency  of   NOAC related spinal 
hemorrhage is not addressed in the literature. 
Given the positive results and increased safety 
profi les, more patients today are being prescribed 
NOAC’s than in the past.  

    Anticoagulation in Specifi c 
Prothrombotic States 

    Prevention of VTE 

 VTE is  an   important and modifi able risk factor 
that leads to increased morbidity and mortality in 
a large subset of patients. Without appropriate 
intervention, the incidence of deep vein thrombo-
sis (DVT)    in the acute care setting ranges from 10 
to 40 % [ 78 ]. These adverse events can lead to 
fatal complications including PE and increase the 
excess cost burden on health care. With the 
advent of thromboprophylaxis and subsequent 
clinical trials, there is no question that treatment 
with unfractionated heparin (UFH) or low- 
molecular weight heparin (LMWH) signifi cantly 
reduces the risk of DVT and PE [ 78 ]. Additionally, 
studies have shown that DVT prophylaxis reduces 
the risk of adverse events and lowers overall costs 
[ 79 ]. In a review of associated complications, 
meta-analyses showed little to no overall increase 
in clinically relevant bleeding, providing an 
appropriate benefi t-to-risk ratio with treatment 
[ 78 ,  80 ]. With respect to neurosurgical patients, 
current evidence based guidelines recommend 
the routine use of thromboprophylaxis in combi-
nation with pneumatic compression devices, pro-
viding an overall relative risk reduction of 68 % 
 of    thromboembolic   events [ 81 ,  82 ].  
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    Proximal Lower Extremity DVT 

  Proximal lower extremity DVT   is a life- 
threatening condition that requires prompt diag-
nosis and treatment. Over 90 % of all PE result 
from proximal DVT, signifi cantly increasing 
patient mortality. The mainstay of therapy for 
acute upper and lower extremity DVT is thera-
peutic anticoagulation. In one of the only ran-
domized trials comparing anticoagulation to 
placebo for treatment of VTE, there was a signifi -
cant reduction in mortality in the anticoagulated 
population from 5/19 (26 %) to zero [ 83 ]. Further 
uncontrolled studies have also corroborated this 
evidence [ 84 ]. The current evidence based guide-
lines for treatment of proximal DVT recommend 
the initial use of intravenous UFH, LMWH, or 
fondaparinux with concurrent warfarin adminis-
tration to a target INR goal of 2–3 [ 85 ]. In patients 
with a history of fi rst unprovoked DVT, long 
term oral anticoagulation with warfarin should be 
continued for a time period of 3 months. In 
patients with a history of recurrent unprovoked 
DVT, long term anticoagulation with warfarin 
should be continued for 3–6 months [ 85 ]. In 
patients with recurrent DVT and history of a 
hypercoagulable state, anticoagulation with war-
farin should be continued indefi nitely [ 85 ]. 
Though it is not currently recommended in the 
guidelines, the use of NOACs in the treatment of 
VTE is supported by a meta-analysis demonstrat-
ing equal effi cacy and lower bleeding rates com-
pared to warfarin [ 86 ]. The overall risk of 
clinically signifi cant bleeding events with such 
associated therapies ranges from 1 to 5 %.  

    Distal Lower Extremity DVT 

 Distal lower extremity (LE) DVT carries a lower 
risk when compared to proximal sources for 
extension and subsequent thromboembolism. 
Natural history studies suggest that when 
untreated, only 15 % of distal DVTs will extend 
into the proximal veins, and if no extension has 
occurred by 2 weeks, progression is unlikely 
[ 87 ]. The  current   recommendations in the treat-
ment of acute distal LE DVT are based on the 

risk factors for extension. These factors include 
multiple vein involvement, >5 cm in length, 
>7 mm in diameter, active malignancy, history of 
VTE, inpatient status, positive D-dimer, and no 
reversible provoking factors [ 87 ]. In patients 
with high risk for extension, controlled trials 
demonstrated that initial treatment with UFH fol-
lowed by 3 months of warfarin prevented DVT 
extension and recurrent VTE [ 88 ]. Current evi-
dence suggests that all patients with acute lower 
extremity DVT displaying high risk characteris-
tics should receive anticoagulation for a 3 month 
time period.  

    Upper Extremity DVT 

 DVT of the upper extremity (UE)  is   categorically 
divided into two distinct groups; primary (unpro-
voked) and secondary (provoked). The second-
ary group accounts for 75 % of all UE DVT’s, 
and common etiologies include central venous 
catheterization, malignancy, and pacemakers. 
UE DVT can lead to serious complications 
including PE (5 %), recurrent DVT (8 %), and 
post-thrombotic syndrome (20 %) [ 89 ]. The gen-
eral consensus on treatment of UE DVT follows 
the recommendations for distal LE DVT. In cases 
of provoked pathology, such stimulus should be 
removed and the patient placed on 3 months of 
oral anticoagulation [ 85 ]. In cases of unprovoked 
pathology, those patients who demonstrate high 
risk characteristics should receive 3 months of 
oral anticoagulation [ 85 ].  

    Pulmonary  Embolism      

  PE has   long been recognized as a signifi cant 
complication in the acute care setting. It is esti-
mated that 90 % of all PEs can be attributed to 
VTE, and if left untreated, carries a mortality risk 
of 30 % [ 90 ]. In those populations who receive 
therapeutic anticoagulation as treatment, the 3 
month mortality risk can be as high as 17 % [ 91 ]. 
Although several therapeutic advances, including 
thromboprophylaxis have been made, mortality 
and antemortem diagnosis of PE have remained 
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relatively constant for the past 40 years [ 92 ]. The 
mortality associated with PE is not only attrib-
uted to hemodynamic compromise, but with 
other comorbidities including cardiopulmonary 
disease, cancer, and VTE recurrence. The current 
evidence based recommendations for the treat-
ment of PE are based largely in part on the data 
from DVT trials. It is recommended that both 
parenteral anticoagulation with IV UFH and war-
farin be initiated with a long term oral anticoagu-
lation goal of 3–12 months [ 85 ]. There is 
currently only weak evidence to suggest that 
therapy with warfarin is superior to the NOACs. 
In the case of vena caval fi lters, it should be 
noted, that there is no evidence base for primary 
prevention of PE. The  only   studies in which  fi l-
ters   provided effective reduction of PE were 
those in which fi lters were combined with antico-
agulation [ 85 ]. The clinically signifi cant bleeding 
risks in the treatment of PE are similar to those 
associated with the treatment of DVT.  

    Atrial Fibrillation 

  Atrial fi brillation      is the most common cardiac 
arrhythmia in the general population affecting 
one in four individuals over the age of 40 [ 93 ]. Its 
classifi cation is described based upon the pres-
ence or absence of valvular disease and indepen-
dently upon episode duration [ 94 ] (Table  26.7 ). 
Valvular and NVAF are well-defi ned independent 

risk factors for stroke, with a 20-fold and 5-fold 
increase respectively [ 95 ]. Such risks necessitate 
the use of long term anticoagulation to prevent 
thromboembolism. For the purpose of this sec-
tion, we will only further discuss NVAF, as those 
with valvular disease fall under the scope of 
MHVP (mechanical heart valve prosthesis). 
Several randomized controlled trials comparing 
warfarin to placebo in NVAF demonstrated that 
treatment with anticoagulation decreases the risk 
of nonfatal stroke by 67 % and overall stroke 
mortality by 25 % [ 96 ]. There was also a decrease 
in mortality from 53/1000 deaths to 38/1000 
deaths per year, which is an ARR in mortality of 
2.5 % [ 96 ]. The ARR of all ischemic strokes was 
6.3 % for patients with Congestive heart failure, 
Hypertension, Age more than 75 years old, 
Diabetes, and Stroke or TIA (CHADS 2 ) score >2 
[ 96 ]. Newer studies comparing warfarin to 
NOACs in the treatment of NVAF have shown 
NOACs to be noninferior and with less serious 
bleeding complications [ 94 ]. Ultimately, the 
decision to start therapy with long term antico-
agulation depends on careful assessment of mul-
tiple factors including comorbidities, patient 
population, and yearly stroke risk. The most vali-
dated and widely used risk stratifi cation tools for 
such assessments are the CHADS 2  and Congestive 
heart failure, Hypertension, Age more than 75 
years old, Diabetes, Stroke or TIA, Vascular dis-
ease, and Sex categories (CHA 2 DS 2 -VASc) 
scores (Table  26.8 ). The current evidence based 

   Table 26.7     Classifi cation of   atrial fi brillation based on types and duration   

 Classifi cation of  atrial fi brillation   

 Types  Episode duration 

  Valvular AF    Paroxysmal  

 • Rheumatic heart disease  • AF that terminates spontaneously within 7 days 

 • Mechanical heart valve 

 • Bioprosthetic heart valve 

 • Mitral valve repair   Persistent  

 • Aortic valve  repair    • AF that is sustained >7 days 

  Non-valvular    AF      Longstanding  

 • Absence of all valvular etiologies  • AF that is sustained >12 months 

  Permanent  

 • AF with multiple failed attempts to restore sinus rhythm 

   AF  arterial fi brillation 
 Adapted from January et al.  
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guidelines for  NVAF   recommends that patients 
with a CHA 2 DS 2 -VASc score of >2 be started on 
long term oral anticoagulation with either VKAs 
or NOACs [ 94 ]. The risk for serious bleeding 
complications associated with various oral anti-
coagulation ranges from 1 to 5 %, with VKAs 
having a slightly higher risk than  the   NOACs.

        Mechanical Heart Valvular  Prosthesis   

 Patients with MHVP are commonly encountered 
in clinical practice. With advances in cardiotho-
racic surgery, more and more patients are under-
going valvular interventions. The use of 
mechanical aortic and mitral valve prosthesis 
requires the initiation of long term anticoagula-
tion due to their thrombogenic nature. The most 
widely accepted study by Baudet et al. showed a 
yearly thromboembolism risk of 22 % with mitral 
valves and 12 % with aortic valves without anti-
thrombotic prophylaxis [ 97 ]. Additionally, the 
study showed that with anticoagulation, the esti-
mated yearly risk of thromboembolism was 
2.2 % with mitral valve and 1.1 % with aortic 
valve replacements [ 97 ]. Further studies exam-
ined the need for targeted INR therapy in the 
2.5–3.5 range. They found no signifi cant differ-
ence in thromboembolic rates with aortic valves 

when compared to the standard INR goal of 2.0–
3.0. Alternatively, patients with mitral valves 
fared better with a higher INR goal, showing a 
decrease in yearly stroke risk from 3.9 to 2.8 % 
[ 98 ].  The current evidence based guidelines for 
long term anticoagulation in mechanical valve 
replacement is treatment with warfarin to an INR 
goal of 2.0–3.0 with aortic valves, and an INR 
goal of 2.5–3.5 with mitral valves  [ 99 ]. The use 
of target specifi c anticoagulation with dabigatran 
was also studied in these groups, but the study 
was terminated early due to adverse bleeding 
events [ 100 ]. The annual risk of hemorrhage in 
the aortic valvular group is 2.8 % compared to 
3.8 % in the mitral valvular group [ 99 ].  

     Non ST-Segment Myocardial 
Infarction (NSTEMI)   

 NSTEMI is a common condition that requires 
prompt diagnosis and adequate medical therapy. 
The overall incidence of NSTEMI in the Western 
world has remained relatively constant over the 
past 15 years at 150/100,000 person-years [ 101 ]. 
Without effi cient recognition of such condition, 
patients are at high risk for poor outcomes includ-
ing 2–4 % risk of death and 10–12 % risk of myo-
cardial infarction in the fi rst 30 days [ 102 ]. 

   Table 26.8    Stroke incidence in  patients   with atrial fi brillation based on the CHADS 2  and CHA 2 DS 2 -VASc scores   

 Risk stratifi cation of yearly stroke incidence 

 CHADS 2   CHA 2 DS 2 -VASc 

 Risk factors  Points 
 CHADS 2  
score 

 Stroke risk 
(%/year)  Risk factors  Points 

 CHA 2 DS 2 - 
VASc score 

 Stroke risk 
(%/year) 

 Congestive 
heart failure 

 1  0  1.9  Congestive 
heart failure 

 1  0  0 

 Hypertension  1  1  2.8  Hypertension  1  1  1.3 

 Age ≥75  1  2  4.0  Age ≥75  2  2  2.2 

 Diabetes  1  3  5.9  Diabetes  1  3  3.2 

 Stroke/TIA  2  4  8.5  Stroke/TIA  2  4  4.0 

 5  12.5  Vascular disease  1  5  6.7 

 6  18.2  Age 65–74  1  6  9.8 

 Female gender  1  7  9.6 

 8  6.7 

      9  15.2 

  Vascular disease refers to myocardial infarction, peripheral artery disease, or aortic plaque. Table adopted from You et al.  
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Theroux et al. conducted the only study compar-
ing aspirin, UFH, and combination therapy in the 
treatment of unstable angina and NSTEMI, fi nd-
ing that MI occurred in 3.3 %, 1.6 %, and 0.9 % 
of patients respectively [ 103 ]. Pooled analysis of 
all studies comparing combination therapy to 
aspirin showed a 53 % relative risk reduction of 
early death and myocardial infarction, from 6.2 
to 3.3 % early death and mortality [ 104 ]. Current 
evidence based guidelines in the treatment of 
NSTEMI recommend prompt initiation of both 
aspirin and intravenous UFH, followed by 
prompt percutaneous coronary intervention 
[ 105 ]. The risk of serious clinical bleeding events 
with combination aspirin and IV UFH is 3.3 % 
[ 103 ]. To date, there is no evidence to support the 
use or oral anticoagulants in the acute manage-
ment of such patient populations.  

     Acute Limb Ischemia   

 Acute limb ischemia is a condition resulting from 
acute arterial occlusion of an extremity. The most 
frequent causes of such are thrombosis and 
embolism. Eighty percent of all emboli are car-
dioembolic, with the remaining cases occurring 
due to hypercoagulability, large vessel thrombo-
embolism, and paradoxical venous embolism 
[ 106 ]. Irrespective of cause, patients typically 
receive anticoagulation as initial therapy, fol-
lowed by thrombolysis or surgical intervention. 
Although anticoagulation is an accepted form of 
intervention, there are no randomized controlled 
trials proving its effi cacy to date [ 106 ]. 
Additionally, a meta-analysis comparing out-
comes between thrombolysis and surgery showed 
no effect on amputation rates or death in the 
thrombolysis group, with an increased risk of 
stroke and major bleeding [ 107 ].  The current evi-
dence based guidelines in the management of 
acute limb ischemia recommend initiation of 
intravenous UFH, followed by surgical interven-
tion over thrombolysis if necessary  [ 106 ]. The 
complication rate of serious bleeding ranges 
between 0 and 2 %  and   increases following surgi-
cal intervention.  

    Thrombophilias 

  Thrombophilias  , which include antiphospholipid 
antibody syndrome (APAS), factor V Leiden 
mutation, protein S defi ciency, protein C defi -
ciency, prothrombin 20210A mutation, hyperho-
mocysteinemia, and antithrombin defi ciency, are 
genetic and acquired disorders that predispose 
patients to VTE . The decision to start indefi nite 
anticoagulant therapy is made in cases where 
there are two or more spontaneous events, one 
spontaneous life-threatening event, or one spon-
taneous event associated with the riskier APAS 
and antithrombin defi ciency  [ 108 ]. The relative 
risk of recurrent VTE ranges for the various dis-
orders from 1.4 in Factor V Leiden mutation and 
prothrombin 20210A gene mutation to as high as 
nine in APLA syndrome, which can translate to a 
risk of recurrence of up to 67 % per year [ 109 ]. 
One case–control study demonstrated a 15 % 
mortality rate at 4 years in patients with VTE 
diagnosed with APLA syndrome versus 6 % in 
patients with VTE without APAS [ 110 ].   

    Risk Stratifi cation of Vascular 
Lesions for Possible 
Anticoagulation 

 The decision  to   recommend anticoagulation in a 
given prothrombotic situation with a known 
intracranial or spinal vascular lesion can be a 
challenging decision, especially given past atti-
tudes that most intracranial vascular lesions were 
contraindications for anticoagulation. However, 
a careful analysis of the existing data demon-
strates that not all vascular lesions are created 
alike, and the benefi ts and risks of each patient’s 
situation should be carefully weighed before a 
decision is reached. For example, consider a 
patient with a brain AVM with a non- hemorrhagic 
presentation who is also noted to have non- 
valvular atrial fi brillation with a CHADS2 score 
of 3. Without considering any other factors, one 
could note that the risk of hemorrhage in this type 
of lesion is 0.9 % per year, and that any bleeding 
event while on anticoagulation will likely be 

C.P. Robinson et al.



357

 signifi cantly worse, if not fatal, compared to not 
being on anticoagulation. One must also consider 
that treating the patient’s atrial fi brillation with 
an anticoagulant will decrease his mortality from 
stroke from 5.3 to 2.8 %, an absolute reduction in 
mortality of 2.5 %. In this example, the absolute 
risk reduction of fatal stroke by 2.5 % strongly 
outweighs the 0.9 % risk of hemorrhage the AVM 
carries. However, one must also note the location 
of the AVM, and other risk factors. If, for exam-
ple, the AVM is located in the basal ganglia and 
drains to the deep venous system, it would then 
carry a risk of hemorrhage of 8.0 % per year, 
which would tip the balance of benefi t and  risk   to 
make anticoagulation unwise. 

  While it is not possible to compare every per-
mutation of every vascular lesion to every indi-
cation for anticoagulation, we have set up 
Tables   26.9   and   26.10   to help guide the clinician 
with starting the decision-making process about 
various lesions. The tables are arranged into 
high-risk, medium risk, and low risk lesions 
(Table   26.9  ) along with pathology with demon-
strated large benefi t of anticoagulation (>10 % 
absolute risk reduction of major event or mor-
tality), medium benefi t of anticoagulation 
(1–10 % absolute risk reduction of major event 

or mortality), and low benefi t of anticoagulation 
(<1 % absolute risk reduction) (Table   26.10  ). 

    Due to the wide spectrum of clinical presenta-
tion of most CNS vascular lesions, it is of utmost 
importance to reiterate the large magnitude of 
difference various clinical risk factors make in 
the risk of bleeding. The clinician must account 
for these clinical factors during their decision 
making process in these patients, as no two 
lesions are created equal.     

    Table 26.9    Lesions in each column can be considered reasonably safe to anticoagulate in situations in that correspond 
to a similar or higher benefi t from anticoagulant therapy   

 High-risk  lesions    Medium-risk lesions  Low-risk lesions 

 Intracranial:     
 • Unruptured intracranial aneurysms that are: 

 – Giant (>15 mm) 
 – Combination of other signifi cant risk 

factors 
 • AVM with hemorrhagic presentation 
 • Deep, deep-draining AVMs with non-

hemorrhagic presentation 
 • CMs with previous hemorrhage 
 • Multiple CMs 
 • Moyamoya disease, hemorrhagic type 
 Spinal: 
 • Cervical dAVF 
 • pAVF 
 • eAVF 
 • AVMs 

 Intracranial 
 • Unruptured intracranial 

aneurysm that are: 
 – Posterior circulation 
 – Japanese or Finnish patient 
 – Patient over 60 years old 
 – Female patient 

 • Solitary CMs 
 • Dural AV fi stulas 
 • AVMs with non- hemorrhagic 

presentation 
 • Moyamoya disease, 

non-hemorrhagic type 
 Spinal: 
 • Lumbar dAVF 
 • Thoracic  dAVF   

 • Unruptured intracranial 
aneurysms <5 mm 

 • Capillary telangiectasias 
 • Intracranial artery 

dissections 
 • DVAs 

  For example, a medium risk lesion should at least be considered for anticoagulant therapy in cases (in Table  26.6 ) where 
there is either a large benefi t or medium benefi t, and should probably not be considered in cases of low benefi t  

    Table 26.10    Relative  benefi t   conferred by anticoagulant 
therapy in various conditions   

 Large benefi t of 
anticoagulation 

 Medium benefi t 
of anticoagulation 

 Mild benefi t of 
anticoagulation 

 • PE 
 • NSTEMI 
 • Limb 

ischemia 
 • Mechanical 

valve 
replacement 

 • Nonvalvular 
atrial fi brillation 
(NVAF) 

 • DVT treatment 
(lower extremity 
and upper 
extremity) 

 • None 

  Patients suffering from disorders in the “large benefi t” 
column should be strongly considered for anticoagulant 
therapy unless they have a lesion with very high likeli-
hood of rupture. Patients with disorders in the “medium 
benefi t” category should be more carefully considered for 
anticoagulant therapy, as the benefi t conferred is more 
likely to be close to or less than the risk of hemorrhage  
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          Introduction 

 External ventricular drain ( EVD  ) placement for 
cerebrospinal fl uid ( CSF)      drainage is a well- 
established tool in the neurosurgeon’s armamen-
tarium. It was initially described in 1977 as a life 
saving measure. Over the years, it has undergone 
progressive refi nement, with the modern practice 
of placement at Kocher’s point implemented in 
1894 [ 1 ]. The role for EVD placement has 
expanded to include management of elevated 
intracranial pressure ( ICP  )      ,  subarachnoid hemor-
rhage     ,  traumatic brain injury     ,  hydrocephalus     , 
CSF fi stula, and  intraventricular hemorrhage 
(IVH)      in addition to analysis of the CSF profi le 
[ 2 – 5 ]. Other forms  of   CSF diversion, such as 
 lumbar puncture (LP)  ,  lumbar drain (LD)  , or  ven-
triculoperitoneal shunt (VPS)   are also commonly 
used and can also diagnose or treat a variety of 
conditions such as meningitis,  CSF   fi stula,  nor-
mal pressure hydrocephalus (NPH)  , and  pseudo-
tumor cerebri   [ 2 ,  6 ,  7 ]. EVD and LP/drainage 
have persisted in clinical practice based on their 
safety profi le and effi cacy. Special consideration 
must be given, however, when these procedures 

are enacted in patients on preprocedural anti-
platelet or anticoagulant medications. This is an 
ever-growing population, and the current chapter 
will attempt to review the existing data guiding 
management of these complex situations.  

    EVD 

    EVD placement is not without risks which include 
infection, hemorrhage, aneurysm formation, or 
seizures. Maniker et al. found that the overall 
incidence of intracranial hemorrhage ( ICH     ) after 
EVD placement was up to 33 %, however, only 
2.5 % of the patients suffered a neurologic com-
promise or required surgical intervention after 
placement of the EVD [ 8 ]. The only factor that 
was a signifi cant predictor of hemorrhage was a 
history of cerebrovascular disease. There was also 
a larger intraparenchymal hemorrhage ( IPH  )    in 
patients with hypertensive hemorrhages due to 
hypertension compared to patients with post 
aneurysmal  SAH   [ 8 ].  Hemorrhages   were also felt 
to be more likely in cases of multiple attempts or 
manipulating the catheter after it was inserted [ 9 ]. 
It is therefore reasonable to conclude that the ben-
efi t of EVD placement, when indicated, out-
weighs the risk of symptomatic hemorrhage. 

    The neurosurgical patient population is ever 
increasing in complexity, with a growing propor-
tion of patients requiring antiplatelet or antico-
agulant  therapy   for other medical conditions 
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[ 10 ]. Despite the increasing frequency with 
which the population is on antiplatelet or 
 anticoagulant therapy, there remain no prospec-
tive, high-level data to compare the safety of CSF 
diversion with or without the use of these medi-
cations. A small case series by Kung et al. dem-
onstrated that the incidence of radiographic 
hemorrhages on  dual antiplatelet therapy   is simi-
lar to those seen in patients without antiplatelet 
therapy; however, they had a higher rate of symp-
tomatic hemorrhages. Additionally, the responsi-
ble lesion in  aneurysmal    SAH   is increasingly 
being treated with endovascular intervention, fre-
quently requiring the use of single or dual anti-
platelet therapy based on coil and/or stent 
placement [ 11 ]. This scenario represents the most 
extensive area of study and source of data, com-
paring patients who undergo EVD placement 
either with or without antiplatelet or anticoagu-
lant therapy [ 12 ,  13 ]. 

    There are many confl icting reports regarding 
EVD associated hemorrhages after  endovascular 
intervention   in the literature, and the safety with 
which a catheter may be placed after antiplatelet 
therapy has been initiated. A higher rate of hem-
orrhage is possible when an EVD is placed after 
an endovascular intervention has taken place; 
however, there is no signifi cant difference in the 
rate of symptomatic hemorrhages even when an 
EVD is placed after an endovascular procedure 
has been completed that requires antiplatelet ther-
apy [ 14 ,  15 ]. Furthermore, many have reported 
that there is no increase in the incidence of hem-
orrhage requiring surgical intervention [ 12 ,  13 , 
 16 ]. Accounting for these facts, the safest practice 
is to place an EVD prior to any intervention when 
possible. Even though placing an EVD prior to an 
 endovascular intervention   is not exempt from 
risk—including delayed hemorrhage after the 
procedure—the rate of hemorrhage appears simi-
lar to that seen when EVDs are placed in patients 
not on antiplatelet or anticoagulant agents.  It is 
therefore recommended to place an EVD prior to 
any endovascular treatment, especially in cases 
where there is a high suspicion that antiplatelet 
agents will be required postoperatively.  

    As a signifi cant cohort  of    SAH   patients acutely 
requiring CSF drainage will develop long-term 

hydrocephalus, it is prudent to know the risks 
incurred with  VPS      placement in patients on anti-
platelet or anticoagulant medications as well. 
Shunt dependence is a possibility in patients with 
other pathology as well, extending the relevance 
of this discussion. There are a number of retro-
spective studies that have investigated the safety 
of  VPS   placement while on antiplatelet therapy. 
There does not appear to be a signifi cantly 
increased risk of  symptomatic  intracranial hemor-
rhage  for   VPS placed in patients on dual anti-
platelet therapy, even though the rate of 
hemorrhage formation is higher when compared 
to patients not receiving dual antiplatelet therapy 
[ 17 ]. Studies regarding anticoagulant medications 
are lacking, likely due to the fact that they are 
almost universally held prior to the operation. The 
duration of interruption of therapy is agent depen-
dent, with two half-lives being the almost univer-
sal recommendation in addition to normalization 
of measurable lab values when relevant [ 18 ]. 

     On the authors’ service, it is common to place 
an EVD if there is concern for developing    hydro-
cephalus     before an endovascular intervention is 
undertaken, which has a hemorrhage rate similar 
to those reported in the literature without endo-
vascular intervention or antiplatelet use. In situa-
tions where heparin has been given, but no 
long-acting anticoagulation has been started, an 
activated partial thromboplastin time (   aPTT)        is 
drawn and the EVD is inserted once the aPTT is 
normal, if time allows. If the aPTT is elevated, and 
the patient requires more urgent treatment, then 
the heparin is reversed with protamine sulfate 
before the procedure begins. If an EVD must be 
placed after an endovascular intervention is per-
formed while on antiplatelet agents, we typically 
do not reverse the antiplatelet effects of the medi-
cation, and only use a single agent when possible. 
If an EVD must be placed for any other etiology in 
patients on antiplatelet or anticoagulant agents, 
the clinical scenario dictates pretreatment. With 
the exception of impending neurological collapse, 
appropriate reversal therapy is instituted followed 
by prompt drain placement. Reversal strategies 
include platelet or fresh frozen plasma transfu-
sion, activated Factor VII, or prothrombin com-
plex concentrates.    Coagulation parameters     are 
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then closely monitored and repeat therapy admin-
istered as clinically dictated. Our current practice 
is to proceed    with     VPS placement after 1 week 
without antiplatelet therapy. If there is dual anti-
platelet therapy, and the patient is able to with-
hold their medication for 2 weeks, then clopidogrel 
is held for 10 days and aspirin is held for 1 week. 
Both agents are resumed on post op day number 
three, based on previously published results and 
experiences  [ 18 ] . Anticoagulant medications are 
held for 5 days preoperatively or acutely reversed 
if indicated. Resumption of therapy is tailored to 
the patient and preference of the surgeon.      

    LP or LD  Placement      

       Literature guidance for LD placement or LP in 
patients on antiplatelet or anticoagulant medica-
tions is even sparser than that addressing EVDs. 
Most of the existing literature comes from studies 
in regional anesthesia via LP and epidural cathe-
ters, with the consensus being that postproce-
dural spinal hematomas are exceedingly rare 
(1 in 10,000) [ 19 – 22 ]. Similar to ventricular 
drain placement, procedural risks such as multi-
ple attempts, traumatic placement, and aberrant 
anatomy are independent risk factors for hemor-
rhage that represent additive hazards in the face 
of antiplatelet or anticoagulant therapy [ 23 ]. 
There is no defi nitive increased risk from anti-
platelet therapy alone [ 18 ].  Anticoagulant ther-
apy, however, defi nitively increases the spinal 
hemorrhage risk and demands interruption of 
therapy both pre- (2+ half-lives) and postproce-
dure (4–12 h)  [ 18 ,  24 ,  25 ] .              While the overall 
complication rate is low, often times LP or LD 
placement is a less urgent intervention than an 
EVD, and therefore it is usually reasonable to 
wait a period of time before performing the pro-
cedure. In cases where time is of the essence, the 
risks of reversing an antiplatelet agent must be 
weighed against the benefi t of the procedure. 
However, extrapolating the data on EVD  and 
  VPS to LD and LP shunt, it can be reasoned that 
there is also no increased risk from LP shunt 
placement on an antiplatelet agent if it must be 
performed [ 12 ,  13 ,  26 ]. Limited documentation 

supports this, with an even rarer incidence of 
hemorrhagic complications requiring surgical 
intervention [ 19 ,  20 ]. 

              Again, at the authors’ institution, current 
practice is to proceed immediately with an LP or 
LD if the patient is only on a single antiplatelet 
agent. If there is dual antiplatelet therapy, and 
they are able to withhold their medication for 2 
weeks, then clopidogrel is held for 10 days and 
aspirin is held for 1 week. Both agents are 
resumed on post op day number three. Platelet 
transfusion is utilized when the procedure must 
be done emergently. Anticoagulant medications 
are routinely held for several days (3–5, agent 
dependent) before the procedure, with only rare 
circumstances requiring urgent reversal—usu-
ally those where LP is the only defi nitive mode of 
diagnosis and delay in therapy can be life threat-
ening (meningitis,      SAH). It is not our policy to 
proceed with LP or LD on anticoagulated 
patients without a preprocedure reversal strat-
egy. Resumption of therapy is variable as 
described for EVD management .              

     Restarting   Antiplatelet 
and Anticoagulant Medication 

 Resumption of antiplatelet and anticoagulant 
medications is a crucial component in the man-
agement of patients with multiple comorbidities. 
Regarding the placement and management of 
intrathecal catheters, there are two patient popu-
lations to consider: those on preexisting therapy 
for cardiac or cerebrovascular risks, and those 
who require it after percutaneous intervention to 
treat intracranial circulatory disorders. In both 
scenarios, clinicians must weigh the risk of 
thrombosis against that of hemorrhage in neuro-
logically susceptible patients. 

    In patients on preprocedural antiplatelet or 
anticoagulant medications, standard practices are 
quite variable—similar to the practices previously 
discussed for drain placement. Some authors have 
advocated for periprocedural continuation of anti-
platelet therapy and have cited a low incidence of 
untoward events [ 13 ,  15 ,  27 ]. The primary pathol-
ogy, including rehemorrhage risk and the  potential 
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need for operative intervention, must be consid-
ered as well. The decision of when to resume 
therapy frequently requires multidisciplinary col-
laboration with cardiology, stroke/vascular neu-
rology, or both. Ultimately, the treating 
neurosurgeon must decide when it is safe to 
resume therapy. Before or after drain removal, 
and how long to wait after drain removal are the 
two primary dilemmas. There is a glaring lack of 
evidence for either,  the only undisputed risk being 
that of hemorrhage after drain removal in patients 
on therapeutic anticoagulation with any agent  
[ 18 ] .  Given the potential consequences, the only 
prudent recommendation is to withhold antiplate-
let therapy at least 1 day and as long as 1 week 
after drain removal. Extenuating circumstances 
(e.g., cardiac stent < 3 months postplacement), 
however, often force the clinician’s hand by 
demanding immediate postprocedure or postop-
erative resumption of therapy [ 18 ]. Anticoagulant 
medications allow a different approach based on 
their onset of action. They can frequently be 
restarted within a few hours of a procedure when 
the clinical condition dictates (mechanical heart 
valve, acute DVT/PE, etc.) with close clinical sur-
veillance until a therapeutic level is achieved. The 
absolute length of time to delay therapy after 
intervention is agent dependent, with at least one 
half or one full half-life being the recommended 
time for most agents [ 18 ]. 

    With the continued evolution of endovascular 
therapy, many more patients now undergo stent- 
assisted procedures that require antiplatelet ther-
apy after intervention [ 11 ]. The most common 
indications for endovascular intervention (   SAH, 
   IPH,    IVH) are also common indications for ven-
tricular drain placement.  A decision point arises 
when these patients no longer require ventricular 
drainage. Others have reported their experiences 
both of devastating results as well as uncompli-
cated drain removal in patients on antiplatelet 
therapy, with the literature overall favoring the 
latter outcome  [ 12 ,  13 ,  15 ,  18 ,  28 ] . Some clini-
cians, including at our institution, have removed 
catheters after either interruption of therapy or 
platelet transfusion in high risk patients. 
Comparable to other conditions discussed else-
where in this text, no consensus exists regarding 

when it is safe to resume antiplatelet therapy 
after drain removal.  Multiple factors must be 
considered—including elective versus ruptured 
aneurysm repair, vasospasm and other vascular 
injuries, and patient comorbidities—when 
restarting postprocedural or post-drain removal 
antiplatelet therapy and deciding between aggres-
sive (hours) and conservative (days to weeks) 
resumption schedules. In this patient population, 
management of anticoagulant therapy should fol-
low the guidelines previously delineated for simi-
lar scenarios.     

    Conclusion 

 Patients requiring  CSF   sampling or drainage typ-
ically harbor serious pathology and require 
aggressive management. Posthemorrhagic or 
infectious hydrocephalus, meningitis, CSF leak, 
and NPH are just a few of the conditions requir-
ing CSF analysis or continuous drainage. As with 
most other medical and surgical conditions, these 
events are more likely to occur in the aged or ill, 
those with more comorbidities and therefore a 
higher likelihood of antiplatelet or anticoagulant 
medication use. When these patients present with 
intracranial or other processes prompting intra-
thecal access, there is an increased, though unde-
fi ned, risk of periprocedural hemorrhage. 
Documented rates are highly variable (5–30 %), 
as are their clinical consequences [ 11 ,  12 ,  15 , 
 19 ]. There is even less evidence and published 
opinion regarding the appropriate  management   
of antiplatelet and anticoagulant medications as 
well their pharmacologic effect—when to 
reverse, how to reverse and the duration of rever-
sal. Ensuring  patient safety   often becomes a mul-
tidisciplinary endeavor, and one highly reliant on 
expert opinion. 

 When access of the  intrathecal space   is 
required despite abnormal coagulation parame-
ters, the current evidence suggests an uncertain 
rate of clinically relevant complications. Many 
authors to date have referenced low power, 
 retrospective studies citing low rates of hemor-
rhagic events, but with inherent variability pre-
venting any consequential conclusions [ 13 ,  15 ]. 
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Many prior evaluations have found a propensity 
for small hemorrhages in these scenarios. In an 
otherwise healthy patient, a small hemorrhage 
may be well tolerated. A patient with an acute 
neurological injury represents an entirely differ-
ent challenge, with poor reserve to overcome a 
second insult. This principle underlies the impor-
tance of careful clinical planning and decision 
making in this patient population. As treatment 
of previously devastating injuries (   SAH,    IPH, 
acute hydrocephalus) continues to improve, clini-
cians need to be aware of the peripheral risk fac-
tors for continued progress. 

  We err on the side of caution, patient safety, 
and patient welfare, as described. Whenever pos-
sible, in the brain or lumbar spine, we insert, 
maintain, and remove CSF diversion devices in 
the absence of systemic antiplatelet or anticoag-
ulant drugs unless there is a compelling, essen-
tially life threatening, need to proceed with such 
therapy in place.      
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          Introduction 

  Normal pressure hydrocephalus (NPH)   is a com-
mon and treatable neurological disorder that 
often results in progressive gait impairment, uri-
nary incontinence, and dementia in the context of 
ventricular enlargement with normal  cerebrospi-
nal fl uid (CSF)   opening pressure on lumbar 
puncture and absence of papilledema [ 1 ,  2 ]. NPH 
may be idiopathic or secondary to traumatic brain 
injury, subarachnoid hemorrhage, tumor, infec-
tion, or surgical complication [ 3 ]. While second-
ary NPH can occur at any age,  idiopathic NPH 
(iNPH)   typically affects individuals in their 60s 
and 70s [ 4 ]. Epidemiological data regarding NPH 
remains limited; however, based on studies from 
Scandinavia and Japan, the estimated incidence 
of NPH ranges from 5.5 to 120/100,000 persons 
per year, in patients above 70 years of age [ 5 ,  6 ]. 

According to fi ve community-based studies, the 
overall prevalence of iNPH ranges from 0.12 % 
to 2.9 %, with a prevalence as high as 5.9 % in 
patients above 80 years of age [ 7 ]. 

 CSF diversion is warranted in the majority of 
patients with symptomatic NPH and results in 
clinical improvement in up to 80–90 % of indi-
viduals [ 2 ]. As such, CSF shunting is the most 
commonly employed treatment for the long-term 
management of NPH. However, like all surgical 
interventions, CSF shunting carries a risk of both 
intraoperative and postoperative complications. 
Immediate complications include parenchymal 
injury and/or intracranial hemorrhage during 
catheter placement, and delayed complications 
include shunt obstruction, infection, subdural 
hygroma or hematoma, and shunt migration [ 8 , 
 9 ]. Complications from hematologic causes can 
be particularly devastating in this group, given 
the aforementioned potential surgical complica-
tions and intrinsic or extrinsic patient-specifi c 
factors that can increase risk. iNPH typically 
occurs in the elderly and common cardiovascular 
comorbidities associated with thrombosis in this 
age group are prevalent, including: atrial fi brilla-
tion, valvular disease, ischemic heart disease, and 
 deep venous thrombosis (DVT)  . Likewise, 
Krauss et al. reported a signifi cant association 
between NPH and diabetes mellitus ( P  < 0.015), 
as well as cardiac ( P  < 0.001), cerebral arterio-
sclerotic ( P  = 0.007), and other arteriosclerotic 
diseases ( P  = 0.001) [ 10 ]. Similarly, Eide and 

        E.  W.   Sankey ,  B.S.    •    C.  R.   Goodwin ,  M.D., Ph.D.    
   I.   Jusue-Torres ,  M.D.    
   D.   Rigamonti ,  M.D., F.A.C.S., F.A.H.A.      (*) 
  Department of Neurosurgery ,  The Johns Hopkins 
Hospital ,   600 North Wolfe Street, Phipps 126 , 
 Baltimore ,  MD ,  USA   
 e-mail: DR@jhmi.edu  

mailto:DR@jhmi.edu


370

Pripp found a signifi cantly increased prevalence 
of diabetes mellitus and cardiovascular diseases, 
such as arterial hypertension (males), angina pec-
toris (females and males), and cardiac infarction 
(males) in iNPH patients compared to healthy 
controls [ 11 ]. Patients with these cardiovascular 
diseases are commonly prescribed antithrom-
botic therapy (i.e., anticoagulant and/or antiplate-
let) to reduce the risk of stroke. Moreover, 
long-term daily use of aspirin or anticoagulants is 
recommended for diabetic patients unless other-
wise contraindicated, due to an increased risk of 
developing arterial disease (e.g., coronary artery, 
cerebrovascular and peripheral arterial disease) 
[ 12 ]. As such, many NPH patients presenting for 
shunt placement may have a history of long-term 
antithrombotic therapy. 

 Long-term anticoagulation is often considered 
to be a relative contraindication to shunt surgery 
for patients with NPH given serious concerns 
regarding the increased risk of anticoagulant- 
associated bleeding in the elderly, particularly 
with regard to immediate  intracranial hemor-
rhage (ICH)   or delayed  subdural hematoma 
(SDH)   during or after CSF shunting [ 13 ]. 
Furthermore, elderly patients often have addi-
tional concomitant physical and medical issues 
necessitating the use of multiple medications, 
such as antiplatelet drugs, that increase the inter-
actions and risks associated with anticoagulant 
therapy. According to the National Center for 
Health Statistics’  Health, United States, 2013  
report, 47.5 % of adults aged 65 and over were 
taking at least fi ve or more drugs simultaneously 
between 2007 and 2010. Therefore, a careful 
assessment of the overall risk-benefi t ratio asso-
ciated with CSF shunting in anticoagulated NPH 
patients must be employed. While few studies 
have objectively explored the outcomes after 
shunt placement in anticoagulated NPH patients, 
the results of our previous study demonstrated 
that patients on long-term anticoagulant therapy 
using warfarin can be safely and effectively eval-
uated and treated for NPH [ 3 ]. 

 In this chapter, we discuss the risks associated 
with CSF shunting in anticoagulated NPH 
patients, and review the evidence on management 
strategies to reduce the risk of hematologic mor-
bidity related to CSF diversion in these patients.  

     Common   Anticoagulants 
Encountered in the NPH Population 

 Diseases associated with thrombosis are more 
common in the elderly population, including those 
with NPH. Appropriate antithrombotic therapy 
effectively reduces morbidity and mortality due to 
stroke and thromboembolism, and is therefore 
warranted for many elderly patients. According to 
the National Center for Health Statistics’  Health, 
United States, 2013  report, 18.1 % of adults 65 
years and older were using one or more anticoagu-
lant and/or antiplatelet medication between 2007 
and 2010, increased from 9.1 % between 1999 and 
2002. Commonly used antithrombotic agents in 
this age group include: warfarin, heparin, direct 
factor Xa inhibitors (e.g., Rivaroxaban), direct 
thrombin inhibitors (e.g., Dabigatran), aspirin, 
and clopidogrel. Each agent has unique applica-
tions and risks that must be individually consid-
ered when encountering an anticoagulated NPH 
patient who presents for CSF shunting. However, 
an individual discussion surrounding the unique 
aspects of particular antithrombotic therapies is 
beyond the scope of this chapter, and consultation 
with a hematologist and/or cardiologist is encour-
aged prior to shunt placement.  

    Diagnostic Protocol for Patients 
on Anticoagulants 

 The effi cacy of CSF shunting in patients with 
suspected NPH varies widely in the literature, 
with rates of clinical improvement ranging from 
24 % to greater than 96 %; however, in appropri-
ately selected patients, shunt insertion can result 
in signifi cant improvement in the majority of 
patients with NPH, with low iatrogenic morbidity 
and mortality [ 14 ]. As such, several imaging 
techniques and invasive procedures, ranging from 
CSF drainage, to continuous intracranial pressure 
monitoring, to hydrodynamic study methods, can 
be utilized to improve diagnostic evaluation and 
predict response to CSF shunting [ 15 ]. Despite 
their utility, invasive diagnostic procedures carry 
a low, but important, risk of hemorrhagic compli-
cations, particularly in patients receiving anti-
thrombotic therapy [ 16 – 18 ]. 
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  Gait impairment   is the most common and often 
is the presenting symptom in patients with NPH 
[ 19 ]. The  Timed Up and Go (TUG)   and  Tinetti 
Performance Oriented Mobility Assessment   are 
often utilized to reliably and accurately measure 
functional outcomes related to gait [ 20 ]. In addi-
tion to monitoring gait outcomes after shunting, 
these assessments are valuable tools that can be 
used to assess falling risk in anticoagulated NPH 
patients, potentially predicting the risk of trau-
matic intracranial hemorrhage. More robust stud-
ies evaluating the ability of these noninvasive tests 
to predict the risk of a fall-related intracranial 
hemorrhage could be useful in stratifying patients 
that would benefi t from increased prophylactic 
measures, irrespective of their NPH status. 

  Lumbar drainage  , whether through a large 
volume tap or continuous drainage, can be used 
to determine whether a patient is likely to respond 
to CSF shunting. This modality is one of the pre-
ferred diagnostic interventions of choice used to 
assist surgeons in the evaluation of the risk- 
benefi t ratio associated with shunt placement in 
NPH patients. However, it is important to note 
that in patients on concomitant anticoagulation 
therapy, anticoagulant-associated bleeding can 
occur due to lumbar puncture itself. While rare, 
hemorrhagic complications including epidural, 
subdural, and subarachnoid hemorrhage are seri-
ous potential side effects of lumbar puncture [ 21 , 
 22 ]. For example, in 2004, Samdani et al. reported 
a case of a 34-year-old man, with a history of 
daily aspirin use for back pain, who experienced 
a subdural hematoma after diagnostic lumbar 
puncture [ 23 ]. Likewise, Paal et al. reported a 
case of spinal subarachnoid hemorrhage caused 
by diagnostic lumbar puncture in a 51-year-old 
patient on a daily combined regimen of aspirin 
and clopidogrel [ 24 ]. In 2005, Burger et al. per-
formed a meta-analysis of randomized controlled 
trials regarding the discontinuation of aspirin 
prior to diagnostic or therapeutic interventions 
and, based on the evidence, concluded that aspi-
rin should only be discontinued in cases where its 
continued use would be associated with a higher 
risk of mortality than the increased risk of vascu-
lar accident without it [ 25 ]. Likewise, the risk for 
hemorrhage after lumbar puncture is increased in 
patients using anticoagulants such warfarin, low 

molecular weight heparins, and direct factor Xa 
and thrombin inhibitors [ 18 ]. 

  Intracranial pressure (ICP) monitoring   may 
also be employed during the evaluation and treat-
ment of NPH. In 2010, Eide et al. reported that 
improvement after surgery can be anticipated in 
90 % of iNPH patients with abnormal ICP pulsa-
tility, compared to 10 % of patients with normal 
ICP pulsatility, highlighting the utility of this 
invasive procedure in the diagnosis of NPH [ 26 ]. 
While the authors reported a low complication 
rate related to ICP monitoring, with no reports of 
hemorrhagic complication [ 26 ], other studies 
have reported low, but signifi cant rates of intra-
cranial hemorrhage associated with ICP monitor-
ing via the gold standard procedure of  external 
ventricular drain (EVD) placement  . The rate of 
hemorrhagic complication associated with EVDs 
ranges from 0 % to 15 %, with two (0.6 %) deaths 
occurring in Karkala et al.’s study of the safety 
and accuracy of bedside EVD placement [ 17 ]. Of 
note, the rate of hemorrhage associated with 
EVD placement estimated in these studies is 
likely higher than in the general NPH population 
given the fact that the majority of patients had an 
EVD placed for emergent circumstances, such as 
subarachnoid hemorrhage, intracranial hemor-
rhage, and intraventricular hemorrhage in 
Karkala et al.’s study, while diagnostic EVD 
placement for NPH is generally an elective pro-
cedure. Therefore, complete reversal of antico-
agulation in patients on antithrombotic therapy in 
these studies may not have been possible. 
Although the factors of this study do not match 
the NPH population, given the increased risk of 
bleeding in anticoagulated NPH patients, careful 
evaluation for evidence of potential hemorrhagic 
complication should be performed in patients 
who undergo diagnostic ICP monitoring.  

    Preoperative Anticoagulation 
Management Strategy: 
Complication Avoidance 
and Preoperative Considerations 

 Studies regarding perioperative management 
of anticoagulation in neurosurgical patients 
remain limited [ 27 ], particularly regarding shunt 

28 Is It Safe to Shunt Anticoagulated NPH Patients?



372

placement for NPH. Currently, there is no con-
sensus on the most appropriate perioperative 
anticoagulation regimen in elective and emergent 
intracranial shunt surgery. As a result, surgeons 
often base their perioperative anticoagulation 
management strategy upon anecdotal observa-
tions and personal professional experiences [ 28 ]. 
To complicate matters further, the majority of 
neurosurgical procedures are considered to be 
high risk for perioperative bleeding and thrombo-
sis [ 29 – 31 ]. For example, Hamilton et al. reported 
postoperative DVTs in >25 % of non-anticoagu-
lated patients who underwent craniotomies [ 32 ]. 
Furthermore, temporary cessation of long-term 
anticoagulation exposes patients to an increased 
risk of thrombotic complications [ 30 ,  33 ,  34 ]. 
Conversely, continuation or early postopera-
tive resumption of therapeutic anticoagulation 
increases the risk of postoperative hemorrhagic 
complications [ 28 ,  30 ,  34 – 37 ]. Several factors 
associated with a patients’ risk of thrombotic and 
bleeding complications include: the primary indi-
cation for long-term anticoagulation, type and 
duration of anticoagulant therapy, the patients’ 
baseline bleeding and thrombotic risks, urgency 
of surgery, duration of perioperative anticoagu-
lant cessation, and whether partial or complete 
reversal of anticoagulation is achieved [ 31 ,  38 –
 40 ]. Therefore, a meticulous balance between the 
opposing thrombotic and bleeding risks is crucial 
for safe and effective management of patients 
who undergo shunt placement for the manage-
ment of NPH. 

 Given the unique considerations above, we 
recommend perioperative consultation with a 
hematologist and/or cardiologist in anticoagu-
lated NPH patients undergoing shunt surgery. Due 
to the high risk of bleeding associated with intra-
cranial procedures [ 29 ,  30 ,  41 ,  42 ], the majority of 
 anticoagulated NPH patients   require temporary 
interruption of therapy prior to shunt surgery. 
While long-term cessation of antithrombotic ther-
apy is associated with a substantially increased 
risk of thrombotic complication in patients who 
require antithrombotic therapy, temporary cessa-
tion of therapy can be generally considered safe. 

 For patients on warfarin, Goodwin et al. pro-
posed a perioperative anticoagulation manage-
ment strategy, in which anticoagulation should be 

stopped at least 5–7 days before invasive diag-
nostic procedures or surgery to allow adequate 
time for their INR to normalize (Fig.  28.1 ) [ 3 ]. In 
patients whose INR remains above 1.5,  oral phy-
tonadione (vitamin K)   may be used the day prior 
to surgery to reach normal levels. In patients con-
sidered too high risk for thromboembolism with 
complete cessation of anticoagulant therapy, 
bridging to intravenous (IV) unfractionated hepa-
rin (UFH), or therapeutic doses of subcutaneous 
(SQ)  low molecular weight heparin (LMWH)   
can be utilized. Patients who may not be amena-
ble to cessation of anticoagulation include those 
with a mechanical heart valve, history of atrial 
fi brillation, or recent venothromboembolism 
(<6 months). Bridging should be performed 
36–48 h after the last dose of warfarin. The 
appropriate dose of anticoagulant used for bridg-
ing is dependent on the patient’s individual risk 
of thrombosis and bleeding, weight, and renal 
function. In an effort to reduce the risk of periop-
erative bleeding, bridging therapy should be 
stopped at least 24 h prior to surgery in patients 
receiving SQ LMWH, or 4–6 h prior to surgery if 
the patient is receiving IV UFH. The decision to 
bridge anticoagulation in patients who are deter-
mined to be at a moderate- to low-risk level for 
thromboembolism can be left to the discretion of 
the surgical and/or hematology/cardiology team. 
Furthermore, patients considered to be at a very 
low risk for  thromboembolism  , such as patients 
with bileafl et aortic valve prosthesis without atrial 
fi brillation or other risk factors for stroke, CHADS2 
score of 0–2 without a history of prior stroke or 
transient ischemic attack or >12 months since their 
last and no other thromboembolic risk factors [ 42 ], 
should not be bridged prior to surgery [ 31 ]. Patient-
specifi c factors such as medication adherence, 
comprehension, and ability to comply with the 
management plan should also be considered when 
deciding to bridge AC prior to surgery, particularly 
in NPH patients with signifi cant dementia.

   In our practice, we suspend the use of aspirin 
and other antiplatelet agents at least 7–14 days 
prior to surgery in order to reduce the risk of 
hemorrhagic complications. This time frame is 
recommended based on the fact that many anti-
platelet agents, such as aspirin, are irreversible 
inhibitors and platelet formation takes at least 
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  Fig. 28.1    A proposed  algorithm   for perioperative man-
agement of NPH patients on warfarin therapy. 
Abbreviations:  NPH  normal pressure hydrocephalus, 
 UFH  unfractionated heparin,  LMWH  low molecular 

weight heparin. *Bridging therapy refers to stopping war-
farin and transitioning to intravenous UFH or subcutane-
ous LMWH. **AC is stopped at least 24 h prior to surgery 
in patients receiving LMWH, or 4–6 h if UFH is used       
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5–7 days to replenish the available pool for clot-
ting. Birkeland et al. also recommended the same 
timeline for cessation of antiplatelet therapy in 
their analysis of 35 patients receiving aspirin 
therapy in their study regarding the risk of subdu-
ral hematoma associated with shunt placement in 
patients with NPH (Fig.  28.2 ) [ 43 ].

   The above approach should only be consid-
ered as a guideline for anticoagulated NPH 
patients, and is not a substitute for clinician judg-
ment regarding perioperative anticoagulation in 
this challenging patient population. Likewise, 
newer antithrombotic therapies may require dif-
ferent perioperative management; therefore, con-
sultation with a hematologist and/or cardiologist 
is encouraged. In all NPH patients receiving anti-
thrombotic therapy, the INR, aPTT, and/or bleed-
ing time should be measured in order to confi rm 
that they are within the normal range prior to sur-
gery. Placement of an IVC fi lter prior to shunt 
surgery can also be considered in patients at a 
particularly high risk for thromboembolism.  

    Surgical Considerations 
and Potential Intraoperative 
Complications 

 Aside from the general risks associated with per-
forming a craniotomy or burr hole in an antico-
agulated NPH patient, unique risks associated 
with shunt placement should also be considered. 
For example, incision of the pia mater prior to 
insertion of the shunt catheter is essential to avoid 
a subdural hematoma caused by unintentional 
stretching and tearing of the bridging veins from 
pushing the brain away from the overlying dura 
with catheter insertion. Image guidance may also 
improve the accuracy of ventricular shunt cathe-
ter placement, and avoid parenchymal injury and 
hemorrhagic complication due to multiple passes 
particularly in the hands of less experienced 

  Fig. 28.2    A proposed algorithm  for   perioperative manage-
ment of NPH patients on aspirin therapy. Adapted from 
Birkeland P, Lauritsen J, Poulsen FR. Aspirin is associated 
with an increased risk of subdural hematoma in normal 

Fig. 28.2 (continued) pressure hydrocephalus patients fol-
lowing shunt implantation. J Neurosurg. 2015;123:423–6. 
Abbreviations:  NPH  normal pressure hydrocephalus,  HCT  
head computed tomography,  r/o  rule out       
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 surgeons who do not commonly perform the 
 procedure [ 44 ,  45 ]. In addition, an adjustable 
shunt valve with an  anti-siphon device   should be 
utilized to allow gradual adjustment of the pres-
sure setting in order to lower the risk of subdural 
hygroma or hematoma postoperatively [ 46 ], par-
ticularly in anticoagulated NPH patients. In their 
randomized prospective study of 96 patients with 
NPH, Boon et al. found an increased risk of sub-
dural effusions in patients receiving a low pres-
sure shunt system (71 %) compared to a medium 
pressure system (34 %) [ 47 ]. However, a recent 
randomized controlled trial in iNPH patients 
found that gradual lowering of an adjustable 
shunt valve setting to a mean of 7 cm H 2 O 
resulted in a similar rate of shunt complications 
and overdrainage, when compared to a fi xed 
valve setting of 13 cm H 2 O [ 48 ]. Of note, the use 
of  perioperative antithrombotic therapy   was simi-
lar between groups; though, anticoagulant medi-
cation was discontinued at least 1 week prior to 
shunt surgery in all patients in their study.  

     Postoperative Anticoagulation 
Management Strategy  —
Complication Avoidance 
and Postoperative Consideration 

 A  head CT (HCT)   should be performed within 
24 h after shunt placement in anticoagulated 
NPH patients to assess for early, postoperative 

hemorrhagic complications (Figs.  28.3  and  28.4 ). 
If there is no radiographic or clinical evidence of 
hemorrhage, antithrombotic therapy can be 
restarted within an appropriate time frame as 
deemed by the management team. However, if a 
clinical or radiographic bleed is identifi ed, anti-
thrombotic therapy should be held until serial 
imaging shows resolution (in low-risk patients) 
or stability (in high-risk patients) of the hemor-
rhage. Also, the patient should be carefully eval-
uated for evidence of thrombotic complications 
secondary to temporary cessation of antithrom-
botic therapy.

    Long-acting  warfarin therapy   may be subse-
quently restarted 24–48 h postoperatively if the 
postoperative CT is negative, or as soon as it is 
considered safe by the multidisciplinary team. Of 
note, in our previous study, warfarin therapy was 
restarted 3–5 days after surgery or at the time of 
discharge [ 3 ]; however, based on recent evidence, 
the  American College of Chest Physicians 
(ACCP) guidelines   recommends earlier resump-
tion of warfarin after surgery [ 42 ]. However, in 
their 2013 New England Journal of Medicine 
review, Baron et al. deemed all neurosurgical pro-
cedures as high risk of hemorrhagic complication 
[ 31 ]. The authors also stated that due to the fact 
that resumption of warfarin therapy takes several 
days to achieve full anticoagulation, it can typi-
cally be restarted the evening of postoperative 
day 1, “unless there is a substantial risk of delayed 
bleeding or unless reoperation is anticipated” [ 31 ]. 

  Fig. 28.3    Non-contrast axial head CT depicting preopera-
tive ( a ), post-hemorrhage ( b ), and post-resolution ( c ) images 
in an 80-year-old male on long-term coumadin therapy prior 
to shunt placement for NPH. (On postoperative day 1, the 

patient experienced a large intraventricular hemorrhage 
bilaterally, involving the occipital horns and a small intrapa-
renchymal hemorrhage around the catheter. The hemor-
rhage completely resolved 2 months postoperatively)       
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Due to the higher risk of signifi cant morbidity 
and mortality associated with intracranial hemor-
rhage, and need for emergent surgical interven-
tion if substantial bleeding is encountered, 
further studies are needed to substantiate this rec-
ommendation and to determine whether restart-
ing warfarin 24 h postoperatively is safe after 
neurosurgical procedures and in the NPH popu-
lation. Furthermore, caution should be taken in 
this particular population due to their increased 
gait instability and higher fall risk. Importantly, it 
may take >48 h after resumption of warfarin to 
reach a partial response (INR >1.5). In patients 
taking LMWH or UFH, anticoagulation can be 
resumed 24–72 h postoperatively, or after ade-
quate hemostasis has been achieved. Based on the 
2012 ACCP guidelines, antiplatelet therapy may 
be resumed 24–48 h after surgery [ 40 ]; however, 
based on the increased risk described above, most 
neurosurgeons prefer to wait at least 7 days for 
the resumption of aspirin therapy or 1–2 months 
for clopidogrel. 

 After restarting  antithrombotic therapy  , addi-
tional cranial imaging can be obtained after one to 
two doses of the medication to determine if a 
hemorrhagic event has occurred. If bleeding is 
identifi ed, serial imaging should be performed 
until the bleed is stable to assess for progression/

regression, as mentioned above. Surgical versus 
medical management with blood products is 
determined based on the extent and location of the 
bleed ± neurologic symptomatology. If no evi-
dence of bleeding is observed, anticoagulant ther-
apy can be continued. Additional imaging should 
be obtained if there is new onset of neurologic 
defi cits or worsening of symptoms (i.e., headache). 
Imaging may also be obtained if anticoagulation 
becomes supratherapeutic and the patient is at sub-
stantial risk for hemorrhage that would necessitate 
immediate and complete interruption of therapy 
versus gradual dosing adjustment. 

 In the outpatient setting, gradual lowering of 
the pressure setting should be performed over 
time until maximum symptomatic improvement 
is achieved, without the onset of low pressure 
symptomatology [ 3 ].  

    Postoperative Complications 

 The most serious, and deadly, complication 
associated with  antithrombotic therapy   is intra-
cranial hemorrhage, most commonly via ICH 
[ 49 ]. According to McGovern et al.’s study, 
symptomatic ICH was observed in 1.5 % of NPH 
patients who received a ventriculoperitoneal 

  Fig. 28.4    Non-contrast axial head  CT   depicting preop-
erative ( a ), post-hemorrhage ( b ), and last follow-up ( c ) 
images in an 85-year-old male on high-dose (325 mg 
daily) aspirin therapy prior to shunt placement for NPH. 
(On postoperative day 5, the patient experienced a large 
intraparenchymal hemorrhage along the course of the 

right posterior parietal approach ventricular shunt catheter 
extending into the right lateral ventricle. The hemorrhage 
continued to gradually evolve, with extension into the 
intraventricular system, until the patient’s death 1 month 
postoperatively)       
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shunt; however, the effect of antithrombotic ther-
apy was not assessed [ 50 ]. Importantly, however, 
the initial volume and duration of expansion is 
greater in anticoagulant-associated ICH com-
pared to spontaneous ICH, with a corresponding 
mortality rate greater than 50 % [ 51 ]. Furthermore, 
warfarin therapy doubles the risk of fatal intra-
cranial hemorrhage,  with   ICH causing approxi-
mately 90 % of permanent morbidity and 
mortality in patients with bleeding associated 
with anticoagulation [ 52 ,  53 ]. Likewise, the risk 
of ICH is increased with the use of aspirin ther-
apy by approximately 40 % [ 49 ]. Combined use 
of warfarin and aspirin likely further increases 
the risk of hemorrhage than either therapy alone 
[ 54 ], and approximately 20 % of elderly adults 
are on a combined regimen of anticoagulant-anti-
platelet therapy [ 55 ]. While newer anticoagulants 
are associated with a lower risk of intracranial 
hemorrhage compared to warfarin, as demon-
strated by the RE-LY (i.e., dabigatran) [ 56 ], 
ROCKET-AF (i.e., rivaroxaban) [ 57 ], and 
ARISTOTLE (i.e., apixaban) trials [ 58 ], caution 
must be performed due to the lack of available 
reversal agents for these newer agents. 

 Common, delayed, postoperative complica-
tions after shunt surgery include shunt obstruc-
tion, infection, subdural hygroma or hematoma, 
and shunt migration [ 8 ,  9 ]. Surgical overdrainage 
of CSF via ventricular shunting, particularly in 
the upright position, increases the risk of subdural 
hygroma or hematoma. Overdrainage adversely 
affects surgical and postoperative clinical out-
comes for NPH and, to a lesser degree, generic 
measures of health-related quality of life [ 59 ]. 
Subdural hematoma occurs after 2–17 % of shunt 
surgeries for the treatment of NPH [ 3 ,  43 ]. Khan 
et al. reported eight (5 %) cases of SDH requiring 
surgical evacuation after shunt placement in 
patients with iNPH; however, the effect of anti-
thrombotic therapy was not assessed [ 60 ]. In their 
systematic review of the outcome after shunt sur-
gery for iNPH, Toma et al. reported a 6.3 % (range 
2–47 %) rate of  subdural hematoma (SDH)   or 
hygroma and an ICH or stroke rate of 0.4 % 
(range 0–18 %) [ 61 ]. The effect of antithrombotic 
therapy was not determined in these cases. 
Epidural hematoma after CSF shunting is much 

less common, and almost always develops within 
the fi rst few hours after surgery; on the other hand, 
SDH may be either acute or delayed [ 62 ]. 
Similarly, anticoagulation-associated subarach-
noid hemorrhage is rare, with Mattle et al. report-
ing only seven out of 76 cases (9.2 %) of 
intracranial hemorrhage over a 6-year period [ 63 ]. 

 In our previous study of 15 anticoagulated 
NPH patients who underwent shunt surgery, two 
(13 %) patients experienced symptomatic, post-
operative bleeding complications [ 3 ]. One 
patient, with comorbid cirrhotic hepatitis C, who 
received bridging therapy with IV UFH, experi-
enced an SDH 13 days after shunt surgery. 
Subsequently, anticoagulation was stopped 
immediately until the INR and aPTT normalized, 
and the shunt was removed 2 days after cessation 
of  anticoagulant therapy  . Another patient devel-
oped a large abdominal subcutaneous hematoma 
5 days after shunt surgery, and required surgical 
evacuation. 

 In a recent assessment of the risk of  subdural 
hematoma (SDH)   in 80 patients who underwent 
shunt surgery for NPH, 35 of whom were taking 
aspirin and 13 who were on combined 
anticoagulant- antiplatelet therapy, 11 (14 %) 
cases of symptomatic SDH occurred. All cases of 
SDH after shunt surgery arose in patients receiv-
ing aspirin or clopidogrel, with a hazard ratio of 
12.8 (95 % CI 3.1–53) associated with aspirin use 
(Fig.  28.5 ). The authors concluded that clopido-
grel may pose an even greater risk of postopera-
tive subdural hematoma after shunt surgery [ 43 ]. 
In this study, the authors hypothesized that shunt-
ing in NPH patients increases the risk for the 
brain to collapse, resulting in increased suscepti-
bility to SDH, particularly in patients receiving 
antiplatelet therapy (e.g., aspirin and/or clopido-
grel). Mahaney et al. reported a slightly lower, 
but signifi cant, rate of postoperative hemorrhage 
associated with shunt placement in patients on 
dual antiplatelet therapy with 325 mg acetylsali-
cylic acid daily and 75 mg clopidogrel daily 
( P  = 0.0075), with a total of four (10.8 %) cases 
of intracranial hemorrhage associated with dual 
antiplatelet therapy [ 64 ]. Of note, dual antiplatelet 
therapy was not stopped prior to shunt placement 
in any of the patients in their study [ 64 ].
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       Conclusions 

 Ultimately, patients on long-term antithrombotic 
therapy can be safely and effectively evaluated and 
treated for NPH, with the use of appropriate peri-
operative and postoperative management. While 
the overall risk of bleeding associated with shunt 
placement is low, NPH patients receiving anti-
thrombotic therapy are at a signifi cantly increased 
risk of hemorrhagic complication compared to 
patients who are not on antithrombotic therapy. 
Given the advanced age, gait impairment, and 
dementia associated with NPH, the bleeding and 
thrombotic risk may be even higher in NPH than 
the general population receiving antithrombotic 
therapy. Therefore, consultation with a hematolo-
gist and/or cardiologist is warranted in order to 
determine which patients can safely suspend anti-
thrombotic therapy prior to surgery versus those 
who require bridging. Operative considerations 
that can reduce the risk of hemorrhagic complica-
tion include incision of the pia mater prior to 
 ventricular catheter insertion, potential use of 
intraoperative imaging guidance, and placement 
of and adjustable and gravity-assisted shunt valve 
to lower the risk of overdrainage. In the outpatient 

setting, gradual lowering of the pressure setting 
should be performed over time until a balance 
is reached between maximum symptomatic 
improvement and the onset of symptoms sugges-
tive of low intracranial pressure (e.g., orthostatic 
headache and dizziness). Postoperatively, the time 
to resumption of antithrombotic therapy depends 
on the patients’ individual risk of thrombosis and 
bleeding as well as radiographic evaluation for 
intracranial hemorrhage.     
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         Introduction 

 An aging population and improved management of 
chronic conditions are at the crux of an issue con-
fronting all surgeons—the increasing use of antico-
agulation in older patients more likely to harbor 
surgical pathology and more susceptible to even 
trivial trauma when compared to younger cohorts. 
Cardiac, vascular, and prothrombotic conditions 
are the primary indications for antiplatelet or anti-
coagulant therapy, with the specifi c indications 
continually expanding. Furthermore, inconve-
niences and failures in past experience with these 
agents drives discovery and utilization of new 
agents, often before a reliable inhibitor or reversal 
agent exists [ 1 – 3 ]. The inherent risk in this situa-
tion is magnifi ed further in neurosurgery due to the 
complex, unforgiving system involved. 

 The aging and elderly are uniquely susceptible 
to devastating complications related to  antiplatelet   
and  anticoagulant agents  . This population boasts 
the highest age-specifi c incidence of  traumatic 
brain injury (TBI)  , and accounts for 25 % of all 
trauma-related deaths. Mortality is likely affected 

in elderly TBI patients on both antiplatelet and 
anticoagulant agents pre-injury, with a glaring 
lack of conclusive evidence [ 4 – 8 ]. The defi ciency 
in high-level evidence extends beyond trauma, 
applying to emergent and elective surgical condi-
tions and in any age group. Overall, current trauma 
and perioperative practices are largely based on 
the summation of observational and small cohort 
studies, with no regimen providing a clear survival 
benefi t [ 9 ,  10 ]. High-level evidence is both lacking 
and near impossible to obtain, as most properly 
designed trials would deprive a group of patients 
of the best currently available care. 

 The management of trauma and surgical 
patients on antiplatelet and anticoagulant medi-
cations is therefore largely an empirical process. 
Guidelines regarding reversal are followed with-
out strong evidence of their effi cacy in many 
cases because the risk of proof of principal stud-
ies is unrealistic and unacceptable. As such, cli-
nicians must rely on both their knowledge of 
currently used agents and case-by-case clinical 
judgment with the goal of successful surgical 
intervention without hemorrhagic or thrombotic 
complications. By continuing to track and share 
not only our successes, but those cases that escape 
even the most detailed plan, this evidentiary hur-
dle becomes less signifi cant and patients gain 
access to care not previously thought possible. 
Below we will review the available medications 
and current recommendations for their utilization 
in neurosurgical patients.  
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    Classes and Mechanisms 
of Medications Affecting Blood 
 Clotting   

 The volume of antiplatelet and anticoagulant 
agents in clinical use continues to expand as we 
continually seek medications that enact a specifi c 
inhibition that is reliable, reversible, and carries a 
low risk of hemorrhagic complications. Neurosur-
geons, while far from the primary prescribers of 
these agents, must maintain robust knowledge of 
their indications, mechanisms, and antidotes to 
safely treat patients in the face of this challenge. 
It is prudent then to begin with a review of the 
current classes of agents, indications for their 
use, and how to negate the therapeutic effect 
when necessary (Tables  29.1  and  29.2 ).   

     Antiplatelet Agents   

 Antiplatelet agents fall into three main classes—
 cyclo-oxygenase-1 (COX-1) inhibitors  ,  adenos-
ine diphosphate (ADP) receptor inhibitors  , and 
 glycoprotein (GP) IIb/IIIa receptor inhibitors  . 
COX-1 inhibitors, with aspirin as the primary 
example, irreversibly inhibit the COX-1 enzyme 
and stop the production of thromboxanes from 
arachidonic acid—preventing platelet activation, 
aggregation, and degranulation. Clopidogrel and 
its homologues inhibit the P2Y 12  or ADP recep-
tors on the platelet surface. The activated recep-
tor binds fi brin and participates in platelet 
cross-linking to form a preliminary plug at sites 

of bleeding. The GPIIb/IIIa inhibitors prevent 
platelet aggregation by blocking receptor inter-
action with  von Willebrand Factor (vWF)   and 
 fi brinogen (  Fig.  29.1 ). Antiplatelet agents target 
the inciting event in overall clot formation, 
platelet activation, and plug formation on expo-
sure to damaged tissues. Based on the moieties 
they interact with (vWF, fi brinogen, etc.), they 
also have downstream effects on the entire clot-
ting cascade. Both pathways must be considered 
carefully when deciding on an appropriate rever-
sal strategy, which is discussed later in the 
chapter.   

     Anticoagulant Agents   

  Warfarin  , fi rst introduced in 1954, is the most 
widely known and used anticoagulant in clinical 
practice. Warfarin inhibits the vitamin 
K-mediated carboxylation of coagulation factors 
II, VII, IX, and X (Fig.  29.2 ). While it effectively 
regulates blood clotting, warfarin is a labor- 
intensive medication both for the patient and the 
physician. Patients are subjected to dietary 
restraints, activity restrictions, and frequent 
blood draws for  International Normalized Ratio 
(INR) monitoring  . Physicians must consider 
patient risks, make frequent changes to dosing 
regimens, and consider other health needs includ-
ing surgical procedures. Reversal can require 
days and multiple rounds of  fresh frozen plasma 
(FFP)  , in a patient population with prevalent 
 cardiac comorbidity [ 11 ,  12 ].  

   Table 29.1    Classes and mechanisms of currently used antiplatelet agents   

 Name  Mechanism  Indications 
 Aspirin  Irreversible COX-1 inhibitor  Cardiac risk factors, PCI 
 Clopidogrel  P2Y 12 , ADP receptor inhibitor  MI/stroke prevention, PAD, MI, PCI 
 Prasugrel  P2Y 12 , ADP receptor inhibitor  NSTEMI 
 Ticlopidine  P2Y 12 , ADP receptor inhibitor  MI/stroke prevention, aspirin intolerance 
 Ticagrelor  P2Y 12 , ADP receptor inhibitor  MI/stroke prevention, ACS 
 Abciximab  Glycoprotein IIb/IIIa receptor antagonist  PCI, diabetes 
 Eptifi batide  Glycoprotein IIb/IIIa receptor antagonist  Unstable angina, NSTEMI, PCI 
 Tirofi ban  Glycoprotein IIb/IIIa receptor antagonist  Cardiac risk factors, NSTEMI 

   COX-1  cyclo-oxygenase-1,  ADP  adenosine diphosphate,  PCI  percutaneous coronary intervention,  PAD  peripheral 
 arterial disease,  MI  myocardial infarction,  NSTEMI  non-ST elevation myocardial infarction,  ACS  acute coronary 
syndrome  
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   Table 29.2    Classes and mechanisms of currently used anticoagulant agents   

 Name  Mechanism  Indications  Reversal 
 Warfarin  Vitamin K 

antagonist 
 VTE, PE, Afi b, mechanical 
heart valve 

 First line: Vitamin K, FFP 
 *Can use Factor VIIa, PCC, FEIBA 

 UFH  Anti-thrombin III 
activation 

 ACS, Afi b, VTE prophylaxis, 
DVT/PE, cardiopulmonary 
bypass, hemodialysis 

 Protamine sulfate 

 LMWH  Factor Xa inhibitor  VTE prophylaxis, DVT/PE  Protamine sulfate, FFP 
 Dabigatran  Direct thrombin 

inhibitor 
 NV-Afi b, DVT/PE  Factor VIIa, PCC, FEIBA with FFP 

 Rivaroxaban  Factor Xa inhibitor  NV-Afi b, VTE prophylaxis  Factor VIIa, PCC, FEIBA with FFP 
 Apixaban  Factor Xa inhibitor  NV-Afi b, VTE prophylaxis, 

DVT/PE 
 Factor VIIa, PCC, FEIBA with FFP 

 Edoxaban  Factor Xa inhibitor  NV-Afi b, DVT/PE  Factor VIIa, PCC, FEIBA with FFP 
 Fondaparinux  Factor Xa inhibitor  VTE prophylaxis, DVT/PE  Factor VIIa, PCC, FEIBA with FFP 

   VTE  venous thrombo-embolism,  PE  pulmonary embolism,  Afi b  atrial fi brillation,  FFP  fresh frozen plasma,  PCC  
 prothrombin complex concentrate,  FEIBA  factor eight inhibitor bypass activity,  UFH  unfractionated heparin,  ACS  acute 
coronary syndrome,  DVT  deep venous thrombosis,  LMWH  low molecular weight heparin,  NV-Afi b  non-valvular atrial 
fi brillation  

  Fig. 29.1    Platelet structure including the receptors and pathways required for activation and normal function, as well 
as the points of inhibition by current antiplatelet agents       
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 The drawbacks of warfarin have prompted the 
development of a newer class of drugs, referred 
to as the  Novel Oral Anticoagulants (NOACs)  . 
These medications are direct inhibitors of either 
activated Factor X (Xa) (rivaroxaban, apixaban, 
and edoxaban) or thrombin (dabigatran). This 

class is attractive for its relatively short half-life 
and reliable anticoagulant effect, enabling a 
quick and reliable onset of action while obviating 
the need for stringent monitoring [ 13 ]. More 
importantly, patients taking NOACs are increas-
ingly believed to have a lower bleeding risk than 
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those on warfarin (major bleeding 2–3 % per 
year, intracranial hemorrhage 0.2 % per year), 
though this data is incomplete and in some cases 
contradictory [ 14 – 16 ]. The short half-life is also 
advantageous when rapid return to baseline is 
required in the case of elective and urgent inter-
ventions. The primary limitation of the NOACs, 
however, is that there is no specifi c antidote. 
These agents therefore present a management 
conundrum in emergent surgical conditions, 
as reversal is still a process driven by case 
reports and small cohort experiences [ 2 ,  11 ,  12 , 
 17 ,  18 ]. This has prompted the development 
of some promising new options that are cur-
rently progressing toward clinical relevance. 
Recently discovered antibodies ( Idarucizumab   
(Boehringer Ingelheim®) to reverse dabigatran) 
and synthetic proteins (andexanet alfa (Portola®) 
to reverse rivaroxaban, apixaban, edoxaban) have 
reached advanced phases of clinical development 
to evaluate their effi cacy in reversal of these 
NOACs [ 2 ,  19 – 21 ]. Their ultimate role is cur-

rently uncertain but these agents have the poten-
tial to simplify management of patients on 
NOACs with hemorrhagic complications. 

  Unfractionated heparin (UFH)   and the  low 
molecular weight heparins (LMWHs)   represent 
the fi nal class of anticoagulant medications 
encountered by surgeons. UFH and LMWH are 
primarily used in the prevention and management 
of acute and/or recent thrombus, with UFH being 
utilized almost exclusively in the inpatient setting 
while LMWH offers the option of outpatient use. 
Heparin binds anti-thrombin III (AT) and aug-
ments its activity 1000-fold, effectively catalyzing 
the inactivation of thrombin and other factors, 
most notably activated factor X. The LMWHs 
more directly target activated factor X and less so 
factor II, with a more predictable effect and less 
requirement for laboratory monitoring.  Heparin- 
induced thrombocytopenia (HIT)   is a potential 
complication with use of either, though less so 
with the LMWHs. The only known agent for 
prompt reversal is protamine sulfate, while  Fresh 
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Prothrombin (II) Thrombin

XaX X
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  Fig. 29.2    Schematic representation of the normal clotting cascade and points of pharmacologic interruption from 
 currently available agents       
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Frozen Plasma (FFP)   has a controversial role if 
any in this situation [ 2 ]. The most recently intro-
duced agent in this class is fondaparinux, a penta-
saccharide that binds and activates AT to inhibit 
the function of factor Xa.  Fondaparinux   is approved 
for use mainly in VTE prevention, though this 
requires caution as there is not currently a defi ni-
tive reversal agent—with studies utilizing factor 
VIIa showing only incomplete inactivation [ 22 ]. 

 According to current best estimates, the pro-
portion of the population on either antiplatelet 
(~30 %) or anticoagulant (~3 %) medications is 
striking and likely to increase [ 3 ,  12 ,  23 ]. This 
number in no way accounts for those patients on 
both medications, a population especially sus-
ceptible to hemorrhagic complications in the face 
of existing comorbidity [ 14 ]. Neurosurgeons will 
continue to be confronted with this issue and will 
benefi t from at least a framework understanding 
of the mechanisms of these  agents  .   

    Emergency Reversal of Antiplatelet 
and Anticoagulant Agents 

    Antiplatelet  Reversal   

 Patients with acute, operative pathology frequently 
require the emergent reversal of antiplatelet agents. 
Traumatic and other intracranial hemorrhages not 
requiring an operation are also a relative indication 
for reversal, with some authors advocating for 
reversal in all cases [ 5 ,  17 ,  24 ,  25 ]. This too 
remains a point of debate among clinicians though, 
as some trauma literature opposes platelet transfu-
sion [ 26 ]. The only approved mode of reversal 
when necessary is to transfuse platelets, as most of 
these agents are irreversible [ 27 ]. In high-risk 
cases, such as expanding intracranial hemorrhage, 
other adjuncts are sometimes necessary. 
Concurrent administration of platelets and 0.3 μg/
kg DDAVP (1-desamino-8- d -arginine vasopres-
sin) can be used in this case to achieve maximal 
platelet activation [ 24 ,  28 ]. Some advocate for 
continued platelet transfusions every 12 h for the 
fi rst 48 h after the inciting event until physiologic 
turnover of the platelet pool has  occurred   [ 2 ,  24 ].  

    Anticoagulation  Reversal   

 While there are very few established guidelines 
for the reversal of anticoagulant agents, the avail-
able options provide clinicians the luxury of tai-
loring a regimen to the patient and situation. For 
years the lone options in anticoagulant reversal 
were vitamin K administration and replenishing 
functional coagulation factors via transfusion of 
FFP. Physicians and surgeons now have multiple 
options, among them low-volume and specifi c 
agents tailored for the precise clotting defi ciency 
created pharmacologically. An additional benefi t 
is that newer reversal agents can near instanta-
neously overcome the anticoagulant effect, 
allowing for more timely intervention and 
improving the potential for better surgical out-
comes. These newer agents can and often should 
be used in conjunction with FFP. The activated 
factors require an intact pathway of clotting 
 factors with a therefore synergistic effect in 
restoring coagulant homeostasis [ 2 ]. 

 FFP is the oldest reversal agent, in clinical use 
for nearly 40 years now, and that with which cli-
nicians likely have the most experience. FFP is 
particularly rich in clotting factors II, V, VII, IX, 
X, and XI. It is more effective in replacing these 
factors and overcoming the effects of warfarin 
and factor X inhibitors than in bleeding due to 
factor VIII defi ciency [ 29 ]. Individual factors 
also have different sensitivities, or minimum lev-
els present for effective clotting [ 2 ,  12 ]. This can 
account for excessive transfusion volumes 
needed to reverse a coagulopathy, complicating 
patient management in those with cardiac comor-
bidities or multisystem injury after trauma. FFP 
will continue to be useful in the emergent rever-
sal of coagulopathy, both alone and as comple-
mentary therapy to the newer agents that have 
been introduced recently. 

 The newer agents available for quick correc-
tion of defi ciencies in coagulation aim to recon-
stitute the activated factors at crucial points in the 
clotting cascade. Activated factor VII restores the 
catalyst necessary to drive activation of factors V 
and X, with resultant completion of the clotting 
cascade. It has a short onset of action but requires 
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concomitant administration of FFP [ 2 ,  12 ,  18 ]. 
 Prothrombin complex concentrates (PCC)   are 
targeted reversal agents comprised mainly of 
concentrated factors II, IX, and X with variable 
amounts of activated factor VII [ 2 ,  12 ,  18 ]. 
Standard PCC has a wide spectrum of urgent and 
emergent applications, while derivatives with 
high concentrations of activated factor VII 
(KCentra, CSL Behring, King of Prussia, PA) are 
most useful in emergent scenarios [ 10 ,  14 ]. 
Clinical studies have shown these agents to have 
a reversal time over four times faster than that of 
FFP, though laboratory monitoring of reversal 
and the duration of their effect have not been 
defi nitively determined. There is likely some 
variation based on the individual clinical scenario 
including the agent being reversed.  Factor Eight 
Inhibitor Bypassing Activity (FEIBA)   is the fi nal 
relatively novel agent to be discussed, and it con-
sists of factors II, IX, X (mainly nonactivated), 
and VIIa (mainly activated) in addition to 
1–6 units of FVIII coagulation antigen 
(FVIIIC:Ag) per ml. Each one of the agents listed 
above has the advantage of providing concen-
trated factors, in amounts suffi cient to re- establish 
normal factor function in the clotting cascade. 
Activated Factor VII, KCentra, PCC, and FEIBA 
are undoubtedly useful tools in emergent surgical 
conditions, but much remains to be discovered 
about their duration of action and how best to 
supplement their effect until physiologic coagu-
lation parameters are re-established. Concomitant 
administration of FFP is frequently used and rec-
ommended to replenish all clotting factors and 
avoid a consumptive complication or limitation 
in reversal [ 12 ]. All patients undergoing antico-
agulant reversal have a tangible, if undefi ned, 
increase in risk of thrombosis in the postopera-
tive period as well [ 12 ]. 

 Familiarity with the available agents  allows 
  for the concoction of a reasonable and relatively 
evidence-based reversal plan in nearly all patients 
encountered, with the understanding that treating 
physicians must have the fl exibility to adjust the 
plan.  For patients on warfarin , Vitamin K should 
be administered in almost all cases as it aids in 
relatively rapid reversal of INR, within 12–16 h 
[ 2 ]. Intravenous administration is preferred in 

urgent and emergent cases while oral dosing is 
acceptable in less critical situations. FFP remains 
a fi rst-line option for relatively rapid reversal, 
though factor VIIa and PCCs are increasingly 
used for more rapid correction and intervention 
[ 3 ,  30 ]. All patients require careful clinical and 
laboratory monitoring of hemostasis postopera-
tively, frequently requiring continued therapy 
until the aPTT and INR are consistently in the 
normal range.  Patients on NOACs  represent a less 
tangible target without clear guidelines in the 
emergent setting. Many have shared their experi-
ence with factor VIIa and PCCs allowing early 
intervention with a low incidence of hemorrhagic 
complications [ 3 ,  14 ]. FFP can and often should 
be co-administered at the discretion of the pro-
vider. Ultimately however, case-by-case variation 
is likely in regard to doses administered and 
duration of reversal therapy. Just as the direct 
action of NOACs negates the need for outpatient 
laboratory monitoring, it has so far escaped 
objective measures to inform clinicians when a 
coagulopathy no longer  exists  .   

    Reversal of Antiplatelet 
and Anticoagulant Agents 
for Elective Surgery 

 The reversal of  antiplatelet   and  anticoagulant 
agents   for elective surgical procedures is a more 
methodical, carefully planned process, though 
not one without inherent risk and the potential for 
serious complications. Even so, the current risk 
of both hemorrhagic and thrombotic complica-
tions is low, and good outcomes are possible with 
proper patient selection and judicious resumption 
of therapy postoperatively. 

  The safe reversal of antiplatelet agents rarely 
requires more than holding medication for 5 days 
preoperatively, enough time for the production of 
a suffi cient pool of functional platelets  [ 2 ] . 
Vitamin K antagonists are also typically held for 
5 days pre-op.  At this time point, clinical studies 
have supported the fi nding that over 90 % of 
patients starting at an INR 2.0–3.0 will have an 
INR under 1.4 [ 2 ,  11 ]. An additional consider-
ation, however and especially with warfarin, is 
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the variability in pharmacokinetics. Diverse fac-
tors, including hepatic impairment, medication 
noncompliance, and dietary changes, can signifi -
cantly alter metabolism and factor production, 
necessitating pre-op confi rmation of INR. The 
NOACs, though most diffi cult in the emergent 
setting, all have relatively short half-lives and are 
largely reliable for elective reversal. Renal func-
tion is the only major comorbidity to signifi cantly 
affect clearance. In healthy individuals with a 
creatinine clearance >50, the clotting cascade 
returns to normal within 1–2 days. When creati-
nine clearance is <50, a coagulopathic state can 
persist for up to 5 days [ 2 ,  11 ,  13 ]. 

 The general clinical practices described here 
represent the safest guidelines based on the col-
laborative efforts of those publishing their expe-
rience [ 1 ,  2 ,  17 ,  24 ,  25 ,  31 ]. The fact remains that 
high-level clinical studies are lacking, and clini-
cal equipoise likely prevents its pursuit. Clinical 
judgment plays a still prominent role in deciding 
what is best for the patient. Avoidance of compli-
cations is twofold: simultaneously minimizing 
both hemorrhagic and thrombotic complications. 
The latter is as much about pre-op management 
as it is about prompt and judicious resumption 
post-op. The schedule for restarting antiplatelet 
and anticoagulant agents post-op is again one 
lacking a clear, evidence-based and universal 
procedure. The current best practice guidelines 
will be discussed subsequently after current pro-
cedures for perioperative bridging of  therapy  .  

     Perioperative Bridging 
of Anticoagulation   

 In a number of conditions, the risk of thromboem-
bolic events precludes full anticoagulant reversal 
for more than the immediate perioperative period 
[ 32 ,  33 ]. This category includes conditions such 
as mechanical heart valve (mitral = highest risk), 
A-fi b with a CHADS 2  score ≥3, VTE within 6 
months, VTE with severe thrombophilia, lupus, 
and anti-thrombin III defi ciency. The latter two 
conditions only meet this requirement when the 
patient is on anticoagulation therapy prior to the 
operation. These patients carry a high (10–20 %) 

risk of thromboembolic events compared to their 
age-matched counterparts [ 34 ]. In emergency 
scenarios, the risk of devastating insult trumps the 
possibility of embolic sequelae. However, when 
considering these patients for elective operations, 
careful assessment of their risks and the required 
bridging plan is a detailed endeavor that often 
requires multidisciplinary collaboration. The 
fi rst step in this process is to assess whether the 
operation is imperative. Depending on age and 
chronicity, VTE may not require lifelong antico-
agulation, which advocates for delayed surgery. 
Similarly, a patient’s CHADS 2  score may be a 
fl uid entity based on medical and other interven-
tions. Mechanical heart valves and biochemical 
anomalies, however, are permanent indications 
for anticoagulation and the potential benefi t of 
surgery must clearly outweigh the potential for 
complications. 

 When surgery is deemed necessary, planning 
and executing an effective bridging plan requires 
a detailed assessment of a patient’s risk of hemor-
rhage. Despite even the best planning, this patient 
population carries a signifi cant risk of hemor-
rhagic complications regardless of whether a 
bridge is used (5.0 % vs 1.3 %) [ 34 ].  Current 
opinion holds that patients in all risk groups 
should stop warfarin 5 days prior to the opera-
tion  [ 32 ,  33 ] . Patients with a low risk of hemor-
rhage can begin bridging therapy with UFH or 
LMWH 36 h after the last dose of warfarin. High- 
risk patients should be kept off of all medications 
for 48–72 h before starting a similar bridge. 
Each group receives the last infusion 6 h before 
surgery, and a half dose is recommended for 
patients on LMWH.  The preferred bridging agent 
has long been UFH, though recently LMWH is 
gaining in popularity due to convenience and 
decreased overall cost. LMWH can be used 
safely in the outpatient setting, benefi tting 
patients and providers [ 33 ]. When a proper bridge 
is followed, the rate of perioperative hemorrhage 
is 5 % or lower [ 34 ]. These patients warrant an 
aggressive nonpharmacologic approach during 
the anticoagulation holiday period, utilizing all 
the available clinical options—early ambulation, 
compression stockings, and  sequential compres-
sion devices (SCDs)  .  
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    Postoperative Resumption 
of Antiplatelet and  Anticoagulant 
Agents      

 To ensure optimal surgical outcomes, the timing 
of postoperative resumption of therapy is nearly 
as important as preoperative interruption of ther-
apy. While there are no set protocols on how and 
when to reinstitute either antiplatelet or antico-
agulant therapy, clinical experience provides 
some aid in decision-making. 

 Current practice at the authors’ institution var-
ies among providers and the type of operation, 
but  antiplatelet agents are rarely restarted prior 
to 5 days post-op . Even in the context of litera-
ture on the topic of this chapter in general, reports 
and studies addressing antiplatelet resumption 
are sparse. In regard to neurosurgical, intimately 
invasive procedures, the risk prior to the fi fth 
post-op day appears signifi cant [ 35 ]. Conversely, 
Ahmed et al. found no signifi cant differences in 
hemorrhagic or thrombotic complications in cra-
niotomy patients who either stopped aspirin peri-
operatively or continued to take it up to and 
through the operation [ 36 ]. Another study found 
no increase in the risk of  hemorrhage   in transs-
phenoidal operations for sellar and parasellar 
lesions [ 37 ]. Pending much more study, the only 
reasonable recommendation is to wait 5 days 
postoperatively, or until the individual physician 
feels the risk is acceptable. Trauma represents a 
completely separate group of patients with no 
clear recommendation regarding antiplatelet 
therapy. Our current practice in cases of trau-
matic intracranial hemorrhage routinely involves 
holding therapy until outpatient follow-up with 
repeat imaging, except in rare cases where the 
thrombotic risk is deemed too great. 

  Re-instituting anticoagulant therapy differs 
fundamentally between two main groups: those 
able to tolerate a perioperative therapeutic holi-
day and those requiring a bridge.  For patients not 
requiring a bridge, therapy is restarted at the 
treating physician’s discretion. If it must be 
resumed while in the hospital,  warfarin   can be 
started as early as 24 h post-op, and INR monitor-
ing can often be done as an outpatient. In less 
urgent cases, the prudent option is likely delaying 

re-institution of therapy until outpatient surgeon 
follow-up to minimize bleeding risk. When a 
patient requires bridging, many have shared their 
experiences and offer a relatively reliable plan of 
action [ 32 ,  33 ]. In low-risk patients, current rec-
ommendations are to restart warfarin 24 h post-
 op with a UFH or LMWH bridge. The advantage 
of LMWH is the aforementioned outpatient use 
without a need for laboratory monitoring, allow-
ing for shorter hospital stays. In patients consid-
ered at high risk of hemorrhage, which likely 
involves a signifi cant portion of neurosurgical 
patients, current practice is to restart warfarin 
48–72 h post-op with a concurrent bridge begin-
ning as soon as possible after surgery, typically at 
 least      6 h post-op. 

 While appropriate timing of therapy is some-
what ambiguous, clinical experience is more 
abundant regarding  how to dose anticoagulants  
[ 11 ,  32 ,  33 ,  38 ]. Traditionally, either the pre-op 
dose or a gradually escalating warfarin dose has 
been used until achieving a therapeutic INR. A 
recent study advocates an initial dose double the 
patient’s maintenance dose, fi nding that an 
increased number of patients achieved a thera-
peutic INR at day 5 over those receiving their 
maintenance dose (50 % vs. 13 %) [ 38 ]. No 
increase in adverse events was noted despite the 
rapid increase in INR. When using the NOACs, 
current evidence supports initiation of the pre-op 
dose 24–72 h after surgery [ 13 ]. In extreme cases 
involving patients in both bridge and non-bridge 
situations, anticoagulation can be held for 1–4 
weeks post-op, provided the physician and the 
patient have an open understanding of the inher-
ent thrombotic  risk     .  

     DVT Screening and Prophylaxis   

 Recently developed, standardized assessment 
tools have improved clinicians’ ability to stratify 
patients’ DVT risk and institute appropriate pro-
phylaxis [ 39 ]. While the initial patient assess-
ment is still reliant on subjective, patient-initiated 
information, reliable algorithms are in place to 
correctly assign importance to all clinical factors. 
Extremity swelling and pain, as well as dyspnea, 

D.A. Spencer et al.



389

tachycardia, tachypnea, or pleuritic pain should 
always raise suspicion. Symptoms combined 
with the Wells score [ 40 ], a reliable clinical 
assessment tool introduced in the early 2000s, 
and in some cases a d-dimer level have proven 
effective in determining which patients warrant 
radiologic confi rmation of a pathologic thrombo-
sis [ 40 – 42 ]. D-dimer testing alone, and more so 
in combination with the Wells score, has a high 
negative predictive value and reliably identifi es 
patients who should undergo further testing. 
 Compression Doppler ultrasound   is the gold stan-
dard exam for DVT. CT angiogram of the chest is 
the current standard for PE, with ventilation/per-
fusion radionuclide scanning as an adjunct when 
the test is inconclusive or unavailable. 

 In 2012, the American College of Chest physi-
cians published another clinical tool, the  Caprini 
assessment  , the score of which assists in institut-
ing appropriate DVT prophylaxis for each patient 
based on a litany of clinical factors [ 43 ]. Patients 
are stratifi ed into four different risk groups—very 
low, low, moderate, and high—with specifi c pro-
phylactic modalities for each. Patients with a 
score of 0 are at very low risk and only ambula-
tion is recommended, with a VTE incidence of 
0.5 %. A score of 1–2 is low risk, and prophylaxis 
utilizing ambulation and SCDs results in a VTE 
incidence of 1.5 %. Patients scoring 3–4 are in 
the moderate-risk group, for which ambulation, 
SCDs, and pharmacologic prophylaxis (UFH/
LMWH) are recommended with VTE incidence 
at 3 %. Those patients in the high-risk group have 
a Caprini score 5 and over, and carry a VTE inci-
dence of 6 %. Prophylaxis for these patients 
should include all of the above interventions, 
with compression stockings added as well. 
Neurosurgery patients are nearly universally con-
sidered to be in the high-risk group, with small 
numbers of patients falling into the low or moder-
ate groups—those undergoing outpatient proce-
dures or only requiring an overnight hospital  stay  .  

     Inferior Vena Cava (IVC) Filters   

 IVC fi lter placement has increased steadily in 
recent years likely due to an increase in trained 
providers and the expansion of relative indica-

tions. Standard indications for IVC fi lter place-
ment include both acute proximal lower extremity 
DVT and/or PE, with a contraindication for anti-
coagulation—the most frequently cited reasons 
being recent surgery or a bleeding diathesis [ 44 ]. 
Other indications include recurrent VTE and 
VTE through anticoagulant therapy. Medication- 
related indications apply to patients who have an 
adverse reaction, are poorly compliant, or repre-
sent a fall risk. An expanding area of interest is in 
IVC fi lters placed as a prophylactic measure. 
Patients with a propensity for thrombosis 
involved in severe trauma (TBI, spinal cord 
injury, long bone and pelvic fractures) or other-
wise expected to require a long course of immo-
bilization have IVC fi lters placed with some 
regularity [ 44 ,  45 ]. Recent evaluations also show 
that up to 20–40 % of IVC fi lters are placed out-
side of clear indications, based on clinician judg-
ment and preference [ 44 ]. 

 Clinical decision-making is no longer limited 
to simply placing an IVC fi lter. Older patients as 
well as those with a relatively short life expec-
tancy or a lifelong thrombotic risk can still 
receive the standard, permanent fi lter. The advent 
of retrievable IVC fi lters has provided an effec-
tive, nonpermanent option for patients with short- 
term, reversible conditions requiring PE 
prevention [ 46 ]. The window for removal is 3–18 
months after placement, after which scar tissue, 
remodeling of the vessel wall, and degradation of 
the fi lter itself can make retrieval diffi cult or 
impossible. When done in the appropriate time 
period, these fi lters boast an 80–90 % successful 
retrieval rate [ 46 ]. Retrievable fi lters remain a 
topic of debate though, as the indications are 
open to provider interpretation and they pose a 
unique set of risks. Case reports additionally 
describe IVC injury and embolic migration of 
broken fi lter tines and hooks as devastating com-
plications from an elective procedure [ 46 ]. Most 
retrievable fi lters have the versatility to be left 
permanently when necessary, though data is still 
being acquired regarding their long-term safety 
[ 45 ]. At the end of the day, there is no class I 
evidence or tested algorithm that decides who 
gets a permanent versus retrievable fi lter, and the 
involved providers are left to consider which is 
best for the  patient  .  
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    Conclusion 

 Neurosurgical patients harbor some of the most 
diverse and challenging pathology in all of medi-
cine. When combined with coagulopathy due to 
any cause, surgeons must proceed with caution in 
fi rst treating the most direct threat to the patient’s 
well-being. In the case of coagulopathy, clinicians 
often have to do this without the benefi t of estab-
lished clinical guidelines. Current clinical guide-
lines exist based on a wide variety of past 
experiences, but their use requires signifi cant user 
interpretation and manipulation in response to 
unique clinical scenarios. Myriad barriers limit 
the amount of high-level evidence, and accentuate 
the importance of knowledge of proper coagula-
tion physiology, how it is altered physiologically 
and chemically, and how to restore function—
even temporarily. 

 Striving for positive outcomes subsequently 
requires much more than the planning and execu-
tion of an operation; it requires detailed knowledge 
of each patient’s unique clinical history. Antiplatelet 
and anticoagulant medications have profoundly 
impacted the management of cardiac and throm-
botic conditions, and their use is likely to remain 
stable if not increase in the future. Neurosurgeons 
then must maintain at least basic knowledge of the 
agents in clinical practice, how to circumvent their 
effect when needed, and how to transition patients 
back to prior management when the operative risk 
has subsided. This is an undertaking best approached 
with an eye on previous experience, and a willing-
ness for multidisciplinary collaboration. Further 
still, all providers have a responsibility to not only 
consider each situation carefully but to share their 
experiences with the rest of the community. With a 
collaborative effort perhaps we can attain the goal 
of preserving neurological function without devas-
tating thrombotic complications.     
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