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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   
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          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
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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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